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CHAPTER

INTRODUCTION

spMats is an engineering software program for the analysis and design of cémanef&ion

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, columns,

or translational and rotational nodal restrai@&ved 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 key
partsof the program output. In addition, the program computes the required area of reinforcing

steel in the slab based on the provisions of the design code selected.

spMats uses the thin plabending 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 (compressieonly) translational springs (Winkler foundatjo 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 immalyzed without that or any other tension
spring. The program automatically itega until all tension springs are removed and equilibrium

is reached. The uplift threshold along with other solver options are controlled by the user to achieve
the required model.

| 10|



mats

» Support for ACI 318L4/11/08/05/02 and CSA A23131/04/94 design standards

» Objectbased modeling of foundation slab systems with a full featured graphical interface

 Structural grids may be utilized to facilitate structural member placement from plan

» Export of column and/or pile sections as CTI files to be analyzed by spColumn

» Import of grids, loads, and load cases & load combination information from text files to
facilitate model generation

» Export of grids, loads, and load cases & combination information from text files to facilitate
model generation

» Fournoded, prismatic, thin plate element with three degoééeedom per node

» Material properties (concrete and reinforcing steel) may vary from slab object to slab object

» Soil may be applied uniformly over slab objects 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

» Applied 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 selfweight 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 \Waader formulas

» Isometric (3D) view of the modeled slab with ability to view grids, loads and other typical
model features in typical CAD environment in multi view ports with up to 6 concurrent
views

» Contour plots to visualize results of analysis and design

* U.S. Customary or Sl (metric) units

» Checking of data as they are input for validation
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» Usercontrolled screen display settingsluding a full color pallet

 Ability to save defaults and settings for future input sessions

| 12|
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1.2. Program Capacity

» 255 X-grid lines

e 255 Y-grid lines

» 1000 Nodes in total

» 25 Nodes per linear generation

» 36 Nodes per circular generation

e 24, 36, 48 Circle segments for meshing circular foundations
» 255 Thickness definitions

» 255 Concrete definitions

» 255 Soil definitions

» 255 Nodal spring definitions

» 255 Slaved nodes definitions

» 255 Pile definitions

» 26 Load cases

» 255 Load combinations (service plus ultimate)
* 64,500 Mesh elements

| 13 |
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spMats is a 3bit Windows application. spMats solver has ab®and a 64bit version. The

proper version is selected automatically by the installation program based on the target computer
architecture. Any computer running Microsoft 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.

The 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 64bit operating system with at least 8GB of RAM is required.

spMats output results/retrieval may be delayed or seem to freeze after analysis completion when
running larger models on a network or cloud drive. It is recommended to run the model locally for

fastest response.

Instructions on howurchasng, downloadhg, instalktion, licensng, and troubleshootg issues,
please refer to support pages on the StructurePoint website al


https://structurepoint.org/
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The following terms are used throughoutthis manual. A briefexplanationis given to help

familiarizeyou with them.

Windows

[]

Click on

Double-click on

Marquee select

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

indicatesmetricequivalent

meansto position the cursor on top of a designateditem or
location and press and release the-fefuse button (unless
instructed to use theght-mouse button).

meansto position the cursor on top of a designateditem or
location and press and release therafuse button twice in quick
succession.

meansto depress the mouse button and continue to hold it down
while moving the mouse. As you drag the mouse, a rectangle
(known as a marquee) follows the cursor. Release the mouse
button and the area inside the marquee is selected.
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Various styles of text and layout have been used in this manual to help differentiate between

different kinds of information. The styles and layout are explained below

Italic

Bold

Mono- space

KEY + KEY

SMALL CAPS

indicatesa glossaryitem, or emphasizea givenword orphrase.

All bold typeface makes reference to either a menu or a menu item
command such asile or Save or a tab such aSescription or
Grid.

indicates somethingou should enter with thkeyboard.For
exampletype“c: \ *. txt ”

indicatesa key combination.The plus sign indicatesthat you

should press and hold the first key while pressing the second key,
thenreleasdothkeys. Foexample; A L+IF 'indicateghatyou
should press the “ALT” key and
key. Thenreleaséboth keys.

Indicatesthe nameof an object suclas a dialogpox or adialog
box component. For example, theeNdialog box or thecANCEL
or MODIFY buttons

hol
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CHAPTER

SOLUTION METHODS

2.1. Introduction

spMats uses the Finite Element Method for the structural modeling and analysis of reinforced

concrete 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 will be idealized to conform to geometith rectangular boundaries. Even

though slab and soil properties can vary between elements, they are assumed uniform within each

element.

The three degrees of freedom are considered at each node are the 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 nmerabout the Cartesian axes.

| 17 |
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2.1.1. Foundation Slab Mat Systens

spMats can be used to model, analyze, and design foundation systems sucfoaadatbons,
spread and combined footings, ssuipported foundations, slabs on grade, -pilpported

foundations. Samples of such systems are illustrated below

| 18 |
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Mat Foundations

Spread Footing

Pile-Supported
Foundation

Combined Footing

Figure2.1 — Foundation Systems

| 19|
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Global Coordinate System

The midsurface of theslablies in the XY plane of the rightanded XYZorthogonalcoordinate
system shown iR . The slab thickness is measured in the direction of thgiZ Looking

at the display monitor, the origin of the global coordinate system is located in the bottom left corner
of the screen. The positive-ais points to the right, the positiveakis poins upward towards

the top of the monitor, and the positiveaXis points out of the screen. Thus, the XY plane is

defined as being the plane of the display monitor.

Z
A P

Figure2.2 — Global Coordinate System

Local Coordinate System

There is no local coordinate system requirement in spMats
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2.2. Codes and Standards Provisions

2.2.1. Code Checks

2.2.1.1. Geometry Considerations

The program does not have any catlecks regarding geometry considerations.
2.2.1.2. Material Considerations

The program does not have any code checks regarding material considerations.
2.2.1.3. Loading Considerations

External loads are applied as concentrated nodal loads and/or surface loads according to the sign

convention shown irigure2.3.

A concentrated nodal load consists of a vertical 1Badand two concentrated moments about the
X and Y axesMx andMy. It should be noted that a positive vertical load is applied upward (in the

positive Zdirection).

Y

PZI iMY
T Ran YT

Wz

ZhAY
o
X

&

Figure2.3 — Applied Loads

| 21 |
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The uniform element surface load;, applied over an element is internally discretized by the

program into equivalent nodal loads as shown in ELy. 2

P e 140
iMip o Tpj2al
P T al2ad
PP L 14

| | ~ ~
M I bl24]
A A i |
M, 124 1
My bw, s P12 4 Eq. 21
L
. b pree
TM,, 1 -pl24
SRS
M, 1 br24 1
| | . i
Mg a/24 y

Wherea andb are the element dimensions.

The selfweight of the slab is computed internally based on the assigned concrete unit weight and
the thickness of each element. The-sadight is treated like a surface load and may optionally be

considered in the analysis under the dead load case.

The Program utilizes the Finite Element Method as a method of analysis as permitted in-ACI 318
14, 6.2.3 (e). The analysis solver provides the user with options to control foundation model
behavior and impose physical restrictions to limit parametersasuctaximum displacements and

minimum contact area.
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The Program utilizes the Finite Element Method results to determine the required slab flexural
reinforcement in accordance with American (ACI 318) and Canadian (CSA A23.3) design codes.
In addition to minimum reinforcement percentage and bar location,tsgdavides options to
design to either the maximum moment or the average moment within an element. The user can
stipulate a number of criteria for generating the finite element mesh before analyzing the model.
Options include choices of mesh density asypkat ratio are particularly useful for nonrectangular
foundation slabs.

The Program provides capability for setting the base reinforcement ratio within Design Parameters

Tab under Definitions | Properties Section.

The user can utilize reinforcement density contours to detail rebar size and spacing to provide the

required strength as required by the selected design code.
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2.2.2. Geometry Checks

Input Phase

The Program ensures that nodes with assigned properties exist within the slab. If a node with

properties such as columns, piles, restraints or loads is assigned outside the slab, the following

Error message is displayed.

Y Mode(s) with assigned properties exist outside the slab.

| B
S’ Review the model,

Output Phase

There are no geometric checks performed by the Program during output phase. However, any
warning pertaining to model stability, contact area or exceedance of limits is reported. Detailed

information on the solution can be found in 8aver Message®ialog undefTablesWindow.

| 24 |
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The finite element method is used in spMats for analysis of foundation slabs. During analysis,
spMats converts the objelbised model into a finite element model. The user defines the mesh
used in the analysis by inputting maximum allowed mesh size andomaxallowed aspect ratio.
Additional meshing is automatically introduced at slab boundaries, columns, piles, and nodes with

assigned properties such as restraints, and point loads.

The rectangular plate finite eleménsed in spMats has four nodes at the corners and three degrees
of freedom D, RyxandR)) per node, as shown fn . This element considers the thin plate

theory, which makes use of the following Kirchhoff hypotheses:

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

2. The stress component normal to the 4pliane is small compared to other stress

components and is neglected.
3. The deflection of the migurface is small compared to the thickness of the plate.
4. The midplane remains unstrained subsequent to bending.

The el ement materi al is homogeneous, i sotropi
constant material properties are assumed within an element. Cracking effects or changes in the

slab elevation are not taken into account in the model.
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SOLUTION METHODS

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 ontheenoge ner a l Mi nd |l
required.
D; Ry
Z

> X

Figure2.4 — Plate Finite Element

| 26 |
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The model can be supported by soil assigned stafa and/or by piles, nodal restraints, nodal
springs, and slaved degrees of freedom that can assigned to nodes. Each support option is discussed

below.

The soil supporting the slab is modeled as a group of linear uncoupled springs (Winkler type)
concentrated at the nodes. The soil element is tensionless, weightless, and has one degree of
freedom, which is the displacement in the Z direct®j).(The contribution of each element node

to the solil spring stiffness is equal to the nodal tributary area (1/4 the element area) multiplied by
the soil subgrade modulu&s, under the element. The common nodes of adjacent elements
undergo the same displacement. Elfi@re, 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 pressurB;, under each element node is proportional to the nodal displacddaent,

P =KD Eq. 22

z sz

Node

Ks KIIS

\ Translational

Spring

Figure2.5 — Soil and Nodal Springs
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Usually, several factors are considered in the determination of the subgrade modulus: the size and
shape of the footing, soil type below the footing dedper, 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 appl iFlewe i n pa

. Accordingly, their linear stiffnes&s, is added to the equivalent spring constant.

The nodal spring reaction at a particular node is proportional to the nodal displad@ment,

F =K D Eq. 23

z ns— z
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Piles are modeled as springs connected to the nodes of the finite element model.

The spring constankp, for a pile iscalculated from the formula:

K = Eq. 24
S

p

whereQu denotes the load applied to the pile &id the corresponding settlement of the pile.

Assuming soil allowable pressuiy, acting on the pile bas@, equalsPai = Ap, whereAp is pile
cross sectional area. Neglecting leegn effects, the settlement of pile is estimated from the

empirical formula for a single pile in cohesionlesssoil

S=— +x— Eq. 25

whereD is pile diameterL is pile length, and, 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:

4
o= Eq. 26
D

All nodal degrees of freedom (DOF) are assumed to be initially released (i.e., free to move).
Mathematically 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.
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Slaved degrees of freedom may be assigned to a group of nodes to share the same displacement or
rotation. 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 freedom is not allowed. Either only restraining all
nodes (zero displacement) in a group or only slaving of all nodes in a group (saneraon
displacement) should be digal.

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 thésamgeor 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 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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2.3.3. Determination of Internal Forces

The Program determines the element internal moments as shown below:
2.3.3.1. Element Internal Moments

The bending moment&/xx and Myy, and the twisting momenhiy,, are computed at th@rner

nodes of each elementigure 2.6 shows the element moment sign convention used by the
program. Note that unlike in beams and columns, the traditional plate and shell theory convention
is that Mxx denotes the moment along (not about) thex¥s andMyy denotes the moment along

theY-axis. Both moments are positive when they produce tension at the top.

The principal momentd/lx andM;2, and the principal angle (seejure2.7), are computed from

the general moment transformation equations:

M, =M, cosqg M sif g M sif 2) Eq. 27
M,, =M,sing M  cos g M, sir 2)c Eqg. 28
oM,
Y
My, By dy
‘ /
/ M,y + Ul}j[“ dy
Mo/ y
Mix + (JI\f[XX dx
M, Z [8).9
dy/ T\ _— M
I Mxy + ﬂ\'\f
I X
|
|
| > X

Figure2.6 — Element Nodal Moments
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Note that sincé/1 andM,. are principal moments, the twisting moment associated with-the

axes Mr12) is zero:

M_-M
Mm:%sin(m) M,, cof 2¢ = Eqg. 29

and the angldis:

a 2™,
4 Eqg. 210

:E -1
q=ln v

AB=1
BC = sin ()
AC =cos (0)

Figure2.7 — Element Principal Moment

| 32 |
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The Program calculates the displacements, namely displaceberX;Rotation, Ry, and Y-
Rotation,R, at all four nodes of an element for both service load and ultimate load combinations.

Servicelevel nodal vertical displacememi,, envelopes are also reported by the Program.

During analysis, if a node undergoes upward vertical displacement, the Program disconnects that
node from the analysis model and iterates the solution. The maximum allowed service vertical
downward displacement value can be set by the user under Solea @pd its default value is

11 in.

Under Solve Options when “ Upl i f{inpubisenteredsas wh e n
positive value; the Program permits an upward vertical displacement of a node up to that value
without disconnecting the node. However, this 1isput must be sdb zero if a particular model

contains a soisupported node. An ideal use of this option is for foundations supported by piles
where piles have tensile capacity. The soil, however stiffness it has, under the foundation must be

ignored in modeling in sucé model for accuracy of calculations.

The Program calculates the gmiessures at all four nodes of an element for both service load and
ultimate load combinations. The calculated soil pressures are compared with the allowable
pressure values during the analysis. If the calculated soil pressure exceeds the allowabde pressur
specified by the user, the Program displays a warning message when analysis is completed and

elements with this conditions are indicated in the graphical pressure contours view.
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The Program utilizes the FEM analysis results in order to calculate the flexural reinforcement
according to American (ACI 318) and Canadian (CSA A23.3) design codes. For each element in
the analysis model, spMats processes the results to determine depliesign moments are

consequently used to calculate the required flexural reinforcement per the selected code edition.

The Principal of Minimum Resistantes used by the program to obtain values for the design

moments, which include the effects of the twisting moment.

The equivalent design bending momeri¥&,x and My, for the design of reinforcing steel

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

» For top reinforcement where positive moments produce tension:

My =M, ™ | Eq. 211

My, =M, M Eq. 212

However, if eitheMux or Myy is found to be negative, the negative value of the moment is

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

M 2

if M,, <0, thenM,, =0 andM ,, M ?/Iﬂ Eq. 213
M 2

if M, <0, thenM,, =0 andM , M K/Iﬂ Eq. 214
yy
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* For bottom reinforcement where negative moments produce tension:

My =M, M| Eq. 215
My =M, {M ] Eq. 216

However, if eitheiMux or Myy is found to be positive, the positive value of the moment is

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

M2

if M, >0, thenM, =0 andM , M Mxy Eq. 217
M2

if M,, >0, thenM ,, =0 anM ,, M, |== Eq. 218
MW

The Program reports the area of flexural reinforcement per unit wid#t[ituS Customary
Units) or mnt/m (Metric Units)]. The total area of reinforcement in an element, then, can be

obtained by multiplying the reported area of reinforcement by the width of the element.

Asx reinforcement is placed along-rection and calculated based on the greater of the design
moment,Mux or the minimum reinforcement ratio specified by the user under Design Parameters

Input Menu.

Similarly, Asy reinforcement is placed alongdirection and calculated based on the greater of the
design momentMyy or the minimum reinforcement ratio specified by the user under Design

Parameters Input Menu.

For computation of the required flexural reinforcement, the Program offers two options under

Solve Options. These are:

» Compute required reinforcement basedraximum momentwithin an element.

» Compute required reinforcement basecawarage momentwithin an element.
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The assumptions in determination of required flexural reinforcement are based on the design
momentconform to the design specifications based on the accepted Strength Design Method and

Unified Design Provisions. These are:

1. The reinforcement is computed based on a rectangular section with no compression

reinforcement and one layer of tension reinforcement.

2. The maximum usable strain at the extreme concrete compression fiber is 0.003 for ACI
standards and 0.0035 for CSA standards.

3. The rectangular concrete stress block is assumed with the block depth equal to:
a=bc Eq. 219

wherec is the distance from the extreme compression fiber to the neutral axis and factor

b1 equals

0.65¢ , =1.05 0.05; ©.8 Eq. 220
for ACI standards and

0.67¢ b, =1.05 0.02%j Eq. 221

for CSA standards

4. To compute the stress in the steel layer, ¢hasticperfectly plastic stress strain

distribution is used. The required area of reinforcing steel is calculated as:

A = rbd Eq. 222

which reinforcement ratiq,, equal to
r= g(l -1 m) Eq. 223

where factorsn andg are calculated for ACI standards as
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m= 2 Sé“ﬁubdz Eq. 224
fi
g=085¢ Eq. 225

y

with strength reduction facter= 0.9 for tensiorcontrolled sectiorfs For CSA standards,

factorsmandg are equal to

2M,

m=——— Eqg. 226
a,fpd® f a
f fi
=aq,-=t Eq. 227
g lfsfy q
wherel is defined as
0.67¢a, =0.85 0.001§ Eq. 228

and steel resistance factog = 0.85 and concrete resistance fatteg, that takes value
of L c = 0.60 for CSA A23.84,L .= 0.65 for CSA A23.34 and CSA A23.34, and .
=0.70 in case of precast concrete for CSA AZBI3and CSA A23.34 standards.

U is the ratio of the average stress in the rectangular compression block to the specified
concrete strength. It equals 0.85 for ACI Coalen d 0 . 8 5¢ but nobles9tiah G67
for the CSA Standafd

ACIl 31814, 21.2; ACI 31811, 9.3.2; ACI 31808, 9.3.2; ACI 31805, 9.3.2; ACI 3182, 9.3.2
CSA A23.314, 8.4.3; CSA A23-34, 8.4.3; CSA A23:34,8.4.3
CSA A23.314, 8.4.2, 16.1.3; CSA A23.34, 8.4.2, 16.1.3; CSA A23.34, 8.4.2

ACI 31814, 22.2.2.3; ACI 3141, 10.2.6; ACI 3198, 10.2.6, 10.2.7; AC31805, 10.2.6, 10.2.7; ACI 3182,
10.2.6, 10.2.6

CSA A23.314, 10.1.1; CSA A23:84, 10.1.1; CSA A23:34,10.1.1
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For the ACI Code, the maximum reinforcement ratio is derived from the coriditianthe 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 neutcatlagih ratio

is:
€700 Eq. 229
d 700+ f,

When therequired 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.

The Program does not automatically check the minimum reinforcement requirement per design
code. Instead, the Program allows the user to input minimum reinforcement ratio % pendiyer
Design ParameterdMenu.

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
calculated by the program separately for each of the two layers, the user should provide half of the
minimum 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 ed2al@02
for steel Grade 40 or 50, 0.0%for steel Grade 60, and (0.00280,0001)A for reinforcement
with yield stress exceeding 60,000 psi.

For CSA standard§ the minimum reinforcement requirement is equal to 0302

9 ACI 31814, 9.3.3.1; ACI 3141, 10.3.5; ACI 3188, 10.3.5; ACI 3185, 10.3.5; ACI 3182, 10.3.5 2CSA
A23.314, 10.5.2; CSA A23:B4, 10.5.2; CSA A23:34, 10.5.2

10 ACI 31814, 13.3.4.4,8.6.1.1; ACI 3181, 15.10.4, 7.12.2.1; ACI 3188, 15.10.4, 7.12.2.1; ACI 3185, 10.5.4,
7.12.2.1; ACI 31802, 10.5.4,7.12.2.1

11 CSA A23.314, 15.4.1, 10.5.1.2(a), 7.8.1; CSA A2®8,15.4.1, 10.5.1.2(a), 7.8.1; CSA A233,10.5.1.2(a),
7.8.1
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The Minimum Reinforcement Ratio percentage (%) input umiXfme | Design Parameters

Menu can be utilized by the user for base reinforcement selection. Once the reinforcement

selection is expressed with this input, the Program shall select that amount as a minimum

reinforcement in the output.

For example, for 24thick mat foundation, the user intends to place #5 @rdigforcement Top
& Bottom.
be (0.31)x 100/ (12x 24) = 0.1076 % which will be equal to 0.31%ihft reinforcement per layer

as shown below.

Not e

Envelope - Asx - Bottom (in®/ft)

0311
0.3

0311
0311
0311
0311
0311
0311
0211
0311
0311
0311
031
031

t hat
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nf.

Rat i

(0]
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nput



—
Sﬁﬁats SOLUTION METHODS

If by analysis, the minimum base reinforcement is insufficient in some parts of the model, this

condition shall be displayed as shown below.

Envelope - Asx - Bottom (in*/ft) X
0.282 ﬁh
I o ZX
I 0.280 L
0278 b
0.276 58
0.275 El
0.273 N
[o1
0.27
0.270 a
0.268 {]]J
0.2
&6 !
0.264
0.263
I 0.26
= 0.259
N
E
5

| 40 |



—
Sﬁﬁats SOLUTION METHODS

2.6. Special Topics

2.6.1. Single Layer of Reinforcement Modeling

In order to simulate single layer reinforcing, top and bottom reinforcement covers may be inputted
such that they are at the same plane per direction. It is important to note that the Min. Reinf. Ratio
(% of Ag per layer) is to be kept equal to the design code minimum (i.e. 0.18%) since the governing
reinforcement per element will then be selected manually as the maximum of the top and bottom
reinforcement per direction. i.e. Fordirection, MAX[Asx Top, Asx Bottom], Y-direction, MAX

[Asy TOp, Asy Bottom].

The designer magonsider entering different cover values for X and Y direction reinforcement to

simulate actual rebar placement.

Refer to the Technical Article for additional detailsciustrial Floor Slab on Grade with Single

Layer of Reinforcement

2.6.2. Fiber Reinforced Slabs on Grade Modeling

Ground supported slabs in industrial and residential floors may be specified with fiber
reinforcement in lieu of a single layer of reinforcing or welded wire fabric. Such slabs are referred

to as membrane slabs, floating slabs, or filler slabs and ramigiekness from as little as 4" to 8"
depending on the supported loads. In warehouses and storage facilities such slabs may be subjected

to concentrated point loads from storage rack posts or forklift wheel loads.

Refer to the Technical Article for additional detaifsher Reinforced Industrial Floor Concrete

Slabs on Grade
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https://structurepoint.org/publication/pdf/TA-Fiber-Reinforced-Concrete-Slabs-on-Grade-spMats.pdf
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2.6.3. Plain Unreinforced Concrete Slabs on Grade Modeling

Ground supported slabs with lightading and residential flooring are frequently designed without
reinforcing (unreinforced). Such plain concrete slabs are referred to as membrane, floating, or filler
slabs and range in thickness from as little as 4" to 8" depending on the supportednioads
warehouses and storage facilities such slabs are subjected to concentrated point loads from storage
rack posts or forklift wheel loads.

Refer to the Technical Article for additional detalf$zin Unreinforced Concrete Slabs on Grade

2.6.4. Pile Cap Design Considerations

Thick concrete mat with piles are commonly referred as pile caps and require detailed
consideration of pile location and spacing. Two technical articles provide additional guidance for

completing pile cap models.

Pile Supported Foundation (Pile Cap) Analysis and Design

Pile Reaction Distribution in Pile Cap Foundations
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The punching shear in spMats has been eliminated in version 10.00. A more detailed and
comprehensive treatment of punching shear around columns and piles in spMats models is being

developed and will be featured in a future release of spMats.

The provisions used for punching shear analysis in spMats v8.50 and prior are provided in this

section for reference.

The punching shear in spMats is checked where columns in conjunction with concentrated loads

and where piles are assigned as supports.

For ACI standards, the following condition is used:
R VAVA Eq. 230

where

vy = factored shear stress,

nominal shear resistance of slab,

Vn

L

shear resistance factor equal to 0.75.

The nominal shear resistano&, is a sum of nominal shear resistance provided by shear
reinforcementys, and nominal shear resistaneg provided by concrete. In spMatgjs assumed

to bezero andr is taken as the smallest\af, vc2, andvcs, which are respectively equalto

4
+
b

C

J i Eq. 231

Vcl =

O %QJO

ool

12 ACI 31814, 22.6.5.2,22.6.5.3; ACI 3181, 11.11.2.1; ACI 3188, 11.11.2.1; ACI 3185, 11.12.2.1ACI 318
02,11.12.21
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é ~
Ve, =R +a%d BT Eq. 232
(;; -
Vo =41 [T Eq. 233
with:
bc = the ratio of long side to short side of the column (or the pile),
s = 40 for interior, 30 for edge, and 20 for cormsetumns or piles,
bo = perimeter of the critical section,
d = average effective depth of the critical section segments (less pile embedment, if any),

—h
11

square root of compressive strength of concrete,

é.0 ifw, 2 135 pcf( 2155 kg/
40.85 if 115 pcf( 1840 kg/f) w, <135 pff 2155 k) Eq. 234
1Io.75 ifw, ¢ 115 pcf( 1840 kg/f)

Similarly, for the CSA standards, factored shear str@sss checked against factored shear
resistanceyr, which only takes into account concrete shear resistance calculated as the minimum

of the following three values:

V°1:§@'2 4%1 g g Eq. 235

v, =592 +‘1Ld & T Eq. 236
(; -

Vo =0.47, 4/ 1] Eq. 237

for the CSA A23.294 Standartf, and

13 CSA A23.394,13.4.4
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v, =59.19 40738 & 4T Eq. 238
G =
é ~

V., = 99.19 +‘1Ld & 4T Eq. 239
¢ -

v, =0.3¢, 4/T] Eq. 240

for the CSA A23.304 and CSA A23.24 standardé. FactorUs equals 4 for interior columns, 3
for edge columns, and 2 for corner columns for all CSA standards. Featmounts for low

density concrete and is equal to:

€1.0 ifw, 2 2150 kg/m ( 134.2 pdf
/ ={o.85 if 1850 kg/m ( 115.5 p¢f <, <2150 kginf  134ocf) Eq. 241

$0.75  ifw, ¢ 1850 kg/m ( 115.5 pdf

Also, for interior column and piles, the value of effective degtin Eq. 238 through 240 will
be multiplied® by factor 1300 (1000+ d).

14 CSA A23.314,13.3.4; CSAM23.304, 13.3.4

15 CSA A23.314,13.3.4.3; CSA A23:84, 13.3.4.3
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CHAPTER

PROGRAM INTERFACE

3.1. Start Screen

When the Program is launched, a start screen appears as shown below. The Starb&gisten
of options to stafNew Project Open existingProject, openExamplesfolder, openremplates
links to available programResourcesand a list oRecentfiles. The program name and copyright
informationare located in thbottomright of the startscreen.

| 48 |



sfmats

PROGRAM INTERFACE

Projects

[% New project
= Open project

= Examples

& Templates

o @
@ &

Recent
Pump Station Building Foundation.matx
C:\Program Files (xB int\spMats\ 10.00\E: s
Spread Footing.matx
C:\Program Files i 10.00\Examples

Industrial Silo Foundation.matx

C\Prog Files il 10.00%

Circular Mat Foundation.matx

CiAProgram Files int\sp 10007

Clear all history

Resources
Manual... spMats Info..
Design Examples.. Submit a Question..
Tuterial Videos... Check for Updates...

Release Notes...

Mbout sphats

spMats v10.00 (TM)
Copyright € 1988-2020, STRUCTUREPOINT, LLC.
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3.2. Main Program Window

Quick Access Toolbar Title Bar
1 — s I e Ty — =]
Ribbon CRE T 5| a2 0 9 + 2 B O By B O &
Project Define Grid Select Slabs Columns Piles MNodes  Restraints Loads Salve Contours  Tables  Reporter Display  Viewports  Settings
SELECT Model View (Load Case: A - DL v X
[T G
K
«n
<Y
View Controls H = [4
*a
a
Y
Left Panel
Viewport
Left Panel
Toolbar
Ny
St DISPLAY OPTIONS w E
- - : Tor
- Status Bar Drafting Aids
_ loadCase A-DL - > | | | | o
ACI 318-14 118926760 ~ EH - @ E - b D~ Units: English ~

TheMain Program Window shownaboveconsistof thefollowing:

3.2.1. Quick AccessToolbar

TheQuick AccessToolbar includesNew, Open, SaveandUndo andRedocommands.
3.2.2. Title Bar
TheTitle Bar displaysthe nameof the program,alongwith thefilenameof the currentdatafile in

use.If thefile is newandhasnotyetbeensavedtheword” U n t iistdispéayketin theTitle Bar.
tal so di s pl aiythe file hasbeedchangedrd hoisaved yet.
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TheRibbon consistgile andHometabs.

File Tab consists of commands to Back to Home Tab, creatdNew file, Open an existing file,
Savea file, Save asImport, Export andExit. In addition, the entir&tart Screenis present
undertheFile Tab.

Home Tab gives quiclaccess to commands which are needed to complete the task of creating a

model,executing it and analyzing solutioihesecommandsre:
Project: enablego enterbESIGN CODE, UNIT SYSTEMandPROJECTDESCRIPTION.

Define: enablesto define Slabs Column and Piles objects; Soil, Concrete,
Reinforcement and Design Parameters properties; Nodal Springs and
Slaved Nodes restraints; Load Cases Service and Ultimate Load

Combinations.

Grid: enables to add new or edit existing grid
Select enables to select various model items.
Slabs enables to create Rectangular, Circular or Polygon shaped slabs.

Columns.  enables to add columns into the model. Columns can also be defined through

the left panel.

Piles enables to add piles into the model. Piles can also be defined through the left
panel.
Nodes enables to create a single node or multiple nodes in a linear or circular pattern.

Restraints: enables to assign nodal springs, slaved nodesDarigk, andRy restraints to

the model.

Loads: enables t@assign area and point loads to the model
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Solve enables to specify solver options, mesh generation options, and solve the model.

Contours:  after a successful run, enables to view graphical results (contours or diagrams)
such asdesign moments required reinforcementssoil pressures and

displacements.
Tables enables to open Tables Module to view tabular input and output.
Reporter:  enables to open Reporter Module to view the report.
Display: enables to toggle on/off model items.
Viewports: enables to select from a predefined viewport configuration.

Settings enables to modify various program settings.

The properties of active commands unHeme Tab or the properties of items selected in the
Viewport aredisplayedn theLeft Panelwhich canthenbeusedto executehe command®r edit

the selected items. After executikeft Panel also displays various solutions which can be
explored using th&iewport.

The Left Panel Toolbar contains commands that can be used to edit various items in the
Viewport.
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3.2.6. Viewport

The Viewport coversthe majority of the main programwindow. It is the space where models can

be created and graphical results can be viewed. Upiegorts can be used at once

File Home ~
B B H N @ 0 4 + A o gl Be - az3[G)]
Project Define Grid Select Slabs Columns Piles MNodes  Restraints  Loads Solve Contours  Tables  Reporter Display | Viewports
CONTOURS Envelope - Displacement Down (in) 00 Two vertical
i ;:::Je I -0.095 Two horizontals % Two horizontal
> Displacement -0.119 Display two horizontal viewports EE Four equal
v Pressure I -0.143 New window
0167
= I -0.192
= -0.216
7 Ultimate 0240
-0.264
-0.288
I -0.312
-0.336
I -0.361
I -0.385
= -0.409

Service - Pressure - 51 (ksf) v X

I -0.383
-0.478
-0.573

I -0.669
|

-0.764

-0.859
-0.054
-1.050
-1.145

[
Lo
in
i
L=l

~ DISPLAY OPTIONS

i ~ Elements + Deformed Shape -
=1 Node Numbers + Undeformed Shape
A (2

Element Numbers Size 1 100 %

ACI 318-14 4696,865(f) v v #H# v 5 v L 3 v Unitss English v
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3.2.7. View Controls

The View Controls containsvarious commandswhich can be usedto adjustthe views of

Viewport both duringmodeling orviewing thegraphicalresults.

3.2.8. Drafting Aids

The Drafting Aids providesaccesgo variousViewport and Grid parameterand commands

which can facilitate in drafting enodel.

3.2.9. StatusBar

The Status Bar displaysimportantinformation such as the design code being used, cursor

positionand currentnits. Italso housethedraftingaid commands.
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3.3. Tables Window

les - Spread Footing.matx

Sl v Project Project - General Information \_Toolbar
=t General Information
= File Name Spread Footing.matx
Solver Options
- Project Example 1
~  Definitions
N Code ACI318-14
Units English
> Objects
> Properties
. Date 8/15/2023
?  Restraints
Time 11:00 AM
> Load Case/Combo.
> Assignments
> Analytical Model Table
~  Results
Solver Messages
v Envelope
Nodal Displacements
> Service Reactions
2 Ultimate Reactions
Soil Di: ressure
tem Explorer Panel
!
loment & Reinf
Elerment Bot Design Moment & Reinf.
> Service
7 Utimate Preview Area
~ Ranges
From To
Elements All 1 100
Nodes Al 1 100

TheTablesModule interfaceshownaboveenablegheuserto view programinputsandoutputsin

tablesand exporthemin differentformats.

The Tables Moduleis accessed from within the Main Program Window by clickingTtakles
button from theRibbon. Alternatively, Tables Module can also be accessed by pressing the F6
key. If the model has not been executed yet, thed éies Module will only contain a list of
input datatables.When a model hasbeensuccessfullyexecutedthe Tables Module will also

displaythe outputdata tables.
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TheToolbar containscommandsvhich canbeusedto navigatethroughvariousTables

Previous table

Displaysthe previoustable.

Next table

Displays the next table.

Table number box

Displaysthetablewith thetablenumberenteredn thebox.

Auto fit column width to view area

Whentoggledon alwaysfits thewidth of tableto the Preview Area width.

Maintain maximum column width

Restoresll tablecolumnsto their defaultmaximumwidth.

Export current table

Exportsthetablebeingviewedin the selectedormat.
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Settings

Contains settings for tHexplorer Panel

SP Settings

Explorer

Location Left -

Hide inactive items

Keep explorer configuration

OK Cancel

1 LocATION: DisplaysExplorer Panel on the left or right side of screendependingon

sekection.
1 HIDE INACTIVE ITEMS: Hidesunusedablesfrom theexplorerview.

1 KEEP EXPLORER CONFIGURATIONSaves the explorer configuration i.e., information
about selected tables and opened/closed sections so that it is avheai#&t time

user open3ablesModule.

Explorer

Shows or hides thEéxplorer Panel
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3.3.2. Explorer Panel

The Explorer Panel consistsof all the availableitems of the inputs and resultsclassifiedinto
sedionsandarrangecdhierarchically Any itemin the Explorer Panelcanbeclickedonto display

the correspondintpble inthe Preview Area

Expand all

Expands item list.

Collapse all

Collapses item list.

Explorer «— =

Expand all «—=. v Project
Collapse all « =1 General Information
Solver Options

Ranges
v Ranges
From To
Elernents All 1 100
Modes All 1 100

TheRrANGESfeature allows you to explore the results for a selected rarmyeENTS, and/or
NODES To view dementand nodal results for the entire model simply check ahe
checkbox. Alternatively, to viewl@mentand nodal results within a range, make sure that the

ALL checkbox is unchecked and enter the desired range mrtheandTo text boxes.
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3.4. Reporter Window

8P Reporter - Mat Foundation.matx

L1 e g T sem o] Mmoo 8=
Toolbar / £ v Cover & Contents =l
over

=1

Type Export/Print Panel

‘Word Excel

+ Definitions

s .
® EOF cav + Grid Lines

+ Objects

.
r-(f—{ >« Properties.
sfmats 2 e
>
! 4

Text

Printer + Load Case/Combo.

sp?

A Gomputer Program for An

labs on Grade Assignments

Adobe PDF

wlysis and Design
Copynght © 1988-;
Al

Properties
~ Columns
Settings
| Point Loads
Paper Letter
v v Analytical Model
v Me

Orientation Portrait

Margins Normal: 0.75"

Print range All pages
~ W Results

> | Envelope
Explorer Panel /  ®senice

> M Ultimate

~ loads - Case C - W

~ Ranges

Elements All 1 100

Nodes Al 1 100

Preview Area

TheReporter Module interface shown above enablestser to view, customize, print asgport

reports in different formats.

The Reporter Module is accessed from within the Main Program Window by clicking the
Reporter buttonfrom the Ribbon. Alternatively, Reporter Module can also be accessed by
pressingheF7 key. If themodelhasnotbeensolvedthenthe Reporter Module will only contain

a list of input data reports. When a model has been successfully execuRdptnter Module

will also display the output data reports. Immediately after openinéperter Module, you
can exportand/orprint the defaultreportby pressingexport/Print button. Various optionsto
customizethe report before printing and/or exportingit are also provided. Once the work in
Reporter Module is complete,click the closebuttonin the top right cornerto exit Reporter

window.
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Previous page

Displaysthe previouspageof thereport.

Next page

Displaysthe nextpageof thereport.

Page number box

Displaysthe pagewith the pagenumberenteredn thebox.

Zoom in

Zoomsin onthe repor{Ctrl + Mousewheelup).

Zoom out

Zoomsoutonthereport(Ctrl + Mousewheeldown).

Zoom box

Zoomsonthereportpreviewto theextenttypedin theboxor selectedrom thedropdownlist.

Fit to window width and enablescrolling

Fits thewidth of reportto the previewspacewidth andenablesscrolling.

Fit one full page to window

Fits onefull pagein the previewspace.

Pan

Whentoggledon andreportis biggerthanpreviewwindow, enablegpanningthereport.

Text selection

Whentoggledon enablesselectingtextin thereport.
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Settings

Modifies settingsfor Report andExplorer Panel

SP Settings

Report

Font size Large -

Regenerate automatically

« Split long tables
Explorer

Location Right -

Hide inactive items

+ Keep explorer configuration

OK Cancel

Report settings
* FONTSIZE: Providestheoptionsto usesmall,mediumor largefont sizesin thereport.

* REGENERATEAUTOMATICALLY : Enablesautomatiaegeneratiomf reportwhencontent

selectionis modified by theuser.

* SPLIT LONG TABLES Displays table headings in all pages when tables are split along

severapages.
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Explorer settings

» LOCATION: DisplaysExplorer Panelon theleft or right side of screendependingon
selection.

* HIDE INACTIVE ITEMS: Hides unusethblesfrom theexplorerview.

* KEEP EXPLORER CONFIGURATION Saves the explorer configuratid®., information
aboutselected tables and opened/closed sections so that it is available the next time

user openfkeporter.

Explorer

Showsor hidesthe Explorer Panel

Export

Exportsthereportin the selectedormat.

Print

Printsthereportin the selectedormatwhenthe optionis available.

Type

Providesb formatoptionsto print and/orexportthereports

» WORD: producesMicrosoftWordfile with .docxextension.
» PDFE producesanAdobeAcrobatfile with .pdf extension.

» TEXT: producesa Textfile with .txt extension.

* EXCEL: producesa MicrosoftExcelfile with .xIsx extension.

e csv: producesa CommaSeparatedile with .csvextension.

Printer

Provideghe optionto selectavailableprintersandchangeprinterproperties.
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Settings

Providegthe optionsto modify print settings.

* PAPER Providegheoptionsto selectfrom availablepapersizes.

* ORIENTATION: Providesthe options to select betweenlandscapeor portrait paper

orientation.

* MARGINS: Providesthe optionsto usenarrow, normal, wide or custommarginsto the

report

SP Custom Margins

Margins (Inches)

Top 075 - Bottom 075 -
Left 075 - FRight 075 2
OK Cancel

* PRINTRANGE: Provides theptions to seledhe pages tprint and/or export.
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PROGRAM INTERFACE

3.4.3. Explorer Panel

TheExplorer Panel consists of all the available report items classified into sectionaraaged

hierarchically. Each item listed in thexplorer Panel is preceded by a checkbokhe user can

check/uncheck the checkbox to include or exclude from the report, the itseions.

Expand all

Expandstem list.

Collapse all

Collapsestemlist

Ranges
w Ranges
Elements
Modes

All

All

From
1

1

To
100

100

TheRrANGESfeature allows you to explore the results for a selected rarmyemENTS, and/or

NODES To view element and nodal results for the entire model simply checkLthe

checkbox. Alternatively, to view element and nodal results within a range, make sure that the

ALL checkbox is unchecked and enter the desired range mrtheandTo text boxes.
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3.5. Print/Export Window

SP Print / Export - Mat Foundation.matx

R N
Q qlEe )
Toolbar /
Export Print

Export .

P \._Export/Print Panel

® EMF To Report

BMP To Clipboard

Printer

Adobe PDF - 2

Properties
Settings S
S %

Paper Letter g/

Orientation Portrait %

Margins Normal: 0.75"

Diagram Preview
Project:  Example 2 v .
Diagram:  Model View (Load Case: A - DL)
Slabs (Label); Columns (Label); Nodes y
Preview Area

Print/Export Module interface shown above enables the user to view, customize, priexgord

contours andiagramsn differentformats.

The Print/Export Module is accessedrom within the Main Program Window by usingthe

Right Click Menu or from the Reporter Submenuin the Ribbon.

I,\} Select EI E p

Results Tables Reporter

|+_—| Add to report Ctrl + R
7 et BHE [ Print/Export Ctrl+P
Clean Report
[ Print/Export Ctrl+P
@ Settings
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Alternativelypressinghe C T R P "alsoopenghePrint/Export Module. Oncethe moduleis

openthe resof theprogramis lockeduntil thePrint/Export Module is closed.

Immediately after opening tHerint/Export Module, you can export and/or print the generated
diagram by pressingxport/Print button. Options to customize the diagram orientation, paper
sizeandmarginsareprovided.Oncethework in Print/Export Module is completeclick theclose

buttonin thetop rightcorner toexit the module.

Zoom in

Zoomsin onthe repor{Ctrl + Mousewheelup).

Zoom out

Zoomsoutonthereport(Ctrl + Mousewheeldown).

Zoom box

Zoomsonthereportpreviewto theextenttypedin theboxor selectedrom thedropdownlist.

Fit one full page to window

Fits onefull pagein the previewspace.

Pan

Whentoggledon andreportis biggerthanpreviewwindow, enablegpanningthereport.
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3.5.2. Export / Print panel

Export

Exportsthereportin the selectedormat.

Print

Printsthe displayeddiagram.

Type

Provides4 formatoptions toexportthereports

» EMF produces file with .emfextension
» BMP producesfile with .ompextension
* TO REPORTaddsthediagramto thereport

* TO CLIPBOARD copies thaliagramto clipboard to be pasted elsewhere

Printer

Provideghe optionto selectavailableprintersandchangeprinterproperties.
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Settings

Providegthe optionsto modify print settings.

* PAPER Providegheoptionsto selectfrom availablepapersizes.

* ORIENTATION: Provides the options to select between landscapeor portrait paper

orientation.

* MARGINS: Providegheoptionsto usenarrow,normal,wide or custommargingo the report.

SP Custom Margins

Margins (Inches)

Top 075 - Bottom 075 -
Left 075 - FRight 075 o
OK Cancel
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CHAPTER

MODELING METHODS

4.1. Model Creation Concepts

The key to successfullyjnplementing spMats injaroject is to understand the unique and powerful
approach the program takes in modeling, analysis, and designing slabs. This chapter provides an
overview of some of the special features and their associated terminology.
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In spMats, reference is often made to objects, members, and elements. Objects represent the
physical structural members in the model. Elements, on the other hand, refer to the finite elements
used internally by spMats to generate the stiffness matricesamy cases, objects and physical
members will have a or®-one correspondence, and it is these objects that the user draws in the
spMats interface. Objects are intended to be an accurate representation of the physical members.
Users typically need not noern themselves with the meshing of these objects into the elements
required for the mathematical, or analysis finite element model. For example, a single area object
can model an entire slab, regardless of the number of spans and variety of loadpMatt) s

both model creation, as well as the reporting of results, is achieved at the object level.

This differs from a traditional approach in previous versions of the program, where the user is
required to define a stdissemblage of finite elements that comprise the larger physical members.
In spMats, the objects, or physical members drawn by theawseayutomatically meshed internally

prior to the analysis, into the greater number of finite elements needed for the analysis model,
without user input. Because the user is working only with the physical mdrabed objects, less

time is required both toreate the model and interpret the results. The user, however, can dictate

several meshing criteria after examination of the automatic mesh proposed by the program.

It is extremely important that you grasp the concept of objects in a structural model as it is the
basis for creating models in spMats. After you understand the concept and have worked with it for
a while, you should recognize the simplicity of physicgeobbased modeling, the ease with
which you can create models using objects, and the power of the concept when editing and creating

complex models.
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The spMats program uses objects to represent physicadtural members. When creating a
model, start by drawing the geometry using drawing area common CAD tools and then assign

properties and loads to completely define the slab structure.

The following object types are available, listed in descending order of geometrical dimension:

Slab/Area objectsare used to model slabs, openings, soil supports, and surface loads
e Column objectsare used to model columns supported on the slab from above
» Pile objectsare used to model piles supporting the slab from below

» Node objectsare automatically created at the corners or ends of all other types of objects
and also can be added anywhere in the model. Node objects are used to model point loads

as well as for applying point restraints and springs.

As a general rulehe geometry of the object should correspond to that of the physical member as
much as possible. This simplifies the visualization of the model and reduces the chances of input
error. However, engineers can omit small changes in shape and geometry adeztermdel
accuracy or complexity is not consequential to the analysis & design results. A great deal of
engineering judgment is involved in the conversion of a physical structure into an analytical model.
However, significant gains carelachieved by keeping model simple & practical to the extent
possible.
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Properties are assigned to each object to define the structural or soil support behavior of that
Slab/Area and/or Pile object in the model. Properties undédfiritions window, namely soll,
concrete, reinforcement, and design parameters properties, are named entities that must be
specified before assigning them to objects. If a property is assigned to an object, for example a
design parameters property, any changes to thetitwfiof the property will automatically apply

to the slab objects with thppoperty assigned. A named property has no effect on the model unless

it is assigned to an object.

Soil subgrade support properties may be assigned to slab/area objects, and for these properties,

spMats generates spring elements at each mesh node location.
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The first step in preparing the input is to draw a scaled plan view of the slab. The plan should
include the boundaries of the slab, variations in the slab thickness and material properties, openings
within the slab, and any variations in the soil-gmhdce modulus. All superimposed loads applied

on the slab should also be added. Structural grids and drawing area tools should be used to speed
input preparation.

The next step is to select suitable mesh criteria including the maximum allowed mesh size, the
maximum allowed aspect ratio and the number of segments the circumference of a circular slab (if
any) is to be divided in. Based on these parameters and locatolumns, piles, slab boundaries

and point loads the program automatically creates the most suitable mesh to use for the FEM

analysis.

The user can increase or decrease the mesh density by changing the maximum allowed mesh size.
A well-graded mesh will produce results which will effectively capture the variations of the
displacements and element forces. While the use of finer meshagendtally produce more
accurate results, it will also require more solution time, computer memory, and disk space.
Elements with aspect ratios (Ilength/width) near unity are generally expected to produce accurate
results for regions having gradual changesuovature. 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,

engineerig 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 positivadKection) and from bottom to top (in the positive
Y-direction), as shown ir . When the reference grid system and/or assembling of
elements is modified, the program internally renumbers all nodes and elements. In order to save
solution time, memory, and disk space, it is recommended to position the sidesttheth

fewer nodes (i.e., fewer degrees of freedom) parallel to ttieextion.
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Nodes Elements

Figure4.1 — Node and Element Numbering in Analytical Model
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4.2. Model Editing Concepts

During the course of creating a model, it may be necessary to edit the model. This can be done
through theSelectbutton in theRibbon. Then, any object that is present on the ad¥iesvport

can be selected and edited by the tools available withibefid?anel Toolbar andLeft Panel.

The editing tools at thieeft Panel Toolbar can also be invoked by righticking the mouse button

in the activeViewport. The editing tools that are available at tieét Panel Toolbar per Objects

are:
» Slab Object Slab objects can be deleted, moved, duplicated, merged, offset or split.
* Column Object: Column objects can be deleted, moved or duplicated.
* Pile Object Pile objects can be deleted, moved or duplicated.
* Node Object Node objects can be deleted, moved, duplicated, aligned vertically or
aligned horizontally.
X SELECT Maodel View (Load Case: A - DL)
b © @ ®
Jh 0 Label Thick! - D gmi 2200 4wq: 2100 i 0
% = ) b COLF50 kips “ D_CDL‘rSD ips H ? b cote
~ Section @—--— " =] N l—
i Type Solid - ! *] Addtoreport Ctr+R
- Thieness i | () Print/ Export Ctrd+ P
~ Properties | X Delete Del
Ssil Soill > . | &5 o
= Concrete Concl > E Tools fron’} .
= ::memem Steell Z )(_glj wa ”s:J right (I\(kl % Mirror
G et N da kips 5 Duplicate
i ~ Position & Size g | More v [F] Slabs - Merge
Top Lefe X 000 it S | & corsokips Thicki o mﬁ;ﬁ\; i cobrsds Arran
Top Left ¥ 3800 # I . Sl o i =
Width 200 # @ )(—-‘G\f ”5:‘ [Z] stabs - spit
Height 3800 ft i Align vertical
~ Loads 222 Align horizental
é Thick1
\\Tools from left panel
@__ _ycouso kips COLT50 kips. COLT5! kl_ps
. - o :
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ThelLeft Panel can also be utilized to edit an Object further:

Slab Object

Column Object:

Pile Object

Node Object

In addition to the editing tools provided Left Panel Toolbar, the
slab label, section type and thickness of section, properties, position

size and area loads can be edited.

In addition to the editing tools provided Left Panel Toolbar, the
column label, section type, dimension, and location coordinates can be
edited.

In addition to the editing tools provided Lreft Panel Toolbar, the
pile label, section type, dimension, properties, and location coordinates

can be edited.

In addition to the editing tools provided Lreft Panel Toolbar, the
node location coordinates, point loads, and restraints can be edited.
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When multiple different object types are selected, all applicable editing tools will be populated at

the Left Panel Toolbar. The object types can be unselected by clicking the x button next to the
Object Type at theeft Panel.

ome
i 1 a I — P
g B L & 0 oy + A T B s - ©
Project  Define Grid Select Slabs  Columns  Piles  Modes Restraints  Loads Solve Results  Tables  Reporter Display  Viewperts  Settings
w  SEECT Model View (Load Case: A - DL) v x
s G
x Q @
Ab Label Thick1 D , 4B G H .
. No.ofselected 20p] 2200 | 2100 |z.00, i
s ‘ w . b
=l COLTS0 kips CoLTS0 kips |
§ | cowmn X @--N__..x .................... X - ——— . Ld
Label coL1 v ‘ ‘ l a
== MNo. of selected | | | -
. ' a
s | | |
NODES X ‘ ‘ | 9
© ce z G ) . 5
No. of selected &) | | |
iz ! a7 kips .
I X il R |
E . >;<_-£1 k@s ) '
| b |
A :
3 (:(Juso kips Thickl Th‘iﬁgﬁl k’\%s o €OLT50 kip$ 34 #
@ﬂ————x 7777777777777777777 X R X -
T kips 0
i )i(AI:WaH Rl i
| | |
3 | | ) |
2 . Thick1 .
7 | | |
| | |
| [ |
yCOLTS0 kips COLTS0 kips COLT50 kip
OFfal —————— e -1
L & Il 1 €1
“ I I 1
. w P i =
£l 48 ft
v DISPLAY OPTIONS W o | JE
=1
_ losdCase A-DL - > 3
ACI 318-19 223945428 v B v HE - L b =) Units: English

Press any white space in tfieewport in order to undo the selection.
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CHAPTER

5 MODEL DEVELOPMENT

In spMats, models can be started by utilizing one of the four methods under ProjectStaithin

Screen These are namel@pen Project New Project, Templates andExamples

| 78 |
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Projects Resources

[ New project Manual... spMats Info...
Design Examples.. Submit a Question..
= Open project
Tutorial Videos... Check for Updates...

Release Notes...

[Z Examples

About spMats

& Templates L

< @
< &

Recent

Pump Station Building Foundation.matx

C:\Pragram Files 10.00\Examples

Spread Faoting.matx

CAProgram Files (x8 int\sphats\10.00\

Industrial Silo Foundation.matx

C:\Pragram Files 10.00\Examples

Circular Mat Foundation.matx

CAProgram Files (x8 int\sphats\10.00\

- spMats v10.00 (TM)
Clear all history Copyright © 1988-2020, STRUCTUREPOINT, LLC.
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5.1. Opening Existing Models

In the Start ScreenunderProjects select theOpen Project option and browse to the folder that
contains an existing 8fatsinput file. The input files created inatsv8.xx (.ma8 and in spMats

v10 can be opened. The input files for the prior versions of the Program require to be saved in
consecutively newer version untha8file is obtained. Then, thawa8file can be opened in v10.
There is no backward compatibility in spMats which means the input files for newer versions of

the Program cannot be opened by a previous version.
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5.2. Creating New Models

In the Start Screen under Projects select theNew Project option. The model development
process may require general input regarding a specific project. Project Information is entered
through theéProject command button, and Structural Grids are entered throu@britieccommand

button.

B B cH

Project Define Grid

5.2.1. Project Information

The project information regarding tOESIGN CODE UNIT SYSTEM, PROJECT NAME PROJECT
DESCRIPTION PROJECT DATE andPROJECT TIMECan be entered into the model throughRhaject
Left Panel. The Program supports American (ACI 318) and Canadian (CSA A23.3) Design Codes,

and English and Metric unit systems.

B B H

Project Define Grid

PROJECT

Design code ACI318-19
Unit system English (|

v DESCRIPTION

Project Name

Project Description

Project Date  £/16/2023

Project Time  4:00 PM @
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5.2.2. Structural Grids

The structural grids can be created or imported in order to facilitate the input of structural elements

such agolumns walls, pilesin a specific structurglanview.

5.2.2.1. Working with Grids

You can select thérid command button from theibbon. The correspondinGrids Left Panel

provides various tools and options for effectively working with grids.

GRIDS
S -
Add-H  Add-V  Generate
= Export grid...
+ VERTICAL + E  Import grid..
Label Coordinate-X Spacir B Settings
ft ft
¥ HORIZONTAL +
Label Coordinate-Y Spacing
ft ft
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5.2.2.2. Generating Grids

» Click theGenerateicon to display the&sSENERATE GRID LINESdialog box

* To create multiple grid lines at once enter:

number of grid spaces X grid interval in theGRID SPACINGinput box

» Entering a single number in tleRID SPACINGinput box will create a single grid line at
the given spacing from either the start coordinates or the last existing grid line in that

direction

* You can create grid lines at multiple intervals by separating the grid intervals by space

SP Generate Grid Lines

X - Vertical
Start coordinate - x| 0.00 ft
Grid Spacing 16 2x20 16 ft

~ Y - Horizontal

Start coordinate -y | 0.00 ft
and Spacing 2x20 ft
Options

Remove existing grid lines

Generate Close

5.2.2.3. Adding Grids

Click theAdd-H or Add-V commands to add a Singi®RIZONTAL Or VERTICAL grid.
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5.2.2.4. Using the Grid Table

You can use the Grid table to change ithBEL, COORDINATE or SPACING of the grid. The table
can also be used to add or delete specific grids.

+ VERTICAL LT [+
Label Coordinate-X Spacing
ft ft
2 3.00 3.00
3 33.00 30,00
4 63.00 30,00
5 93.00 30,00
E 103.00 10.00

« Click onthe " button to add a gridline in the active direction.
 Click onthe * button to delete the selected gridline in the table.

« Click on the" button to reorder the labels if they have been shuffled.

* To change a gridaBEL, click on the desired grid in the table and click on its label.
Leaving a grid label field empty will remove the label bubble from the gridline in the

model.

* COORDINATE Or SPACING of the grids can also be changed by clicking on the respective
field and typing in the desired value.

» Changing the coordinate of the first gridline in the table displaces the entire grid system

in the respective direction.

» Except the first gridline in the table, other gridlines cannot be assigned a negative spacing

value.
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5.2.2.5. Working with labels

You can use th8ettings/ General/ Grids to change therDER & TYPEandLOCATION of the grid
labels. You can also change how far the grid labels are located from the grid lines by changing the

EDGE EXTENSIONvalue.

Vertical Grids

Order & Type 1,2 3. -
Location Tep v
Edge Extension 0.00 ft

5.2.2.6. Grid Display Options
» Use the checkboxes to toggle the display of various grid items in the model.

* You can use the slider to adjust thige of the gridLABELS, UNITS and DIMENSIONS

displayed.

v DISPLAY OPTIOMNS

+ Labels « Units

| Dimensions Size | 100 % =
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5.2.3. Generating Definitions

Once the project information has been completed, editing and adding new definitions can be done

in theDEFINITIONS Dialog Box by selecting thBefine command button from theibbon.

SP Definitions

v Objects
X e

2labs

Columns +MNew X Delete g2 g

Piles
Label Thick Soil Concrete inforcement Design p + Assigned

T

L3

~  Properties
Soil in
Dlus | o o low  ews | |
Reinforcement Mat24 24.00| Clay v C3 * | GrdD v GrdD#4 - \
Design Parameters Mat20 3000 Clay ~ 3 ~ Grd0 ~ Grd0zd -
~  Restraints Mat3s 36.00 Clay v C3 v | GrdD v Grélwd -

o |o o |o

Nodal Springs Matd8 48,00 Clay v 3 ~ Grd0 v GraO#4
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb,

Ultimate Load Comb.

0K Cancel
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The DEFINITIONS dialog box contains predefined labels for varicDbjects, Properties,
Restraints, and Load Case/Combo.You can enter additional definitions per your project
requirements by clicking theew button. Similarly, an existing definition can be removed by
clicking theDeLETE button. Either start by creating definitions to be used in the program in the
DEFINITIONS dialog box or simply start creating the model with one of the several command buttons

available in theRibbon using the default progradefinitions.

Items like PROPERTIES RESTRAINTSandLOAD CASES/COMBOare available during modeling only

after they have been first defined in therINITIONS dialog box. Objects i.eslabs, columns and
pilescan also be defined in tmeEFINITIONS dialog box to be used during modeling. Conversely,
Object definitions are automatically added to the list of definitions as they are created and used

during modeling process.

Clicking the dialog launche . ’ nextto an item in theeft Panel will open theDEFINITIONS

dialog box.
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5.2.3.1. Objects

TheObjectsthat can be defined arglabs, Columns andPiles

Slabs

The SlabsObject definition consists of thaBEL, THICKNESS PROPERTIES and whether th8labs

label iSASSIGNEDINn the model or not.

SP Definitions

=L v Objects

Slabs

Columns +MNew X Delete
Piles

=

+
+
+
+

L

~  Properties Label Thick Soil Concrete Reinforcement Design p n s

Soil in
Dlves | wwaw 1o Jow  owm |
Reinforcement Mat24 24.00| Clay v C3 * | Grd0 v GrdD#4 - \

Design Parameters Mat30 30.00 Clay v C3 v | Grd0 v Grélwd

~  Restraints Mat3s 36.00 Clay v C3 v | Grd0 v Grélwd -

o |o o o

Nodal Springs Mat48 48.00| Clay ~lc3 ~ | Grdd ~ Grd0s4 -
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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Columns

The Columns Object definition consists of theaBEL, TYPE, DIMENSIONS, and whether the

Column label isaAsSIGNEDIN the model or not.

5P Definitions

Ell Objects
Slabs

a
S Label C20%20 _
Piles
¥
D b

~  Properties

Columns

Soil

Concrete Type Rectangle - |.T.|
Reinforcement
Design Parameters Depth (D) 20.00 | in

~  Restraints Width (B) 20,00 | in
Nodal Springs
Sloved Nodes —+ Mew X Delete Q Q o~
+~  Load Case/Combo.
Label Type Depth/Dia. (D) Width (B) Assigned

Load Cases

Service Load Comb. in in
it oot cors. S N T

OK Cancel
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Piles

The Piles Object definition consists of the\BEL, TYPE, DIMENSIONS, andCHARACTERISTICS OF

PILE, SUPPORTING SOl andwhether thePile label isASSIGNEDIN the model or not.

SP Definitions

Sl Objects
= Slabs
Columns

~  Properties
Soil
Concrete
Reinforcement
Design Parameters
~  Restraints
Nodal Springs
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb,

Piles
Label R36 o
D
| Calculated by Program
Spring constant kIf T
Material Concrete - Type Round -
Soil at base Bedrock - Diameter (D) 3600 in
Length 50.00 | ft
Young's modulus 4286.8 | ksi
Embedment 600 in
+MNew X Delete 2 80 ~
Label  Spring co Calcula Type  Depth/ Width: tf tw Material Soilatb ~ Length Young'sr Embedm: Assigne
in in in in ft ksi in
I T ) g I ' |
S30X30 e Squa ~ 30.00 - - --| Precas ¥ Bedrow 50.00 4286.8 6.00 o
1H8X36 9| H-Ty ~ 8.02 816 045 045 Steel  ~ | Bedror ~ 5000  29000.0 6.00 o
2HEX36 273.20 [ H-Ty = 8.0z 816 045 045/ Steel v | Bedro ™ 50.00) 29000.0 6.00 o
QK Cancel
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5.2.3.2. Properties

ThePropertiesthat can be defined argoil, Concrete, Reinforcement, andDesignParameters

Soil

The Soil definition consists of the ABEL, SUBGRADE MODULUS ALLOWABLE PRESSURE and

whether theSoil label isusebpin the model or not.

SP Definitions

=) ~  Objects
_ Slabs
T Columns
Piles

~  Properties

Concrete
Reinforcement
Design Parameters
~  Restraints
Nodal Springs
Slaved Nodes
~  Load Case/Combo.
Load Cases

Service Load Comb.,

Ultimate Load Comb.

Soil

+ Mew

Label

ke kesf
>loy | o0 w0

Sand
Bedrock

X Delete

Subgrade

dul

100.000
600,000

p

2,000
12.000

Used

+
+
+
+

OK Cancel
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Concrete

The Concrete definition consists of theABEL, COMPRESSIVE STRENGTHUNIT WEIGHT, YOUNG' S

MODULUS, POl SSON' §amdavhether th€oncretelabel isuseDin themodel or not.

5P Definitions
%‘L N OhJ:c:s Concrete
! Columns +MNew X Delete = =
Piles
v Properties Label Comp. Strength Unit weight Young's modulus Poisson's ratio Precast Used
Soil ksi pef ksi =
Dl oo bow  sos  oxm |
Reinforcement c4 4.0000 150,00 38343 0.200 o
Design Parameters C5 5.0000 150.00 4286.8 0.200 o
~  Restraints Cc6 6.0000 150.00 4696.0 0.200 o
Nodal Springs c7 7.0000 150.00 50722 0.200 o
Slaved Nodes c8 8.0000 150,00 54225 0.200 o

~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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Reinforcement

The Reinforcementdefinition consists of theABEL, YIELD STRENGTH YOUNG’ S Mo,0and U S

whether theReinforcementlabel isusebin the model or not.

5P Definitions

= v Objects
Slabs
Columns +MNew X Delete
Piles

~  Properties
Soil ksi ksi
D I R R
Gr50 50.0000 29000.0 \

Design Parameters Gr60 60.0000 29000.0
Gris 75.0000 209000.0

Reinforcement
=T

Label Yield strength Young's modulus Used

o o |0

~ Restraints
Nodal Springs
Slaved Nodes

~ Load Case/Combo.
Load Cases
Service Load Comb.
Ultimate Load Comb.

OK Cancel
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DesignParameters

The Design Parametersdefinition consists of th@ABEL, MINIMUM REINFORCEMENT RATIO,

REINFORCEMENTCENTERLINE LOCATIONS, and whether th®esign Parameterdabel iSUSED in

the model or not.

SP Definitions

=) ¥  Objects
_ Slabs
T Columns
Piles

~  Properties
Soil
Concrete
Reinforcement
~ Restraints
Nodal Springs
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb,

Design Parameters

Label Grad#d
Min. Reinf, Ratic | 0.10
Top Layer Y
Bot. Layer Y
+ New X Delete
Label

% in
Dlowes | o s

Gri0#4
Gro0#4
Gris#4

—X
=
% Ag per layer Eof-' Bof-X
375 i Top Layer X 325  in
375 i Bot. Layer X 325  in
FE o
Min. Reinf. Ratio Top layer X Top layer ¥ Bot. Layer X Bot. Layer Y Used

0.10 3.25 3.25
0.09 3.25 375 3.25 3.75
0.07 3.25 375 3.25 3.75
0K Cancel

in in in
I T T
3.75 3.75 o
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5.2.3.3. Restraints

TheRestraintsthat can be defined ardpdal Springs,andSlaved Nodes.

Nodal Springs

The Nodal Springs definition consists of theABEL, SPRING CONSTANT and whether thélodal

Spring label isAsSIGNEDIN the model or not.

SP Definitions

=) ~  Objects .
= MNodal Springs
_ Slabs
=T
Columns + Mew X Delete e Y
Piles
v Properties Label Spring constant Assigned
kif

Soil
Concrete R T N

Reinforcement
Design Parameters
~  Restraints
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.,

Ultimate Load Comb.

OK Cancel
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Slaved Nodes

The Slaved Nodes definition consists of theaBEL, DEGREE OF FREEDOMand whether th&laved

Nodelabel isassIGNEDIN themodel or not.

5P Definitions
Ell Objects
- Slobe Slaved Nodes
T Columns +New X Delete = =
Piles
v Properties Label Deg. of Freedom Assigned
Soi > svRe R |
Concrete SheRy RY - o
ShDz (074 - \o

Reinforcement
Design Parameters
~ Restraints
Nodal Springs
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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5.2.3.4. Load Case / Combo

ThelLoad Case / Combothat can be defined areoad CasesService Load Combinations and

Ultimate Load Combinations.

Load Cases

The Load Casesdefinition consists of the&eASE, TYPE, LABEL, whether theSELFWEIGHT be

included with the load case or not, and whethel traedl Caseis USEDin the model or not.

5P Definitions

Ell Objects
_ Slabs
=

Columns L [z ¥ Delete g 8 -

Piles

Load Cases

+

~ Properties Case Type Label Self Weight Used
Concrete B Live | LL o
Reinforcement
Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
v Load Case/Combo.
Service Load Comb.
Ultimate Load Comb.

OK Cancel
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Service Load Combinations

The Service Load Combinationsdefinition consists of theOAD CASES LOAD CASE TYPE, LOAD

COMBINATION NUMBER, LOAD COMBINATION LABEL, andLOAD FACTORS Load combinations can

also be generated automatically based on the design code in the model.

SP Definitions

=) ¥  Objects
Slobs
Columns + MNew X Delete  Update Combinations

Service Load Combinations

=T

4
+
1
K

Piles

v Properties Load Case A B
Soi
Concrete Load Comb. Label

DL LL

Design Parameters 55 1,000 1.000

Type Dead Live

~ Restraints
Nodal Springs
Slaved Nodes

~  Load Case/Combo.
Load Cases

Service Load Comb.

Ultimate Load Comb,

0K Cancel
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Ultimate Load Combinations

TheUltimate Load Combinations definition consists of theOAD CASES LOAD CASETYPE, LOAD
COMBINATION NUMBER, LOAD COMBINATION LABEL, andLOAD FACTORS Load combinations can

also be generated automatically based on the design code in the model.

SP Definitions

=) ¥  Objects
Slobs
Columns + MNew X Delete  Update Combinations

Ultimate Load Combinations

=T

4
+
1
K

Piles

v Properties Load Case A B
Soi
Concrete Load Comb. Label

DL LL
renforeement [ I T R A" I

Design Parameters 2 U2 1.200 1.600

Type Dead Live

~ Restraints
Nodal Springs
Slaved Nodes

~  Load Case/Combo.
Load Cases

Service Load Comb.

Ultimate Load Comb.

0K Cancel
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5.2.4. Creating Model Objects

The Objects that can be created &labs Columns, andPiles
5.2.4.1. Slabs

You can creat&labsusing theSlabscommand from th&ibbon.

e 0 oy + & B B

Select Slabs Columns Piles MNodes  Restraints Loads Sohve

Slabs

Create rectangular, circular or polygonal slabs

You can drawRectangular, Circular or Polygonalslabsby using one of the following three tools
in theSlabsLeft Panel.

SLABS
1 &« o
Rectangle  Circle Polygen

If you have already definedsdabtype in theDEFINITIONS dialog, select it from theABEL drop
down menu in théeft Panel before you start drawing. You can also simply selecstzrioN
and PROPERTIESand start drawing, the corresponding definition created will automatically be

added to th@EFINITIONS dialog.

SLAB

Label Mat18 D
w Section
Type Solid v
Thickness 18.00 in
v Properties
Soil Clay v b
Concrete c3 N >
Reinforcement Grdd - >
Design Param. Grdl#4 N >
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To draw aslabshape using the mouse, first select the desired tool.
» Then click on the workspace to begin drawing.

» For circular or rectanguladabs move your mouse until the desired size is achieved and
click again to finish drawing.

» For polygonalslabskeep clicking on the workspace until you create all the desired
vertices. You can close a polygon either by clicking the right mouse button or manually

clicking on the first vertex point created.
Alternatelyslabshapes can also be created by using the dynamic input box.

» To display a dynamic input box, pressSTER after you have selected the desistab

tool.

Specify start point ¥
X | 1200 ft
Yo 18.00 ft

* You will be required to provide the start point (center point for circl&rg.
» Type in the required coordinates and pE$ER.

* PresseNTER once more to display the dynamic input box again. Type in the required
quantities i.e. width and height for a rectangdib or radius for a circulaslaband

pressENTERto finish drawing.

» For polygonaklabsyou will have to keep pressiyTERto bring out the dynamic input
box to provide each vertex. The polygon will be closed once you enter the coordinates of

the starting point provided that the shape is geometrically correct.
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5.2.4.2. Columns

You can creat€olumns using theColumns command from th&ibbon.

k& 0oy + & T B

Select Slabs Columns Pilez Modes  Restraints Loads Solve

Columns

Define and add columns to the model

If you have already defined@olumn type in theDEFINITIONS dialog, simply select it from the
LABEL drop down menu in thieeft Panel to assign it to the modeYou can also simply select the
section typeenter the dimensiormd staraissigniny, the correspondingplumndefinition created

will automatically be added to tlmEFINITIONS dialog

COLUMMNS
¥
D [«
COLUMN
Label C20%20 | >
~ Section
Type Rectangle -
Depth (D) 20,00 in
Width (B) 20,00 in
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To assigna columnusing the mouse, firstecide on the parameters of the column to be assigned.

The cursor shape changes to the column selected to be assigned.

* Then click on the workspace to begissigning

* You can also marquee select a group of nodes to assign multiple columns at once.
Alternatelycolumnscan also bassignedy using the dynamic input box.

» To display a dynamic input box, pressTER after you have selected tkkelumn to be

assigned
Specify insertion point X
X | 1200 ft
Yo 18.00 ft

* You will be required to provide thasertionpoint.

* Type in the required coordinates and pIE$ER.
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5.2.4.3. Piles

You can creat®ilesusing thePilescommand from th&ibbon.

K & 0y + & T B

Select Slabs Columns Piles Modes  Restraints Loads Solve

Piles

Define and add piles to the model

If you have already definedRile type in theDEFINITIONS dialog, simply select it from theaBEL
drop down menu in thieeft Panelto assign it to the model. You can also simply selectéicgon
type enter the dimensionselect the required propertiaed start assigning, the corresponding

pile definition created will automatically be added to tieeINnITIONS dialog.

PILES

PILES
Label R36 | >

~ Section
Type Round v
Diameter (D) 2800 in

~ Properties

Material Concrete N

Soil Bedrock ol
Length 50,00 ft
Embedment 600 in
Mod. Elasticity 42868 ksi
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To assign aile using the mouse, first decide on the parameters gbiteeo be assigned. The

cursor shape changes to fhike selected to be assigned.

* Then click on the workspace to begin assigning.

* You can also marquee select a group of nodes to assign mpikgslat once.
Alternatelypilescan also be assigned by using the dynamic input box.

* To display a dynamic input box, pressTER after you have selected tipde to be

assigned.
Specify insertion point X
X | 1200 ft
Yo 18.00 ft

* You will be required to provide the insertion point.

* Type in the required coordinates and pIE$ER.
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5.2.4.4. Nodes

You can creat®dlodesscope using thBlodescommand from th&ibbon.

r & b oy + A& P B

Select Slabs Columns Pilez MNodes  Restraints Loads Solve

Nodes

Create a single node or multiple nodes in linear or circular pattern

You can draw &inglenode, nodes ihinear arrangement or nodes @ircular arrangement by

using one of the following three tools in tNedesLeft Panel.

NODES

Circular Linear Single

NODE

® Number of nodes 2 .

To draw nodes, first select the desidadesTool.

» Select theWUMBER OF NODESOr theNODE sPACINGoption for theCircular and/orLinear
tools and enter the desired number of nodes to be created or the spacing at which the

nodes are to be distributed.

» Then click on the workspace to begin drawing. If you have select&inpknode tool

then the node is created at the point you click.

» Move your mouse until the desired size is achieved and click again to finish drawing.

You can also marquee select grid intersections to assign multiple nodes at them.

Alternately you can also use dynamic input box.

» To display a dynamic input box, pressTeR after you have selected the node tool and
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decided on the number or spacing of the nodes to be created.

Specify center point

X | 12.00

|t

Yo 1200

ft

* You will be required to provide the starting point (center pointGaxcular node

distribution).

» Type in the required coordinates and piE$ER.

 If you have selected tH&inglenode tool then the node is created at the point you specify.

* PresseNTER once more to display the dynamic input box again. Type in the required

quantities i.e. X and Y coordinates of the end points for linear node distribution or radius

for the circular node distribution and pressreErto finish drawing.
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5.2.4.5. Restraints

TheRestraints that can be assigned aModal Springs, Slaved NodesandSupports. You can

createRestraints using theRestraints command from th&ibbon.

3 & y + &

Select Slabs Columns Pilez Modes  Restraints Loads Solve

Restraints

Assign restraints to the medel

spMats considers restraints as nodal properties. It is possible to assign more than one kind of

restraint to a node at the same time.

In theSPRING — TRANSLATION - Z and thesSLAVE/SUPPORT— TRANSLATION -Z, ROTATION

- X andrROTATION - Y boxes, select the required restraint type.

* You can also use th® EAR RESTRAINTSbutton to clear any existing restraints and select

new ones.
* Next, click on the location you want the restraint to be assigned to.

* You can also marquee select a group of nodes to assign all of them the same restraints.

RESTRAINTS
e . Teo
h Slaved - Support
~ Spring
Translation - Z - none - v >
~ Slave / Support
Translation - £ - none - v >
Rotation - X - none - v >
Rotation - ¥ - none - v
Clear Restraints
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5.2.4.6. Loads

You can creatéoads using theLoads command from th&ibbon.

N & 0 9 + A2 @ 0O

Select Slabs Columns Pilez MNodes  Restraints Loads Solve

Loads

Assign loads to the model

You can assigRoint loadsor Area loadsby using one of thewo options that are presexatin the

Loads Left Panel.

LOADS
W
Area Paoint
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Assigning Area Loads

Area loadscan only be assigned &abs.

LOADS
g -
Area Point
wz T
{7
v Loads
Load Case A-DL v )
Wz 0.0000 psf
Clear loads
~ OPTIONS
® Replace existing load
Add to existing load

To assign aArea load, make sure that thegea command in théeft Panelis selected. Theeft

Panelshould be displaying variousrea L oadsoptions.

Select tha0AD CASE you want théArea load to belong to. You can always defir@abp

CASESIn theDEFINITIONS dialog.

In the W, box, type in the required load value. Note that doevnward forces have

negative values

From theopTiONSselect if you want taDD TO EXISTING LOAD on theslabor REPLACE

EXISTING LOAD completely.
Next, click on theslabyou want the load to be assigned to.

You can also marquee select a grouplabsto assign all of them the same area load.
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Assigning Point Loads

spMatsconsiderd?oint loads as nodal properties.

LOADS

v [oads
Load Caze A-DL
Pz

Pl
My

¥ OPTIONS

® Replace existing load

Add to existing load

W

Area Point

gl

—

s

v >

0000 kips
0000 kip-ft
0000 kip-ft

Clear loads

To assign @oint load, make sure that tfoint command in th&eft Panelis selected. Theeft

Panelshould be displaying variod®oint Loads options.

» Select the.oAD case you want theoint load to belong to. You can always defir@np

CASESIn theDEFINITIONS dialog.

* IntheW,, My, and M boxes, type in the required load and moment vaNete that the

downward forces have negative valués.determine the direction of the momentg M

and M, use the righhand rule.

* From theopTiONSSselect if you want teDD TO EXISTING LOAD on the node OREPLACE

EXISTING LOAD completely.

* Next, click on the location you want the load to be assigned to.

* You can also marquee select a group of nodes to assign all of them the same point load.
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5.2.5. Editing Model Objects

The model can be edited by using thedt Panel, Left Panel Toolbar or by using rightclick at

Viewport.

5.2.5.1. Using the Left PanelObjects

TheObjectsthat can be edited arBlabs Columns andPiles
Slabs

The correspondin@labs Left Panel provides various tools and options for effectively working

with Slabs You must have th8electcommand button toggled on to edit Blabs
Section and Properties
To edit aslabsection or properties:

» Click on theslabto select it.

» Then in theLeft Panel, simply change the desired parameter.

» If the given set of parameters match the parameters ofdefireedslah the newslab

will automatically be assigned the existing label.

 If the given set of parameters do not match the parameters of adgfpredslah the

slabwill be assigned a new definition.
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The corresponding€olumns Left Panelprovides various options for effectively working with

Columns. You must have th8electcommand button toggled on to e@blumns.
To edit a single column:

» Click on the column you want to edit to display its properties and position ipefhe

Panel
» Change the desired column parameter.
To edit multiple columns at once:
» Use marquee select to select multiple columns at once.

* Notice that if all the selected columns are of the sgpe,then the section properties

are displayed in the left panel and you can change the desired parameter as required.

« If different columns types are selected then only the column label is available to be

changed.
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The correspondin@iles Left Panelprovides various options for effectively working wigles

You must have th8electcommand button toggled on to eBlites

To edit a single pile:
» Click on the pile you want to edit to display its properties and position inetth€anel.
» Change the desired pile parameter.

To edit multiple piles at once:
» Use marquee select to select multiple piles at once.

» Notice that if all the selectauilesare of the samgype,then the section properties are

displayed in the left panel and you can change the desired parameter as required.

« If different pilestypes are selected then only tike label is available to be changed.
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Restraints

The correspondingestraints Left Panelprovides various options for effectively working with

Restraints.

spMats considers restraints as nodal properties. Therefore, to edit restraints the corresponding

nodes have to be selected.
To edit a single restraint:

» Click on the node containing the restraint you want to edit to display its properties and

position in the_eft Panel.
» Change the desired restraint parameter.
To edit multiple restraints at once:
« Use marquee select to select multiple nodes with desired restraints.

» Change the desired restraint parameter or parameters.
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Loads

The correspondind.oads Left Panel provides various options for effectively working with

Loads.
Editing Area Loads

In spMats Area loads can only be assigned 8abs Therefore, to editArea loads, the

correspondinglabshave to be selected.

To edit a0 area load:

» Click on theslabcontaining the load you want to edit to display its properties and position

in theLeft Panel.
» Change the load value as desired.
To edit multiple area loads at once:
* Use marquee select to select multigleoswith desired loads.

* Change the load value as desired.
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Editing Point Loads

spMatsconsiderg?oint loads as nodal properties. Therefore, to Bdint loads the corresponding

nodes have to be selected.

To edit a single point load:

» Click on the node containing the load you want to edit to display its properties and

position in the_eft Panel.
* Change the desired load parameter.

To edit multiple point loads at once:

* Use marquee select to select multiple nodes with desired loads.

» Change the desired load parameter or parameters.
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Nodes

The correspondintjlodesLeft Panel provides various tools and options for effectively working

with Nodes You must have th8electcommand button toggled on to eNibdes

To edit a single node:

» Click on the node you want to edit to display its properties and positionliefiieanel.
» Change the desired node parameter.

To edit multiple nodes at once:

» Use marquee select to select multiple nodes at once.

« Edit the desired nodal properties from thedt Panel.

| 118 |



—
Sﬁﬁats MODEL DEVELOPMENT

5.2.5.2. Using the Left Panel Toolbar

You must have th&electcommand button toggled on in order to use the tools available in the

Left Panel Toolbar. You can use the tools in theft Panel Toolbar to edit various model items.

Delete «+—— X
Move «— ¢

Duplicate «—— [

Nodes — Align Vertical «— 3

Nodes — Align Horizontal «— ===

Slabs — Merge +—

*i

Slabs — Offset «—— D

Slabs - Split «—— [

Delete
TheDeletecommand is active only when one or more items are selected.

» Select the item or items you want to remove from the model andDudilgketo remove.

Move
TheMove command is active only when one or more items are selected.
» Select the item or items you want to move and clickMbge command.

» Click on the screen to specify the base point from which to start moving. Alternatively,

you can also presNTER and manually enter the coordinates of the base point.

 Drag the selected items to the desired location and click to complete moving.
Alternatively, you can also pres&nTER and enter the translation vector to move the

selected items to their new location.
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The Copy command is active only when one or more items are selected.
» Select the item or items you want to make a copy of and clickdpg command.

» Click on the screen to specify the base point from which to start the copying process.
Alternatively, you can also pressiTER and manually enter the coordinates of the base

point.

» Drag the copied items to the desired location and click to create a new instance.
Alternatively, you can also pre&nTER and enter the translation vector to move the

copied instances of items to their new location.

TheNodesi Align Vertical command is active only when one or more nodes are selected.

» Select the node or nodes you want to align vertically in a straight line and clidkdles

i Align Vertical command.

» Click on the screen to specify the reference X point at which to vertically align all the

selected nodes.

» Alternatively, you can also pressTeER and manually enter the coordinate of the X

reference point and pressTERto complete alignment.
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TheNodesi Align Horizontal command is active only when one or more nodes are selected.

» Select the node or nodes you want to align horizontally in a straight line and click the
Nodesi Align Horizontal command.

» Click on the screen to specify the reference Y point at which to horizontally align all the

selected nodes.

» Alternatively, you can also pressTER and manually enter the coordinate of the Y

reference point and pressTERto complete alignment.

TheSlabsi Merge command is active only when more than slads are selected.

» Select theslabsthat you want to merge and click tB&absi Merge command.
While merging two or morslabs the program requires you to select a referestale
the properties of which will be applied to the final mergth These include section
type and thickness along with properties ligeil, concrete, reinforcement, design

parametersand any area loads applied.

» Click onslabwhose properties you want the final merg&bto contain.

TheSlabsi Offset command is active only when oskabis selected.

» Select theslabsthat you want to offset and click tisabsi Offset command.
It is possible to offset thelabinwards or outwards.

» Click the side of thelabyou want to offset.

 In the input box that appears, specify the offset distance andepress
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TheSlabsi Split command is active only when one or mslabsare selected.
» Select theslabsthat you want to split and click ti&absi Split command.
» Click on the screen to specify the start point of the cutting line.

» Alternatively, you can also pressiTER and manually enter the coordinates of the start
of the cultting line.
Note that aslabcan be split only if the cutting line starts from outside or one edge of the
slaband extends to or beyond the other edge o$ldle Starting a cutting line from any

point within aslabwill not cut that particulaslah
* Next click on the screen to specify the end point of the cutting line.

 Alternatively, you can also pressiTER and manually enter the coordinates of the end
point of the cutting line.



-
Sﬁﬁats MODEL DEVELOPMENT

5.2.5.3. Using the Right Click Menu at Viewport

All the tools in theleft Panel Toolbar are also available in thieight Click Menu atViewport

when theSelectcommand button is toggled on.

) Undo Ctl + Z

Add to report Cirl + R

[

Print / Export Ctrd = P

T
+

Mowe

5 <
i

Duplicate

Maore r

Arrange r @ Slabs - Offset
7] Slabs - Split

Modes - Align vertical

=22 Modes - Align horizontal
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5.2.5.4. Understanding Slab Layers

While creating models, the need may arise to placestaiion top of another. In this case the
properties (including the area load applied orsthf of theslabon top are considered for solving

the model. During modeling,sdabdrawn later is always placed above #hebdrawn first.

To move &Slab above or below another one:

* Click on theslabto select it.

» Then right click on it to show thRRight Click Menu.

) Undo Ctrl+ 7

Add to report Cirl = R

Print [ Export Ctrl + P

> b [

% Move

I «

Duplicate
Maore

Arrange

e )

Bring to Front
Bring Forward
Send Backward

Send to Back

* From theArrange sub menu, select the desired action.

It should be noted that openings are always on top regardless of the order they are drawn in.
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5.3. Modeling with Templates

5.3.1. Utilizing Templates

Templates are an option for creating new models in tMatgprogram. It enables the user to

select from a set of pi@efined templates and edit them for quick model generation.

To begin, go to th&tart ScreenunderProjects and select th@emplatesoption. This will take

you to theTEMPLATE selection Dialog Box.

Sp Select template

Design code  ACI 318-14 A ﬁj E m
Unit system English v

Rectangular Octagonal Circular

v TEMPLATES

Isolated & Combined Footings I
Mat Foundations \ /

Pile Supported Foundations

Tank Foundations . )
Strip Combined

Egquipment Foundations

Cancel

Here you can select the desired template along witbbegBesN cobpEanduUNIT SYSTEM. Double
clicking on a template image or selecting a template image and clmkiwdl open theTemplate

Module and load the selected Template.

| 125 |



-
Sﬁats MODEL DEVELOPMENT

P Home | Template ~
ooor B
NewPattern  Discard & Exit  Save & Exit
Mat Foundations: Mat Template
B lfa o
o @
5[]
)
|- L
Sx Ex
~ Dimensions
No. of Spans X E]
Span X (5x) 1600 ft
Ex 200 ft
Mo. of Spans ¥ 2
Span Y (Sy) 1200 ft
Ey 200 ft
Thickness 2400 in
~ Columns
Type Rectangle
Depth (D) 2000 in
Widith (8) 2000 in
v Soil
Subgrade modulus 75000 kef
Allowable pressura 1.500  ksf
~ Loads
Load Pz Mx My
Label - Type kips kip-ft kip-ft
DL - Dead -100.000 25,000 25,000
LL - Live -50.000 10.000 10.000
=) * DISPLAY OPTIONS
=t « Dimensions v Grid
= | Extrude
ACI 318-14 1043, 22.36 (ft)

Once you are done editing the template to reflect your project criteria, you can clghvine&

Exit button to take it to d@atsfor further modification or execution.
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5.3.2. Template Ribbon

The Template Ribbon provides the following options:

5.3.2.1. New Pattern

Opens therEMPLATE Selection Dialog Box. Selecting a New template will discard the

old template and load the new one.
5.3.2.2. Discard & Exit

Discards the current template and exits tdlas home screen.
5.3.2.3. Save & Exit

Imports the current template spMats

Home Template

L 1> =

Mew Pattern Discard & Exit Save & Exit
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5.3.3. Template Left Panel

ThelLeft Panellists various template properties that can be modified by the user. The bottom part
of the Left Panel consists ofDisplay Options. You can use these to toggle on/off several

Viewport items and also switch between displaying Load Cases.

Mat Foundations: Mat
Bl la & =& =&
el =] o =]
SyJi
D R S
| L
S Ex
~ Dimensions
Na. of Spans X 3
Span X (5x) 1600 ft
Ex 200 ft
Mo. of Spans ¥ 2
Span Y (5y) 1200 ft
Ey 200 ft
Thickness 2400 in
~ Columns
Type Rectangle v
Depth (D) 2000 in
Width (E) 2000 in
v Soil
Subgrade modulus 75.000  kcf
Allowable pressure 1.500 kst
~ loads
Load Pz Mx My
Label - Type kips kip-ft kip-ft
DL - Dead -100.000 25.000 25.000
LL - Live -50.000 10.000 10,000
~ DISPLAY OPTIONS
+ Dimensions ~ Gnd
v Extrude
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5.3.4. Types of Templates

Isolated and Combined Footings

Sp Select template

Design code  ACI 318-14

Unit system  English

v TEMPLATES
Mat Foundations
Pile Supported Foundations
Tank Foundations

Equipment Foundations

- <>

Rectangular Cctagonal Circular
r/I
N
Strip Combined

Cancel
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Mat Foundations

Sp Select template

Design code  ACI 318-14 -
Unit system  English -
Mat Gnd
~ TEMPLATES

Isolated & Combined Footings

Pile Supported Foundations
Tank Foundations

Egquipment Foundations

Cancel
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Pile Supported Foundations

lect template

Design code  ACI 318-14 -

Unit system  English -

Rect - Circular

v TEMPLATES

Isolated & Combined Footings

Mat Foundations

Pile Supported Foundations

Tank Foundations

Rect - Gnd Tn-3

Egquipment Foundations

Cancel
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Tank Foundations

Sp Select template

Design code  ACI 318-14

Unit system  English

v TEMPLATES

Isolated & Combined Footings
Mat Foundations

Pile Supported Foundations

Egquipment Foundations

y
\
(
{

Tank Foundations }
Rectangular - Stepped Octagonal - Stepped Circular - Stepped

Rectangular Octagonal Circular

(©

Rectangular 2 Rectangular - Stepped 2

Cancel
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Equipment Foundations

Sp Select template

Design code  ACI 318-14 -
Unit system  English -
Circular
~ TEMPLATES

Isolated & Combined Footings .
Mat Foundations 'm.’ .@
Pile Supported Foundations \_/

Tank Foundations

Equipment Foundations

Octagonal - Sloped Circular - Sloped

Cancel
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5.4. Utilizing Predefined Examples

In the Start Screen under Projects select theExamples option. This will take you to the

Examplesfolder under the dgatsinstallation folder.

« o 4

Organize + Mew felder

7 Quick access

o Creative Cloud Files
@ Onelrive - Personal
[ This PC

[_j' Metwork

File name: |

< Program Files (x86) » StructurePeint » spMats » Examples

~
Name

@ Agricultural Facility Mat Foundation.matx
@ Circular Mat Feundation.matx

@ Combined Footing.matx

@ Construction Crane Foundation Pad.mat:
@ Examplel.matx

@ Exampled.matx

@ Industrial Chimney Foundation.matx

@ Industrial Silo Foundation.matx

@ Mat Feundation.matx

@ Office Building Mat Foundation.matx

@ Pump Statien Building Foundation.mats
@ Rectangular Footing with Six Piles.matx
@ Spread Footing.matx

@ Standard Footing Design - Enveloped Loading.matx

bl o /O

Date medified

10,/22/2022 5:03 PM
10/22/2022 5:03 PM
10/22/2022 5:03 PM
10/22/2022 5:03 PM
10/22/2022 5:03 PM
10/22/2022 5:03 PM
1042272022 5:03 PM
10/22/2022 5:03 PM
10,/22/2022 5:03 PM
10/22/2022 5:03 PM
10/22/2022 5:03 PM
10/22/2022 5:03 PM
10/22/2022 5:03 PM
1042272022 5:03 PM

Search Examples

BE:

-

v| All spMats Files (*.matx; *ma8) ~

m @

Cancel

The Examplesfolder contains predefinedundationmodels that can be further utilized by the

user.
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5.5. Importing Model Data

Importing Data

spMatsprovides the options to impGERIDS, POINT LOADSandLOAD CASES & COMBINATIONSdata

from a text file. The data import options can be obtained ffen| Import.

Grids...

Loads...

Load combinations...

It should be noted that importing a data set will completely replace existing data of that particular

set inthe program. For details on the import file formats please retasgd\ppendix.
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5.6. Exporting Model Data

Exporting Data
Grids, Loads & Load Cases and Combinations

spMats provides the options to expasRID, POINT LOADS andLOAD CASES & COMBINATIONS data

to a text file. The data export options can be obtained Fitgr] Export.

Grids...
Loads...

Load combinations...

To spColumn CTI files...

The exported data format will be the same as the import data format provitied\ppendix.
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5.7. Exporting to spColumn CTI Files

spMats provides the option 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 theFile menu, seledExport | To spColumn CTI files. The first dialog box among

the following two appears.

SP Export to spColumn CTI files x SP Export to spColumn CT files
Run Option Structural Member Run Option Structural Member
® |nvestigation | Columns Investigation | Columns
Design + Piles (® Design + Piles
Material Properties Material Properties
Strength, f'c 5.000  ksi Strength, f'c 5.000  ksi
Strength, f'y 60.000  ksi Strength, f'y 60,000  ksi
Reinforcement Reinforcement
Bar set ASTM AG13 v 2 Bar set ASTM AG1T3 TP
Clear cover 2000 in To longitudinal bars Clear cover 2.000 in Te longitudinal bars
Minimum Maximum
No. of bars 8 No. of bars 8 20
Bar size #6 v Bar size #6 v #10 v
Options Options
| Eliminate duplicate loads | Eliminate duplicate loads
0K Cancel 0K Cancel

* In the Run Option group, select if you want to export the selected sections for
INVESTIGATION Or DESIGN by spColumn. By defauliNvVESTIGATION is selected. If you

selectbesiGNthe Reinforcementgroup changes to that as shown in the second dialog box

image.

* In the Structural Member group, select if you want to exporbLUMNS or PILES. By

default,both are selected.
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* In theMaterial Properties group, provide the required concrete and steel strengths to be

applied to the exported items in spColumn.
* In theReinforcementgroup select thear seTyou want spColumn to use.

* Depending on th&un Option mode you have selected, enter #a&® NUMBER andBAR
size information. FOrbesIGN 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 thecLEAR COVER The cover provided acts as cover for longitudinal bars.

» Checking theLIMINATE DUPLICATE LOADS checkbox eliminates multiple instances of the

same load magnitude being exported to spColumn factored loads list.

* Choose thek button.

iP Save As
« S <« Program Files (x86) » StructurePoint » spMats » CTl ExportFiles ] O Search CTl Export Files
Organize + Mew felder = w 9

MName Date medified
7 Quick access
Mo items match your search,
e Creative Cloud Files
@ OneDrive - Personal
3 This PC

¥ Network

File name: | Rectangular Footing with 5ix Piles.cti ~

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

~ Hide Folders Cancel

» Use the drogdown 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 the default (sanmput filename),

doubleclick in the FILE NAME text box and type a filename. (You need not enter an
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extension since, by default, the program will affix the CTI extension to the filename.)

» Choose thé&avebutton to finish exporting.

* Once spMats has finished exporting the files, you will be provided with a message box as

shown below:

» Chooseok to return to spMats.
The exported files will be named in the following format:
ProvidedFilenameP (orC)- Object ID.cti
Where:
Provided Filename= the filename provided in the Save As dialog box.
P = is included in the name if the exported file contairg.asection.

C

is included in the name if the exported file contaic®BUMN section.

Object ID Is the unique ID of the column/pile that is being exported.

Note Steel piles will not be exported. When exportingdasIGN, irregular piles (HTypel and
H-Type2) will not be exported. Irregular piles-lFypel and HType2) will also not be

exportedfor INVESTIGATION when the code used is CSA A23.3.
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CHAPTER

MODEL SOLUTION

Once the model creation and development are completed, the analysis can begin usMagtthe sp
FEM Solver by clicking on th&olvecommand. Solve Menu containi@plve Options, Mesh

Options will appear on thé.eft Panel.
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6.1. Solve Options

The Solve Options allow theuser to enter input that is related to the uplift criteria fepexcific
foundation model and also select the required reinforcement calculation option. These options are
important to consider carefully as they can be useful to manage and control the model behavior

and corresponding analysis results.

6.1.1. Maximum Number of | terations

TheMAX. NUMBER OF ITERATIONSSolver Optionis a user input that is set to an initial default value

of 10 by the Program and can be changed by the user based on the specific model needs. The initial
default value of 10 that is set for number of iterations by the Program is to be considered as an
upperbound limit that the Program may not reach in most practical applications. In a given model,
load combinations without an uplift will reach the solution at the first iteration. On the other hand,
more than oneteration will be required for the load combinations with uplift. These load

combinations will generally involve wind or earthquake load cases.

If uplift is detected at a given load combination during the run, the soil, and/or restraints such as
nodal springs, and piles at the uplift nodes are eliminated and the program will iterate the modified
model until no further uplift nodes are encountesedntil the set maximum number of iterations

is reached, whichever comes first. During the run, if it is exceeded at any load combination, the

solution will not be completed and an error message will appear after the run.

Solution criteria not met.
% Mumber of iterations exceeded.
Check solver messages.

No output results and contour views will be generated. The Program will retaiother
Messages Dialogvhi ¢ h wi | | di splay a “Solution error:
for the first load combination that did not meet the criteria.
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The Program deems a node as an wuplift node
di spl acement e Sotver Omtiend Moneiinfohmiation on thi&olver Option can
be found below.

TheUPLIFT OCCURS WHEN DISPLACEMENT EXCEEDSoOIlver Option is a user input that is set to an
initial default value of O by the Program and can be changed by the user based on the specific
model needs. The initial default value set by the Program deems a node as an uplift node for a

specific load combination if thnode undergoes a positive nodal displacement (i.e. > 0).

The initial default value of O that is set by the Program should be kept as 0 for foundation models
supported solely by soil including the ps#epported foundations where soil supporting the
foundation slab is considered in analysis. This is becausesda models, setting this value greater
than O will cause the sedupported nodes to undergo uplift and since the soil cannot take tension,

the Program results will not be reliable.

This Solver Option can be utilized for the models that are solely supported on piles that can also
resist tension. The user may input a positive value fouHneT OCCURS WHEN DISPLACEMENT
EXCEEDSSolver Option in these models. This will allow the nodes to undergo positive (upward)
displacements without the Program eliminating them from them model by deeming them uplift
nodes. The piles at the nodes with positive displacement not exceeding this input vahencan t

be accounted as tension piles in thelysia It is essential for the user to ensure separately that
the computed pile reactions whether compression (positive sign) or tension (negative sign) meets

the pile capacity for a given project.
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6.1.3. Maximum Allowable ServiceDisplacement

The MAX. ALLOWED SERVICE DISPLACEMENTSolver Option is a user input that is set to an initial
default value of 11 in. (English unit) or 279 mm (Metric unit) by the Program and can be changed
by the user based on the specific model needs. The initial default value set by the Program is to be

considered asraupperbound limit that the Program may not reach in most practical applications.

The displacement value (positive or negative) at each node under service load combinations is
checked against this value. During the run, if it is exceeded at any service load combination, the

solution will not be completed and an error message will agsearthe run.

spMats

Solution criteria not met.
% Maximum allowed service displacement exceeded.
~ Check solver messages.

No output results and contour views will be generated. The Program will retaiBother
Messages Dialogvh i ¢ h wi | | di splay a “Solution error:
di spl acement” message for the first service |
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6.1.4. Minimum Allowed Soil Contact Area

TheMIN. ALLOWED SOIL CONTACT AREA Solver Optionis a user input that is set to an initial default

value of 50% by the Program and can be changed by the user based on the specific model needs.
If uplift is detected during the run, the tributary areg £of all soitsupported nodes is computed.

The program also computes the sum of the tributary atga,sév, of all soiksupported nodes with

uplift. The ratio of soil contact area is defined as{AAupiit,soil] / Asoil. If during the solution, this

ratio falls below the specified min. allod/soil contact area ratio for any load combinations, the

solution will not be completed and an error message will appear during the run.

sphats

Solution criteria not met.
', Approximate ratio of soil contact area less than minimum.
~ Check solver messages.

No output results and contour views will be generated. The Program will retaiBother
Messages Dialogvhi ¢ h wi | | di splay a “Solution error:

mi ni mum = _ %" message for the first | oad
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6.1.5. Minimum Allowed Active Springs & Piles

The MIN. ALLOWED ACTIVE SPRINGS & PILESSolver Option is a user input that is set to an initial
default value of 0% by the Program and can be changed by the user based on the specific model
needs. If uplift is detected during the run, the number of springs/piles in ughfis\computed.

The program also computes the total number of springs/pifas . The ratio of active
springs/piles is defined as §N, tota— Ns/p, upii] / Ns/p, totar If during the solution, this ratio falls

below the specified min. allowed active springs & piles r&ioany load combinations, the

solution will not be completed and an error message will appear during the run.

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 run.

sphats

Solution criteria not met.
Y, Ratio of active springs and piles less than minimum,
~ Check solver messages.

No results and contour views will be generated. The Program will retai@aiver Messages
Dialogwhi ch wi |l | display a “Solution error: rati

_ %" message for the first | oad combinatio

| 145 |



mats

For each element, each of the design moments ghtl M.y, top and bottom) is computed for a
governing ultimate load combination. The governing load combination is the one that produces
the maximum design moment,Mand My respectively in the Xand Y directions, and separately
for top and bottom reinforcement. The required area of reinforcement 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.
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6.2. Meshing Options

Unlike spMats v8.xx and earlier versions where the physical model contains the finite element
mesh through the creation of grids at the first step of model creation, spMats v10.00 separates the
physical model generation from the analytical model. It alltwesuser define parameters for the

Finite Element mesh generation at the Solve Menu. The parameters that can be set by the user are
discussed below:

* MESH OPTIONS

Max. allowed mesh size 200 ft

Max. allowed aspect ratic 10

Circle segments 35 v

v Status
Mumber of elements 385
Min. element size 1.50 ft
Max. element size 200 ft
Max. aspect ratio 133

6.2.1. Maximum Allowed MeshSize

The MAX. ALLOWED MESH SIZE Analytical Model Option is a user input that is set to an initial

default value of 2.00 ft by the Program and can be changed by the user based on the specific model
needs. As a rule of thumb, as the mesh size gets finer, the results become more accurate. The slab
vertices, colum, pile, node, restraint, and point load locations automatically get a finite element
mesh grid. The factors that may be considered in max. allowed mesh size selection are the slab
thickness, and the overall plan dimensions of the slab.
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6.2.2. Maximum Allowed AspectRatio

TheMAX. ALLOWED ASPECT RATIO Analytical Model Option is a user input that is set to an initial
default value of 10 by the Program and can be changed by the user based on the specific model

needs. As a rule of thumb, as the aspect ratio gets closer to 1, the results become more accurate.

6.2.3. Circle Segments

The CcIRCLE SEGMENTSAnNalytical Model Option is a user input that is set to an initial default
value of 36 by the Program and can be changed by the user to 24 or 48 based on specific model

needs. This option is utilized for circular slabs.

6.2.4. Status

This section lists the number of elements, minimum and maximum element sizes in the model
along with the maximum aspect ratio. If the maximum aspect ratio of an element in the model is
greater than the defined maximum allowed aspect ratio then the maximum aspect ratio value is
highlighted along with all the elements in the mesh whose aspect ratios exceed the maximum

allowed aspect ratio. The user is warned before the program invokeasvbe

sphats

h Max. aspect ratio exceeded allowed value, Proceed?

oK | Cancel
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6.3. Running the Model

After inputting the model, the solver portion of the program can be executed usignthetton
in thesoLVE panel.

SOLVE
Oy
Run
¥ SOLVE OPTIONS
Max. number of iterations 1
Max. allowed service displacement 10 in
Min. allowed soil contact area 50 %
Min. allowed active springs 8 piles 93 %
Uplift occurs when displacement excesds 0 in
Compute required reinforcement based on
Maximum moment within an lement
® Average moment within an element
v MESH OPTIONS
Max. allowed mesh size 200 ft
Max. allowed aspect ratio 10
Circle segments 36 v
v Status
Mumber of elements 385
Min. element size 1.50 | ft
Mazx. element size 200 ft
Max. aspect ratio 133

After you click theRun button, the program then switches control toSb&ver Module. A dialog
box reporting the progress and status of the solution is displayed.
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Sp Please wait...

Generating analysis model...

16:41:58 Minimum displacement = -3.620779527238E-001 in. i
16:41:=58 So0il uplift nodes: none

16:41:58 Approximate ratio of soil contact area = 100.00 %

16:41:58 ....Load Combination 12 - Ultimate

16:41:58 Maximum displacement = 0.000000000000E+000 in.

16:41:58 Minimum displacement = -1.4485%21473519E-001 in.

16:41:58 S50il uplift nodes: none

16:41:58 Approximate ratio of soil contact area = 100.00 %

16:41:58 ..Processing finished
16:41:58 ..Postprocessing started
16:41:58 ....Initielizing finite element model results

16:41:58 ....Initielizing storage for finite element model results
16:41:58 ....Proces3aing results for service load combinations
16:41:58 ...... Aetivating Load Combination 1

8 Lo B L e Storing load combination results

15:41:58 ...... Activating Load Combination 2

16:41:58 ...... Storing load combination results

16:41:=58 ...... Artivating Load Combination 3

16:41:58 ...... Storing load combination results

16:41:58 ....S5toring envelope results for service load combinations

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 can be found in tBelver Messages DialognderTables Window.
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CHAPTER

MODEL OUTPUT

The results of the finite element analysis and following design and code calculations are presented
by spgMatsmodel output in two key categories.

1. Text Resultstables including all relevant exact numerical results.

2. Graphical Viewsillustrating model behavior visually as an important and effective method to
diagnose and verify expected results and critical parameters.

A detailed description of all the features of both output types is given below.

| 151 |



mats

The Tabular output can be found both in Tebles Module and theReporter Module. The

Tables Modulemay be utilized to view and export the model output at any model development
stage. Th&keporter Module may be utilized to create, export and print customized reports when
the design is finalized. Both modules have the same output sections. The differences being that of
the Reporter Module contains the cover & contents, and screenshots sectionsTdalles

Module contains the&solver Messagesection. The tables may be fully or partially output for all

or for only selected nodes, and elemardisg the Rangs section of the results explorer panel.

Sel ect inodes of dldmbents provide the complete output for each category in the results

table.
v Ranges
From To
Elements All 1 100
Modes All 1 100

The program distinguishes between individual (service or ultimate) combination results and

envelope 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 tabular results reports should be used to make and finalize

modeling decisions.

The Tabular output contains the following common input and results sections:
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7.1.1. Project

This section contains the following input data blocks:
7.1.1.1. General Information

This block contains the information regarding to Breject such asrILE NAME, PROJECT NAME

DESIGN CODE UNITS, DATE andTIME.
7.1.1.2. Solver Options

This block contains the information regarding to 8wdver Optionsinput entered by the user.
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This section contains the followirigefinitions input data subsections:

This subsection contains the information regarding to the definitions input d&aderutilized

in the model. This subsection has data blocks ERTICAL andHORIZONTAL grid input data.

This subsection contains the information regarding to the definitions input datajémts utilized
in the model. This subsection has data blocksfeBs, COLUMNS, PILE - PROPERTIES andPILE —

GEOMETRYinput data.

This subsection contains the information regarding to the definitions input da@aofoerties
utilized in the model. This subsection has data blocksdar, CONCRETE REINFORCEMENT, and

DESIGN PARAMETERSINput data.

This subsection contains the information regarding to the definitions input daRedtnaints
utilized in the model. This subsection has data blocksdorL SPRINGS andSLAVED NODESinput

data.

This subsection contains the information regarding to the definitions input ddtaairCase /
Combo. utilized in the model. This subsection has data blocksdab CASES SERVICE LOAD

COMBINATIONS, andULTIMATE LOAD COMBINATIONS input data.
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7.1.3. Assignments

This section contains the followirgssignmentsinput data blocks:
7.1.3.1. Nodes

This block contains th&lodesinput data such asODE ID, COORDINATES ASSIGNMENTS FOR

COLUMN, PILE, andRESTRAINTS.

7.1.3.2. Slabs

This block contains th8labs input data such as, LABEL, SHAPEANdGEOMETRIC INFORMATION
7.1.3.3. Columns

This block contains th€olumnsinput data such as, LABEL, TYPE andCOORDINATES

7.1.3.4. Piles

This block contains thBilesinput data such as, LABEL, TYPE andCOORDINATES

7.1.3.5. Point Loads

This block contains thBoint Loadsinput data such asoDES ID, LOAD CASE, andLOAD VALUES.
7.1.3.6. Area Loads

This block contains thArea Loadsinput data such a8 ABSID, LOAD CASE, andLOAD VALUES.
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7.1.4. Analytical Model

This section contains the followirgnalytical Model input data blocks:
7.1.4.1. Mesh

This block containdVlesh input data such agAX. ALLOWED MESH SIZE, CIRCLE SEGMENTSand

MESH STATUS
7.1.4.2. Element Geometry

This block containElement Geometrydata such asLEMENT NUMBER, NODE NUMBERS OF AN

ELEMENT, PLAN DIMENSIONS, andTHICKNESSOF AN ELEMENT.
7.1.4.3. Element Properties

This block containg&lement Propertiesdata labels such @8AB, CONCRETE SOIL, STEEL, DESIGN

PARAMETER and whether the elememADED or not.
7.1.4.4. Loaded Elements

This block containsoaded Elementsdata showing therREA LOAD VALUES per load case for all
loaded elements.
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This section containSolver Messageghe Envelopeg theService and thelltimate level results.

This block displays the progress and status ofdbleition. It also displays warnings or error

messages generated during model execution

This section contains th&nvelope results information orNodal Displacements Service
Reactions Ultimate Reactions Soil Displacement & Pressure Element Top Moment
Element Bottom Moment Element Top Design Moment & ReinforcementElement Bottom
Design Moment & Reinforcement

This block contains the upward and downward service displacenientnvelopes along with

the governing combinations labels. Positive displacements are upward in the poediteetian.

This subsection contains the information regarding to the envelope (minimum and maximum)
Service Reactiongor the nodes with soil, spring, pile, restraints, and slaved nodes from all service

load combinations along with the governing load combinations labels.

This subsection contains the information regarding to the envelope (minimum and maximum)
Ultimate Reactionsfor the nodes with soil, spring, pile, restraints, and slaved nodes from all

ultimate load combinations along with the governing load combinations labels.

For the elements with specified soil, this block containsSbi¢ Displacement and Pressure
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envelopes resulting from all service load combinations and all four element nodes. The governing

load combination and the governing element rer@ealso listed.

At each node of each element, this block reports envelope positive values ciAMoeddesign
bending momentdylux andMuy, in X and Y direction respectively, together with the moments
Mxx, Myy, Mxy, Mr1, angle of the major principal direction, and the ultimate load combintain

produces the envelope design moments.

At each node of each element, this block reports envelope negative values eAlfmrdiesign
bending momentdvlux andMuy, in X- and Y-directions, respectively, together with the moments
Mxx, Myy, Mxy, Mr1, angle of the major principal direction, and the ultimate load combinuadn
produces the envelope design moments.

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-Akioed design
bending momentdlux and Muy, together with the values of extreme design moments and the

corresponding 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 positive \WAder design bending
momentsMux andMuy, are extreme together with the values of extreme design moments and the

corresponding steel area requirement.

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 AWoed design
bending momentdyiux and Muy, together with the values of extreme design moments and the

corresponding 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 negative Wxyater design bending
momentsMux andMuy, are extreme together with the values of extreme design moments and the

corresponding steel area requirement.

This section contains th8ervice level results information omorce Vector, Displacement

Vector, Reactions Sum of Reactions andSoil Displacement & Pressure

This block is output for individuabervice Load Combinations It lists theNodal Load Vector

that is actually used by the program for each load combination. The Fayecepment about X
axis,Mx, and moment about-#xis,My, at each node includes the effect$oalds concentrated at

the node and the discretized effects of uniform surface loads. Positive forces are applied in the
direction of the positive Axis (upward) and positive moments are determined using the right

hand rule.

This block is output for individugdervice Load Combinations It lists theDisplacement Vector
for each load combination. The table lists the displacerengnd the two rotations about the X
and Y-axis, Rx andRy, respectively. Positive displacement is in the positidiréction, and the

right-hand rule is used to determine the direction of the rotations.

This block is output for individugbervice Load Combinations It lists Reactionsfor the nodes
with soil, spring, pile, restraints, and slaved nodes. Positive translational reactions (forces) are in
the direction of the positive axes and positive rotational reactions (moments) are determined using

the righthand rule.
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This block is output for individugbervice Load Combinations It lists theSum of Forces and
Moments (with respect to center of gravity) for applied loads and reactions due to restraints, slaved
nodes, soil springs, nodal springs, and piles.

This block is output for individugbervice 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.

This section contains thgltimate level results information ofrorce Vector, Displacement

Vector, Reactions Sum of Reactions andElement Nodal Moments

This block is output for individudlltimate Load Combinations. It lists theNodal Load Vector

that is actually used by the program for each load combination. The Fayecepment about X
axis,Mx, and moment about-#xis,My, at each node includes the effects of loads concentrated at
the node andhe discretized effects of uniform surface loads. Positive forces are applied in the
direction of the positive Axis (upward) and positive moments are determined using the right

hand rule.

This block is output for individuaUltimate Load Combinations. It lists the Displacement
Vector for each load combination. The table lists the displacerBenand the two rotatiorebout
the X and ¥axis,Rx andRy, respectively. Positive displacement is in the posithdir&ction, and

the righthand rule is used to determine the direction of the rotations.
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This block is output for individudlltimate Load Combinations. It lists Reactionsfor the nodes

with soil, spring, pile, restraints, and slaved nodes. Poditiveslational reactions (forces) are in

the direction of the positive axes and positive rotational reactions (moments) are determined using
the righthand rule.

This block is output for individudlltimate Load Combinations. It lists theSum of Forces and
Moments (with respect to center of gravity) for applied loads and reactions due to restraints, slaved

nodes, soil springs, nodal springs, and piles.

This block is output for individudlltimate Load Combinations. At each of the four nodes of

the element (i, j, k and |), listed are the bending momevits &ndMy), the twisting moment

(Mxy) the equivalent principal momentdM{ and Mr2), along with the principal angle, and
equivalent design bending momenitsu andMuy) at the top and bottom. Note thdix andMyy

are positive when they produce tension at the top and are referred to as moments along the X and
Y -axes, respectively. For more informatidroat these moments and the sign convention, refer to
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7.2. Graphical Output

The Graphical output is organized into contour views that may be viewed, printed, exported or
added to Report. Contour views are to facilitate the graphical examination of the results by the

user. Contour views show the results in three distinct sectiansely,Envelope Service and

Ultimate.
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This section contains thenvelope graphical results information délement Design Moment
along X-direction, Element Design Moment along Ydirection, Element Design
Reinforcement along X-direction, Element Design Reinforcement along Mirection,

Pressure Down Displacement Up andDisplacement Down

This graphical view displays the contour envelopesvior Top andMux Bottom. These design
moments are along the-drection and are utilized to compute the required top and bottom

reinforcement along Xlirection respectively.

This graphical view displays the contour envelopesvfgy Top andMuy Bottom. These design
moments are along the-Mrection and are utilized to compute the required top and bottom

reinforcement along direction respectively.

This graphical view displays the contour envelopes Aex Top and Asx Bottom. These
reinforcements are along thedirection and are the maximum of the required reinforcement due

to design moment and minimum reinforcement ratio input by the user.

This graphical view displays the contour envelopes Aey Top and Asy Bottom. These
reinforcements are along thedvrection and are the maximum of the required reinforcement due

to design moment and minimum reinforcement ratio input by the user.

For the elements with specified soil, this graphical view dispghnysPressure Dowrenvelopes

resulting from all service load combinations and all four element nodes.
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7.2.1.6. Displacement Up

This graphical view displays the upward service displacemeatenvelope.

7.2.1.7. Displacement Down

This graphical view displays the downward service displaceni@ntenvelope.
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7.2.2. Service

This section contains thgervicelevel graphical results information @isplacement andSoil

Pressure
7.2.2.1. Displacement

This graphical view displays the displacemebt, contours for individual service load

combinations.
7.2.2.2. Pressure

This graphical view displays soil pressure contours for individual service load combinations.
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7.2.3. Ultimate

This section contains thditimate level graphical results information on Displacemé&hiy, Myy,
Mxy, M1, andM 2.

7.2.3.1. Displacement

This graphical view displays the displacemebt, contours for individual ultimate load

combinations.
7.2.3.2. Mxx

This graphical view displays the bending momeéviix contours for individual ultimate load

combinations.
7.2.3.3. Myy

This graphical view displays the bending momevit, contours for individual ultimate load

combinations.
7.2.3.4. Myy

This graphical view displays the twisting momeltyy contours for individual ultimate load

combinations.
7.2.3.5. Mn

This graphical view displays the equivalent principal mom¥ént contours for individualltimate

load combinations.
7.2.3.6. M2

This graphical view displays the equivalent principal momérat contours for individuallltimate

load combinations.
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8.1. Example 1

8.1.1. Problem Formulation

The 10" x 10' x 2' footing is presented in Joseph F. BoWwtmshdation Analysis and Design
Fourth Edition, 1988, p. 461

A 500 kip load is applied at the center of the footing.
Design data

Concrete: f:6=3.00 ksi
We = 148 pCf

Ec = 3,245 ksi

I
o

V(Poi sson’ls rati o)
Soil: Subgrade modulus 300 kcf

Allowable pressure 6 kcf
Steel: fy = 60ksi

Es= 29,000 ksi
The origin of the XY plane will be located at the lower-ledind corner of the footing. Twioot

square elements will be used. The concentrated load will be applied as four nodél 2&akip
each).
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8.1.2. Preparing the Input?!

1. From the Start screen, seléw Project
2. IntheMain Program Window, selectProject from theRibbon.

* Select theDESIGN CODE UNIT SYSTEM, and enter the@ROJECT NAMEand PROJECT

DESCRIPTION

File Home
= | 2| T — =
B B H s 0 oy + 42 D 0O 0L H =3B B @&
Project Define Grid Select Slabs Columns Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  WViewports Settings
PROJECT Model View (Load Case: A - DL) X
Design code ACI318-14 .
|
Unit system English > »! ]
-
wiy
4
+
o
Ta
4

~ DESCRIPTION
Project Name
sphdats Manual, Example 1
Project Description

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

N

= Project Date  2/10/2025 W E

5

Project Time | 12:24 PM [©]

ACI318-14 HEoe # - B - L 3 v Unitss English -

1 All input data entered manually assuming th@AD DEFAULT DEFINITIONS option is not selected in Startup
Defaults.
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3. From theRibbon, selectGrid .

Click on theGeneratein the left panel to have the program surface the following:

SP Generate Grid Lines

< ¥ - Vertical
Start coordinate - x 0.00 ft
Grid Spacing 10 ft

« | Y - Honzontal

Start coordinate -y | 0.00 ft
Grid Spacing 10 ft
Options

Rernove existing grid lines

Generate Close

Place a check mark in the- VERTICAL box and enter the following values in the

corresponding text boxes:

START COORDINATE- X: 0.0

GRID SPACING 10.0

Place a check mark in the- VERTICAL box and enter the following values in the

corresponding text boxes:

START COORDINATE- Y: 0.0

GRID SPACING 10.0

Click on theGENERATEDuUtton to return to the main window. Notice howE@TICAL

andHORIZONTAL grid lines now appear in theEwPORT.
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ks < 0

Project Define Grid Select Slabs Columns
% GRIDS
TN
Add-H  Add-V  Generate
~ VERTICAL +
Label Coordinate-X Spacing
ft ft
1 0.00 0.00
2 10.00 10.00
v HORIZONTAL +
Label Coordinate-Y Spacing
ft ft
A 0.00 0.00
B 10.00 10.00
=N ~ DISPLAY OPTIONS
_ ¥ Labels Units
-1
| Dimensians Size ] 100%
ACI318-14

| P T —
I - A 1y B O B =+ <

Piles Modes Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports Settings

Model Wiew (Load Case: A - DL) X

=

10.00

-

P
(® o

109553 (ff) ~ -

o=

Units: English =
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4. From theRibbon, selectDefine, then choosé&labs from Objects to display theSlabs

dialog box.

* InputMat30 for LABEL and30. 00 in. for THICKNESS

SP Definitions

=| v Objects
- o
_ Slabs
-1 Coll
olumns + New X Delete - -
Piles

v Properties Label Thick Soil Concrete ement Design p +

Soil in
R T N S 7S N
Reinforcement
Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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5. Click on Soil from Propertiesto display theSoil dialog box.

» Enter the following:

LABEL: SOIL
SUBGRADE MODULUS 100.00 kcf
ALLOWABLE PRESSURE 6.00 ksf

5P Definitions

=| v Objects )
= Soil
_ Slabs
=T
Columns + New X Delete -
Piles

+
+
+
+

v Properties Label Subgrade modul All ble p o

Reinforcement
Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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6. Click onConcretefrom Propertiesto display theConcretedialog box.

» Enter the following:
LABEL: a3
COMPRESSIVE STRENGTH  3.00 ksi
UNIT WEIGHT: 148.0 O pcf
YOUNG’ S MODUL UsS3245. 00 ksi

POI SSON’ S RATI 00. 15

5P Definitions

N Objects
= Stob Concrete
_ abs
=T
Columns + New X Delste L2 =8
Piles
Label Comp. Strength Unit weight Young's modulus Poisson's ratio Precast Used

~  Properties
Soil ksi pcf ksi =
Do e el s omm | ol |
Reinforcement
Design Parameters
v Restraints
Nodal Springs
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.,

Ultimate Load Comb.

OK Cancel
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7. Click onReinforcementfrom Propertiesto display theReinforcementdialog box.

» Enter the following:
LABEL: Gre0
YIELD STRENGTH 60.0 O ksi

YOUNG’' S MODUL US29000.0 0O ksi

5P Definitions

S| v Objects )

= o Reinforcement

_ abs

=T
Columns + New X Delete = o Y
Piles

v Properties Label Yield strength Young's modulus Used

Soil ksi ksi
Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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8. Click onDesign Parameterdrom Propertiesto display theDesign Parameterdialog

box.

» Enter the following:

LABEL:

Gre0#4

MINIMUM REINFORCEMENT RATIQ 0.09 %

TOP LAYER Y: 3.75in.
BOTTOM LAYER Y: 3.75in.
TOP LAYER X: 3.25in.
BOTTOM LAYER X: 3.25in.

SP Definitions

= v Objects
_ Slabs
T Columns
Piles
~  Properties
Soil
Concrete
Reinforcement
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

Design Parameters

Label Gro0#4 Topv : Topx
T
X
p—ty
Min. Reinf, Ratic | 0.09 % Ag per layer Bot-¥ Bot-X
Top Layer ¥ 375 | in Top Layer X 325 | in
Bot. Layer ¥ 375 in Bot. Layer X 325 | in
+ New X Delete = =
Label Min. Reinf. Ratio Top layer X Top layer ¥ Bot. Layer X Bot. Layer ¥ Used

% in in in in
D T R R T N

OK Cancel
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9. Click onLoad Casedrom Load Case/Comboto display thd.oad Caseddialog box.

» Enter the following:

CASEA DL

¢ UncheckSELF WEIGHTfor CASE A.

5P Definitions

=L v Objects
Slabs

Load Cases
=T
Columns + New X Delete R 8 v

FEE
Piles
v Properties Type Label Self Weight Used
L

Case
5ot >la pea B
Concrete
Reinforcement
Design Parameters
~  Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Service Load Comb.

Ultimate Load Comb.

oK Cancel
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10. Click on Service Load Combinationsfrom Load Case/Comboto display theService

Load Combinationsdialog box.

» Enter the followingservice load combinations shown in the figure below:

SP Definitions

=] ~  Objects . L
= Sioh Service Load Combinations
abs
=T
Columns + New X Delete = Update Combinations =2 e
Piles
v Properties Load Case A
Soil Type Dead
Concrete Load Comb. Label DL

Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Load Cases

Service Load Comb.

Ultimate Load Comb.

OK Cancel
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11. Click on Ultimate Load Combinations from Load Case/Combo.to display the

Ultimate Load Combinations dialog box.

» Enter the following load combinations shown in the figure below:

SP Definitions

=] v Objects . o
= Sioh Ultimate Load Combinations
abs
=T
Columns + New X Delete = Update Combinations =2 e
Piles
v Properties Load Case A
Soil Type Dead
Concrete Load Comb. Label DL

e 1

Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Load Cases

Service Load Comb.,

Ultimate Load Comb.

OK Cancel
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8.1.3. Assigning Properties

12. From theRibbon, selectSlabs command.

* Inthe left panel, sele®ectanglethen seleckAT30 from LABEL.

* In theviEwPORT, marqueeselect the region (Al) — (B, 2) to apply the selectesfiab

to the entirdoundation

File Home -
= ) 2 e = =
B B H N & 0 3 + A D O L BH =~ &
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
SLABS Model View (Load Case: A - DL) T X
0 6. O G
Rectangle  Circle Polygon g |"'L
fALEY
0
SLAB @ @ :::t
Label Mat30 e ' |
| 10.00 | @
' ! +
v Section —- “ R
T Solid M N
ype ol Specify dimensions o
Thickness 3000 in |
10.00][ 10,00 M
v Properties
Sail Soil >
Concrete c3 >
Reinforcement Gréd >
Design Param. Gra0#4 >

10.00

v DISPLAY OPTIONS

LI
- =
=]
<
.
L

v Text Label K s

ACI318-14 1000, 1000 (f) = i < ## - = L 2 - Units: English =
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13. From theRibbon, selectNodescommand.

* Inthe left panel, sele&ingle

* In theVvIEWPORT, enter the coordinates of each node using the dynamic input box (to

activate the dynamic input box simply start typing):

NODE L (4, 4)
NODE Z (6, 4)

NODE3: (4, 6)

NODE4: (6, 6)

File Home
5 | A Ty — =
B B H & 0 oy = &2 DB o~ ©
Project Define Grid Select Slabs Columns Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  WViewports Settings
NODES Model View (Load Case: A - DL) X

- a
Circular  Linear  Single L

@ o
|

| 10.00 |

O +
Specify insertion point X
8
=1 Mat30 X 600 ft
=
: )
o o

[l
—
]
=
™

v DISPLAY OPTIONS

Nodes D S

—

ACI 318-14 600,600(f) ~ i~ E-r L LD~ Units: English +
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8.1.4. Assigning Loads

14. From theRibbon, selectLoads command.

* Inthe left panel, sele€oint then seleck-DL from LOAD CASE and enter the following:

P, - 125. 00 kips

* Apply toall nodesas shown in the figure below.

File Home

5 | A — e
B B H N s 0 oy + A D O ] v &
Project Define Grid Select Slabs Columns Piles Nodes  Restraints = Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
LOADS Model View (Load Case: A - DL) * X
& [ i

Area  Point f

"

s @ @ %

Pz :
gy | 10.00 | &
—x '
~ loads a
Load Case A-DL '\'J‘
Pz -125.000 kips
Il 0000 kip-ft
My 0000 kip-ft
Clear loads
~ OPTIONS Sl Sl
X X
® Replace existing load
Add to existing load 2
s S Mat30
=125
b:¢ +
Specify insertion point X
X 6.00 ft
: &
Y
(a4

N
=1 !
- ~ DISPLAY OPTIONS W E
S

| Values Size 1 100 %

600,400 +  EE - #E . £ v L 3 v Unitst English -

ACI318-14
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» Also, you can click on thed viEw icon fromView Controls (top right of the active

viewport) to get a better view of the applied loads.

File Home
5 | B, -~ o
B B O N &£ 0 9 + A @ I MmO H @=-~ &
Project Define Grid Select Slabs Columns Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  WViewports Settings
LOADS Model View (Load Case: A - DL) X
oy @
Area  Point l“)-\.
L
0
e )
Pz
A " £
—x
+
e n
v Loads a
Load Case A-DL TD]
Pz -125.000 kips "
o
M 0000 kip-ft o
My 0000 kip-ft l
Clear loads

=

225

v OPTIONS @

® Replace existing load

Add to existing load

~ DISPLAY OPTIONS

@

| Values Size 1 100%

#-- L LD~ Units: English =

ACI 318-14 2147,878 () ~
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8.1.5. Solving

15. From theRibbon, selectSolvecommand.

For Solve Options

* Leave allSolveOptions to their default settings.

For Mesh Options

* Leave allMesh Options to their default settings.

File Home ~
5 | A Ty — =
B B & e 0oy + A& DD B &y B B &
Project Define Grid Select Slabs Columns Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports Settings
SOLVE Solve (Mesh) T X
s
o b
Run ol
-
@) D=
~ SOLVE OPTIONS T 10.00 7
Max. number of iterations 10 1 . 1 'H\-
I I
Max. allowed service displacement 11 in -5 - +l"5,
Min. allowed soil contact area 50 % "o
-
Min. allowed active springs & piles 0 % ﬂ‘
Uplift occurs when displacement exceeds 0 in -
Compute required reinforcement based on
® Maximum moment within an element
Average moment within an element
~ MESH OPTIONS
Max. allowed mesh size 200 ft L L
Max, allowed aspect ratio 10
Circle segments 36 v 8
=1
~ Status
Number of elements 25
o o
Min. element size 200 ft
Max. element size 200 ft
Max. aspect ratio 1.00
Y
_ L3 -
N
= I
"~ DISPLAY OPTIONS W E
1
Node Numbers Element Mumbers i 1
ACI 318-14 ## - b 2D~ Units: English ~
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* Click on theRun button.

* The spMats Solver window is displayed and the solver messages are listed. After the
solution is done, the design will be performed and then the focus will immediately be

passed to th€ontours scope.

SP Processing complete...

Generating analysis model...

15:15:46 Approximate ratio of soil contact area = 100.00 % a
15:15:46 ..Processing finished

15:15:46 ..Postprocessaing started

15:15:46 ....Initializing finite element model results

15:15:46 ....Initializing storage for finite element model results
15:15:46 ....Processing results for service load combinations
15:15:46 ......RActivating Load Combination 1

15:15:46 ......S5toring load combination results

15:15:46 ....S5toring envelope results for service load combinations
15:15:46 ....Processing results for ultimate load combinations
15:15:46 ......Activating Load Combination 2

15:15:46 ......S5toring load combination results

15:15:46 ....Storing envelope results for ultimate load combinations
15:15:46 ....Finite element model results calculated and stored
15:15:46 ......Calculating required steel areas

15:15:46 ......Storing required steel areas

15:15:46 ....Physical model results calculated
15:15:46 ..Postprocessing finished

15:15:46 Bnalysis finished

15:15:46 Processing results...

Cancel
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8.1.6. Viewing and Printing Results

16. After a successful run, results can be viewed in a contour form.

File Home
Project Define Grid
CONTOURS
~  Envelope
> Mux
> Muy
7 Asx
> Asy

Pressure Down

Displacement Up

> Service

> Ultimate

~ DISPLAY OPTIONS

s o=

Select Slabs

+ Deformed Shape

0

Columns

Displacement Down

El, ~| Elements.
= Node Mumbers v Undeformed Shape
— Element Numbers Size 1 100%  [Z2 »n L=
ACI 318-14 9.73,9.61(f) ~ - BE- L - L 3~ Units English ~

| ) — =
gy <+ A T O B B v ©
Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports Settings
Envelope - Displacement Down (in) * X
I 0523 !
-0.594

-0.595

I -0.596 &)
I -0.597 .

-0.597 .
-0.598 ;
-0.599 E
-0.600

-0.601

-0.601
-0.602
-0.603
-0.604

-0.605
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17. Results can be also viewed in table format by selectind @lwées command from the
Ribbon.

= Tl n e B OB &
=l 7 Project “ Results - Envelope - Element Top Design Moment and Reinforcement \
=1 »  Definitions - Notes ™
> Assignments MNOTE:  [m] Minimum cc_muols
[¥] Exceeds maximum
#  Analytical Model [*] Cannot compute
v Results Elem Node LdComb. Aax Mux)  Astod Node LdComb. Aax.Miuy)  Aslyy) N
Solver Messages
~ Envelope kip-ft/fft in*2/ft kip-ft/ft in" 25t
Nodol Displacements [ 1] 1 u 291 0324 m 1 u 291 0324 m
>  Service Reactions 2 0 - 0.00 0324 'm 2 ul 1.16 0324 m
> Ultimate Reactions 3 0 - 0.00 0324 m 0 - 0.00 0324 ' m
Soil Disp. & Pressure 4 o - 0.00 0324 'm 5 U1 1.16 0324 'm
Element Top Moment 5 6 Ul 291 0324 'm 6 Ul 291 0324 'm
Element Bot Moment 6 7 u1 116 0324 ' m 0 - 0.00 0324 m
Etement Bot Design Moment & Reinf. 8 0 - 0.00 0324 'm Y - 0.00 0324 'm
~ Service 9 0 - 0.00 0324 'm 1] - 0.00 0324 'm
5 Force Vector 10 12 ul 1.16 0324 m 1] - 0.00 0324 m
> Displacement Vector " 0 - 0.00 0324 m 0 - 0.00 0324 'm
> Reactions 12 0 - 0.00 0324 'm 0 - 0.00 0324 m
+ Surm of Reactions 13 0 - 000 0324 m 0 - 000 0324 m
»  Soil Disp. & Pressure 4 o - 0.00 0324 ' m 0 - 0.00 0324 m
v Ultimate 15 0 - 0.00 0324 m 0 - 0.00 0324 m
> Force Vector 16 25 Ui 1.16 0324 'm 1] - 0.00 0324 m
> Displacement Vector - 7 0 N 0.00 0324 m o - 0.00 0324 'm
18 o - 0.00 0324 m o - 0.00 0324 m
v Ranges 19 1] - 0.00 0324 'm 1] - 0.00 0324 'm
From To 20 30 Ui 1.16 0324 'm 1] - 0.00 0324 'm
Elements [« All 21 31 u1 291 0324 m 31 u1 291 0324 m
Nodes v Al 22 o - 0.00 0324 m 32 ul 116 0324 m
23 1] - 0.00 0324 m 1] - 0.00 0324 m bl
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18. Results can be printed or exported

command from th&ibbon.

in different formats by selectindRéperter

Type

® Word
PDF
Text

Printer

Microsoft Print to PDF

Re

Settings

Paper
Orientation

Margins

Print range

Print
Excel
csv
spMiats v10.00 (T}
A Computer Program for Analysis and Design of Foundatien Mats, Cambined Faotings, and Slabs on Grade
. Copyright € 1388-2020, STRUCTUREPOINT, LLC.
Al ights reserved
Properties
Letter v
Portrait v

Normal: 0.75" v

Al pages -

StrugwuralFeint

G TP e il wd e b2 LT
s pu e 3pMaks compier program. Fisthermote, STRUCTUREPDINT

e of e cutpus preparad by e sphlsts program. Alhough STRUCTUREPOINT has endssvared o prodce sallats sror fra the program is ral and
G b carSind idalitia. The sl s ordy resporaitlty for sra v 80 agrameing Bocurans i lha licanasa's. Aceordingy, STRUCTUREPOINT
@Bcsims 8l respusibiRy 11 conAcY, Negiigencs or oifes tar for ANy ANBIYSS. JeSIGN o BNgINSeNng COTMENIS rEDAIMG 1 Conneclcn Wi the Usa of the
apMatz program. Licered fo: SructuewPoi, LLC, Licarre (D 00300-0000000-4-25 1642814

~ '« Cover & Contents

> | Assignments
> Analytical Model

Results

v Ranges

Elements v All

Nodes

 Cover
« Contents
Project
| General Information
| Solver Options
Definitions
+ Grid Lines
W Objects

+ Properties

+ Load Case/Combo.

y

HEas &

| Sail

| Conerete

| Reinforcement

| Design Pararneters

Restraints

Envelope
Modal Displacements
Service Reactions
Ultimate Reactions
Soil Disp. & Pressure
Element Top Moment
Element Bot Moment
Element Top Design Moment & Reinf.
Element Bot Design Moment & Reinf.
Service
Force Vector
Displacement Vector
Reactions
Sum of Reactions
Soil Disp. & Pressure
Ultimate

Force Vector

From To

v Al
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8.2. Example 2

8.2.1. Problem Formulation

Analyze the mat shown belowhe mat is supported on two types of soil, Sodnd So#2, as
shown in the figur@bove Use the following data:

Design data

Concrete: f:0=3.00 ksi
We = 145 pcf

Ec = 3,156ksi

I
o

V(Poi sson’ls rati o)
Soil-1: Subgrade modulus 50 kcf

Allowable pressure 6 kcf
Soil-2: Subgrade modulus 7 kcf

Allowable pressure 8 kcf
Steel: fy = 60ksi

Es= 29,000 ksi
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The superstructure was analyzed for wind loads. The resulting reactions for the columns and wall,

as well as for the dead and live loads, are as follows:

Dead Live Wwind

P; (kip) -50 -35 -10
Column My (kip-ft) 0 0 5
My (kip-ft) 0 0 0

P (kip) -376 -208 -80

Wall My (kip-ft) 0 0 60
My (kip-ft) 0 0 0

The mat will be analyzed for three service combinations and ulitate combinations.
Deflections and pressures are to be checked for the service combinations and the mat will be

designed (compute required reinforcement) for the ultimate combinations.

Service Combinations:

S1=D+L
S2=D+L+W
S3=D+W

Ultimate Combinations:

ul=14D
Uu2=12D+16L
Uu3=12D+10L
Uus=12D+08W
Us=12D+10L+16W
Uu6=09D+16W

Uur=12D-08W
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ug=12D+10L-16W

U9=09D-16W
The lower lefthand corner of the mat is chosen as the origin of the grid system.

Since the wall is spanning over five nodes, (nod% 248, 274, 300and316) the wall loads will
be divided into equivalent nodal loads depending on the tributary length of each node.

Furthermore, th&y degrees of freedom of these five nodes are slaved to simulate the stiffening
effect of the wall.

Wall Loading Conditions

. 94 kips 94 kips 94 kips
376 kips 47 kips l l l 47 kips
Node Node Node Node Node Node Node Node Node Node
222 248 274 300 316 222 248 274 300 316
- 52kips 52 kips 52 kips
208 kips 26 kaps l l l 26 kaps
Node Node Node Node Node Node Node Node Node Node
222 248 274 300 316 222 248 274 300 316
) 23KIips  4p 1
80 kips 16 kips P5 20 kips 17 kips _
4 kips
£ | oy
| | | | | = | | | | | LATERAL
Node Node Node Node Node Node Node Node Node Node
222 248 274 300 316 222 248 274 300 316
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8.2.2. Preparing the Input?

1. From the Start screen, selé&&w Project

2. IntheMain Program Window, selectProject from theRibbon.

* Select theDESIGN CODE UNIT SYSTEM, and enter the@ROJECT NAMEand PROJECT

DESCRIPTION

File Home ~
= | 2| T — =
B B s 0 oy + 42 D 0O 0L H =3B B @&
Project Define Grid Select Slabs Columns Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  WViewports Settings
PROJECT Model View (Load Case: A - DL) X
Design code ACI318-14 .
|
Unit system English |2 r,!‘-
-
wiy
4
+
o
Ta
4
~ DESCRIPTION
Project Name
sphats Manual, Example 2
Project Description
Analyze a complex mat system
N
_T Project Date | 2/10/2025 W E
- Project Time 4:00 PM ® 5
ACI318-14 HEoe # - B - L 3 v Unitss English -

2 All input data entered manually assuming th@AD DEFAULT DEFINITIONS option is not selected in Startup

Defaults.
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3. From theRibbon, selectGrid .

Click on theGeneratein the left panel to have the program surface the following:

SP Generate Grid Lines

< ¥ - Vertical
Start coordinate - x 0.00 ft
Grid Spacing 223212 ft

« | Y - Honzontal

Start coordinate -y | 0.00 ft
Grid Spacing 216182 ft
Options

Rernove existing grid lines

Generate Close

Place a check mark in the- VERTICAL box and enter the following values in the

corresponding text boxes:

START COORDINATE- X: 0.0

GRID SPACING 223212

Place a check mark in the- VERTICAL box and enter the following values in the

corresponding text boxes:

START COORDINATE- Y: 0.0

GRID SPACING 216182

Click on theGENERATEDuUtton to return to the main window. Notice howE@TICAL

andHORIZONTAL grid lines now appear in theEwPORT.
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R & [&H

Project Define Grid
% GRIDS
~ VERTICAL
Label Coordinate-X
ft
1 0.00
2 2.00
3 25.00
4 46.00
5 45.00
~ HORIZONTAL
Label Coordinate-Y
ft
A 0.00
E 2.00
C 18.00
D 36.00
E 38.00

~ DISPLAY OPTIONS

El
— v labels
-1
~ Dimensions
ACI318-14

s

Select Slabs

& %

Add-H  Add-V

e

Generate

+

Spacing
ft
0.00
2.00
23.00
21.00
2.00

4

Spacing
ft

0.00
2.00
16.00
18.00
2.00

Units

100 %

=R

Columns

| P = —
g+ A D O [ H v &
Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports Settings
Model Wiew (Load Case: A - DL) X
(a
ujtz
L
-
wiy
I
oo P .
ErAl] -
Zon) 23.00 ' 21.00 on
(E} g — - . [
= S ] — T R:D]
CrHpd e | -1
| [
| [
g | L
b | [
| [
| [
E'! ' ' '
L 3 S — [ .
| [
| [
=
i N
| [
| [
y ' [
) — \l_ L1
= ' P
Grpds P |- -
19.56, 3551 (ft) ~ - BE- L - L 3~ Units English ~
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4. From theRibbon, selectDefine, then choosé&labs from Objects to display theSlabs

dialog box.

e InputTHICK- 1 for LABEL and24. 00 in. for THICKNESS
* Input THICK- 2 for LABEL and36. 00 in. for THICKNESS
e Input THICK- 3 for LABEL and24. 00 in. for THICKNESS

5P Definitions

= ¥  Objects

Slabs

Columns +MNew X Delete 8 8
Piles

=T

i i Reinf a + Accl,
v Properties Label Thick Soil Concrete ement Design p g

Soil in
Dlniacr | oo Jo o oo |
Reinforcement Thick-2 36.00 Soil-1 - 3 ~ Gré0 v Gre0#4 - 0
Design Parameters Thick-3 24,00/ Soil-2 ~a v Gr60 v Gra0#4 - °
~ Restraints

Nodal Springs

Slaved Nodes
~ Load Case/Combo.

Load Cases

Service Load Comb.

Ultimate Load Comb.

OK Cancel
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5. Click onColumnsfrom Objectsto display theColumns dialog box.

» Enter the following:

LABEL: C12X12

TYPE: Rectangle
DEPTH/DIAMETER (D). 12.00 in.
WIDTH (B): 12.00 in.

SP Definitions

=l v  Objects

Columns
_ Slabs
B
Label c12x12 —
Piles
¥
~  Properties o] b
Soil I
Concrete Type Rectangle - |-T-|
Reinforcement
Design Parameters Depth (D) 1200 in
~ Restraints Width (B) 1200 in
Nodal Springs
Slaved Nodes —+ Mew X Delete Q Q -
~ Load Case/Combo.
Label Type Depth/Dia. (D) Width (B) Assigned

Load Cases

Service Load Comb.

in in

OK Cancel
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6. Click onSoil from Propertiesto display theSoil dialog box.

» Enter the following:
LABEL: SOIL-1
SUBGRADEMODULUS: 50.00 Kkcf

ALLOWABLE PRESSURE 6.00 Kksf

* Click on theNEw button to add a neentry to the list
» Enter the following:
LABEL: SOIL-2

SUBGRADE MODULUS 75.00 Kkcf

ALLOWABLE PRESSURE 8.00 ksf

SP Definitions

=| v Objects

= ol

_ Slabs

=T
Columns + Mew X Delete = =Y
Piles

v Properties Label Subgrade p Used

D ™ - T
Reinforcement Soil-2 75.000 2,000 Yes

Design Parameters
~  Restraints
Nodal Springs
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

oK Cancel
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7. Click onConcretefrom Propertiesto display theConcretedialog box.

» Enter the following:
LABEL: a3
COMPRESSIVE STRENGTH  3.00 ksi
UNIT WEIGHT: 145.0 O pcf
YOUNG’ S MODUL US3156. 00 ksi

POI SSON’ S RATI 00. 15

5P Definitions

N Objects
= Slob Concrete
_ abs
=T
Columns + Mew X Delete == Y
Piles
Label Comp. Strength Unit weight Young's modulus Poisson's ratio Precast Used

~  Properties
Soil kesi pcf kesi =
Do | aowww s onom | e
Reinforcement
Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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8. Click onReinforcementfrom Propertiesto display theReinforcementdialog box.

» Enter the following:
LABEL: Gre0
YIELD STRENGTH 60.0 O ksi

YOUNG’' S MODULZ2300.0 0 ksi

5P Definitions

S| v Objects )

= s Reinforcement

_ abs

=T
Columns + MNew X Delete oY
Piles

v Properties Label Yield strength Young's modulus Used

Soil ksi kesi
Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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9. Click onDesign Parameterdrom Propertiesto display theDesign Parameterdialog

box.

» Enter the following:

LABEL:

Gre0#4

MINIMUM REINFORCEMENT RATIQ 0.09 %

TOP LAYER Y: 3.50in.
BOTTOM LAYER Y: 3.50in.
TOP LAYER X: 3.25in.
BOTTOM LAYER X: 3.25in.

5P Definitions

=T

Elld Objects

Slabs
Columns
Piles
~  Properties
Soil
Concrete
Reinforcement
~ Restraints
Nodal Springs
Slaved Nodes
~  Load Case/Combo.
Load Cases
Service Load Comb.,

Ultimate Load Comb.

Design Parameters

Label Gro0#4 Top-Y z Top-X
T
X
=
Min. Reinf. Ratio  0.09 % Ag per layer Bot-v Bot-X
Top Layer Y 350 in Top Layer X 325  in
Bot. Layer ¥ 350 in Bot. Layer X 325  in
+ New X Delete E 5~
Label Min. Reinf. Ratio Top layer X Top layer ¥ Bot. Layer X Bot. Layer ¥ Used

¥ in in in in
Dlocoss | o sl a0 s sw e

OK Cancel
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10. Click onSlaved Nodedrom Restraintsto display theSlaved Nodeglialog box.

» Enter the following:
LABEL: Wall Rx

DEGREE OF-REEDOM Rx

SP Definitions

=l ~  Objects

= Slaved Nodes

_ Slabs

=T
Columns + MNew X Delete oo Y
Piles

« Properties Label Deg. of Freedom Assigned

Soil > Wall i« S O

Concrete
Reinforcement
Design Parameters
~ Restraints
Nodal Springs
~  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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11. Click onLoad Casedrom Load Case/Comboto display thd_oad Casesdialog box.

» Enter the following:

CASEA DL
CASEB: LL
CASEC: WL

¢ UncheckSELF WEIGHTfor CASE A.

SP Definitions

=l v  Objects

Load Cases

_ Slabs

=T
Columns +New  XDelete =R=0
Piles

~  Properties Case Type Label Self Weight Used

ot Deas o= |
Concrete B Live v LL o
Reinforcement C Wind - | WL \o

Design Parameters
~ Restraints
Nodal Springs
Slaved Nodes
~ Load Case/Combo.
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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12. Click on Service Load Combinationsfrom Load Case/Comboto display theService

Load Combinationsdialog box.

» Enter the following service load combinations shown in the figure below:

5P Definitions

= v Objects
Slabs

Service Load Combinations

=1
Columns + Mew X Delete ZUpdate Combinations ~
Piles

+
p
4
+

v Properties Load Case A B €

Soil Type Dead Live Wind

Concrete Load Comb. Label DL L WL
Design Parameters 2 52 1,000 1,000 1,000

~ Restraints 353 1,000 1,000

Nodal Springs
Slaved Nodes

~  Load Case/Combo.
Load Cases

Service Load Comb.

Ultimate Load Comb.

OK Cancel
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13. Click on Ultimate Load Combinations from Load Case/Combo.to display the

Ultimate Load Combinations dialog box.

» Enter thefollowing load combinations shown in the figure below:

5P Definitions

=] ~  Objects . L
= Ultimate Load Combinations
=1 Slabs
Columns +MNew  XDelete £ Update Combinations o= | Y
Piles
v Properties Load Case A B C
Soil Type Dead Live Wind
Concrete Load Comb. Label DL LL WL
enforcement 1 | A
Design Parameters 2 U2 1.200 1,600
~ Restraints 3 U2 1.200 1.000
Nodal Springs 4 U4 1.200 0.800
Slaved Nodes 5 Us 1.200 1.000 1.600
~  Load Case/Combo. & UG 0.900 1.600
Load Cases 7 U7 1.200 -0.800
Service Load Comb. 2 us 1.200 1.000 -1.600
Ultimate Load Comb. a U9 0.900 ~1.600
OK Cancel
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8.2.3. Assigning Properties

14. From theRibbon, selectSlabs command.

In the left panel, sele®ectanglethen selectHick-1 from LABEL.

* In theviEwPORT, marqueeselect the regiorD( 0) — (22, 38) to apply the selecteslab

to that part of the footing

File Home -~
5 | o (T = —
B B H N & 0 9 + A& D O H v ©
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
SLABS Model View (Load Case; A - DL) X
L1 o« I (nf
Rectangle  Circle Polygon F
1
SLAB )
Label Thick-1 d -
o0 ? P
- ErAN]
Type Solid N 200 2300 : 2100 'z
Thick Y T | [
ickness 2400 in e T N — -
) o it o S
v Properties Specify dimensions X v
Sail Soil-1 2 v B it | |
Concrete c3 > | |
Reinforcement Gré0 > H ft v
Design Param. Gro0#4 > g . ! !
o
| [
| [
' [
| [
=1 . -
L2 N .
' [
| [
| [
' [
=
g
f- i N
| [
' [
| [
y ' [
OFRy e 1
g % ' I
oF =& e -
' [
. D
“ DISPLAY OPTIONS
=T
- v Text Label K
ACI 318-14 2500,3800(7) - @ v # - L v b 3 v | Unitst English
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e SelectTHICK-2 from LABEL.

* In theviEwWPORT, marqueeselect the regior2@, 0) — (6, 38) to apply the selectexlab

to that part of the footing

File Home -~
B B e 0oy 4+ A& D O 0L E =y B O @
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
SLABS Model View (Load Case: A - DL) v X
1 e~ I (nl
Rectangle  Circle Polygon F
1
SLAB
Label Thick-2 2 -
. 480 B
Type solid N i ogi 2300 i 2100 i ogi
Thick 36.00
ickness in __%‘ U S
) o S . o L] _
v Properties Specify dimensions X
Soil Sail-1 > ‘ W 6,00 ft l
Concrete 3 > ‘ |
Reinforcement Grél > H ft '
Design Param. Gro0#4 > g ‘ X !
o
\ [
[
\ [
[
\ [
3 ‘ Thick-1 -
O, IR - . .
I [
\ [
\ [
[
=
= I
\ [
[
\ [
y [
Gyf - . I_1_
E » o
(ryrot L — -
[
~ DISPLAY OPTIONS D
=T
- v Text Label K
ACI318-14 25,00, 38.00 (ft) ~ #- &5 L3~ Units: English =
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e SelectTHICK-3 from LABEL.

* In theVviEWPORT, marqueeselect the region2g, 0) — (20, 20) to apply the selected

slabto that part of the footing

File Home -~
5 | ] ' — =
B B e 0oy o+ A D3 B H v &
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
SLABS Model View (Load Case: A - DL) v X
1 e~ I (nl
Rectangle  Circle Polygon F
1
| SLAB =&
Label Thick-3 2 -
. 480 B
Type Solid v ; Qgi 2300 I 2100 I ogi 1
Thickness 2400 in
() g - g
=i
hd PerEfﬁeS o T 71 i_ _____________ I -!_ - - """ !_ Ii -
Soil Soil-2 - > | [
Concrete 3 > i i i
Reinforcement Gré0 > ' v
Design Param. Gro0#4 > ! i i
| 1
' [
| [
' [
|

400

Thick-1 Thicik-z

R, . — e .

| Specify dimensions X

@DD
I

W 20.00 ft

H | 2000 ft

16.00

o0
-
=
b
|
i
i
i
i
i
i
|

L
~ DISPLAY OPTIONS

v Text Label | [ £ >

Il
=

ACI318-14 48.00,18.00 (/) ~ - 5 v L 3 v Units English -
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15. From theRibbon, selectColumns command.

* Inthe left panel, selecti2x12from LABEL.

* In theVvIEWPORT, enter the coordinates of each node using the dynamic input box (to
activate the dynamic input box simply start typing):

NODE L (2, 2) NODE 2 (25, 2)

NODE3: (46, 2) NODE4: (2, 18)

NODES5: (46, 18) NODE®6: (2, 36)

NODE7: (25, 36)

File Home o~
5 | B, TS — =
B B cH N & 0 35 + & B O B = - o
Project Define Grid Select Slabs Columns Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  WViewports Settings
COLUMNS Model Wiew (Load Case: A - DL) X
i |
¥ LAk
‘ 2
ey
I.T.\ =Y
I
COLUMN N
Label c12x12 > w @ o,
‘ 4,0 i |-
~ Section i ogi 2300 i 21.00 i ogi o
e T - — - — - — - — = — - — - — 1 | m
Type Rectangle . EREESE ‘ 1 ¥
i
Depth (D) 12,00 in o el E -
Width (B) 1200 in Specifyy insertion point X I
'
¥ | 2500 ft [
- ¥ | 36.00 ft [
g '
I
[
'
8 | |cizxiz Thick-1 Thick-2 c1zxiz
GEA 8-
=1 -
2 Thick-3
F2x12 Cc12x12 C12x12
OB @ |
(& :
T T
'
N
=l
~ DISPLAY OPTIONS W | Tor E
=1
— v Text  Label MEES S
ACI 318-14 2500,3600(7) ~ | @i~ - L v L D~ Units: English =
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16. From theRibbon, selectNodescommand.

* Inthe left panel, sele&ingle

* In theviEwWPORT, enter the coordinates of each node using the dynamic input box (to

activate the dynamic input box simply start typing):
NODE & (25, 16)
NODE z (25, 18)
NODE3: (25, 20)

NODE4: (25, 22)

NODES5: (25, 24)

lh = &
File Home -~
- | 0 T — —
B B H K & 0 oy + &2 D0 i &
Project Define Grid Select Slabs Columns Piles. Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewperts  Settings
NODES Model View {Load Case: A - DL) X

a
Circular  Linear  Single

NODE

o o7 |

i ogi 2300 i 21.00 i ogi
G T Tozxaz Clexiz |~ T T T T .
° it e— —1-
.
[
.
(I
- (I
g .
2
(I
T ||
-
Specify insertion point x|
8 | |ciaxi2 Thick-1 Thick-2 12x12
@_ﬁ}_ Ia o ¥ 2500 ft @ _
= .
; Thick-3
&1ax12 cizxi2 cizx12
Grid = B B -
s
A —-

El
~ DISPLAY OPTIONS
=1

Nodes ID =

ACI 318-14 25.00,22.00 (/) ~ - E- L - L 3 - \Unis Englsh ~
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17. From theRibbon, selectRestraints command.

In the left panel, selegtALL RX from ROTATION-X for SLAVE/SUPPORT

Apply WALL RX slave/support to all wall nodes as shown in the figure below.

File

B B H

Project

~ DISPLAY OPTIONS

ACI318-14

Select

- none -

- none -

Wall Rx

- none -

=

Slabs

0

Columns

y

&
A

x

- Support

>

>
>
>

Clear Restraints

EH =~

Reporter

Model View (Load Case: A - DL)

&
Display  Viewports  Settings
v X
ojfz
=2
iy
L4
+l1
21.00 Pt

T3.00!

400

3600

16.00

12 00!

c12x12

Thick-3

c12x12

00

L. 2 -  Units: English -
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8.2.4. Assigning Loads

18. From theRibbon, selectLoads command.

* In the left panel, sele®oint then selech-DL from LOAD CASE and enter thébads as

shown in the figure below.

® Replace existing load

File Home ~
5 | R, -~ o
B B H N & 0 9 + &2 4 O [H B v ©
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
LOADS Model View (Load Case: A - DL} - X
o [ b
Area  Point ] I‘a
! <
7 oy
Pzzﬁw F
SR 09 @ OORN
AL -
v Loads : .Dgi 23.00 ; 21.00 ; ogi q,
Load Case A-DL - > e EE 50 R T '{I’]
--* I B I A -

Pz -50.000 kips i i i i

M 0000 kip-ft -

My 0000 Kip-ft \ [ (I

Clear loads - ‘ | | |

g I [

=

i I, |

v OPTIONS .

\ 1

[

\ I
0

Add to existing load

G?&nn
i

|

i

|

i

|

i

|
T
.

16.00

Q0
%
|
|
|
|
|
|
|
|
b
I
|
|
|
|
|
|
b

v DISPLAY OPTIONS

I
- =
=]
<
"y

| Values Size 1 100 % ]

ACI 318-14 5001,5316(f) - @ov #E - L v b 3 v | Unitst English
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* Inthe left panel, seleetLL from LOAD CASE and enter thoads as shown in the figure

below.

5 | o
e B o » & 0 9 + &2 @ B M H v ©
Project Define Grid Select Slabs Columns Piles Nodes  Restraints  Loads Solve Contours  Tables  Reporter Display  WViewports Settings
LOADS Model View (Load Case; B - LL) X
& (a
Area  Point l“)-\.
ey
0
e )
plaly a
—x
S e ? gon
480 _
~ Loads ; ogi 2300 | 2100 ‘ Dgi o,
Load Case B-LL v 1 €]|> RED éﬁs Er ‘_ l n T_rq
Rl e o —c—c—oc—o — = i'_ e — = -
Pz -35.000 kips ° i i i i
Mz 0000 kip-ft 0 ' [
My 0000 kip-ft | | [
' ' [
Clear loads < | | ‘ |
=] ' ' [
o
| | |
~ OPTIONS ' 26 L
| s [
® Replace existing load . =4 o
Add isti | l'!(_52 ‘
to existing load =] = ‘e =
o8 le B ]
' =26 ]
| i \
| | \
' ' I
=
g
3] | |
| | \
' ' I
| | \
' ' I
¥ ﬁﬁs -35 %_ﬁs
O B :
o gl | * I (.
T T T
' ' [
N
El
~ DISPLAY OPTIONS W | tor | JE
=T
| Values Size ] 100 % ©=] 5
ACI 318-14 4952, 5413 (f) ~ M A A - I Units: English +
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* Inthe left panelthen select-wL from LOAD CASE and enter théoads as shown in the

figure below.

W

Ly

Project Define Grid Select

LOADS

v Loads

Load Case

Pz
M
My

~ OPTIONS

® Replace existing load

Add to existing load

~ DISPLAY OPTIONS
=T

¥ Values

ACI318-14

=

Slabs

W

Area

0

Columns

5

Point

-10.000 kips

5.000 kip-ft
0.000 kip-ft

Clear loads

] n I =
g 4+ Ay OO H v et
Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
Model View (Load Case: C - WL) v X
nl
ofte
fALEY
5
-
-’\‘c
L4
O ? .
A5 _
Zon) 23.00 ' 21.00 op o
__ =T - = m
& 10 -10 [y
At et ] B R I _
O e e =
\ | (.
I \ -
\ | [
o | | -
=
| . L
\ Tz [
I " -
-20
s } 10 l.!(23 ! 10|
2 E - R
Of et A —=
\ ¥ |
I \ \
\ | |
I \ \
o
g
3| | |
\ | |
\ | |
I \ \
© Y 10 10 -10
= ﬂ ,,,,,,,,,,,,, — ,ﬁ e ,ﬁ _
i | X 5 il _
T T T
I ! -
N
1 F
5
49.28,5430 (/) ~ ~ # - L v L D v | Units English ~
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» Also, you can click on thed viEw icon fromView Controls (top right of the active

viewport) to get a better view of the applied loads.

File Home

5 | R, -~ o
B B H N & 0 9 + &2 @ O ML B =~ ©
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
LOADS Model View (Load Case: C - WL) X
o I G
Area  Point ) I‘a
ol
0
r i
Py g
—x
L - '
v Loads %
Load Case c-wi - < &
Pz -10.000 kips
M 5.000 kip-ft
My 0.000 kip-ft
Clear loads
~ OPTIONS

® Replace existing load

Add to existing load

v DISPLAY OPTIONS

@

| Values Size I 150%

94.98,36.59 (/) ~ #e- 5 v b 3~ Units English -

ACI318-14
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8.2.5. Solving

19. From theRibbon, selectSolvecommand.

For Solve Options

* Leave allSolveOptions to their default settings.

For Mesh Options

* Leave allMesh Options to their default settings.

File Home -~
E ) A ' = =
B B H e 0oy 4+ & DO 0L EH =Y B2 O @
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
SOLVE Solve (Mesh) * X
(nl
o3
Run 1
~ SOLVE OPTIONS -
Max. number of iterations 10 =
Max. allowed service displacement 11 in * 4
ral al
Min. allowed soil contact area 50 % = = =
Min. allowed active springs & piles 0 %
Uplift occurs when displacement exceeds 0 in
Compute required reinforcement based on
® Maximum moment within an element
Average moment within an element
~ MESH OPTIONS
Max. allowed mesh size 200 ft
Max. allowed aspect ratio 10
al =l
Circle segments kLA - = (L=3]
~ Status
MNumber of elements 385
Min. element size 150 ft
Max. element size 200 ft
Max. aspect ratio 133
Y ral ral =l
= =l =1
El
~ DISPLAY OPTIONS
=T
Node Numbers Element Numbers =
ACI318-14 - 5 L 3 v Units English -
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* Click on theRun button.

* The spMats Solver window is displayed and the solver messages are listed. After the
solution is done, the design will be performed and then the focus will immediately be

passed to th€ontours scope.

SP Processing complete...

Generating analysis model...

iSEEIRE L. ooocco Aetivating Load Combinaticon 7 i
a LNEfals i b s e Storing load combination results

S O = BN R Actiwvating Load Combination B

iSEEIRE L. coocco Storing load combination results

UERIEREIL sonoes Activating Load Combinaticn 9

1 O E = e SN R Storing load combination results

1 Lo f [ 3ec ERERTRERns Activating Load Combinaticon 10

IESEERSEL n oo oo Storing load combination results

ISR REE L aon o oo RActivating Load Combinaticon 11

ISEEEIREIL copoca Storing load combination results

IESEERSEL noncon Aetivating Load Combinaticon 12

alDelifEiREal: snacen Storing load combination results

15:08:31 ....S5toring envelope results for ultimate load combinaticns
15:08:31 ....Finite element model resunlts calculated and stored
JESE(EEREIL son oo Calculating required steel areas

e llal3E3) no o o oo Storing required steel areas

15:08:31 ....Physical model results calculated
15:08:31 ..Postprocessing finished

15:08:31 Analysis finished

15:08:31 Processing results...

Cance
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8.2.6. Viewing and Printing Results

20. After a successful run, results can be viewed in a contour form.

File

B B H

Project Define Grid

Home

CONTOURS
~  Envelope
> Mux
> Muy
> Asx
> Asy
Pressure Down

Displacement Up

»  Service

> Ulimate

“~ DISPLAY OPTIONS

El, ~| Elements
=1 Node Numbers
Element Numbers
ACI318-14

s =

Select Slabs

« Deformed Shape
+ Undeformed Shape

Size ] 100 %

0

Columns

Displacement Down

| R — =
y + &2 N O B B =~ ey
Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
Envelope - Displacement Down (in) v X
I 0,095 )
-0.119

-0.143

I -0.167 )
I 0192

0216 "
-0.240
0.264
-0.288
0312
-0336
0361

-0.385
-0.409

-0.433

K7

22.15,37.13 - L. = ~*  Unitst English ~
9
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File Home -~
| = = —
B B & N & 0 9 + & D O [bH B = B B 8
Project Define Grid Select Slabs Columns Piles Modes  Restraints  Loads Solve Contours  Tables  Reporter Display  Viewports  Settings
CONTOURS Service - Pressure - 51 (ksf) T X
?  Envelope 0
~  Senvice I 0383
> Displacement 0478 s
v Pressure -0.573 !
| o :
| N
52 -0.764
o
= -0.859 +
?  Ukimate 4
-0.954
-1.050
m
i 1145 J
-1.240
I -1.335
I -1.431
I -1.526
I -1.621
-1.716
~ DISPLAY OPTIONS
=) ~ Elements +| Deformed Shape
=1 Node Numbers +| Undeformed Shape
Element Numbers Size ] 100% =
ACI318-14 a241871() + B - # - B v b 3 v Unitst English

Soil pressure values in the contour view above differ along dissimilar soil bounddces.
information abouwWi n k1 er ' s cah bedourdl atedtian @.3.2.1
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21. Results can be also viewed in table format by selectind @ies command from the
Ribbon.

mple-2.matx
= ™ Ll [ BB B &
=l 7 Project “ Results - Envelope - Element Top Design Moment and Reinforcement A
=1 > Definitions . L=
> Assignments NOTE:  [m] Minimum cc?ntrols
[x] Exceeds maximum
2 Analytical Model [*] Cannat compute
¥ Results Elem Node Ld Comb. Wax. M{ux) As{ox) Node Ld Comb. Wax. M{uy) Aslyy) =
Solver Messages
v Envelope kip-ft/ft in*2/ft kip-ft/ft inA2/ft
Nodal Displacements 1 1 u2 925 0259 m 1 uz 9.09 0259 | m
5 Service Reactions 2 29 us 23.54 0259 m 3 uz 1159 0259 | m
5 Ultimate Reactions 3 30 U2 3344 0364 30 U2 17.09 0258 m
Soil Disp. & Pressure 4 5 uz2 40.52 0443 EYl uz 19.07 0259 | m
Element Top Moment 5 [ u2 43.28 0474 32 uz 19.24 0259 m
Element Bot Moment 6 6 u2 4293 0470 32 uz 1930 0259 | m
7 7 uz2 42,03 0460 33 uz 1876 0259 | m
Element Bot Design Mament & Reinf. 8 8 uz 36.20 o417 34 uz 17.80 0259 | m
v Service 9 9 uz2 3205 0349 35 uz 1650 0259 | m
> Force Vector 10 10 u2 2418 0.262 36 uz 1463 0259 m
> Displacement Vector 1 1 u2 1440 0259 m 37 uz 1170 0259 | m
> Reactions 12 12 uz2 2147 0389 m 38 us 1858 0389 m
5 Sum of Reactions 13 39 us 0.24 0389 m 39 U2 750 0389 m
> Soil Disp. & Pressure 14 0 - 0.00 0389 m 41 us 7.83 0389 m
v Ultimate 15 0 - 0.00 0383 m 42 us 1414 0389 m
> Force Vector 16 0 - 0.00 0259 m 43 uz 3.83 0259 | m
> Displacement Vector 17 18 u2 939 0259 m 44 us 818 0259 m
5 Reactions - 18 19 U2 21.60 0259 m 45 us 1099 0258 m
19 20 uz2 3072 0334 46 us 1321 0259 | m
v Ranges 20 21 u2 36807 0394 47 uz 1489 0259 m
From To 21 22 u2 36.56 0399 43 us 1566 0259 | m
Elements v/ All 22 a2 u2 3r22 0406 43 us 1571 0259 m
23 45 U2 31.67 0,345 49 us 14.86 0258 m
Nodes Al 24 50 us 2294 0259 m 50 us 9.28 0259 | m -
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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 serlesel and ultimatdevel. For servicdevel load
combinations, force vector, displacement vector, reactions, and soil displacements and pressures
are output. For ultimatkevel load combinations, force vectdisplacement vector, reactions, and
element nodal moments 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 (activatesEiITINGS / STARTUP DEFAULT} to
facilitate user’s input. The default | oad cas

necessary at the discretion of the user.

The following default load cases are suggested:D¥ead (D), B- Live (L), C—Snow (S), D-

wind (W), and E- Earthquake (E). Servidevel load values are considered for all load cases
except case E, in all design codes, and case W, in ACL3%hd AC 31811 only, which are

taken at ultimatéevel. The suggested default load combination factors for service and ultimate
load levels are shown below. Under service load level, allowable stress design load factors are
considered for calculating foundatipressuré The user should introduce additional service level

load combinations as required, e.g., for checking displacementlimits

Any load combination in the Tables below is VALID only if all Principal Loads exist for a given

load combination. The Companion Load has no impact in the validity of a given load combination.

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 combinatien
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APPENDIX

A.1.1. For ACI 318-14/11

* Service load combinations:

Service Load CombinatiorsACI 318—-14/ 11

CLoorﬁg o D([a)ad Litle Snsow in\r;d EEQ Principal Loads | Companion Loads
S1 1.00 D -
S2 1.00 | 1.00 D, L -
S3 1.00 1.00 D, S -
S4 1.00 | 0.75 | 0.75 D, L, S -
S5 1.00 0.60 D, W -
S6 1.00 -0.60 D, W -
S7 1.00 0.70 D, E -
S8 1.00 -0.70 D, E -

1.00 0.75 | 0.75 | 0.45 D, LW S
- 1.00 | 0.75 | 0.75 | 0.45 D,S,W L

1.00 | 0.75 | 0.75 | -0.45 D, LW S
S10

1.00 | 0.75 | 0.75 | -0.45 D,S, W L

1.00 | 0.75 | 0.75 0.525 D, L E S
o 1.00 | 0.75 | 0.75 0.525 D, S E L

1.00 | 0.75 | 0.75 -0.525 D, L E S
o 1.00 | 0.75 | 0.75 -0.525 D, S, E L
S13 | 0.60 0.60 D, W -
S14 0.60 -0.60 D, W -
S15 | 0.60 0.70 D, E -
S16 0.60 -0.70 D, E -
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APPENDIX

+ Ultimate load combinations:

Ultimate Load CombinationsACI 318—14 /11

CLoOrﬁgo Dgad Lil\_/ © Snsow in\r;d EEQ Principal Loads | Companion Loadg
Ul 1.40 D -
U2 1.20 | 1.60 | 0.50 D, L S
U3 1.20 | 1.00 | 1.60 D, S L
U4 1.20 1.60 | 0.50 D, S W
U5 1.20 1.60 | -0.50 D, S w
ué 1.20 | 1.00 | 0.50 | 1.00 D, W L, S
U7 1.20 | 1.00 | 0.50 | -1.00 D,W L, S
us 1.20 | 1.00 | 0.20 1.00 D, E L, S
U9 1.20 | 1.00 | 0.20 -1.00 D, E L,S
ul1o0 0.90 1.00 D, W -
Ull 0.90 -1.00 D, W -
ul2 0.90 1.00 D, E -
Ui3 | 0.90 -1.00 D, E -
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A.1.2. For ACI 318-08/05

* Service load combinations:

Service Load CombinationsACI 318—08 / 05

CLoorﬁg o D([a)ad Litle Snsow in\r;d EEQ Principal Loads | Companion Loads
S1 1.00 D -
S2 1.00 | 1.00 D, L -
S3 1.00 1.00 D, S -
S4 1.00 | 0.75 | 0.75 D,L, S -
S5 1.00 1.00 D, W -
S6 1.00 -1.00 D, W -
S7 1.00 0.70 D, E -
S8 1.00 -0.70 D, E -

1.00 0.75 | 0.75 | 0.75 D, LW S
- 1.00 | 0.75 | 0.75 | 0.75 D,S,W L

1.00 | 0.75 | 0.75 | -0.75 D, LW S
S10

1.00 | 0.75 | 0.75 | -0.75 D,S, W L

1.00 | 0.75 | 0.75 0.525 D, L E S
o 1.00 | 0.75 | 0.75 0.525 D, S E L

1.00 | 0.75 | 0.75 -0.525 D, L E S
o 1.00 | 0.75 | 0.75 -0.525 D, S, E L
S13 | 0.60 1.00 D, W -
S14 0.60 -1.00 D, W -
S15 | 0.60 0.70 D, E -
S16 0.60 -0.70 D, E -
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+ Ultimate load combinations:

Ultimate Load Combinations ACI 318—08 / 05

CLoOrﬁgo Dgad Lil\_/ © Snsow in\r;d EEQ Principal Loads | Companion Loadg
Ul 1.40 D -
U2 1.20 | 1.60 | 0.50 D, L S
U3 1.20 | 1.00 | 1.60 D, S L
U4 1.20 1.60 | 0.80 D, S W
U5 1.20 1.60 | -0.80 D, S w
ué 1.20 | 1.00 | 0.50 | 1.60 D, W L, S
U7 1.20 | 1.00 | 0.50 | -1.60 D,W L, S
us 1.20 | 1.00 | 0.20 1.00 D, E L, S
U9 1.20 | 1.00 | 0.20 -1.00 D, E L,S
ul1o0 0.90 1.60 D, W -
Ull 0.90 -1.60 D, W -
ul2 0.90 1.00 D, E -
Ui3 | 0.90 -1.00 D, E -
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A.1.3. For ACI 318-02

* Service load combinations:

Service Load CombinatiorsACIl 318—-02

CLoorﬁgo D[e)ad Lit’ © Sréow in\r/' e EEQ Principal Loads | Companion Loads
S1 1.00 D -
S2 1.00 | 1.00 D, L -
S3 1.00 | 1.00 | 1.00 D, S L

1.00 | 1.00 | 1.00 | 1.00 D, LW S
. 1.00 | 1.00 | 1.00 | 1.00 D,S,W L
1.00 | 1.00 | 1.00 | -1.00 D, LW S
> 1.00 | 1.00 | 1.00 | -1.00 D,S,W L
1.00 | 1.00 | 1.00 0.70 D, L E S
- 1.00 | 1.00 | 1.00 0.70 D, S, E L
1.00 | 1.00 | 1.00 -0.70 D, L E S
o 1.00 | 1.00 | 1.00 -0.70 D, S, E L
S8 0.60 1.00 D, W -
S9 0.60 -1.00 D, W -
S10 0.60 0.70 D, E -
S11 0.60 -0.70 D, E -
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+ Ultimate load combinations:

Ultimate Load Combinations ACI| 318—02

CLoOrﬁgo Dgad Lil\_/ © Snsow in\r;d EEQ Principal Loads | Companion Loadg
Ul 1.40 D -
U2 1.20 | 1.60 | 0.50 D, L S
U3 1.20 | 1.00 | 1.60 D, S L
U4 1.20 1.60 | 0.80 D, S W
U5 1.20 1.60 | -0.80 D, S w
ué 1.20 | 1.00 | 0.50 | 1.60 D, W L, S
U7 1.20 | 1.00 | 0.50 | -1.60 D,W L, S
us 1.20 | 1.00 | 0.20 1.00 D, E L, S
U9 1.20 | 1.00 | 0.20 -1.00 D, E L,S
ul1o0 0.90 1.60 D, W -
Ull 0.90 -1.60 D, W -
ul2 0.90 1.00 D, E -
Ui3 | 0.90 -1.00 D, E -
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A.1.4. For CSA A23.3-14/04/94

spMats reports soil pressure for service combinations only. The suggested service load
combinations are based on CSA A2348 To comply with clause N15.2.2 in Explanatory Notes
on CSA A23.304 References the user should use appropriate load factors in conjunction with

service level combinations to determine soil pressure for factoredloads

* Service load combinations:

Service Load CombinationsCSA A23.3—14 /04 / 94
CLoorﬁgo Dgad Lili/ © Snsow in\? 2 EEQ Principal Loads | Companion Loads

S1 1.00 D -
S2 1.00 | 1.00 D, L -
S3 1.00 | 1.00 | 1.00 D, S L

0.75 | 0.75 | 0.75 | 0.75 D, LW S
- 0.75 | 0.75 | 0.75 | 0.75 D,S,W L

0.75 | 0.75 | 0.75 | -0.75 D, LW S
> 0.75 | 0.75 | 0.75 | -0.75 D,S,W L

0.75 | 0.75 | 0.75 0.50 D, L E S
- 0.75 | 0.75 | 0.75 0.50 D, S, E L

0.75 | 0.75 | 0.75 -0.50 D, L E S
o 0.75 | 0.75 | 0.75 -0.50 D, S, E L
S8 1.00 1.00 D, W -
S9 1.00 -1.00 D, W -
S10 1.00 0.667 D, E -
S11 1.00 -0.667 D, E -

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 underlsegVice
combinations.
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+ Ultimate load combinations for CSA A2313}:

Ultimate Load Combinations CSA A23.3—-14
CLoorﬁgo Dgad Lilil c Snsow in\r;d EEQ Principal Loads | Companion Loadg
Ul 1.40 D -
U2 125 | 150 | 1.00 D, L S
U3 0.90 | 1.50 | 1.00 D, L S
U4 1.25 | 1.50 0.40 D, L W
us 1.25 | 1.50 -0.40 D, L W
ué 0.90 | 1.50 0.40 D, L W
U7 0.90 | 1.50 -0.40 D, L W
us 1.25 | 1.00 | 1.50 D, S L
U9 0.90 | 1.00 | 1.50 D, S L
ul1o0 1.25 1.50 | 0.40 D, S W
Ull 1.25 1.50 | -0.40 D, S W
ul2 0.90 1.50 | 0.40 D, S W
ul3 0.90 1.50 | -0.40 D, S W
ul4 1.25 | 0.50 1.40 D,W L
Ul5 1.25 | 0.50 -1.40 D,W L
ule6 1.25 0.50 | 1.40 D,W S
ulv 1.25 0.50 | -1.40 D, W S
uils 0.90 | 0.50 1.40 D, W L
ul9 0.90 | 0.50 -1.40 D, W L
u20 0.90 0.50 | 1.40 D, W S
u21 0.90 0.50 | -1.40 D, W S
u22 1.00 | 0.50 | 0.25 1.00 D, E L, S
u23 1.00 | 0.50 | 0.25 -1.00 D, E L, S
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+ Ultimate load combinations for CSA A23(B!:

Ultimate Load Combinations CSA A23.3—-04
CLoOrﬁgo Dgad Lil\_/ © Snsow in\r;d EEQ Principal Loads | Companion Loadg
Ul 1.40 D -
U2 1.25 | 1.50 | 0.50 D, L S
U3 0.90 | 1.50 | 0.50 D, L S
U4 1.25 | 1.50 0.40 D, L W
us 1.25 | 1.50 -0.40 D, L W
ué 0.90 | 1.50 0.40 D, L W
U7 0.90 | 1.50 -0.40 D, L W
us 1.25 | 0.50 | 1.50 D, S L
U9 0.90 | 050 | 1.50 D, S L
ul1o0 1.25 1.50 | 0.40 D, S W
Ull 1.25 1.50 | -0.40 D, S W
ul2 0.90 1.50 | 0.40 D, S W
Ui3 | 0.90 1.50 | -0.40 D, S w
ul4 1.25 | 0.50 1.40 D, W L
Ul5 1.25 | 0.50 -1.40 D, W L
ule6 1.25 0.50 | 1.40 D,W S
ulv 1.25 0.50 | -1.40 D, W S
uils 0.90 | 0.50 1.40 D, W L
ul9 0.90 | 0.50 -1.40 D, W L
u20 0.90 0.50 | 1.40 D, W S
u21 0.90 0.50 | -1.40 D, W S
u22 1.00 | 0.50 | 0.25 1.00 D, E L, S
u23 1.00 | 0.50 | 0.25 -1.00 D, E L, S
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+ Ultimate load combinations for CSA23.3-94:

Ultimate Load Combinations CSA A23.3—-94
CLoorggo Dgad Lil\_/ © Snsow in\r;d EEQ Principal Loads | Companion Loadg

Ul 1.25 D -

1.25 | 150 | 1.50 D, L S
e 1.25 | 150 | 1.50 D, S L

0.85 | 150 | 1.50 D, L S
U3

0.85 | 1.50 | 1.50 D, S L

1.25 | 1.05 | 1.05 1.05 D, LW S
. 1.25 | 1.05 | 1.05 1.05 D,S,W L

1.25 | 1.05 1.05 | -1.05 D, LW S
> 125 | 1.05 | 1.05 | -1.05 D, S, W L

0.85 | 1.05 | 1.05 | 1.05 D,L,W S
e 0.85 | 1.05 | 1.05 | 1.05 D, S, W L

0.85 | 1.05 | 1.05 | -1.05 D, LW S
o 0.85 | 1.05 | 1.05 | -1.05 D,S,W L
us 1.25 1.50 D,W -
U9 1.25 -1.50 D,W -
ulo0 0.85 1.50 D,W -
Ull 0.85 -1.50 D, W -
ul2 1.00 1.00 D, E -
uil3 1.00 -1.00 D, E -

1.00 | 0.50 | 0.50 1.00 D,L E S
ul4

1.00 | 0.50 | 0.50 1.00 D, S E L

1.00 | 0.50 | 0.50 -1.00 D, L E S
uls

1.00 | 0.50 0.50 -1.00 D, S E L
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A.2. Import File Formats

Grid, load, and load combination data may be imported from a text file. The import file must be

saved in pure ASCltext) format. Data fields on each line should be separated by spaces or TABSs.

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.

A.2.1. Grid Data

GRID

3

1 2.0
2 250
3 46.0
3

A 2.0
B 18.0
C 36.0

I
I
I

I
I

Keyword
Number of vertical grid lines
Label of vertical grid line X coordinate of vertical grid line

Number of horizontal grid lines
Label of horizontal grid line Y coordinate of horizontal grid line
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A.2.2. Load Data

LOADCASES I

Dead DL /l
Live LL
Wind WL

/l
POINTS /l
1 20 2.0 //
2 25.0 2.0
3 32.0 6.0
LOADS /l
1 DL -50.0
1 LL -35.0
1 W 0.0
2 DL -50.0
2 LL -35.0
2 W -32.0
3 DL 0.0
3 LL 0.0
3 W 52.0

Keyword

Load case type

Space

Keyword

Point number

Keyword
12.0 7.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
21.0 8.0

Load case label

X Coordinate Y Coordinate

I

Point number Load case label P, My My
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A.2.3. Load Combination Data

COMBINATIONS

0

3

S11.0
S21.0
S31.0
9

uiild
uz21.2
U3l.z2
Uu41.2

00
00
00

00
00
00
00

U5 1.200

U6 0.9

00

U7 1.200
U8 1.200
U9 0.900

1.0 00
1. 000
0. 000

0. 000
1.6 00
1.0 00
0. 000
1. 000
0. 000
0.000
1.000
0.000

0.0 00
1. 000
1. 000

0. 000
0. 000
0. 000
0. 800
1.600
1.60 O
- 0.800
- 1.600
- 1.600

I
I
I
I

I
I

Keyword

Parameter indicating selfeight

Number of service load combinations
Label coefficient for each load case type

Number of ultimate load combinations
Label coefficient for each load case type
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A.3. Conversion Factorsi English to Sl
To convertfrom To Multiply by
in. m (1,000 mm) 0.025400
ft m 0.304800
Ib N (0.001kN) 4.448222
kip (1,0001bs) kN 4.448222
pIf (Ib/ft) kN/m 14.593904
psi (Ib/in.?) MPa 6.894757
ksi (kips/in2) MPa 6.894757
psf (Ib/ft?) kN/m? (kPa) 47.88026
pef (Ib/ftd) kg/n? 16.018460
ft-kips kN x m 1.355818

| 238 |



Sﬁﬁ/ats APPENDIX

A.4. Conversion Factorsi Sl to English

To convertfrom To Multiply by
m (1,000mm) in. 39.37008
m ft 3.28084
N (0.001 kN) Lb 0.224809
kN kip (1,0001bs) 0.224809
kN/m plf (Ib/ft) 68.52601
MPa psi (Ib/in.?) 145.0377
MPa ksi (kips/in2) 0.145038
kN/m? (kPa) psf (Ib/ft?) 20.88555
kg/m? pcf (Ib/ft3) 0.062428
kN x m ft-kips 0.737562
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A.5. Technical Resources

Bookstore Technical Articles Design Examples

Case Studies StructurePoint Wiki Video Tutorials

Web Applications Technical Manuals

) seierue
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A.6. Contact Information

WebSite: www.StructurePoint.org

E-mail: info@ StructurePoint.org

suppor@ StructurePoint.org

licensing@ StructurePoint.org

Mailing Address: 1520 Artaius Pkwy #44
Libertyville, IL 60048

USA
Phone: +1-847-966-4357
Fax: +1-847-966-1542
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