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CHAPTER

INTRODUCTION

spWall isstructural engineering softwafer the analysisand desigrof reinforced concrete cast
in-placeshearwalls, tilt-up walls,retainingwalls, tank walls,and precast architectural and lead
bearing panels. It uses a graphical interface that enables the user to easily generate complex
concretewall models. The geometry of the wall includingenings and stiffeners, the material
properties, the loads (point, line, and area), and the support conditturding translational and

rotational springsire assigned graphically by the uaeany node

The program is based on the finite element method and can take into accounisdeortfects.

The wall may include any number of openings and stiffeners. The amount aksgtémicement

required for flexure is computed based on the selected design standard, and the user can specify
one or two layers of reinforcement. The program also calculates the amount of steel required for
shear and torsion in the stiffeners. The wall shear stremgtfided by concrete (#plane and out

of-plane) is calculated laWwing the user to determine the need for adding shear capacity.
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Sm INTRODUCTION

1.1. Program Features

A Code supporfor ACI 318-14,ACI 318-11,ACI 31808,ACI 318-05,andACI 31802

A Code supporfor CSA A23.314, CSA A23.304, and CSA A23-34

A English (U.S.) and Metric (SI) unit systems

A Finite element analysis (including second order effects) of flat wall panelstifiégmers

A Fournoded, prismatic, thin plateall element with six degreesf-freedom per node

A Two-noded, stiffener element with six degredsreedom per node

A Support for multiple raterial properties (concrete and reinforcing stieeljlifferent plate
and stiffener elements

A Design moments includée contribution of twisting moments

A Objectbased modeling of wall systems with a full featugeaphical interface

A Templatef predefined and loaded modelfowing the user to seleahd generate quick
models for shear walls, precast walls;tift walls, tank walls, retaining walls, deep beams
and transfer girders

A Default definitions and assignment of model properties to facilitate rdegelopment

A Structuralgridsto facilitate structural member placement fretavation

A Support for irregulageometry of wall panels which majsoinclude openings

A Null stiffeners to support the application of uniform line loads and linear restraints

A Ability to apply linear and nodal restraints and nodal springsny of the 6 degrees of
freedomprovided

A Point, uniform line, uniform area, and linear area load types to nyguieal wall loading
conditions

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

A Automatic computation of wall and stiffener object seéfights with the option to include
or exclude them in the analysis

A Automatic mesh generation with the ability to specify maximum allowed mesh size,
maximum allowed aspect ratio and number of circle segments

A 1sometric (3D) view of the modeled wall with ability to view grids, loads and other model
features in typical CAD environment in multi viewports with up to 6 concurrent views

A Data validation during input
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A Contour plotsand force diagram® visualizethe analysis and design results

A Calculation of wall shear strength provided by concretepléine and oubf-plane)
accordance with ACI code

A Calculation of wall crossectional forces in horizontal sections along wall height

A Design of wall flexure and axial reinforcement with one or two reinforcement curtains

A Design of stiffener elements for flexure, shear, and torsion

A Print/Export module for viewing, customizing, and exporting screenshots

A Tables module for viewing and exporting input and output data

A Reporter module for customizing, generating, viewing, exporting, and printing results

A Import and export of grids, loads, and load cases & load combisatformation from and
to text files to facilitate model generation

A Usercontrolled screen display settings including a full color palette

A Smart snap assist features for improved modeling speed and accuracy

A Ability to save defaults ansettings for future input sessions

| 13|
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1.2. Program Capacity

A 100 X-grid lines

A 100 Y-grid lines

A 1000 Nodes in total

A 25 Nodes per linear generation

A 36 Nodes per circular generation

A 24, 36, 48 Circle segments for meshing circular foundations
A 255 Platedefinitions

A 255 Stiffener section definitions

A 255 Plate cracking coefficient definitions

A 255 Stiffener cracking coefficient definitions

A 255 Plate design criteria definitions

A 255 Stiffener design criteria definitions

A 255 Concrete definitions

A 255 Reinforcement definitions

A 255 Support definitions

A 255 Nodal spring definitions

A 26 Load cases

A 255 Load combinations (service plus ultimate)
A 10,000 Mesh elements

| 14|
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1.3. System Installation Requirements

Any computer running Microsoft Windows 10 or Windows 11 operating system is sufficient to
run the spWall program provided that .NET Framework v4.8 is installed. If it is not detected by

the installatiorprogram then it will be installed automatically.

The actual program capacity depends on system resources available on the computer on which
spwall 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. It is recommended to run the

modelon the local computer hard drit@ fastest response.

For instructions on howo purchas, download, install, liceres and troubleshoot issues, please

refer to support pages on the StructurePoint websié& atturePoint.org
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INTRODUCTION

1.4. Terms & Conventions

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 therafusebutton 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

| 16 |
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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
exampletypefic: \ flename. txt o .

indicatesa key combination.The plus sign indicatesthat you

should press and hold the first key while pressing the second key,
thenreleasdothkeys. Foexamplefi A L+IF andicateghatyou
should press the AALTO 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

| 17 |
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CHAPTER

SOLUTION METHODS

2.1. Introduction

spWall uses the Finite Element Analysis (FEA) Method for the structural modeling and analysis

of slender and neslender reinforced concrete wadigbject to static loading conditions.

The wall is idealized as a mesh of rectangular plate elements and dirsgiiffener elements.
Walls of irregular geometry are idealized to conform to geometry with rectangular boundaries.
Even though plate and stiffener properties can vary betweareats, they are assumed uniform

within each element.

The 3$x degrees of freedommonsideredat each nodarethethree translations and three rotations
relating to thehree Cartesian axes. An external load can exist in the direction of each of the degrees
of freedom i.e., threeforces andthreemoments about the Cartesian ax@sfficient number of

nodal degrees of freedom should be restrained in order to achieve staliigynoddel.

| 18 |
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The program assembles the global stiffness matrix and load vectors for the finite element model.

Then, it solves the equilibrium equations to obtain deflections and rotations at each node. Finally,
the program calcul ates the internal forces ar
option, the program can perform second order analysis. In this case, the program takesurto

the effect of inplane forces on the ocwff-plane deflection.

Walls can be designed using simplified methods such as the empirical design method and
alternative method provided in ACI 318 and CSA A23.3 standa®&ish methods are limited to
specific wall geometrysection attributedpading configuration and support conditions. Walls

that do not meet these limitatiomse required to be designed as compression mefnéeds
slenderness effects in them can dmeounted for by performing secendder analysis This
general approach is implementedspVall to allow for a wider range of wall configurations and
applications.

The program calculates the required amount of reinforcement in the plate elements and stiffener
elements based on the code selected by the user. For solid walls, spWall can also compare cross
sectionalshear forces with calculated-ptane and oubf-plane shear strength provided by
concreteUser can use this information to determine the need for additional shear strength and

finalize the reinforcement distribution and detailing.

1 ACI31814,11.5.3,11.4,11.8; ACI 3181, 14.5, 14.8; ACI 3188, 14.5, 14.8; ACI 3185, 14.5, 14.8ACI 318
02, 14.5, 14.8; CSA A23-34, 14.2.2, 23.3; CSA A23(34, 14.2.2, 23.3; CSA A23:34, 14.523.4

2 ACI31814,11.5.2.1; ACI 3141, 14.4; ACI 31808, 14.4; ACI 31805, 14.4; ACI 31802, 14.4; CSAA23.3-14,
14.2.1; CSA A23.34, 14.2.1; CSA A23:34, 14.4

3 ACI31814,6.7.1.1; ACI 3141, 10.10.4; ACI 3188, 10.10.4; ACI 3185, 10.10.1; ACI 3182,10.10.1; CSA
A23.314,10.13.1; CSA A23.34, 10.13.1; CSA A23:34, 10.13.1
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2.1.1. Wall Systems

spWall can be used to model, analyze, and desigrsystbms such as shear walls, bearing walls,
precast walls, tiUp walls, tank walls, retaining walls, and deep beams (also known as transfer

girders). Samples of such systems are illustrated below:

Shear Wallls Bearing Wallls
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PrecastWalls Tilt Up Walls
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Tanks & Retaining Walls

Deep Beams / Transfer Girders
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2.1.2. Coordinate Systems

Global Coordinate System

The midsurface of the wall lies in the XY plane of the rigfanded XYZ rectangular coordinate
system shown irrigure 2.1. The wall thickness is measured in the direction of #axiZ. The
positive X-axis points to the right, the positive-akis points upward towards the top of the
monitor, and positive Axis points out of the screen. Thus, the XY plane is defined as being in the

plane of the display monitor.

Ay
i
:a
| I i
I | | Dx | Rx
| : S —p > — >
I | X e e
|2'__ i —— _2_‘_., ‘/ '/
D; : Rz .
Ve Translational DOF Rotational DOF

Figure2.1i Global Coordinate System

Local Coordinate System

While the local and global coordinate systems are the same for plate elements and horizontal
stiffeners, the vertical stiffeners local coordinate system is different from the global. Refer to

Figure2.2 andFigure2.3 for more information.
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2.2. Codes and Standard4rovisions

2.2.1. CodeChecks

2.2.1.1. Geometry Considerations

The program does not have any code checks regarding geometry considerations. For factory cast
precast or site cast precast {tif) concrete walls incorporating a insulation layer, sometimes
referred to as sandwich panels, user need to consider suchtyeiondetail. Where the sandwich

panel is composed of a structural wythe and an architectural wythe, additional selfweight of non
structural wall elements can either be modeled as part of the wall geometry or simply applied as
additional dead load.

In wall systems where architectural detail features are required such as reveals and rustication
strips in tiltup construction, the location of steel reinforcement is recessed. This condition must
be addressed by the user by setting the cover distaraooint for the loss of reinforcement

cover resulting from the installation of reveal strips in concrete formwork.

Deflection limits may be required by certain code provisions to control the primaryoffiest)
and/or secondary (secowdder) displacements of concrete walls. This issue is of particular
importance to slender wall subject to -@ftplane lateral loadspWall provides a displacement
limit in the solver menu to aid the user in detecting deflections beyond a desirable limit.

2.2.1.2. Material Considerations

The program provides default material properties for common grades of steel and concrete
materials used in customary construction of wall systems. For some input parameters, the user may
exercise the option to waive selected code minimum or maximum veluesamine unique

conditions or adbuilt scenarios that can benefit for the removal of preset limits.
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2.2.1.3. Loading Considerations

Each load is applied to tlveall under one of the 26 (A through Z) load cases.Walkis 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 istwvicelevel andultimate-level. For eaclservicelevel

and ultimate-level load combinatiors, nodal displacement, internal forces in plate and stiffener
elements, and reactions are calculated. Additionally, wall sestonal forces are calculated for
ultimatelevel load combinationsThe output is available only when solution criteria are met for

all load combinations.

For the design of reinforced concrete elements, the required area of steel is calculated due to the
element internal forces from the ultimate level combinations. On the other hand, displacement

envelopes are determined using the displacement from theestrvel combinations.

Basic load cases and the corresponding load factors for service and ultimate load combinations are
provided as defaults in the input file templates (activateSEITINGS / STARTUP DEFAULT$ O
facilitate userods input. The default | asad cas

necessary at the discretion of the user.

Given the numerous applications of spWall to structural wall systems including liquid containing,
soil retaining, cast in place, and precast systems, the load combinations must be examined in detail
to considethe myriad of possible conditions that can eXAstletailed discussion of load case and

combinationfactors is providedn Appendix A.1
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2.2.2. Geometry Checks

Input Phase

The Program ensures that nodes with assigned properties existamtbiementlf a node with

propertiesuch as restraints or loadsist attached to an elemettte following Erromessage is

displayed.

spWall

.-"'_"“-.I Cannot solve the madel,

- Mode(s) with assigned properties must be attached to an
element,

The Progranalsoensures thatull stiffener elementsxist withina plate elementf anull stiffener

is placed outside the plate elemethie following Erromessage is displayed.

spWall

@W% Cannot solve the model,

- “Mull” stiffener elements detected out of plate elements.

Output Phase

There are no geometric checks performed by the Program during output phase. However, any
warning pertaining to model stability or exceedance of limits is reported. Ddtdibechation on
the solution can be found in t®lver Message®Pialog underTables Window.
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2.2.3. Definitions and Assumptions

The analysis of the reinforced concrete members performed by spWall conforms to the provisions

of the Strength Design Method and Unified Design Provisions and is based on the following basic

assumptions:

A All conditions of strength satisfy the applicable conditions of equilibrium and strain

compatibility

A Strainin the concrete and in the reinforcement is directly proportional to the distance from

the neutral axis. In other words, plane sections normal to the axis of bending are assumed

to remain plane after bending.

A An equivalentuniform rectangular concrete stress block is used with a maximum usable
ultimate strainat the extreme concrete compression fiber equal to 0.003 for ACI codes

and 0.0035 for CSA codes
A Tensilestrengthof concrete in axial and flexural calculations is neglected
A For reinforcingstee] the elastigplastic stresstrain distribution is used

A The requiredeinforcements determined based on the combined effect of axial force and

biaxial bendingfor model elements

A Assumptiongelatedto the plate and stiffener elements used in the finite element analysis

method ar@utlinedin Section 2.3

A Detailedprovisionsand equations for the design codes and unit systems supported by

spWall are outlineéh Section 2.7
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2.3. Analysis Methods

2.3.1. Overview of Finite Element Method (FEM) of Analysis

As introducedn Section 2.]1the finite element method is used iVéall for structuralanalysis of
walls. During analysisspWall converts the objeditased model into a finite element model. The
user defines the mesised in thdinite elementnalysis by inputting maximum allowed mesh size
and maximum allowed aspect ratiddditional meshing is automatically introduced date

boundariesstiffeners and nodes withssigned properties such as restraints and point loads.
2.3.1.1. Plate Element

The rectangular plate finite element has four nodes, one at each corner, as showreia2.
Each node has six degrees of freed®y Dy, Dz, Rx, Ry, andR;). The rotationR,, is referred to

asthe drilling rotatiori.

The plate element combines the membrane (in plane) and bending itaniefactions. Element
stiffness is calculated based on the following assumptions

1. The xy plane is the mid surface of the plate element.

2. Deformations are small and the resulting displacements do not significantly change the

geometry of the wall.
3. Themembrane and bending deformations are uncoupled.
4. Bending behavior follows the thin plate theory (Kirchhoff theory).

5. Plane sections initially normal to the redrface remain plane and normal to that surface

after bending.

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

componentsnd is neglected.
7. The plate el ement material i s homogeneous,

If second order analysis is requested, the stiffness terms related to the bending action are modified

to include the effect of #plane internal forcés

When locating reinforcement within a plate element, the program refers to the left face and right
face. The left face of the panel is defined as the face to the left of the plate centerline when looking

along the positive axis. Seé-igure2.2.

| y Left face
| e

k .
e Y
. . [
Right face 7 || I

I Y
| 4 {

I Z X

I ¥

|! X
— T Global Coordinate System

e Local Coordmate System
¥ 7

Figure2.21i Plate Element

5 References
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2.3.1.2. Stiffener Element

Stiffener elements can be used to model beams or columns that are embedded in the wall to
increase its structural capacity, e.g. lintels, pilasters, and boundary elements of shear walls. Wall
piers that are required to be designed as columns can also be modeled using stiffeners.

Additionally, isolated stiffener elements placed outside of wladl can model rigid frame
structures attached to the wall. The program will calculate internal forces in the stiffener elements
and calculate the area of reinforcement required for axial action combined with biaxial bending as

well as shear and torsion.

The stiffener element used in the program has two nodes, one at each end, as Blopwadss.
Each node has six degrees of freeddyn Dy, D,, Rx, Ry, andR;). Element stiffness is calculated

based on the following assumptions
1. The local xaxis passes through the element centroid.

2. Deformations are small and the resulting displacements do not significantly change the

geometry of the wall.
3. Axial and bending deformations are uncoupled.

4. Plane sections initially normal to the element axis remain plane and normal to that axis

after bending.

5. The stiffener el ement mat eri al i's homogen

law.

If second ordeanalysis is requested, the stiffness terms related to the bending abcakibane

modified to include the effect of the axial fofce

6 References
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X
' T
ey |
— /J————-»
| Z X
| ¥
|
il Global Coordinate System
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(Vertical Stiffener) (Horizontal Stiffener)

Figure2.31 Stiffener Element

The properties of thstiffener section, are@], Inertia (y, 1) and torsional constang) are

calculated as follows

éb3 h rectangular sectio

—_
e

ip3 D*> circular section

Iy = Inertia of the web and the flanges about the centroidal leazisy

éhs b® _
} 3 rectangular sectic
I, =1
z 3 4
1[’0 65 circular section
ébs h? .
ib 3h (b>h) rectangular sectio
7
w,tt wt Th3p
J= ;ﬂ + fr;r ‘:+h 3b (h bp  rectangular sectio
7
1 p3 D* _ _
T,’D 3 IZD circular section
|
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Figure2.4 shows the elevation and views of a sample wall.
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| Wall
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walh| | [ Vertical
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y I WidthI
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z)
_..7/ /4._

Width

Figure2.4i1 Wall Elevation and Sections
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2.3.2. Modeling of Supports

2.3.2.1. Nodal Restraints

All nodal degree®f-freedom (DOF) are assumed to be initially released (i.e. free to move)
Mathematically speaking, each DOF implies an equilibrium equation; however, nodal DOF may
be fully restrained against displacement and/or rotation. This allows the definition sfip@adirts.

For equilibrium to exist, the wall must be restrained such that structure stataldyieved.

2.3.2.2. Nodal Springs

Nodal DOF can be patrtially restrained by defining spring supports. Spring comstaasponding
to the six DOF can be defined @ty node. The spring supports are idealizedirssar springs.
Units of the spring constant are in terms of force per unit length for translasiomads and

moment per radian for rotational springs.
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2.3.3. Modeling of Loads

An external load is applied as a point load, a line load, or an area load. Positive forces are defined
as forces in the positive direction of the global axes, and positive moments are defined in
accordance with the rigitand rule. In other words, if the thumb of your rigjlaind points in the
positive direction of an axis, curling the rest of your dghnd fingers defines the positir®ment

about that axis.

2.3.3.1. Point Loads

A point load consists of three forcé, Py, and P; and three momentMy, My, and M.
corresponding to the six DOF at each node. Point forces have units of force, and point moments
have units of force times length. Point forces and point moments must be applied at a node. In
addition to point moments, an eccentricity in thdig#ction,E;, can be inputPx andPy values

are multiplied byE; to obtain additional point momentsifure2.5). Thus, the final moments at

node are

M,=Mx -E,P, andM, =M, -E,P,

z" X!

where M, and M, are the moment input by the user about the X and the Y axes respectively.

Eccentric load Equivalent load

Figure2.51 Eccentric Point Load
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Eccentricity of the | oad can al so a measuted t

or assumed based for example on specifications for tolerances
2.3.3.2. Line Load

A line load consists of three uniformly distributed line losds Wy, andW- corresponding to the
three translational DOF at each node and an eccentricity indire&ion,E.. Line loads must be
applied along the boundary of a plate element or along a stiffener eléfeliy, andW- have

units of force per unit length. Internally in the program, lumpedal loads replace the line load

as follows Eigure?2.6).

15107
1R Es W,
| | |
i Pz Yy Wz
P,
W, | P
: S L.
4 W, A e
| P
| | S
| <
————— P
E. ’
/4
/
7
s
fe—z —-»> 7
Line load Lumped-nodal loads

Figure2.61 Line Load

7 See deviation from plumb in ACI 1105, 4.1
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2.3.3.3. Uniform Area Loads

A uniform area load consists of three uniformly distributed lo®ds Wy andW,; corresponding
to the three translational DOF. Area loads are applied over the area of plate elénamsand
W; have units of force per unit area. Internally in the program, lumpedl! loads replace the
uniform area load as followsigure2.7).

ép 0 b Ve
| I a |
1R e W,
| | |
iRy W

— > 7 Tz»————b— Z

Area load Lumped-nodal loads

Figure2.7i Area Load

2.3.3.4. Linear Area Loads

Linear area loads are used to represent water and earth pressure. The load is defined as linearly
varying in the Y direction and uniform in thedfrection Eigure2.8). The load values adefined
at two points, along the-direction, whose Ycoordinates are denot&d andY- respectively. The

load values are denot&di, Wy1, andW.1 at Y1 while they are denotedl/xz, Wy2, andWzz at Y.

The load is applied to an element as uniform area load intensity of which is calculated as follows
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>

W : &
i L (%-Y) s Y-y WZI
W, F W, Wi
101 (- Y) W Y-y
W, y h Yy Woi

Where Y is the Ycoordinate of the element center.

1 1
| |
| | L lw
| Il
| [
| H
| |
v, L M L]
Linear load Equivalent element loads

Figure2.81 Linear Area Load

2.3.3.5. SelFWeight

The selfweight of the wall is computed internally based on the concrete unit weight and the
thickness of each plate element or volume of each stiffener element. For plate elements, the value
of selfweight is applied as a uniform area load in thdiféction. For stiffener element, the value

of selfweight is applied as a uniform line load in thadiYection. The seffveight may optionally

be included in the analysis in load case A.
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2.3.4. Displacement and Stability- Cracking Coefficients

To account for cracking of elements, the user can input cracking coefficient values for plate and
stiffener elements to effectively reduce stiffness. Cracking coefficients fafqlane (bending

and torsion) and nplane (axial and shear) stiffness can be entered for plate elements. Cracking
coefficients forA, I, Iy, andJ can be entered for stiffeners. Because the values of the cracking
coefficients can have a large effect on the analysis and design results, the user must take care in
selecting valuethat best represent the state of cracking at the particular loading stage. Cracking

coefficients are greater than 0 and less tiraequal tal.

At ultimate loads, a wall is normally in a highly cracked state. The user could enter a value for out
of-plane cracking coefficient for plates andndly cracking coefficients for stiffeners tdracked/
| grossbased on estimated valuesfgf With an assumed value A§, | crackeaCan be calculatedsing
the following formul&.
b3c® E

I cracked = 3 -’ES A se( d G) ’

where

P ah/2 &
x— OACI 318 -14/11/0¢

+_
f,¢c'd

<

ATIA %

y

A

P
A+ ACI 318 05/02
A CSA A23.3

—_——) =) —) —»—» — = :

Referto Section 2.6.%or additional information.

After the analysis and design, if the computed valuksgfreatly differs from the estimated value

of A, the analysis should be performed again with new values for the crack coefficients

8 ACI 31814, 11.8.3.1; ACI 3141, 14.8.3; ACI 3188, 14.8.3; ACI 3185, 14.8.3; ACI 3182, 14.8.3CSA
A23.314, 23.3.1.3; CSA A23:84, 23.3.1.3; CSA A23:84, 23.4.1.3

9 For the first approximation of therkckedlgrossratio the user may also refer to: ACI 318,6.6.3.1.16.6.4.2,
6.7.1.3, 6.8.1.4; ACI 3181, 10.10.4.1; ACI 3188, 10.10.4.1, ACI 3185, 10.11.1; ACI 318®2,10.11.1, CSA
A23.314,10.14.1.2; CSA A23:84, 10.14.1.2; CSA A23:94 10.14.1
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At service loads, a wall may or may not be in a highly cracked state. For service load deflection
analysis, a problem should be modeled with arodyiane cracking coefficient for plates, and
andly cracking coefficients for stiffeners bfsective/ | gross | eftective IS @ value betweehracked and

| gross The value of efreciiveCan be obtained from the following formtfla

3 A 3
o ~ e (<}
| =aeM—aM°’ g o.a MR
effective gross é gugracked gros
(; - S :

S

10 ACI 31814, 19.2.3.1, 24.2.3.5; ACI 31BlL, 9.5.2.3; ACI 3188, 9.5.2.3; ACI 3185, 9.5.2.3; ACI3182,
9.5.2.3; CSA A23.314, 9.8.2.3; CSA A23:84, 9.8.2.3; CSA A23:34,9.8.2.3
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2.3.5. Analysis Solution and Results

2.3.5.1. Solution Process
The solution process is summarized in the following steps
A. Perform inplane analysis

1. Compute the plate and stiffener element matrices related to-fiiene degrees of

freedom (i, Uy, andd?).
2. Assemble the uplane global stiffness matrix, [Ki].

3. Combine the applied loads and form number of leactors equal to the number of

load combinations, [Fi].
4. Compute the displacement [Ui], by solving the equilibrium equations
5. Compute the plate elementhane forceNxx, Nyy, andNxy.

6. Compute the stiffener elementptane end forceBy, Fy, andM..

\l

. Compute the reaction forc€s, Fy, andM; at each restrained node.
B. Perform outof-plane analysis

1. If first order analysis is requested, the-of{plane analysis is done once for all load

combinations in a similar way to that done for thelane analysis.
2. Outof-plane analysis gives

i. the displacementsi{, dx, anddy) at each node,

ii. the reaction forceB;, My, andMy at each restrained node,

iii. the plate element internal momeMsx, Myy, My,

iv. the stiffener element end forcég My, andMy.
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3. If second order analysis is requested (the default setting), a complete analysis cycle

is done for each load combination. In each cycle, the basic stiffness terms of plate
elementsare modified to account for the effect of membrane fdtc&r stiffener
elements, the basic stiffness matrix is modified to account for the effect of axial

forced?.
C. Compute envelopes for the displacements produced by all service load combinations.

D. For each plate and stiffener element, compute the area of steel required for resisting all
ultimate load combinations. For plate elements, the required area of steel is calculated at
the element center. For stiffener elements, the area of steel is calculated at each of the

elementends. Then, the maximum value of area of steel is reported.

11 References

12 References
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2.3.5.2. Solution Results

The program output is organized into tables that may be optionally viewed, printed, or sent to file.
Furthermore, the tables may be fully or partially output for all or for only selected nogi@bers,
and load combinations.

Nodal Displacements

Nodal displacemen®y, Dy, andD; are output for individual service and individual ultimate load
combinations. Positive displacement is in the positive direction of the axes. If treelests the

option to check oubf-plane displacement against the maximum permissible value provided by
the user, the program will perform the comparison and flag service displacement results where the

permissible values are exceeded.
Reactions

Restraint and Nodal Spring reactions are output for individual service load and ultimate load
combinations for nodes with specified restraints or nodal springs. Nodal translational rdagtions
Fy, andF and rotational reactiorddx, My, andM; are output. Positive translatiorraactions are

in the direction of the positive axes and positive moment reactions are deteusimgthe right

hand rule. The program also repdtesum of forces and moments with respeawédl center of

gravity forapplied loads and reactions.
Element Internal Forces

For each plate element, internal fordgs, Nyy, Nxy, Mxx, Myy andMxy are output for individual

service or ultimate load combination.

For each stiffener element, internal forbgd/y, V., My, MzandTy are output for individuadervice

or ultimate load combination.
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Displacement Envelopes

Maximum nodal displacemeni, Dy, andD; from all service load combinations are output. The
governing load combination is identified. Positdisplacements are in the direction of pusitive

axes.
Element Reinforcement

For each plate element, the required areas of reinforcekgesnidAsyare computed based on the
average moments per element and are output along with design forces and governing ultimate load
combination. In both horizontal and vertical directions, the reported reinforcements is the total
required area of steel per unit length. Half of the reported value applies to each curtain in models

with two curtain layout.

If the area of vertical reinforcement for a plate element is greater than one percent (0.5 percent for
CSA A23.314/04), the program indicated that ties are required for bars in compression. If the
program reports that ties are required for a single curtain design, switching to two curtain design

should be considered by the user.

For each stiffener element, the required area of longitudinal reinforcement for flexure and axial
loadsAs, transverse reinforcemem,/s, required for shear and torsion, and torsional transverse
reinforcementAd/s and A are output along with the design forces and governing ultimate load
combination. Area of transverse reinforcement required for shear only caaldugatedby

subtracting twice the torsional reinforcement area from therage#red for both shear atatsion.
Wall Cross-Sectional Forces

The program reports values of cregsctional forcesNuy, Vux, Vuz, Mux, Muy, Myz) at entire wall
sections directly above (+) and directly below €ach horizontal grid line level. The cress
sectionalforces are calculated as sums of all corresponding forces or moments (with respect to
crosssection centroid) applied as loads or reactions on one side of the section less forces and

moments transferred by stiffeners if the wall section intersects any.
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Figure2.91 Wall Crosssectional Forces

The wall crosssectional forces are used by the program to determine wall shear strength provided
by concrete. The user may also use these forcesrify correctness of load input or as input to

supplemental calculations of flexural and shear reinforcement for entire wahsexdsms.
Wall Shear Strength

For solid (without openings) walls designed according to the ACI code, the program optionally
reports factored Hplane ¥cx) and owtof-plane ¥, shear strength provided by concrete in entire

wall crosssections above and below each horizontal grid line level. The shear strengths are also
compared to the corresponding calculated shear fofgeandVy,, respectively. The comparison

may be used by the user to determine the adequacy of the wall thickness and whether additional
shear reinforcement or minimum shear reinforcement is required in addition to the axial and

flexural reinforcement calculated by the program.
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2.4. Design Methods

2.4.1. Element Design Forces

The required areas of reinforcing steel for flexural and shear are computed based on assumptions

conforming to the strength design method.

2.4.1.1. Plate Elements

For each ultimate loadombination, the program obtains values fopiane design forces by

including the effects of Hplane shear forces as follows

Maximum in-plane design forces

Minimum in -plane design forces

Nx = Nxx *ny

N, =N, N,
éN, it N,20
)

MaximumN,, =] N2 .
TN+ X if N, 9
| yy
eN, if N, 20
)

MaximumN,,, =j N2 _
PN, + = if N, ©
1 Nxx

NXX

Nx = Nxx -{ ny

N, =N, {N,
&N, if N, ¢0
7

Minimum N, =} N2 _
7 Ny, - = if N, %
| Ny,
&N, if N, ¢0
)

Minimum N, =j N2 .
PN, - Y if N, ®
i N,

Nyy

Ny

NXX

In the above equationblxx, Nyy andNxy correspond to the element internalplane forces at the

element center.
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The program obtains the values for design bending moments by includirejfebts of the

torsional moment as follows

Maximum design bending moments Minimum design bendingmoments
Mx:Mxx ny I\/Ilelex -{Mxy
My:Myy +Mxy My:MW -{Mxy‘
éM ifM, 20 éM, ifM, ¢0
i i
MaximumM , = 2 _ MinimumM , =j M2 _
M+ ifM, 0 TM,, - Y ifM, 0
i yy i M,
eM, if M, 20 éM, if M, ¢0
i 7
MaximumM , =j M2 _ MinimumM, =j M2 _
iM + Y ifM, 0 iM,, - Y ifM, ®
i XX i Mxx
M,
M,y
M,y

M

xy

In the above equationd)xx andMyy correspond to the element internal bending moments at the
element center, whil®xy corresponds to the element internal torsional moment at the element

center.
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2.4.1.2. Stiffener Elements

The stiffener element design forcBs, Vuy, Vuz Tu, My, andMy; arethe envelope values of

element internal forceNy, Vy, Vz, Tx, My, andM; for a given element.

The stiffener elemennternalforcesNx, Vy, Vz, Tx, My, andM; are obtained directly frorthe

element end forcesy, Fy, Fz, Mx, My, andM; (Figure2.10) using the following relationship

eN, o ¢ 0
| | | |
T VV 1 TFy 1
\A| Fo1
? ‘U = ¥ S at node
i 1 Ma 7
iMm 1 ™M )
T 71 Ty 1
[ MZ ylnternal Forces -M Z j ,g\d Forces
eN, 0 ¢F,
| | | |
i Vi S
Vv, 1 F, o1
¥ ‘U = ? L at node
T g Mg
iM T YR
T Y T 1
[MZ V,Internal Forces N Z ,ﬁnd Forces
.
T My Mz
pd |
_________ — V.
::j: ________________ ﬂ/_,j_ _bx Yy A
// z . J /V
z
¥, : T N Tx
Local Coordinate System > < i T > -
// // N
Vz/ e , .
\ A%

Internal forces

End forces

Figure2.101 Stiffener Internal Forces

| 47 |



< .
SUWa I I SOLUTION METHODS

2.4.2. Flexural Design

Flexural design is performed based on the code provisions of ACI 318 and CSA RéfeR0

Section 2.7.%or applicable Code Provisions and Equations.

The required area of steel is calculated by trial and error. The program will try to find the least
amount ofAs, between the minimum and maximum values specified by the user, which satisfies
the strength requirements of all ultimate load combinations. If a valug tamnot be found, the

program reports design failure.

For plate elements, it is required to calculate the area of steel in the X and in the Y directions. In
the X-direction, the area of steAkx should be enough to satisfy the strength requirements under
the following sets of extreme design forces for each ultimate load combinations

A MaximumNux and MaximumM x

A MaximumNux and MinimumM x

A Minimum Nux and MaximumM ux

A Minimum Nux and MinimumM
In the Y-direction, the amount of ste&lyshould be enough to resist the following sets of extreme
design forces for each ultimate load combinations

A MaximumNyy and MaximumMy

A MaximumNyy and MinimumM .y
A Minimum Ny and MaximumM .y
A

Minimum Nuy and MinimumMy
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Figure2.117 Design Forces and Location of Bars

For stiffener element, the area of st&els calculated such that the strength requirements at both
end nodes are satisfied for all ultimate load combinations. The design of stiffener elememts has

modes: biaxial and uniaxial modes.

The biaxial mode is applied when the flange width is equal to Eeyare2.12). In this case, the
area of steel is calculated duelRg Myy, andMy.. When the flange width is specified, the neutral
axis is forced to be along the local y axis. In this case, the area of steel is calculatelé,duelto
Muy.

——————————— ——— ———

Biaxial mode Uniaxial mode

Figure2.121 Design Modes for Stiffener Elements
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2.4.3. Shear design of stiffener elements

Shear design is performed based on the provisions of ACI 318 asinihidied method of CSA

A23.3 Referto Section 2.7.3or applicable Code Provisions and Equations.

For stiffener element, web reinforcement for shear and tor&itgrand longitudinal torsion
reinforcementAy) are calculated such that the strength requirements at both end nsisheel
for all ultimate load combinations. The design of stiffener element has two nigideml and

Uniaxial modes.

The biaxial mode is applied when the flange width is equal to(Eeyare2.12). In this case, the
amount of welseinforcemenA./sis calculated in the ¥irection and in the direction separately.

The maximunwvalues of(AJ/s), and (Av/s), are reported. When the flange width is specified, the
neutral axis igorced to be along the local y axis. In this case, the amount of web reinforcement
(Av/s) is calculated in the Alirection only and the maximum value @./s), is reported. The
effectiveflange width considered for the design due to torsion is calculated according to clause
13.2.4 forACI 318-02/05/08/11 and 9.2.4.4(a) for ACI 318, clause 13.1 for CSA A23H,

and clausd.3.8.2.7 for CSA A23-84/14.
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2.4.4. Calculating additional reinforcement due to shear & torsion

Procedure for calculating additional reinforcement due to shear and torsion based on CSA A23.3
14/04 standard.

Proportioning of longitudinal reinforcement for sections subjected to combined shear and torsion
in flexural regions is based on the requirement that the resistance of the longitudinal reinforcement
has to be greater or equal to the axial force that can be developed in this reinforcement. In non

prestressedectiongV,, = 0) these forces are equalto

A flexural tension side

M , 80.45p.T. B
|:“=d—f 0.5N, erotq\/(vf 0-5,) aeﬁ 0 Fidue Fisnk
v % -
I:It,ﬂexure F

It ,shear

A flexural compressiorside

2
40.45p. T, 6
e I n 0 I:Ic, fleﬁre Flc sheal
¢ 2A =

F=M gy V. 05)
I_d .fC@tC](f 's)

Vv
—_—

F

Ic, flexure I:Ic,shear

These forces can be decompdééato flexure and shear components. The flexure components,
Fitfiexure andFic fiexure, @ccount for the action of the bending momeéft, and the axial force\lr,

whereas the shear componemgshear and Fic sheas @account for the action of the shear forgg,

and the torsional moment:. The amounts of reinforcement needed to resist the flexure
components are calculated separately in the flexure and axial design procedure. The total amount
of the additional longitudinal reinforcememndy, needed to resist shear and torsion will be

determined as follows

13 CSA A23.314,11.3.9.2,11.3.9.3,11.3.10.6; CSA A284 11.3.9.2,11.3.9.3, 11.3.10.6

¥ J.G. MacGregor, F.M. BartletReinforced Concreté Mechanics and DesigrFirst Canadian Editior2000, pp
294, Eq. 742
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2

80.45p.T, B
"6672 o]
¢ A =

i ZCth\/(Vf - 0.5/)°

A — It,shear+ FI(; shear _

f.f, tf,

Please note that if only torsion act®d £ 0andVs= 0), then (assumingd 359 A would reduce

to
40.45p T, ©
&oon 2 p.T
A=2cof( 359> "=1285 "'
f.f, 2A, £f,

which is comparable (and conservative) to the additional amount of longitudinal reinforcement

due to torsion required in accordance with the previous edition of the CSA A23.3 st&ndard

The additional longitudinal reinforceme#t, will only be calculated if a section is subjecte@to

significant shear or a significant torsténwhich is presumed to be the cdsé V, >V, or

T, >0.251, . Otherwise, it is assumed that the flexural reinforcement is extended a distance of

dv cotd beyond the location needed by flexure alone and the additional reinforc&nreht

15 CSA A23.314,11.3.6.3; CSA A23:84,11.3.6.3
16 CSA A23.394,11.3.9.5
17 CSA A23.314,11.3.9.1; CSA A23:84, 11.3.9.1

18 CSA A23.314,11.2.8.1,11.2.9.1; CSA A23(®}, 11.2.8.1, 11.2.9.1
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In the biaxial case with two shear forc¥s, and V., the total additional reinforcement will be
calculated as the sum of amounts needed in each direction i.e.

A=A +A
With
e ° 2,
€ 0.45p, T
%Zcotq\/(vfz- 0.5/32)2 Jge% 5
A, =i ¢ = ifV, >V or T, 0.25T,
i f.f,
{0 if V, ¢V andT, ¢0.29,
and

€2cotg(V,, - 0.5/
D q(” Q if vV, 3,
Ay:‘l ff y

0 if Vv, €V,
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2.4.5. Wall Shear Strength

The program can calculate-plane and oubf-plane concrete shear strength of the wall at
horizontal crossections defined by each grid levEhe calculated strength is then compared at
eachsection to shear forces calculated from the applied loads. The option to calculate and check
wall shear strength can be activated in the solver options only if the wall is solid (i.e. has no
openings)and ACI code is selecte®eferto Section 2.7.Zor applicable Code Provisions and

Equations.

The ACI 318 code provides two sets of provisions to calculate wall shear strength. Detailed
provisions are available in the program only for walls with constant thickness and concrete
material. These walls are referred to by the program as uniform walls. Femiform walls,

where wall thickness or concrete material is not constant, only simplified provisions are available.
The user can invoke either detailed or simplified provisions for uniform walls based on their

engineering judgment.

If wall shear strength is exceeded in the-oliplane direction then the increase of concrete
strength or wall thickness should be considered, or additional transverse reinforcement in the form
of ties, stirrups, or headed bars should be provided. The amount of transverse reinforcement has

to be calculated by the user separately.

To account for irplane shear, the program calculates horizontal and vertical reinforcement

requirement using formulas describedElement Design Forces Sectidrhis reinforcement is

calculated for each element using different approach than stipulated by Shear Provisions for Walls
in ACI codé®. When the concrete iplane shear strength is exceeded by calculated shear forces,
the increase of concrete strength or wall thickness should be considered. Alternatively, additional
horizontal and vertical shear reinforcement should be provided as required by ACI provisions for
walls®®. This would be conservative since the contribution gflane shear is partially considered

in axial and flexural reinforcement design as describétlement Design Forces Section

19 ACI 31811, 11.9; ACI31808, 11.9, ACI 3185, 11.10, ACI 3182, 11.10

20 ACI 31802, 14.3; ACI 31805, 14.3; ACI 31808, 14.3; ACI 31811, 14.3; ACI 31814, 11.6
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2.5. Detailing Provisions

2.5.1. Reinforcement Under Concentrated Loads

Loads applied to a wall model to represent a framing member reaction or a support for Mechanical,
Electrical and Plumbing (MEP) equipment or utilities are typically concentrated (Point) loads.
Depending on the bearing area of the support the point loadendigtributed or spread to input

as a line load thus reducing the concentration effect. In these situations, the user may consider
additional reinforcing details to facilitate the load path and load distribution near the support
installation and mitigat@against localized damage to the concrete wall. This will also help in
transmitting the load physically to the wall as intended by the user in the analytical model.

2.5.2. Reinforcement for Reentrant Corners

A re-entrant corner idrequently encountered in structural wall systems with openings for
windows, doors, and other penetrations. The spWall graphical output (contours) may used to
examine any stress concentrations or distortion that may occur as the load path is subject to an
abrupt change in section geometry and possible reduction in stiffness. The program computes the
required reinforcement in the horizontal and vertical directions for elements in the reentrant corner
zone similar to all other elementdéowever, @pending ooading and suppodonditions, such a

corner may be subject to cracking andy benefit fronsomeadditionalreinforcementypically

in a diagonal direction to control cracking. Regardless of minimum code requirement presence,
such considerations should be based on the judgment of the design professional to achieve the

desired serviceability of the completed wall system

2.5.3. Wall Anchorage and Dowel Design

Additional reinforcement may bequired where anchorage to concrete walls may be subject to
pullout, tension side bursting, or shear side bursting. Such reinforcement must be determined as
part of the anchorage calculations and be designed and detailed to satisfy the assumptions made

by the user input regarding the load path and distribufibrs is essential, like concentrated loads
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discussed earlier, in order to ensure proper transmission of load to the intended structural wall. A

typical example is encountered where a horizontal floor or roof diaphragm is attached to a
structural wall to deliver lateral loads and simultaneouslyigeothe wall with lateral oubf-plane

restraint.

2.5.4. Reinforcement Confinement in Walls withHigh Compression

Structural walls are frequently designed with out of plane loads and two curtains of reinforcement.
spWallhas an option for design of walls with two curtains of reinforcement as well as one curtain

of reinforcement to accommodate various needed wall thicknesses.

For each plate element, the required areas of reinforcerngeamd Ay are computed based on the
average moments per element and are output along with design forces and governing ultimate load
combination. In both horizontal and vertical directions, the reported reinforcement is the total
required area of steel per unit IéimgHalf of the reported value applies to each curtain in models

with two curtain layout.

If the area of vertical reinforcement required for a plate element is greater than one ([iétgent

of the gross area of the concrete sectiorfddyr CSA A23.3), the program indicates that ties are
required for bars in compression. If the program reports that ties are required for a single curtain
design, switching to two curtain design should be considered by th&hegroper consideration

of this condition as provided bgpWall is important to ensure the successful performance of

compression reinforcement in the wall section.
The general considerations for design of wall elemierdpWallareas follow:
A spWallcalculates the required reinforcement only for the ultimate load combinations.

A For walls with two curtains of reinforcemespWallconsiders contribution of both layers

in calculation of required reinforcement.

A In cases where the load is not reversible from wind or seismic (i.e. only one layer of steel
is subjected to maximum stress like in a retaining wall) the design may be conservative

and the user can use a single layer option to optimize the design.
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A The plate design criteria section of the inputs provides options for minimum and
maximum reinforcement ratios §fg) and location of reinforcement centroid with

respect to the face of the wall for each curtain.

A One curtain is not permitted for wall thicker than 10 inches by default unless the box is

checked to allow this condition in cases where the user deems suitable.

A spWall permits the user to override the default code minimum reinforcement ratios for
investigation of as built wall by invokin
codeo.

A spWallcalculate the required reinforcement for all ultimate load combinations and reports

the greatest value and the corresponding load combination.

A Ininstances where the required area of vertical reinforcement for a plate element is greater
than one percer(%) (0.5% for CSA A23.3),spWallwill examine the location of the
neutral axis and indicates that ties are required for bars in compression by placing a star

in the Tie column.

A The |l oad combination which calls for @ATies
combination from which the greatest required reinforcement is reported.

Tension Side Tension Side

N.A.

x N.A.
N

A A,

Compression Bar All Bars in Tension
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2.6. Special Topics

2.6.1. Cracking Coefficient and Effective Flexural Stiffness of Concrete Walls

The cracked moment of inertia fetructural walls including precast atidl-up wall panels can be
calculated using different provisiopgrmissible in codes and standarfisisdesign professional

has several choices to select from when makidgasionas to which methods to use and that
depends partially on the wall application and its required behavior under service conditions. This

Technical Aticle discusses and compares the commonly used provisions in AC14318&

calculate the cracked moment of inerttaalso reveals the considerable variation that exists for
this design parameter as well as its impact on the strength and serviceability of the structural

member under consideration.

2.6.2. Shear Wall Seismic Design Considerations

Shear wallreinforcement detailing to meet seismic design provisions is required by codes and
standards. It is also dependent on seismic design categories and other factors. The reinforcement
computed by spWall needs to be distributed and detailed further by tlym gesfessional to

ensure that seismic design and detailing required by the relevant code are implemented. Such
requirements are explained further in various references and code documents. Seismic Detailing
of Concrete Buildings from the Portland Cemenséaation (PCA) contains a comprehensive

summary of the seismic detailing requirements in ACI 318.
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2.6.3. Retaining Wall Design Considerations

Reinforced concrete cantilever retaining walls consist of a relatively thin stem and a base slab. The
stem may have constant thickness along the length or may be tapered based on economic and
construction criteria. Cantilever retaining walleetherprecast in a factory or formed on sit&n

be analyzed and designeding the engineering software programs spWall and spMats. Th
Design ExamplandCase Studexplore the traditional hand solution for a cantilevered retaining

wall and provides a comparable solution with the finite element method (FEM) using spWall.
Using spWall extends the flexibility of the end user to model nonstandard condition of support and
loading for earth retention wall systems. Similarly, spWall effectively models the behavior of
highway sound walls, soil nail walls, and-back anchored retaining walls with focus on
understanding the support reactions and walkobytlan displacementwith active or passive

restraints.

2.6.4. Tank Wall Design Considerations

Reinforced concrete tanks are used widely to collect and contain liquids from wastewater stations,
process facilities, agricultural and environmental plants. Thise Studyfocuses on the design
considerations for rectangular concrete tank walls and base slab with emphasis on the variation of
the loading cases and load combination required to adequately address all stage of construction

and operations

Many designprofessionalslepend on simplified conservative assumptions for analysis of tank

walls or rely ondesign coefficientsuch as théablespr ovi ded i n the MnARect a
Tankso Design handbook by the Portland Cement
conditions and loading scenarios can extend the limits of hand solutions and provide the end user
with control over support tmations, load distribution, placement of openings and much more
flexibility to examine the behavior of thmplete tank structure. This is particularly relevant in

the design for durability and liquid tightness where specialized load factors and load combinations

are necessary to meet stricter functionality or serviceability conditions such as that34%dz|

ACI-350. More information about this topic can be found in ghigle.
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2.6.5. Deep Beam & Transfer Girder Design Considerations

The spWall program is typicallysed for the analysis and design of structural reinforced concrete
walls. Additionally, the program can be used to analyze and design deep beams, transfer girders,
coupling beams, corbels, pile caps, and otherstandard concrete elements with geometric
discontinuity.The StrutandTie Model (STM) is a tool for the analysis, design, and detailing of
reinforced concrete members. It is essentially a truss analogy, based on the fact that concrete is
strong in compression, atdat steel is strong in tension. Truss members that are in compression
are made up of concrete, while truss members that are in tension consist of steel reinforcement.
STM provides a design approach, applicable to an array of design problems that deerext ha
explicit design solution in the body of structural codes. This meteogdires the design
professionato consciously select a realistic load path within the structural member in the form of
an idealized truss. Rational detailing of the truss elesreamd compliance with equilibrium assures

the safe transfer of loads to the supports or to other regions designed by conventional procedures.
While solutions provided with this powerful analysis and design tool are not unique, they represent

a conservativéower bound approach.

Deep beams such as transfer girders can be analyzed and designed by any procedure satisfying
equilibrium and geometric compatibility. Two established methods are widely used. The Strut
andTie Model or Method (STM). This method gives the engineer condidentrol over
modeling choices and ways to assert engineering judgement. Finite Element Method (FEM) is
another method for analyzing reinforced concrete deep beams, particularly useful for irregular
beams and walls with variable thicknesses, openimgkother features that limit the use of STM

or significantly complicate the STM truss and calculations. Many reputable commercial FEM
analysis software packages are available on the market today such as spWall. Using FEM requires
critical understanding othe relationship between the actual behavior of the structure and the
numerical simulation since this method is an approximate numerical method. FEM is based on
several assumptions and the engineer has a great deal of decisions to make while setting up the
model and applying loads and boundary conditions. The results obtained from FEM models should
be verified to confirm their suitability for design and detailing of concrete structureDa@hisn
Examplediscusses in detail the analysis and design of deep beam (transfer girder) using STM and
FEM.
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spWall progranoffersDeep Beam Templatdés enablethe user to seleftom a set of prelefined

templates and edit them for quick model generation.

2.6.6. Shear Wall Lateral Displacement and Stability in HighRise Buildings

Lateral displacement of shear vgaih highrise building and structures is a critical design
parameter with a direct impact on the functionality and serviceability of a building and its occupant
comfort. In tall structures lateral displacements also must be controlled to preserve content and
operability withirg permissible tolerances. Thizase Studyexperiments with the displacement

computation and magnitudevestigatedin spWall using different Cracking Coefficient

Equations Study indicates that using reduced stiffness in critical region (heel of shear wall) has
significant effect on the lateral displacement of shear walls and need to be considered. The reduced

stiffness can be calculated using different ACI 318 provisionsimg more detailed analysis.

2.6.7. Alternative Method for Out -of-Plane Slender Wall Analyss

Limitations

Concrete walls analyzed using simplified methods in structural concrete standards must meets and
comply with a number of conditions for such methods to be suitable.TEbisnical Aticle is

intended to assist design professional with such conditions in wall systems and reviews options for
concrete walls spanning a number of floors with and without openings. Special attention is paid to
the proper calculation of moment magnification duesécond order effects and exacting the

location of maximum deign moments after magnification.

2.6.8. Multi -Story Tilt -up Wall Considerations

Multi-story structural titup walls frequently used in lowse and mierise construction present a
number of additional considerations beyond what is commonly covered in codes and standards for

simply supported single span structural walls. In Bisign Exampl@and theTechnical Articlg

the limits of applicability of simplified alternative analysis method is explored along with

additional considerations for mukpan continuous wall. In continuous wall models, the
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maxi mum positive moments dondt necessarily oc

to moment magnification that may further shift the location of the maximum design moments in
each span. Many other issues arise with panels with cantilevered gpaable thickness and
width, irregular openings, nestandard boundary conditions, high compressive loads; non

standard concentrated load, and intermediate support at ground floor slab locations.

2.6.9. Lifting, Shoring, and Bracing of Wall Panels

Wall panels in earth retention structures, precast andpilbuildings, and deep foundations
regularly require wall analysis during lifting, shoring, and bracing. Such analyses may be for short
term erection and construction load conditions or {@rg service conditions with requiring
stabilization. spWall can be used to model and analyze a variety of these construction scenarios by
using a comprehensive set of boundary conditions and nodal restraints to investigate the wall

behavior, strengths, and teced reinforcing. ContachtructurePoint suppoto discuss specialty

examples and case studies from our archives including specialty applications of tiebacks, walers,
and rakers/struts installed as part of a shoring system to resist earth and water pressures.

2.6.10Insulating Concrete Forms (ICF) Walls

Insulating concrete form (ICF) is a concrete formwork system made of rigid thermal insulation
that stays in place as a permanent interior and exterior substrate for walls, floors, and roofs. This
CaseStudy focuses on the design of ICF walls using the engineering software program spWall.
The ICF wall under study is in a typical festory residential building with prestressed precast
hollow core concrete plank floor withzainch concrete cast in place topping. A review of the out

of plane wind load displacement and support reactions along with the required reinforcement is

included.
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2.7. Code Provisions and Equations

This section presents code provisions and equations pertaining to the structural code cycle as used

by spWall and outlines any differences that exist between code cycles.

2.7.1. Flexure Design

For each of thelesign codes available in spWall, a summary of flexural design requirements is

given below:

2.7.1.1. ACI 318-14

€0.90 ife 2 0.005
)
0 0.25e- f, /E
A F=1065+ e 1, /E) iff, /E, <¢ 0005 (21.2.2)
3 0.005 f, /E,
10.65 ifg ¢ f, /E,
A Maximum usabldy, = 80.0 ksi (20.2.2.4)

A An elastic perfectly plastic strestrain distribution is assumed for the reinforcing steel
(20.2.2.2)

A Strains in concrete and steel are assumed directly proportional to the distance from

neutral axis (22.1.2,22.2.1.2)
A Maximum concrete strain = 0.003 (22.2.2.1)
A Tensile strength of concrete is neglected (22.2.2.2)

A Equivalent rectangular stress distribution is used to represent the relationship between

concrete compression stress and concrete strain (22.2.2.4)

A . =0.85f; (22.2.2.4.1)
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;é0.85 if fi¢ 4Kksi
A b=10.85-005%f; 4kg if4 f<i 8ks (22.2.2.4.3)
10.65 if f§2 8ksi
A Tension control starts &= 0.005 (21.2.2)
Compression control starts@t (= fy / Es (21.2.2,21.2.2.1,21.2.2.2)

A Maximum axial strengttfP, ., =0.80 { 0.85j( A, -A) A, (22.4.2.1,22.4.2.2)

A Minimum ratio of vertical reinforcement =0.0012 (11.6.1)
A Minimum ratio of horizontal reinforcement = 0.002C (11.6.1)

A Minimum ratio of reinforcement (both directions) in precast walts 0.001

(11.6.1,11.7.2.2, 11.7.3.2)

A Ties are required for vertical reinforcement in compressionf0.01 (11.7.4.2)

A Maximum wall thickness with one curtain of reinforcement = 1Qéscept basement
walls) (11.7.2.3)

A qOlc/ 150 (11.8.1.1(e), 11.8.4.1, 11.8.4.2, 11.8.4.3, 11.8.4.4)
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2.7.1.2. ACI 318-11/08

£0.90 if g 2 0.005
7
i o025g-f,[E
A f={065 + qa- 1, /E) iff, /E, <¢ 0005 (9.3.2)
; 0.005 f, [E,
10.65 ife ¢ f, /E,
A Maximum usabldy, = 80.0 ksi (9.4)

A An elastic perfectly plastic stresgrain distribution is assumed for the reinforcing steel
(10.24)

A Strains in concrete and steel are assumed directly proportional to the distance from

neutral axis (10.22)
A Maximum concrete strain = 0.003 (10.2.3
A Tensile strength of concrete is neglected (10.2.5

A Equivalent rectangular stress distribution is used to represent the relationship between

concrete compression stress and concrete strain (10.2.9

A f =0.85f; (10.2.7.1)
€0.85 if fi¢ 4Kksi

A b,=10.85-0.04fj 4k if4 f<i 8%s (10.2.7.3)
10.65 if fi2 8ksi

A Tension control starts &= 0.005 (10.3.9

Compression control starts@t () = fy / Es (20.3.3

A Maximum axial strengttfP, ., =0.80 { 0.85j( A, -A) +A) (10.3.6.3

A Minimum ratio of vertical reinforcemernt =0.0012 (14.3.2
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A Minimum ratio of horizontal reinforcement =0.002C (14.3.3
A Minimum ratio of reinforcement (both directions) in precast walls0.001 (16.4.9

A Maximum wall thickness with one curtain of reinforcement = 1Qémcept basement

walls) (14.3.9)
A Ties are required for vertical reinforcement in compression=f0.01 (14.3.9
A qOlc/ 150 (14.8.9
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2.7.1.3. ACI 318-05

£0.90 if g 2 0.005
7
i o025g-f,[E
A f={065 + qa- 1, /E) iff, /E, <¢ 0005 (9.3.2)
; 0.005 f, [E,
10.65 ife ¢ f, /E,
A Maximum usabldy, = 80.0 ksi (9.4)

A An elasticperfectly plastic stresstrain distribution is assumed for the reinforcing steel
(10.24)

A Strains in concrete and steel are assumed directly proportional to the distance from

neutral axis (10.22)
A Maximum concrete strain = 0.003 (10.2.3
A Tensile strength of concrete is neglected (10.25)

A Equivalent rectangular stress distribution is used to represent the relationship between

concrete compression stress and concrete strain (10.2.9

A f =0.85f; (10.2.7.1)
€0.85 if fi¢ 4Kksi

A b,=10.85-0.04fj 4k if4 f<i 8%s (10.2.7.3)
10.65 if fi2 8ksi

A Tension control starts &= 0.005 (10.3.9

Compression control starts@t () = fy / Es (20.3.3

A Maximum axial strengttfP, ., =0.80 { 0.85j( A, -A) +A) (10.3.6.3

A Minimum ratio ofverticalreinforcementr =0.0012 (14.3.2
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A Minimum ratio ofhorizontalreinforcementr =0.002C (14.3.3
A Minimum ratio of reinforcement (both directions) in precast walls0.001 (16.4.9
A Ties are required for vertical reinforcement in compression=f0.01 (14.3.9

A Maximum wall thickness with one curtain of reinforcement = 1Qémcept basement
walls) (14.3.9

A qOlc/ 150 (14.8.9
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2.7.1.4. ACI 318-02

£0.90 if g 2 0.005
7
i o025g-f,[E
A f={065 + qa- 1, /E) iff, /E, <¢ 0005 (9.3.2)
; 0.005 f, [E,
10.65 ife ¢ f, /E,
A Maximum usabldy, = 80.0 ksi (9.4)

A An elastic perfectly plastic stresgrain distribution is assumed for the reinforcing steel
(10.2.4)

A Strains in concrete and steel are assumed directly proportional to the distance from

neutral axis (10.2.2)
A Maximum concrete strain = 0.003 (10.2.3)
A Tensile strength of concrete is neglected (10.2.5)

A Equivalent rectangular stress distribution is used to represent the relationship between

concrete compression stress and concrete strain (10.2.7)

A f =0.85f; (10.2.7.1)
€0.85 if fj¢ 4ksi

A b,=10.85-0.04fj 4k if4 f<i 8%s (10.2.7.3)
10.65 if fi2 8ksi

A Tension control starts &= 0.005 (10.3.9

Compression control starts@t () = fy / Es (20.3.3

A Maximum axial strengttfP, ., =0.80 { 0.85j( A, -A) +A) (10.3.6.3

A Minimum ratio of vertical reinforcemernt =0.0012 (14.3.2
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A Minimum ratio of horizontal reinforcement =0.002C (14.3.3
A Minimum ratio of reinforcement (both directions) in precast walls0.001 (16.4.9
A Ties are required for vertical reinforcement in compression=f0.01 (14.3.9

A Maximum wall thickness with one curtain of reinforcement = 1Qémcept basement
walls) (14.3.9

A qOlc/ 150 (14.8.9

| 70|



<
SUwa I I SOLUTION METHODS

2.7.1.5. CSA A23.314

At.=0.65 (8.4.2)
L ¢ = 0.70 for precast concrete (16.1.3)
Ls=0.85 (8.4.3)

A Maximum usable sted) in tension = 500 MPa (8.5.1)

A Maximum usable sted} in compression = 400 MPa (8.5.2)

A An elastic perfectly plastic stresgrain distribution is assumed for the reinforcing steel
(8.5.3.3

A Maximumusableconcretef j=80 MPa (8.6.1.1

A Strains in concrete and steel are assumed directly proportional to the distance from

neutral axis (10.1.2
A Maximum concrete strain = 0.083 (10.1.3)
A Tensile strength of concrete is neglected (10.1.9

A Equivalent rectangular stress distribution is used to represent the relationship between

concrete compression stress and concrete strain (10.1.7)
A f =a, ff;

A a,=0.85-0.001%; 20.6

A b =0.97 -0.0025; 20.6

A Maximum factored axial load resistané®)(= (0.2 + 0.008) P, O 0 P8 {10.10.4)

AReduction factor dukments. iho is applied t
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AReduction factor due to fiho is not appli

A If minimum stiffener dimension is less than 300 mm, judgment shall be used in the

determination of the maximum factored axial load resistance.

A Minimum ratio of vertical reinforcement =0.001¢ (14.1.8.5
A Minimum ratio of horizontal reinforcement =0.002C (14.1.8.9

A Minimum ratio of reinforcement (both directions) ionprestressecrecast walls
r =0.001 (16.4.3.3

A Ties are required for vertical reinforcement in compression=0.00% (14.1.8.%

A Maximum wall thickness with one curtain of reinforceme2t1® mm(except basement

and retainingvalls) (14.1.8.3

A q@Ol/ 100 (23.3.2
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2.7.1.6. CSA A23.304

At.=0.65 (8.4.2)
L ¢ = 0.70 for precast concrete (16.1.3)
Ls=0.85 (8.4.3)

A Maximum usable sted) in tension = 500 MPa (8.5.1)

A Maximum usable sted} in compression = 400 MPa (8.5.2)

A An elastic perfectly plastic strestrain distribution is assumed for theinforcing steel
(8.5.3.3

A Maximumusableconcretef j=80 MPa (8.6.1.1

A Strains in concrete and steel are assumed directly proportional to the distance from

neutral axis (10.1.2
A Maximum concrete strain = 0.083 (10.1.3)
A Tensilestrength of concrete is neglected (10.1.9

A Equivalent rectangular stress distribution is used to represent the relationship between

concrete compression stress and concrete strain (10.1.7)
A f =a, ff;

A a,=0.85-0.001%; 20.6

A b =0.97 -0.0025; 20.6

A Maximum factored axial load resistané®)(= 0.80Pr, (10.10.4)

A Minimum ratio of vertical reinforcement =0.0015 (141.85
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A Minimum ratio of horizontal reinforcement =0.002C (14.1.8.6)

A Minimum ratio of reinforcement (both directions) inonprestressecrecast walls
r =0.001 (16.4.3.3)

A Ties are required for vertical reinforcement in compressionf0.005 (14.1.8.7)

A Maximum wall thickness with one curtain of reinforceme2t1® mm(except basement

and retainingvalls) (14.1.8.3)

A g Ol /100 (23.3.2)
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2.7.1.7. CSA A23.394

Ar.=0.00 (8.4.2)

Ls=0.85 (8.4.3)
A Maximum usable sted} in tension = 500 MPa (8.5.1)
A Maximum usable sted} in compression = 400 MPa (8.5.2)

A An elastic perfectly plastic strestrain distribution is assumed for the reinforcing steel
(8.5.3.9

A Maximumusableconcretefj=80 MPa (8.6.1.2

A Strains in concrete and steel are assumed directly proportional to the distance from

neutral axis (10.1.29
A Maximum concrete strain = 0.083 (10.1.3)
A Tensile strength of concrete is neglected (10.1.5

A Equivalent rectangular stress distribution is used to represent the relationship between

concrete compression stress and concrete strain (10.1.7)
A f.=a, [f
A a, =0.85-0.001%; 20.6

A b =0.97 -0.0025; 20.6

A Maximum factored axial load resistan®)(= 0.80Pr, (10.10.4)
A Minimum ratio of vertical reinforcement =0.0015 (14.3.29
A Minimum ratio of horizontal reinforcement = 0.002C (14.3.3)
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A Minimum ratio of reinforcement (both directions)precast wallsr =0.001

(16.4.3.4)
A Ties are required for vertical reinforcement in compression=f0.01 (14.3.6)
A Maximum wall thickness with one curtain of reinforceme58 mm (14.3.4)
A q Ol /100 (23.4.2)
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2.7.2. Wall Shear Strength Provided by Concrete

For each of the design codes availablspiVall, a summary of shear strength requirements is

given below:
2.7.2.1. Wall Shear Strength Provided by Concretd In-Plane
Simplified Equations

In-pl ane shear strength provi d-enformbopncretavalltisi on 0 |

calculated using thillowing equation$":

?2&/ fc‘ﬁ hzj dﬁ if NU¥ >0, (compression)

T i i

T, . . B

i2:.5[1 / fCEi hzji dﬁ if NU¥ =0

VC)(- :| o
g a N, G

io@+—_ B/ [fih d if ( 5007, ) A O (tension

i & 5007, & i G Y

i ¢ b

“IO if Nuyj < -SOOAJJ_
Where
] = index of the horizontal crossections either above or beloviharizontal grid line
i = summation index of wall el ements along t|
n = number of el ements along the section 0) 0
N, = globalfactored axial force equal to the sum of verticalxiscomponents of all forces

above the secti on d&npdéreadtions, positive ihcpmpessipd | e d

and negative if tensile

21 ACI 31814, 11.5.4.5, 11.5.4.6; ACI 3181, 11.9.5, 11.9.4, 11.2.2.3; ACI 308, 11.9.5, 11.9.411.2.2.3;ACI
31805, 11.10.5, 11.10.4, 11.3.2.3; ACI 303, 11.10.5, 11.10.4, 11.3.2.3
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> = factor toaccount for lowdensity concreté.
IWJ = overal/l |l ength of the wal/l along the sec:
d = 038,
] I
hzj = thicknessinzdi recti on of the wall. el ement 06i 0
i
fcij = square root of specified compressive strength of concrete forthewal ment 061 6 a
the section /c_fcq ghall ndt kxeeedO@pi.u e o f
A = gross area of.concrete section 0j 0

j
Detailed Equations

Innpl ane shear strength provided by bassedotntheon 0]

following detailed equatioRd

4 & N, 00

g L g.zaﬁ+ O'ﬁ 88

ggg.a/\/ﬂ+ & T L *gzlolﬁ
Vo :ming Vuxjj " g

¢ N, dy

gs'yﬁhﬁdﬁJr 4|J |

e b

2 ACI 31814, 19.2.4.1, 19.2.4.2, 19.2.4.3, 26.4.2.1(a)(10); ACI-B188.6.1; ACI 3188, 8.6.1; ACI318-05,
11.2.1.2; ACI 31802, 11.2.1.2

2 ACI 31814, 11.5.4.6; ACI 3141, 11.9.6; ACI 3188, 11.9.6; ACI 3185, 11.10.6; ACI 3182,11.10.6
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MUZ- IW Nuy. dx.
If —--— ®thenVv, =33 [fjh d +—11
. 2 j 15 a4,
J ]
Where
Vuxj = global factored irplane shear force equal to the absolute value ofcfumorizontal
X-axis components of a | lincludiograppéesl loaddband e t h e
reactions.vuxj cannot exceedLOf /fc'g hzjdﬁ for ACl 31814/11/08 code$ and
10 / /fcg hzjdﬁ for ACI1 318-05/02 code®.
Muzj = global factored irplane bending moment equalttee sum of momentabout Zaxis
with respect to the centroid of the critical section ofab r ces above t he
including applied loads and reactions
IWj = overall Il ength of the wall along the secHt
d, = 0.8le (ACI 31808, 11.9.4, ACI 3185/02, 11.10.4)

2 ACI31814,11.5.4.3,11.5.4.2,10.5.1.1,11.4.3.1,11.5.1.1, 11.5.4.4; AC1B1RL.9.3, 11.9.4, 11.1.1; ACI 318
0811.9.3,11.94,11.11

2 ACI 31805,11.10.3,11.10.4,11.2.1, 11.1.1; ACI 18 11.10.3, 11.10.4, 11.2.1, 11.1.1
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2.7.2.2. Wall Shear Strength Provided by Concreté Out-of-plane

Simplified Equations

Outof-pl ane shear strength pr owindndam doncretewatisi on 0

calculated using the following equatiéhs

€a N, &
{24z ¢ R T—— [ [fil,d, if N, >0, (compressior
I e 20004, & TR y
[ =
V., =1 3/ [T, d f
) ' if N, =0
“ e Cﬁi g Yy
[l
[}
}0 if Nuyj <0, (tension)
Where
dle = distance in Zdirection from extreme compression fiber to centroid of vertical tension
i
reinforcement of the wal/l eIementMuXﬁic‘) t h
if vertical reinforcement layers are not placed symmetrically)
IWJ = overall l ength of the wall along the secHt
fc'g = square root of specified compressive str
i
alongt he section 6j 6. The value shal/l not e
Aaj = gross area of.concrete section 6j 6

%6 ACI 31814, 22.5.5.1, 22.5.6.1, 22.5.7.1, 11.5.4.6; ACI-318 11.2.1, 11.2.2.3; ACI 3188, 11.2.1,11.2.2.3;
ACI 31805, 11.3.1, 11.3.2.3; ACI 31@2, 11.3.1, 11.3.2.3
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Detailed Equations

The detailed calculation of4plane shear strength is allowed by the program for uniform concrete

walls based on the following equatiéhwhere

€ & o} o
I ot i 0 u ; i
i %.9/ /fclj 2500 G 4th - dzj l@_ﬁd% Y if Nuyj >0, (compression
{ min & Myg = Ny —25— 0 o and
i é N an, - d,
I A u M, -N, —— 0
1 235/ l;l ¥ M 8
e ¢
|
i
I
i if Nuyj >0, (compression
135 [fil, d, and
1 4h, - d,
ch :\: Mux - Nuy- ] - ©
j i j ] 8
!
|
1 av, dﬁ 60 1]
i efﬂ?L9/ [fi | +2500¢, mie . 1.0§0d, U
1m|n &M, 6‘ iou ifN =0
| u i
i ° u
i ?'5/\/ fdlydg b
I
|
i & N, © ( )
T2/ [fi1,d, &@+—1 0 F{-5004;) Ny &
% b & 5004, © (tension)
[
| .
IO if Nuyj ¢ 500'6\3;

27 ACI 31814,22.5.6.1, 22.5.5.1, 22.5.7.1, 11.5.4.6; ACI a18 11.2.2, 11.2.2.3; ACI 3188, 11.2.211.2.2.3;
ACI 31805, 11.3.2, 11.3.2.3; ACI 31@2, 11.3.2, 11.3.2.3
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Where

d = distance (in Zaxisdirection) from extreme compression fiber to centroid of vertical

tension reinforcement (may depend on the siglvrlpr if vertical reinforcement layers

are not placed symmetrically) along the
grid line).
hzj = thicknessofthewallinl i r ecti on along the section 0]
r = vertical tension reinforcement ratio alo

theprogram to be equal to tmeinimum vertical reinforcement raffof 0.0012

28 ACI 31814, 11.6.1; ACI 31811, 14.3.2; ACI 3198, 14.3.2; ACI 3185, 14.3.2; ACI 3182, 14.3.2
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2.7.3. Shear and Torsion Design of Stiffener Elements

For each of the design codes available in spWall, a summary of shear and torsion design

requirements is given below:
2.7.3.1. ACI 318-14

A Definitions:

o
1

Distance from extreme compression fiber to centroid of longitudinal tension

reinforcement. For a circularsectid® 0. 8 di amet er .

bw = Web width or diameter of circular section.

V= Yoy 20
f
Arv=075 (21.2.9
A Maximum usabléy = 60.0 ksi (22.7.3.2,22.7.3.3,22.7.5.1
A Lightweight concrete (19.2.4.1,19.2.4.2,19.2.4.3, 26.4.2.1(a)J10)

o=1.0,ifwc O 1p8f%2155 kg / M)
a=0.85, if 115pcf (1840 kg / ) <wc < 135pcf (2155 kg / r?)
2= 0.75, ifwc O  1ptf$1840 kg / ) (2.3)

A Shear strength provided by concrete

VC:2% N -\/f_cibwd N, © (compression (22.5.6.1,11.5.4)6
c 20007, -
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V=2 g 5ooAg g\/_ bd ® N, Oftension) (22.5.7.1,11.5.4)6

A Shear reinforcement

A Shear reinforcement should be provides, it 0.5 (7.6.3.1,9.6.3.1, 10.6.2.1

AAD_ N (7.6.3.2, 9.6.3
s f,d

A Maximum spacing of stirrups

05dO 24 i nc hfer¥, ¢4/fib,d, (9.7.6.2.2, 10.7.6.5)2
025d0 12 i nc oe\s>4/fib,d, (9.7.6.2.2, 10.7.6.5)2

A Torsion reinforcement

A Torsion reinforcement should be provided if

an o N,
T, >f kg2 3? 1 +—u (9.5.4.1,22.7.1.1, 22.7.4.1)
¢ Pep aA,[fi
A T
A t=_mn (22.7.6.1, 22.7.6.1.1, 22.7.6.1.2)
s 2Af,
af
A A=Dppr 22.7.6.1
A= e (227.6.1)
5/ fj f
A Minimum A :@ A p,—2 for L (9.6.4.3)
f, S f, S f,
A Maximum spacing of stirrups
% ¢12.0 inche: (9.7.6.3.3)
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A Minimum shear reinforcement

SOLUTION METHODS

(9.6.4.2)

. aA _, A 0 - b, b,
Minimum €e§+2 S 9=0.75/\/f_0| 3 BOE

A Total shear stress

A Maximum shear stress

o 2~ ~ o
\/% g* ﬁp“z 48 Ve 2& fj (22.7.7.122.7.7.1.)
o . : (;
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2.7.3.2. ACI 31811/08

A Definitions:

d = Distance from extreme compression fiber to centroid of longitudinal tension

reinforcement. Foracircularsectid® 0. 8 di amet er .

bvw = Web width or diameter of circular section.

Ve = Yu_y o
f
Av =075 (9.3.2.3)
A Maximum usabldy = 60.0 ksi (11.5.2)
A Lightweight concrete (8.6.1)

a=1.0,ifwc O 1p8f&2155kg / n¥)
o= 0.85, if 1150pcf (1840kg / n?) <wc < 135 pcf (2155 kg / /)
2= 0.75, ifwc O  1ptf$1840 kg / )

A Shear strength provided by concrete

VC:Z; N g«/fcibwd N, © (compression (11.2.1.2)
& 20004, 2

V=23 + s Blfihd ® N, Oftension) (11.2.2.3)
& 5004, 2

A Shear reinforcement

A Shear reinforcement should be provides, it 0.5 (11.4.6.1)
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A ﬁ: S
s f,d

A Maximum spacing of stirrups

05dO 24 i nc hfery, ¢4/fib,d,

025d0 12 i nc loe\g>4fib,d,

A Torsion reinforcement

A Torsion reinforcement should be provided if

A Minimum A:m -ﬁpqh forﬁs 250,

fy S

A Maximum spacing of stirrups

% ¢12.0 inche:

A Minimum shear reinforcement

Mlnlmumae'a—‘“+2A 0:075,be 5

¢S

A Total shear stress

0

£,

vt

(11.4.6.2)

(11.4.5.1)

(11.4.5.3)

(11.5.1(c))

(11.5.3.6)

(11.5.3.7)

(11.5.5.3)

(11.5.6.1)

(11.5.5.2)
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A Maximum shear stress

av, 5 ®Bp OV &
L5 N f (11.5.3.1)
5 b A
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2.7.3.3. ACI 318-05

A Definitions:

d = Distance from extreme compression fiber to centroid of longitudinal tension

reinforcement. Foracircularsectid® 0. 8 di amet er .

bvw = Web width or diameter of circular section.

Ve = Yu_y o
f
Av =075 (9.3.2.3)
A Maximum usabldy = 60.0 ksi (11.5.2)
A Lightweight concrete (11.2.1.2)

a=1.0,ifwc O 1p8f&2155kg / n¥)
o= 0.85, if 1150pcf (1840kg / n?) <wc < 135 pcf (2155 kg / /)
2= 0.75, ifwc O  1ptfE1840 kg / m)

A Shear strength provided by concrete

VC:Z; N g«/fcibwd N, © (compression (11.3.1.2)
& 20004, 2

V=23 + s Blfihd ® N, Oftension) (11.3.2.3)
& 5004, 2

A Shear reinforcement

A Shear reinforcement should be provides, it 0.5 (11.5.5.1)
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A ﬁ: S
s f,d

A Maximum spacing of stirrups

05dO 24 i nc hfery, ¢4/fib,d,

025d0 12 i nc loe\g>4fib,d,

A Torsion reinforcement

A Torsion reinforcement should be provided if

A Minimum A:m -ﬁpqh forﬁs 250,

fy S

A Maximum spacing of stirrups

% ¢12.0 inche:

A Minimum shear reinforcement

Mlnlmumae'a—‘“+2A 0:075,be 5

¢S

A Total shear stress

0

£,

vt

(11.5.6.2)

(11.5.4.1)

(11.5.4.3)

(11.6.1(c))

(11.6.3.6)

(11.6.3.7)

(11.6.5.3)

(11.6.6.1)

(11.6.5.2)
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A Maximum shear stress

av, 5 ®Bp OV &
L5 N f (11.6.3.1)
5 b A
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2.7.3.4. ACI 318-02

A Definitions:

d = Distance from extreme compression fiber to centroid of longitudinal tension
reinforcement. For acircularsectid® 0. 8 di amet er .

bvw = Web width or diameter of circular section.

Ve = Yu_y o
f
Av =075 (9.3.2.3)
A Maximum usabldy = 60.0 ksi (11.5.2)
A Lightweight concrete (11.2.1.2)

a=1.0,ifwc O 1p8f&2155kg / n¥)

2= 0.85, if 115pcf (1840kg / nm?) <we < 135 pcf (2155 kg / /)

2= 0.75, ifwc O  1ptf%1840 kg / i)

Linear relationship betweesm. andadis assumed between the above mentioned values.

A Shear strength provided by concrete

V=2 % 200% 8\/f_c|bwd N, © (compression (11.3.1.2)
V., = Q 50% 8\/_ fio,d ® N, Otension) (11.3.2.3)

A Shear reinforcement
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A Shear reinforcement should be provideslif 0.5

A Maximum spacing of stirrups
05dO 24 i nc hfer¥,¢4/fib,d,
025d0 12 i nc oe\s>4/fib,d,

A Torsion reinforcement

A Torsion reinforcement should be provided if

AA2
T, >f Apaﬁ1+—'\'“.
CFep —+ 4'%\/](_6
AA-_T
s 2Af,
AA—APéfW
S héﬁa

A Minimum A :m A pqiv for A 290
f, s f, s f,

A Maximumspacing of stirrups
P ¢12.0 inche:
8

A Minimum shear reinforcement

Minimum ae&+ 2:0 5/\/_b” ’50%
¢S - W

(11.5.5.1)

(11.5.6.2)

(11.5.4.1)

(11.5.4.3)

(11.6.1(c))

(11.6.3.6)

(11.6.3.7)

(11.6.5.3)

(11.6.6.1)

(11.6.5.2)
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A Total shear stress

A Maximum shear stress

o 2~ ~ o
\/av“ g* L} 48 Ve g& fi (11.6.3.1)
+AfYe
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2.7.3.5. CSA A23.314/04 (Simplified Method)

A Definitions:

d = Distance from extreme compression fiber to centroid of longitudinal tension

reinforcement. For a circular section, distance from extreme compression fiber to

centroid of longitudinal reinforcement in the opposite half.

h = Overall height omember.

dv = Greater of 0.8and 0.7h

bw = Web width or diameter of circular section.

Vs:Vf _\/c @ nc b\\;/a
_ T, p, O
@y 8
¢C "% =

Atc=065
L .= 0.70 for precast concrete
Ls=0.85
A Maximum usablef j=60 MPa
A Maximum usabld, = 400 MPa
A Lightweight concrete

2=1.0,ifw. O 2 kg¥ 67 (134.2 pcf)

Vi
,? —_—
b,
aT p,
{ =

¢ An

(11.2.10.3)

(8.4.2)
(16.1.3)
(8.4.3)

(11.3.6.3)

(11.3.6.3)

(2.1, 8.6.5)

2= 0.85, if 1850kg / nm® (115.5 pcf) <we < 2150kg / nt (134.2 pcf

2=0.75,ifw. O 1 8gY 07 (115.5 pcj

A Shear strength provided by concrete (assuming no significant tension):
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V. =f, / Ppiib,d, (11.3.4)
where
Jfi¢t8 MPa
b= 0.18 if at least minimum transverse reinforcement is provided (11.3.6(a))
230 . .
b= ———— without transverse reinforcement (11.3.6(b))
1000+d,

A Shear reinforcement

A Shear reinforcement should be providest i 3¢ (11.2.8.1)
AD-_Ys (11.3.5.1)
s f,fd,

A Maximum spacing of stirrups

0.7dO 600 mmifV, ¢0.125 ffj,d andT, ¢0.25, (11.3.8.1)
0.350,0 300 mnifV,>0.125 ffj,d orT, >0.25, (11.3.8.3)

A Torsion reinforcement

A Torsion reinforcement should be provided if

2
T, >0.095, /\/Tcii (11.2.9.1)
P

A A T
s 2Af f,cot35°

(11.3.10.3)
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20.45p.T
M, /d,+0.5N, +COt35°\/(Vf v,)’ g‘é% |
A A= — ¢ ' (11.3.9.2113.10.6)
s'y
20.45p, T
M, /d, 9.5N, eot35°\/(Vf V) gﬁ%
A A = — ¢ © (11.3.9.311.3.10.6)
s'y
A Minimum shear reinforcement
R (11.2.8.2)

A Crosssectional dimensions to avoid crushing

av. B Tap ° B
\/ LG e G251 (11.3.10.4)
‘(;%Ndv = 1?'66h =
A Maximum factored shear resistance
(11.3.3)

V. ¢0.2, fjn,d
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2.7.3.6. CSA A23.394 (Simplified Method)

A Definitions:

d = Distance from extreme compression fiber to centroid of longitudinal tension
reinforcement. For a circular section, distance from extreme compression fiber to

centroid oflongitudinal reinforcement in the opposite half.

bw = Web width or (0.8 diameter) of circular section. (11.2.10)
V
Vs :Vf _\/c e n, _Vﬁ_ n =
b,d b, d
l, - on pcp 6 { _é'Tf pn
: C Atzp 8 C Afh
Arc=06 (8.4.2)
Ls=0.85 (8.4.3)
A Maximum usabld, = 500 MPa (8.5.1)
A Lightweight concrete (2.1, 8.6.5)

a=1.0,ifwc O 2 kg5 OF (134.2 pcf)

2= 0.85, if 185Ckg / n? (115.5 pcf) <w < 2150kg / m? (134.2 pcf

2= 0.75, ifw. O 1 8g5 OF (115.5 pcj

Linear relationship betweesm. andadis assumed between the above mentioned values.

A Shear strength provided by concrete:

V. =0.2/ (\/f_(_jbwd N, 20 (compressior (11.3.5.1)
a N o}

V=028 +———— A& £/ fib,d N, @ (tensior
£ 0.6 f/fiA ¢

(CSA A23.384/11.3.4.2)
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A Shear reinforcement

A Shear reinforcement should be providest i 0.5 (11.2.8.1)
AV (11.3.7)
s f.fd
A Maximum spacing of stirrups (11.2.11)
0.7dO 600 mm forV, <0.Y/ ffjpd
035d0O 300 mm forVv, 2 0.¥ ffin,d
A Torsion reinforcement
A Torsion reinforcement should be provided if
A
T, >0.1f, 4ffi—t (11.2.9.1)
Pe
.
AA_ T (11.3.9.4)
s 2Af T,
A A :% R, (11.3.9.5)

A Maximum spacing of stirrups

% ¢ 300 mm (CSA A23.384/11.3.8.4)

A Minimum sheareinforcement

B, (11.2.8.4)
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A Crosssectional dimensions to avoid crushing

Vf +Tf p]

L+t .25 fj (11.3.9.8)
bd A,

A Maximum shear resistance

V. ¢V, 0.8 f/fib,d (11.3.4)
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CHAPTER

PROGRAM INTERFACE

3.1. Start Screen

When the Program iaunched a start screen appears as shown below. The Start Somesats
of options to starfNew Project, Open existingProject, openExamplesfolder,openTemplates
links to available programResourcesand a list oRecentfiles. The program name and copyright
informationare located in thbottomright of the startscreenClicking the Settingsicon in the

bottomtleft corner of the start screen opens #sgeTINGSdialog, where you can adjust various
programsettings
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Projects Resources

[ New project Manual... spWall Info...

Design Examples.. Submit a Question..
& Open project
Tutorial Videos... Check for Updates..

@ Release Notes...

About spWall

& Examples

© Templates

Recent
Tiltup Wall with Opening and Roof, Wind and Seismic Loads.walx
CAProgram Files (x86)\StructurePeint\spWal\Examples

Tiltup Wall 4-Story Building.walx
C:\Program Files (x86)\StructurePoint\spWall\Examples

Shear Wall with Openings.walx

C\Program Files (x86)\StructurePoint\spWall\Examples

Shear Wall 9-Story Building.walx

CA\Program Files (x86)\StructurePoint\spWall\Examples

. spWall v10.20 (TM)
& Clear all history Copyright @ 1988-2025, STRUCTUREPOQINT, LLC.
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3.2. Main Program Window

Quick Access Toolbar Title Bar
Home
Ribbon 4 | 5 B & N O = + 2 DB =T =
Project Define Grid Select Plates. Stiffeners. Nodes  Restraints Loads Solve Results Tables  Reporter Display  Viewports ~ Settings
SELECT Model View (Load Case: A - DL) T X
kY]
vix
&
<
“Q
View Controls { [d
*a
“a
Y
L
o)
) Left Panel
Viewport
Left Panel |
Toolbar
¥
I
= v DISPLAY OPTIONS . .
= Status Bar Drafting Aids = =
_ losd Case A-DL - > | |
= [ ]
L | |
ACI 318-14 2400,-12000F) ~  Ei v - &5 v L 3 v 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 newandhasnotyetbeensavedthewordfi U n t iistdispéaykedn theTitle Bar.
tal so di s pl aiythefild hasbeedchangedrd haisaved yet.

| 104 |



< 14
S wa“ PROGRAM INTERFACE

3.2.3. Ribbon

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 Tabgives quick access 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 Plates and Stiffeners objects; Concrete, Reinforcement,
Plate Cracking Coefficient Plate Design Criterig, Stiffener Cracking
Coefficient, andStiffener Design Criteria propertiesSupports andSprings

restraintsL.oad Cases ServiceandUItimate Load Combinations.

Grid: enables t@add new or edit existing gisd
Select enables teelect various model items.
Plates: enables ta@reate Rectangular, Circular or Polygon shaped plates

Stiffeners.  enables ta@reate horizontal or verticatiffeners.
Nodes enables t@reate a single node or multiple nodes in a linear or circular pattern.

Restraints: enabés to assign nodal springs, nodal supports, and linear supports to the
model.

Loads: enables tassign point loads, uniform line loads, uniform area loads, and linear

area loads to the model.
Solve enables tepecify solver options, mesh generation options, and solve the model.

Results: after a successful ruenables taiew graphical results (contours or diagrams)
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such as plate and stiffener internal forces, required reinforcements, and

displacements.
Tables enables t@pen Tables Module to view tabular input and output.
Reporter:  enables t@pen Reporter Module to view the report.
Display: enables tdoggle on/off model items.
Viewports: enables tselect from a predefined viewport configuration.

Settings enables tanodify various program settings.

3.2.4. Left Panel

The properties of active commands unti@me Tab or the properties of items selected in the
Viewport aredisplayedn theLeft Panelwhich canthenbeusedto executeéhecommand®r edit
the selected items. After executikeft Panel also dsplays various solutions which can be

explored using theViewport.

3.2.5. Left PanelToolbar

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 creatednd graphical results can be vieweg. td 6Viewports can be used at oncéiewports

can be moved and docked in a number of predefined locations using the dockingviewnlpért

may be split out to a separate screen entirely for added flexibility and to enlarge the model view
work area providing more accurate drafting controls.

so| b = =

File Home o~
B & > 0O = -+ 4 4 O B H v &
Project Define Grid Select Plates Stiffeners  MNodes  Restraints  Loads Solve Results Tables  Reporter Display | Viewports | Settings
RESULTS Wall Cross-Sectional Forces - Muy - U1 (kips) * x| Wall Cross-Sectional Forces - Muy [0 Twe vertical

hoA El ; — 0,400 % Two horizontal
ERHENEY Contours Four equals EE Four equal

>

Display four equal viewports Mnotsles
v Wall Cross-Sectional Farces

H 0344
>N
v 0322
> Wux
0.300
* Vuz
@ [ 0278
Ul 0257
U2 Iu.zis
0213
L 0.191
us 0.170
v Io.ms
* Muy I
[ 0126
uz I
>

Wall Cross-Sectional Forces - Nuy - U1 (kips) * x| Wall Cross-Sectional Forces - Mux - U3 (kip-ft) ~ X
I
=0.657
60,308
~ DISPLAY OPTIONS
| Fill Diagrams
~| Show values
=] anise ¥
| Min/Max only =
=T
— Size f200%
ACI318-14 -4.44, 36.62 (ft) Units: English
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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 currenunits. Italso housethedraftingaid commands.
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3.3. Tables Window

SP Tables - Get to know the new spWall.wah

e

=l
=1

~  Project =
Solver Options
~ Definitions
> Grid Lines
Objects
Properties
Restraints
Load Case/Combo.

Project - General Information

File Name.
Project
Code
Units

Date

Time

Bovovov v

ssignments

N\, Explorer Panel

> EHement Geometry
> Element Properties
> Loaded Elements

v  Results

¥ Ranges

From To
Plates All 1 100
Stiffeners All 1 12
Nodes All 1 100

Get to know the new

\, Table

\, Toolbar

spWall.walx

Untitled
ACI218-14
English

8/31/2022
1:20 PM

E &

Preview Area

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 dies Module will only contain a list of

input datatables.When a model hasbeensuccessfullyexecutedthe Tables Module will also

displaytheoutputdata tables.
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3.3.1. Toolbar

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 theleft or right sideof 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 hidethe Explorer 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 «—— 2=

Expand all«—=| ¥ Project

Collapse all < =1 General Information
Solver Options
Ranges
¥ Ranges
From To
Plates | All

Stiffeners 0 All

Modes « All

The RANGES feature allows you to explore the results for a selected rangeAgEs,
STIFFENERS and/orNODES To view plate, stiffener, and nodal results for the entire model
simply check the ALL checkbox. Alternatively, to view plate, stiffener, and nodal results
within a range, make sure that the ALL checkbox is unchecked and enter the desired range in

theFROM andTo text boxes.
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3.4. Reporter Window

SP Reporter - Get to know the new spWallwalx

Print range

Al pages

= o
REO L @

+ - 2 =
J 1 Q q B13% =
Toolbar / * v Cover & Contents =
B /| Cover =t
Export Print | Contents
7« Project
v v Definitions
Type . )
Export/Print Panel > Grid Lines
Word Excel > [¥|Objects
@ PDF csv > v Properties
o > v/ Restraints
o
Calll’] > v/ Load Case/Combo.
sffwall N Pu—
Printer
R ————— Concras, Procas,and Titup Walls:
Properties
Settings
| Uniform Line Loads
Paper Letter > | Analytical Model
> W Results
Orientation Portrait
v v Screenshots
Margins Normal: 0.75" | Extrude 3D view
Explorer Panel /

i

-

Report Preview

~ Ranges

Plates All 1 100

Stiffeners All 1 12

Preview Area Nodes U 100

TheReporter Module interface shown above enables the user to view, customize, priex pord

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 openingRéperter Module, you

can exportand/orprint the defaultreportby pressingexport/Print button. Various optionsto
customizethe report before printing and/or exporting it 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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3.4.1. Toolbar

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 enable scrolling

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
A FoNT size: Providesthe optionsto usesmall,mediumor largefont sizesin thereport.

A REGENERATEAUTOMATICALLY : Enablesautomatiaegeneratiomf reportwhencontent

selectionis modified by theuser.

A spuIT LONG TABLES Displays table headings in all pages when tables are split along

severapages.
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Explorer settings

A LocaTioN: DisplaysExplorer Panelon the left or right sideof screendependingon

selection
A HIDE INACTIVE ITEMS: Hides unusethblesfrom theexplorerview.

A 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

3.4.2. Export/ Print panel

Export

Exportsthereportin the selectedormat.

Print

Printsthereportin the selectedormatwhenthe optionis available.

Type

Providesb formatoptionsto print and/orexportthereports

A worbp: producesa Microsoft Word file with .docxextension.
A ppF producesainAdobeAcrobatfile with .pdf extension.

A TeEXT: producesa Textfile with .txt extension.

A ExceL: producesa MicrosoftExcelfile with .xIsx extension.

A csv: producesa CommaSeparatedile with .csvextension.

Printer

Provideghe optionto selectavailableprintersandchangeprinterproperties.
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Settings

Providegthe optionsto modify print settings.

A paPER Providestheoptionsto selectfrom availablepapersizes.

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

orientation.

A mARGINS: Providesthe optionsto use narrow, normal, wide or custommarginsto the

report

SP Custom Margins

Margins (Inches)

Top 075 - Bottom 075 2
Left 075 * Right 075 *
QK Cancel

A PRINTRANGE: Provides th@ptions to seledhe pages tprint and/or export.
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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 theheckbox to include or exclude from the report, the itensgctions.

Expand all

Expandstem list.

Collapse all

Collapsestemlist

Ranges

“~ Ranges

From To
Plates « All
Stiffeners v All

Modes | All

The RANGES feature allows you to explore the results for a selected rangeAgEs,
STIFFENERS and/orNODES To view plate, stiffener, and nodal results for the entire model,
simply check the ALL checkbox. Alternatively, to view plate, stiffener, and nodal results
within a range, make sure that the ALL checkbox is unchecked and enter the desired range in
theFROM andToO text boxes.
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3.5. Print/Export Window

P Print/ Export - Get ta know the new spWallwahc

Q ql®
Toolbar /
Export Print
Export :
! \ Export/Print Panel
EMF ® ToReport
BMP To Clipboard
Printer 4‘
Microsoft Print to PDF 8
Properties \
=
e
(S
Settings ey
S EE]
T
Paper Letter '
Orientation Portrait -
Margins Normal: 075" 8

\
y

=
Diagram Preview

Project:  Uniitled ¥

Diagram:  Wall Cross-Sectional Forces - Mux - U2 (iip-ft) ﬂI/x

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.

h Select EI E -

Results Tables Reporter

|+_—| Add to report Ctrl + R
+7 Add to report Ctrl « R [] Print/Export Ctrd+P
) Clean Report
IEJ Print / Export Ctrl = P
@ Settings
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Alternativelypressinghei C T R P @lsoopenghePrint/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.

3.5.1. Toolbar

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

A EMF producesa file with .emfextension
A BMP producesafile with .ompextension
A 10 REPORTaddsthe diagramto thereport

A TO CcLIPBOARD copies thaliagramto clipboard to be pasted elsewhere

Printer

Provideghe optionto selectavailableprintersandchangeprinterproperties.
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Settings

Providegthe optionsto modify print settings.

A paPER Providestheoptionsto selectfrom availablepapersizes.

A oRIENTATION: Provides the options to select between landscapeor portrait paper

orientation.

A mARGINS: Providegheoptionsto usenarrow,normal,wide or custommarginsto the report

$P Custom Margins

Margins (Inches)

Top 075 | Bottom 075
Left 075 Z| Right 075 o
OK Cancel
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CHAPTER

MODELING METHODS

4.1. Model Creation Concepts

The key tasuccessfly implementngspwall in a project is to understand the unique and powerful
approach the program takes in modeliagalyzing, designing, and investigating a structural
member subjectetd in-plane and/or oubf-plane axial and/or flexural loadBhis chapter provides

an overview of assumptions and considerations the design professional must take into account

while utilizing spVall.

As a general rule, the geometry of the analytical model shall correspond to that of the physical

member as closely as possible.

The user shall ensure the project criteria aligns correctly with applicable design code and standard
provisions on subjects such as load type, load factors, load combinations, material properties
design criteriaandcracking coefficiento name a few.
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4.1.1. Physical Modeling Terminology

In spWall, 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 spWall to generate the stiffness matricesahy cases, objects and physical
members will have a or®-one correspondence, and it is these objects that the user draws in the
spWall 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 plate, regardless of the number of spans and variety of loadguW\©lh

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 spWall, the objects, or physical members drawn by theargeautomatically 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 spWall. 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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4.1.2. Structural Objects

The spVall program uses objects to represent physical structural members. When creating a
model, start by drawing the geometry using drawing area cor@ommputerAided Design CAD)

tools and then assign properties and loads to completely define the structure.
The following object types are available, listed in descending order of geometrical dimension:
A Plate/Area objectsare used to modelates openings, andrealoads

A Stiffener objects are used to modaetiffeners, null stiffenerdjnear restraintsand line

loads

A Node objectsare automatically created at the corners or ends of all other types of objects
and also can be addethnuallyanywhere in the model. Node objects are used to model

point loads as well as for applying point restraints and springs.

As a general rule, the 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 shapgeometry where added model
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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4.1.3. Properties

Properties are assigned to each object to define the structural behaviorRiat#Atea and/or
Stiffener object in the model. Properties under tBefinitions window, namely concrete,
reinforcementplate cracking coefficient, plate design criteria, stiffener cracking coeffi@aadt,
stiffener design criteriproperties, are named entities that must be specified before assigning them
to objects. If a property is assigned to an object, for exampliet@ design criterigroperty, any
changes to the deftion of the property will automatically apply to tipgate objects with this

property assigned. A named property has no effect on the model unless it is assigned to.an object
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4.1.4. Input Preparation

The first step in preparing the input is to draw a scaledationview of thewall. Theelevation
view should include the boundaries of hlate and/or stiffeneryariations in thelatethickness
and material propertieandopenings within thelate All superimposed loads applied on tiate
and/or stiffenershould 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 ratiand the number of segments the circumference of a cinclaltzr

(if any) is to be divided in. Based on these paramepateand stiffenerdoundariesand 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 (length/width) near unity are generally expected to produce accurate
results for regions having gradual changdscorvature. Forplate regions where heavy
concentrated forces are applied and where drastic changes in geometry exist, the use of finer
element meshes may be required. Thus, in order to obtain a practical as well as accurate analytical
solution, engineering judgment must beds

The member nodal incidences are internally computed by the program. All nodes and members
are numbered from left to right (in the positivedKection) and from bottom to top (in the positive
Y-direction), as shown irrigure 4.1. 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 sideptztéveith

fewer nodes (i.e., fewer degrees of freedom) parallel to tteextion.
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Nodes Plate elements Stiffener elements

Figure4.1i Node and Element Numbering in Analytical Model

| 128 |



< 1,
S Wa“ MODELING METHODS

4.1.5. Modeling Considerations

As a multipurpose analysis program, spWall is used in many structural and architectural systems
(Section 2.1.) that warrant special consideration when constructing the analytical model. The
engineer has to consider the unique aspects of a wall system type, usage, loading application and
several other factors. Commonly, additional consideration is given to tempmading conditions

arising from lifting, shipping, erecting, shoring, or bracing for a wall or panel. The presence of
temporary or permanent joints, reductions in wall csEsgion, architectural reveals, anchored
plate, and weldments is also importemtonsider in the construction of a successful wall model.

In liquid-containing concrete tanks, manholes, swimming pools and other underground wall
systems, the counteracting effects of active fluid and passive soil pressures can be a key
consideration inhe model. The sections below highlight a few of many important considerations

for spWall users to be aware of.
4.1.5.1. Dock Door Restraints at Floor Slab

In warehouse and big box construction, reinforced concrete wall panels are used in what is
commonly referred to as the HARiIigid Wall FIl ex
RWFD construction, the wall panel is supported on grade beams or other foundation systems at a
distance below the floor slab elevation. When the floor slab at grade is cast after wall erection it is
dowelled into the concrete wall and provides anotherhdaapm support several feet above the
vertical support at the foundation elevation. The wall panel becomesspamdeam with hinged

support at the base and two lateral restraints at the roof and slab on grade diaphragms. This
condition changes the traidihal behavior of the wall generally simplified into a single span simply
supported between the roof and the foundation. The fixity generated by the restraining force couple
at the wall base along with any parapet cantilevering above the roof level gsneegative
moments that must be evaluated and designed for by the engineer. In many cases, this alters the
wall behavior sufficiently to exclude such wall panels from the limitations imposed by simplified
analysis methods provided for simple span wallggmand complicates the computation of the
secondorder effects.
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4.1.5.2. Wind Loads on Doors and Windows Openings

Wall panels that contain openings for windows, doors, dock doors, and other penetration for MEP
equipment and appurtenances are very common in precast amqplddnstruction. Lateral forces

from wind and seismic forces are normally applied as an ardaddae entire wall. However, at
opening locations, the engineer has to determine the magnitude and location of the concentrated
and line load to replace the equivalent lateral force applied to the opening area covered by door or
window system. A clear werstanding of how the opening is covered and the attachment
mechanism will dictate the loads to be applied to the wall analytical model to properly account for

both gravity and lateral loads at opening locations.
4.1.5.3. Roof Joist Load Applications

Reinforced concrete wall panels are commonly used to carry gravity loads to the foundations. Roof
systems made with open web steel joists, trusses, and single and double tee precast girders deliver
their reactions to the wall panel as concentrated loaaisettrecurring spacing along the roof line.
Similarly, intermediate floosystemswith steel or concrete beams deliver similar concentrated
point load to the wall at various elevations. The concentrated loads are frequently replaced with
an equivalent uform line load normally deemed to satisfy the analysis and design intent of the
panel. It is important to verify this modeling assumption where it is used for applicability based

on the size and shape of the wall panels. The presence of loads neareaotlaadgpening may
influence the ability of the point load to distribute uniformly and in such cases using the exact
point load magnitude and location may be advisable.

4.1.5.4. Modeling of Roof Diaphragm Restraints

Horizontal diaphragms at the roof, floor, and other locations along the height of a reinforced
concrete wall is used to provide lateral stability for the wall. Modeling such restraint is commonly
intended to restrain oulf-plane deflection and provide bibty in the minor axis of the wall.

Where restraint kplane is combined with owutf-plane is required, special care should be taken to
ensure the restraint and the corresponding reactions are accounted for in the reinforcement design

and detailing of ta wall.
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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 Ledt Panel Toolbar per Object

are:

A Plate Object: Plate objects can be deleted, movedirrored, duplicated, merged,

offset or split.

A stiffener Object: Stiffenerobjects can be deleted, movedifrored,duplicated, aligned

vertically, or aligned horizontally.

A Node Object: Node objects can be deleted, movedrrored, duplicated, aligned
vertically, or aligned horizontally.

X SELECT Model View (Load Case: A - DL)

@ 3600 @
R I 1800 | 1500 |
A eba Pit-3 > ! B B o P P \
© 24 kips -2.4 kips -2.4 kips) -2.4 kips -2.4 kips H
No. of selected | s P ") - - Kipsl—
o
g
v Sectio @ o g] L
| Type Solid Pinned
o, Thickness 00
. _ pit-2
~ Properties
o ) Undo Ctil+Z
Concrete c4 d
B -1 kif
el 60 >
= riteri Pit-8_1C=4 > 1L Lol ] Add toreport Ctrl + R
ot PCC1 > @ Pinned
ne =] Print/ Export Ctrd + P
=
rm m
P X Delete
g
ar Area Logd! =3 Pit-8 €3 Move
Tools from
1.3 kif right click A Miror
1 1 3
Duplicate
\ 1 0 ol
\Tools from left panel @” -1 e
Pinned More . Plates - Merge
-0.25 kif -0.25 kif foenea '
£ es-
o EEEY ols Y [ Pites-Spit
g Align verticai
¥ =22 Align horizontal
S } }
-5
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ThelLeft Panel can also be utilized to edit an Object further:

A Plate Object: In addition to the editing tools provided Left Panel Toolbar, the
platelabel, section type and thicknegdate propertiesplate position
andsize and area loads can be edited.

A Stiffener Object: In addition to the editing tools provided ireft Panel Toolbar, the
stiffener label, section type andlimensions stiffener properties,
stiffener position and size and line loads can be editedNote that
section dimensions and stiffener properties are not applicable to null

stiffeners.

A Node Object: In addition to the editing tools provided Left Panel Toolbar, the
node location coordinates, point loadsl eccentricitiesand restraints
can be edited.
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When multiple different object types are selected, all applicable editing tools will be populated at

theLeft Panel Toolbar. Individual object types can be unselected by clickingrtttebutton next

to the Object Type at tHeeft Panel while other object remain selected

i Pinned

Plttg

41.09
12 0

|
1.3 kif

1 B Ty — -
s 0 = 4+ A N 0 B v o
Project  Define  Grid Select Plates  Stiffeners  Nodes Restraints  Loads Solve Results  Tables  Reporter Display  Viewports  Settings
w  SELECT Model View (Load Case: A - DL) T X
O ©) © "
Y prate X ’ 36,00 | i
| Labe var - BN | 1800 | 18 00 | 0
] Ne. of selected | -2.4 kips -2.4 kips -2.4 kips| -2.4 kips -2.4 kips | .
T zkips 12 kips|- | <4
g
g
H STIFFENER x “ \lr é; l 471 l 147 Jf 47 ’]' )
Label < var - - @ Ti E: T *
& var > ! Pinned - “
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o = |
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Press any white space in tieswport in order to undo the selection.
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MODEL DEVELOPMENT

In spWall, models can be started by utilizing one of the four methods Brmjects within Start

Screen These are namel@pen Project, New Project, Templates andExamples Each of these
methods can be used to create a new model from scratch, edit a model developed previously for
an earlier project, start with poefined template, or use an existing example file from the pravide
library. Each of the methods are described in detail in this chapter.
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Projects Resources

[ New project Manual... spWall Info...

Design Examples.. Submit a Question..
& Open project
Tutorial Videos... Check for Updates..

@ Release Notes...

About spWall

& Examples

© Templates

Recent
Tiltup Wall with Opening and Roof, Wind and Seismic Loads.walx
CAProgram Files (x86)\StructurePeint\spWal\Examples

Tiltup Wall 4-Story Building.walx
C:\Program Files (x86)\StructurePoint\spWall\Examples

Shear Wall with Openings.walx

C\Program Files (x86)\StructurePoint\spWall\Examples

Shear Wall 9-Story Building.walx

CA\Program Files (x86)\StructurePoint\spWall\Examples

. spWall v10.20 (TM)
& Clear all history Copyright @ 1988-2025, STRUCTUREPOQINT, 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 §pall input file. The input files created in spWall v5.01 (.wal) and in spWall
v10 can be opened. The input files for the prior versions oPtbgram require to be saved in
consecutively newer version until .wal file is obtained. Then, that wall file can be opened in v10.
Input file created in the newer version of $@Vall 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 B2 H

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 A28sin Codes,

and English and Metric unit systems.

B B H

Project Define Grid

PROJECT

Design code ACI318-14
Unit system English |2

v DESCRIPTION

Praject Mame

Project Description

Project Date | 6/18/2025

Praject Time | 9:07 AM
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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 aplatesandstiffenerg, openings, supports, and loads specific structuradlevationview.
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
ot B R
Add-H Add-V  Generate
B Export grid...
v VERTICAL + E  Import grid..
Label Coordinate-X Spacir B Settings
ft ft
v HORIZONTAL +
Label Coordinate-Y Spacing
ft ft
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5.2.2.2. Generating Grids
A Click theGenerateicon to display th&ENERATE GRID LINESdialog box

A To create multiple grid lines at once enter:

number of grid spaces X grid interval in theGRID SPACINGinput box

A 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

A You cancreate grid lines at multiple intervals by separating the grid intervals by space

SP Generate Grid Lines

¥ - Vertical
Start coordinate - x 0.00 ft
Grid Spacing 2x18 ft

+ Y - Horizontal

Start coordinate -y | 0.00 ft
Grid Spacing 14 212 3 ft
Options

Remove existing grid lines

Generate Close

5.2.2.3. Adding Grids

Click theAdd-H or Add-V commanddo add a singl@iORIZONTAL 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.

v HORIZONTAL 1T+
Label Coordinate-Y Spacing
ft ft

0 0.00 0.00
1 14.00 14.00
2 26.00 12.00
3 38.00 12.00

41.00 3.00

A Click on the * button to add a gridline in the active direction.
A Click on the * button to delete the selected gridline in the table.

A Click on the*!" button to reorder the labels if they have been shuffled.

A 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.

A cOORDINATE or SPACING of the grids can also be changed by clicking on the respective
field and typing in the desired value.

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

in the respective direction.

A 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 th®RDER & TYPEandLOCATION of thegrid
labels. You can also change how far the grid labels are located from the grioylztesnging the

EDGE EXTENSIONvalue.

Vertical Grids

Order & Type AE C. v
Location Tep v
Edge Extension 3.50 ft

Horizontal Grids

Order & Type 0123. v
Location Left v
Edge Extension 3.50 ft

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

A You can use the slider to adjust thee of the gridLABELS, UNITS and DIMENSIONS

displayed.

v DISPLAY OPTIONS

+ Labels Units

v Dimensions Size I 100 % =
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5.2.3. Generating Definitions

Once the project information hhsencompleted, editing and adding new definitions can be done

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

SP Definitions
Sl v Obee Plates
"
Stiffeners +New X Delete AN e
~  Properties
Label Thickness Concrete Reinforcement Design Criteria Cracking Coeff. Used

Concrete

Reinforcement

in

pte Cracing Coriert | T I S = S =< N I
Plate Design Criteria PIt-10 10.00 C4 ~ | Gre0 v PIt-10_1C#4  + | PCCl - o
Stiffener Cracking Coefficient Pit-12 12,00 C4 v | Gr60 v Plt-12.1C34 v PCCl v 0
Stiffener Design Criteria Pit-16 16.00/ C4 ~ | Gr60 - 2C#4 - pCci -

~ Restraints
Supports
Springs

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

Ultimate Load Comb.

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 removsd
clicking theDELETE button Either start by creating definitions to be used in phegram inthe
DEFINITIONS dialog box or simply start creating the model with one of the several conbutiods

available in theRibbon using the default program definitions.

Items like PROPERTIES RESTRAINTSandLOAD CASES/COMBOare available during modeling only
after they have been first defined in heErFINITIONS dialog box. Objects i.elates and stiffeners
can also be defined in timEFINITIONS dialog box to be used during modeling. Convergelyject
definitions are automatically added to the list of definitions as they are created ardursgd

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 arelatesandStiffeners.
Plates

The Plates Object definition consists of theaBEL, THICKNESS PROPERTIES and whethethe

Plateslabel isusebpin themodel or not.

5P Definitions

=l v  Objects
= Plates
.
Stiffeners +New  XDelete s

~  Properties
Concrete Label Thickness Concrete Reinforcement  Design Criteria  Cracking Coeff. Used

Reinforcement

in
o Coeng o AT T S [ = S e S T

Gro0
Plate Design Criteria Plt-10 10,00 C4 - | Gra0 T Plt-10_1C#4  PCCY
Stiffener Cracking Coefficient Plt-12 12.00| C4 ~ Gra0 T Plt-12_1C#4 - | PCC1 -
Stiffener Design Criteria Pit-16 16.00 C4  Gre0 v 2CE4  PCC1 -
~  Restraints
Supports
Springs

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

Ultimate Load Comb,

Apply OK Cancel
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Stiffeners

The Stiffeners Object definition consists of theaBEL, PROPERTIES SECTION FLANGE, and

whether thestiffenerslabel isusepin themodel or not.

SP Definitions
=| ¥ Objects
gl - Stiffeners
o Plates
i
Label R12:12 seek 5
~  Properties
rete T e T Wil
Conerste Concrete c4 - DEI :F
Reinforcement T
Plate Cracking Coefficient Reinforcement Gre0 Front Wi Wr
Plate Design Criteria Design Criteria PARAZS
Stiffener Cracking Coefficient
Stiffener Design Criteria Cracking Coefficient sCC1
~  Restraints
Supports Section Flange
Springs
~ Load Case/Combo. Type Rectangle v Projection At the middle
Load Cases
Depth (D) 12,00 in Width - Left (WI) 0.00 in
Service Load Comb.
Ultimate Load Comb. ‘Width (B) 12.00 in Width - Right (Wr) .00 in
Thickness - Left (TI) 0.00 in
Thickness - Right (Tr) .00 in
+ Mew X Delete Q o
Label Section Width/ Depth! Flange Pr Flange Flange Flange Flange Concre Reinforce Design Cr Cracking Used
in in in in in in
> [Ri2u12 [Recic | 1200 7200/Ather | 000l 000l om0 _ooo/ct a0 | paRa [sccl
€12 Roun = 12.00 0.00 0.00 0.00 000 C4 ~ Gre0  + |CIRC#4 - SCCT -
OK Cancel

For rectangular sectiowIDTH (B) is measured in the direction of the wall plane wbi®TH (D)

is measured normal to the wall plane.

The flangePrROJECTIONdetermineghe position of the flange along thepthof the section. For
rectangular sections, there are 3 choices: to the left, to the right and at the middle. For circular

sections, at the middle is the only option.

The flange dimensions are used to calculate section stiffness during the finite element analysis as

well as for flexural design.
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5.2.3.2. Properties

ThePropertiesthat can be defined ar€oncrete, Reinforcement, Plate Cracking Coefficient,

Plate Design Criterig, Stiffener Cracking Coefficient, and Stiffener Design Criteria.

Concrete

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

MODULUS, P Ol S SON 6 §PRESASHT and whether th€oncretelabel isusepin themodel or not.

5P Definitions
Ell Objects
=1 Plates
Stiffeners
~  Properties

Concrete
Reinforcement
Plate Cracking Coefficient
Plate Design Criteria
Stiffener Cracking Coefficient
Stiffener Design Criteria
~  Restraints
Supports
Springs
+  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

Concrete

+ New X Delete

Label

B
c4

C5
C6
cr
ca

Comp. Strength

ksi pef kesi

4.0000
5.0000
6.0000
7.0000
8.0000

Unit weight Young's mod

150.00
150.00
150.00
150.00
150.00

38343
4286.8
4696.0
50722
54225

Poisson's ratio  Precast

0.20
0.20
0.20
0.20
0.20

OK

++

0O | w
=3

Used

Cancel

TheyouNGoe s Mo iswalodated automatically and will display a result that is based on the

equations in the selected Code. Note that the valyeoaiNGé S MO pan_hesmodified if it

differs from the calculated value.

CheckPrecAsTcheckbox if precast concrete is used. Lower value of minimum reinforcement ratio

is allowed for precast concrete than for éagplace concrete in all supported design codes. Also,

a higher value of resistance factor for concredeis assumed in CSA A23134/04 standard.
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Reinforcement

The Reinforcement definition consists of theABEL, YIELD STRENGTH YOUNG6 S Mo,0and U S

whether theReinforcementlabel isusebin the model or not.

5P Definitions

=] v Objects .
= Reinforcement
Plates

=T )
Stiffeners + New X Delate -

~  Properties

+
+
pe
+l

Concrete Label Yield strength Young's modulus Used

Plate Design Criteria Gr50 50.0000 29000.0 o
Stiffener Cracking Coefficient Gro0 60,0000 29000.0
Stiffener Design Criteria Gr75 75.0000 29000.0
~  Restraints
Supports
Springs
+  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel
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Plate Cracking Coefficient

The Plate Cracking Coefficient definition consists of theABEL, IN-PLANE and OUT-OFPLANE
PLATE CRACKING COEFFICIENTS0r SERVICEaAndULTIMATE COMBINATIONS, andwhether thePlate

Cracking Coefficient label isusebin themodel or not.

5P Definitions

= ~  Objects . )
= Blot Plate Cracking Coefficient
lgies
=T .
Stiffeners + New X Delete v

~  Properties

+
+
+
+

Label Service Combinations Ultimate Combinations Used
Concrete

Reinforcement In-plane Qut-of-plane In-plane Qut-of-plane
D R I I N ™ R N
Plate Design Criteria
Stiffener Cracking Coefficient
Stiffener Design Criteria
~  Restraints
Supports
Springs
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

oK Cancel

Cracking coefficients reduce the plate element stiffness used in the finite element analysis

account for the concrete section cracking.
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Plate DesignCriteria

The Plate Design Criteria definition consists of theABEL, REINFORCEMENT LAYOUT (Referto

Section 2.5.1for more information) REINFORCEMENT RATIQ REINFORCEMENT LOCATION and

whether thePlate Design Criterialabel isusepin themodel or not.

5P Definitions
=LY Objects . .
= o Plate Design Criteria
=1 Plates
Stiffeners .
P i Label 2C#4 Back Curtain
~  Properties
P BV j‘_.._,_,.:# BH
oncrete ] ; X
Reinf. Layout Two Curtains v zl_.
Reinforcement Fv :!?-'_'_L:': FH
Plate Cracking Coefficient Front Curtain
Plate Design Crteria
Stiffener Cracking Coefficient . X . X
Reinforcement Ratio Reinforcement Location
Stiffener Design Criteria
¥ Restraints Horizontal Min. 0.20 % Back Curtain Hor. (BH) 1.00 =
Supports
Springs Horizontal Max. 8.00 % Back Curtain Vert. (BV) 1.50 in
~  Load Case/Combo. Vertical Min. 0.12 % Front Curtain Hor. (FH) 1.00 in
Load Cases
I ~ Vertical Max. 3.00 ¥ Front Curtain Vert. (F\V) 1.50 in
Service Load Comb.
Ultimate Load Comb. Allow minimum below code
+ New X Delete 2 8~
Label Reinf. i One Cu Rmin {I Rmax{ Rmin (! Rmax{ Min.belo BackH BackV. Frontk FrontV  Used
% % % % in in in in
Plt-8_1C% One ( ~ 0.20 8.00 0.12 8.00 3.75 4.25
Plit-10_1¢| One ¢ ~ 0.20 8.00 012 8.00 475 5.25
Pit-12.1C/ One C ~ 0.20 8.00 0.12 8.00 5.75 6.25
Pit-16_1C/ One C ~ 0.20 8.00 0.12 8.00 7.75 8.25
>z [iwoc (M| oa a0 o2 solW | i w1 i) o]
OK Cancel

If ONE CURTAIN reinforcement layout is selectéor walls thicker than 10 if250mm] and you
want the program to suppress warning thva layer should not be used in thick walls, select the
ALLOW ONE CURTAIN IN WALLS THICKER THAN 10IN. option. If theTwo CURTAINSOption is selected,

the calculated total area oginforcement is assumed to be equally distributed between each
curtain, i.e. each curtameceives half of the total area reported by the program in the results.

If ONE CURTAIN reinforcementayoutis selectegthe REINFORCEMENT LOCATIONiIS measured from
the left side of the wall to the centroid of the f@xck CURTAIN). If the TWO CURTAINS option is
selected, the location of each curtaialiswed to be entered individually.
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If the minimum reinforcement ratio entered is below the code specified vh&iprogram will

use the code minimum unless theow MINIMUM BELOW CODE optionis checked.

Stiffener Cracking Coefficient

The Stiffener Cracking Coefficient definition consists of theABEL, AREA, INERTIA (Iv), INERTIA
(1), TORSION(J), andwhether theStiffener Cracking Coefficient label isuseD in the model or

not.

5P Definitions

N Objects
= Plot stiffener Cracking Coefficient

lgies
=T o

Stiffeners + New X Delete (==

~  Properties
Concrete Inertia (ly) Inertia (1z) Torsion (1) Used

Label Area
Reinforcement BIE= [ | T T~ ™ =

Plate Cracking Coefficient
Plate Design Criteria
Stiffener Design Criteria
~  Restraints
Supports
Springs
+  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

OK Cancel

Cracking coefficients reduce tiséiffenerelement stiffness used in the finite element analysis to

account for the concrete section cracking.
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Stiffener Design Criteria

The Stiffener Design Criteria definition consists of theABEL, REINFORCEMENT LAYOUT, COVER
TO LONGITUDINAL BAR CENTER, COVER TO TRANSVERSE BAR CENTER LONGITUDINAL
REINFORCEMENT RATIQ andwhether theStiffener Design Criteria label isusep in the model or

not.

5P Definitions

i Objects ) ) o
= Stiffener Design Criteria
_ Plates
-t Stiffeners
o Label PARA#4 Back
~ Properties Left = = Right
----- R wEl
Concrete Reinf. Layout Parallel to wall H H
Reinforcement z Eront
Plate Cracking Coefficient — AR
Plate Design Criteria
Stiffener Cracking Coefficient Cover to Longitudinal Bar Center Longitudinal Reinforcement Ratio
Stiffener Design Criteria
~  Restraints Left / Right 2.25 in Minimum 033 %
Supports ) .
Front / Back 2.25 in Maximum 8.00 %
Springs
+  Load Case/Combo.
Load Cases Cover to Transverse Bar Center
Service Load Comb. : .
Ultimate Load Comb, R Rioht 175 "
Front / Back 1.75 in
+ New X Delete =
Label Reinf. Layout  Left /Righ Front/Ba Left/Righ Front/Ba Min. Ratio Max. Ratic Used
in in in in % %
ot pwateowe | 225 25 i3 om o o
NORM24 Normal to wi ~ 2.25 225 175 175 033 8.00 o
RECT24 Rectangular = 2.25 225 175 175 033 8.00 o
CIRC#4 Circular - 2.25 - 175 - 0.33 8.00
OK Cancel
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TheREINF.LAYOUT The various options aibustratedbelow:

LN [
X
IR - — — ] e —_— e —— —_———
ssEs S

L]
Parallel Normal Rectangular Circular Mid plane
to wall to wall g ¢ of wall

|
|
|
|
|
|
|
|
[
' sswmms  Torsion reinforcement (Ay)

e A; & flexure reinforcement (As)

The abovementioned options are for the part for longitudinal reinforcement that resists flexure
and axial loads. The part of longitudinal reinforcement that resists torsion is either rectangular or

circular depending on the selected layout.

Also, it should be mentioned that for stiffener elements that have circular sections, circular layout

is the only option that can be applied to those elements.

The cover to longitudinal and transversenforcements is measured from the section side to the

centroid of bar.

The minimum and maximum ratios for longitudinal reinforcement are used to check flexural
design only. When torsional longitudinal reinforcement is required the total ratio of steel may

exceed the maximum value specified here.
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5.2.3.3. Restraints
TheRestraintsthat can be defined arSupports andSprings.
Supports

The Supports definition consists of theABEL, TRANSLATIONAL and ROTATIONAL DEGREES OF
FREEDOM along with their status of restraint (restrained or fraeyl whether th&upports label

is USEDIn themodel or notReferto Section 2.3.%or more information

5P Definitions

= v Objects
= Plates Supports
=T )
Stiffeners +New  XDelete =
~  Properties
Label Translations Rotations Used

Concrete

Reinforcement Dx Dy Dz Rx Ry Rz
Plate Design Criteria Fixed v v ] o o i o
Stiffener Cracking Coefficient Lateral i

Stiffener Design Criteria
~  Restraints

Springs
+  Load Case/Combo.

Load Cases

Service Load Comb.

Ultimate Load Comb.

OK Cancel
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Springs

The Springs definition consists of theABEL, SPRING CONSTANTSfor TRANSLATIONAL and

ROTATIONAL DEGREES OF FREEDOMand whether th&prings label isusebin themodel or not.

5P Definitions

Ell Objects

_ Plates Springs
T Stiffeners + New X Delete =00
~  Properties
Conrete Label Dx Dy Dz Rx Ry Rz Used
Reinforcement kips/in kipsfin kips/in kip-ft/rad kip-ft/rad kip-ft/rad
Plate Design Criteria
Stiffener Cracking Coefficient

Stiffener Design Criteria
~  Restraints

Supports

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

TheLoad Case / Combothat can be defined areoad CasesService Load Combinationsand

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 whethelttael Caseds USEDiIn the model or not.

5P Definitions

= v Objects
= Plates
Stiffeners +New X Delete g8 -

ETI =

Load Cases

~  Properties
Concrete Type Label Self Weight Used

Case

Reinforcement Dead o= | -
Plate Cracking Coefficient B Live Tl

Plate Design Criteria

Stiffener Cracking Coefficient

Stiffener Design Criteria
~  Restraints

Supports

Springs
+  Load Case/Combo.

Service Load Comb.

Ultimate Load Comb.
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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 begenerated automatically based on the design code in the model.

5P Definitions

=) ~  Objects
Plates

Service Load Combinations
=T .
Stiffeners + New X Delete Z Update Combinations ~
~  Properties

+
+
+
+

Concrete Load Case A B

Reinforcement Type Dead Live
Plate Cracking Coefficient Load Comb. Label DL L
Stiffener Cracking Coefficient 252 1,000 1,000
Stiffener Design Criteria
~  Restraints
Supports
Springs
~  Load Case/Combo.
Load Cases

Service Load Comb.

Ultimate Load Comb.

oK 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.

5P Definitions

=) ~  Objects
Plates

Ultimate Load Combinations
=1 ;
Stiffeners + New X Delete Z Update Combinations ~

~  Properties

+
+
+
+

Concrete Load Case A B

Reinforcement Type Dead Live
Plate Cracking Coefficient Load Comb. Label

DL LL
oo esgn trtene > e w0l
Stiffener Cracking Coefficient 2 U2 1.200 1600
Stiffener Design Criteria
~  Restraints
Supports
Springs
~  Load Case/Combo.
Load Cases

Service Load Comb.

Ultimate Load Comb.

oK Cancel
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5.2.4. Creating Model Objects

The Objects that can be created &latesand Stiffeners.
5.2.4.1. Plates

You can creat®latesusing thePlatescommand from th&ibbon.

3 0] = <+ A

Stiffeners MNodes  Restraints Loads

Select Plates

Plates

Create rectangular, circular or polygonal plates

O

Sohve

You can drawRectangular, Circular or Polygonal plates by using one of the following three

tools in thePlatesLeft Panel.

PLATES

1 &« O

Rectangle  Circle Palygon

If you have already defined@ate type 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.

PLATE
Label Pit-8 | 3

v Section
Type Solid v

Thickness

v Properties

Concrete
Reinforcement
Design Criteria

Cracking Coeff.

I
c4

Gral
Pit-8_1C#4

PCC1

i
LT VR Vo ¥
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To draw aplate shape using the mouse, first select the desired tool.
A Then click on the workspace to begin drawing.

A For circular or rectangulatates, move your mouse until the desired size is achieved and
click again to finish drawing.

A For polygonalplates keep 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.
Alternatelyplate shapes can also be created by using the dynamic input box.

A To display a dynamic input box, pressTER after you have selected the desipate

tool.

Specify next point X
che | 180 ft
ty 226 ft

A You will be required to provide the start point (center point for cirquikes).
A Type in the required coordinates and pmEsEER

A PressenTER once more to display the dynamic input box again. Type in the required
quantities i.e. width and height for a rectanguiate or radius for a circulaplateand

pressENTERto finish drawing.

A For polygonaplatesyou will have to keep pressimyTERt0 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. Stiffeners

You can creat&tiffeners using theStiffeners command from th&ibbon.

[ O = -+ A N

Select Plates Stiffeners MNodes  Restraints Loads Sohve

Stiffeners

Create honzontal or vertical stiffeners

You can dravNull, andSolid stiffeners by using one of the following two tools in Stéfeners

Left Panel.
STIFFENERS
= =
Null  Solid

Null stiffeners are stiffeners without any properties. They only act aslpdéabers for linear loads

and supports, and do not contribute to the model structurally.

STIFFENERS

— =
MNull Solid

If you have already defined2olid stiffenertype in theDEFINITIONS dialog, simply select it from
theLABEL drop down menu in thieeft Panel before you start drawingyou can also simply select
the SECTION and PROPERTIESand start drawing, the corresponding definition created will

automatically bedded to th@eFINITIONS dialog

| 160 |



swall

MODEL DEVELOPMENT

STIFFENERS

STIFFENER
Label

v Section

Type

Depth (D)

Width (B)

Flange Projection
Flange (W1}
Flange (Wr)
Flange (Tl
Flange (Tr)

~ Properties
Concrete

Reinforcement
Design Criteria

Cracking Coeff.

— =
Mull Solid
Back ]
—
Wl
D| - 1—‘—’
Front wloZWr
Ri12x12 | D
Rectangular o
1200 in
12,00 in
At the middle v
0.00 in
000 in
0.00 in
0.00 in
c4 T D
Gré0 T D
PARAZAL v >
sCCl 2

To draw astiffenerusing the mouse, first select the desired tool.

A Then click on the workspace to begin drawing.

A Move your mouse until the desirkhgthis achieved andlick again to finish drawing.

Alternatelystiffenerscan also be created by using the dynamic input box.

A To display a dynamic input box, pressreEr after you have selected the desiséitfener

tool.

¥ 10.:00

Specify start point

v | 15.00
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A You will be required to provide the start point.
A Type in the required coordinates and pmEsEER

A PresseNTER once more to display the dynamic input box again. Type in the required
lengthand presgNTERtO finish drawing.

Specify length b

Length | 27.85 |t
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5.2.4.3. Nodes

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

[s ] = - A an’ 5

Select Plates Stiffeners Modes  Restraints Loads Solve

Modes

Create a single nede or multiple nodes in linear or circular pattemn

You can draw &inglenode, nodes ihinear arrangement or nodes @ircular arrangement by
using one of the following three tools in tN@desLeft Panel. The node patterns are useful in
support and load applications that are of circular and linear patterns. Rectangular or triangular

patterns can be created using the combination of linear and/or single nodes.

NODES
Circular  Linear  Single
NODE
® Number of nodes 22

To draw nodedirst select the desiredodesTool.

A Select theywuMBER OF NODESOr theNODE SPACINGoption for theCircular and/orLinear

tools and enter the desired number of nodes to be created or the spacing dhevhich
nodes are tbe distributed.

A Then click on the workspace to begin drawing. If you have select&ingknode tool

then the node is created at the point you click.
A Move your mouse until the desired size is achieved and click again to finish drawing.

A You can also marquee select grid intersections to assign multiple nodes at them.
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Alternately you can also use dynamic input box.

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

Specify center point X
x | 12100 |t
Yo 12.00 ft

A You will be required to provide the starting point (center point@incular node
distribution).

A Type in the required coordinates and pmEsEER
A 1If you have selected ttinglenode tool then the node is created at the point you specify.

A 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 pressrErto finish drawing.

| 164 |



< .
S Wa" MODEL DEVELOPMENT

5.2.4.4. Restraints

TheRestraintsthat can be assigned aModal Supports Nodal Springs andLinear Supports.

You can creat&estraints using theRestraints command from th&ibbon.

s 0 = -+ A 7 O

Select Plates Stiffeners Nodes  Restraints Loads Solve

Restraints

Assign restraints to the mede

spwall considersnodal restraints(nodal supports and nodal springs nodal properties. It is
possible to assign more than one kindestraint to a node at the same titde@ear restraints can

only be assigned to stiffeners. Linear restraints can be used to restrain a line representing a
continuous support such as a floor or roof structural diaphragm. The spWall solver will mesh the

linear restraint and apply it to all thedes contained along the extent of the restrained stiffener.

A If you have already definedrastraintin the DEFINITIONS dialog, simply select it from
the LABEL drop down menu in theeft Panel to assignit to the model.You can also
simply select thebEGREES OF FREEDOMOr supports (or enter th&®PRING CONSTANT
values for the desiredEGREES OF FREEDOMfOr springs)and startassigning the
correspondingestraintdefinition created will automatically be added to tEEINITION
dialog.

A You can also use th@ EAR RESTRAINTSbutton to clear any existing restraints and select

new ones.

A Next, click on the location you want the restraint to be assigneNaie that linear
supports can only be assigned to stiffeners.

A You can also marquee select a group of nodesiffenergo assign all of them the same

restraints.
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RESTRAINTS
N A
Linear Modal
¥ ¥
%’1:]— CID X
A x
Translation B Rotation
v Support
Label - none - v »
Dx Dy Dz Rx Ry Rz
Clear
RESTRAINTS
N N
Linear MNodal
¥ ¥
%’1:]— CID x
A ¢
Translation B Rotation
v Support
Label - none - - )
D Dy Dz Rx Ry Rz
Clear
v Spring
Label - hone - - b
D Dy Dz Rx Ry Rz
kips/in kip-ft/rad
Q.00 0.00 0.00 Q.00 Q.00 0.00
Clear
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5.2.4.5. Loads

You can creatéoads using theLoads command from th&ibbon.

s 0 = -+ 4A [y O

Select Plates Stiffeners Modes  Restraints Loads Solve

Loads

Assign loads to the model

You can assigRoint loads Uniform Line loads Uniform Area loads or Linear Area loadsby

using one of théour options that are preseatin theLoads Left Panel.

LOADS

g @ = 7

Lin. Area Uni. Area Uni. Line Point
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AssigningLinear Area Loads

Linear Area loadscan only be assigned Riates.

LOADS
L Hm & 7

Lin. Area Uni. Area Uni. Line Point

Wi Wiy Wz
+ 3 + ot
. Tt
o [t f
¢
v Linear Area Loads
Load Case A-DL v >
b Wi Wy Wz
ft psf psf psf
Top 10,00 0.0000 0.0000 1000000
Bottom 0.00 0.0000 0.0000 50000
Clear loads

v OPTIONS

® Replace existing load

Add to existing load

To assign d.inear Area load make sure that thein. Area command in thd_eft Panel is

selected. Theeft Panel should be displaying variousnear Area Loads options.

A Select theoAD caseyou want theinear Area loadto belong to. You can always define

LOAD CASESINn theDEFINITIONS dialog.

A In thetop and bottom YWx, Wy, andW; boxes type in the requiretbcation andoad
values. Note thathe thumbnail in theeft Panel showthe sign convention for the forces.

A From theopTiONSselect if you want t@DD TO EXISTING LOAD on theplate or REPLACE

EXISTING LOAD completely.

A Next, click on theplate you want the load to be assigned¥ou can also marquee select

a group of plates to assign all of them the same linear area load.
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AssigningUniform Area Loads

Uniform Area loadscan only be assigned Riates.

LOADS
0 @ = ¢
Lin. Area Uni, Area Uni. Line Point
Wi Wiy Wz
P T
- = t ot LA
- = o
¢
v Loads
Load Case A-DL v »
Wix 0.0000 psf
Wy 0.0000  psf
Wz 0.0000 psf
Clear loads
~ OPTIONS
® Replace existing load
Add to existing load

To assign &Jniform Area load make sure that theni. Area command in the_eft Panel is

selected. Theeft Panel should be displaying variolsniform Area loadsoptions.

A Select theLoAD CcASE you want theUniform Area loadto belong to. You can always

defineLOAD CASESIn theDEFINITIONS dialog.

A In the W, Wy, andW; boxestype in the required load valudote thathe thumbnail in

the Left Panel show the sign convention for the forces.

A From theopTiONSselect if you want t@DpD TO EXISTING LOAD on theplate or REPLACE

EXISTING LOAD completely.

A Next, click on theplate you want the load to be assigned¥ou can also marquee select

a group of plates to assign all of them the same area load.
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AssigningUniform Line Loads

Uniform Line loadscan only be assigned S&iiffeners.

LOADS
o 8 PEl e
Lin. Area Uni. Area Uni. Line Point
. Wy ."Ez
Wiy 11_)
TTTT - ¢ ps
T e e = . k/-r_;\."'-‘)i
PR Wz :
Wz o =
v Loads
Load Case A-DL v >
Wix 0.000 kIf
Wy 0.000 kif
Wz 0.000 kIf
Eccentnicity (Ez) in
Clear loads
v OPTIONS
® Replace existing load
Add to existing load

To assign a&Jniform Line load make sure that theni. Line command in the_eft Panel is

selected. Theeft Panel should be displaying variousniform Line loadoptions.

A Select theLoAD case you want th&niform Line loadto belong to. You can always

defineLOAD CASESIn theDEFINITIONS dialog.

A In theWy, Wy, W;, and E boxes, type in the required loadd eccentricityalues. Note
that the thumbnail in thd_eft Panel show the sign convention for the forces and
eccentricity. The eccentricity can be positive or negative based on the location of the

point load to control how the additional created moments are applied to the model.

A From theopTioNsselect if you want taDD TO EXISTING LOAD on the node OREPLACE

EXISTING LOAD completely.
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A Next, click on thestiffeneryou want the load to be assigned You can also marquee

select a group of stiffeners to assign all of them the same uniform line load.
Assigning Point Loads

spWall consider®oint loadsas nodal properties. As sudbpint loadscan only be assigned to a
Node

LOADS
n B = [§
Lin. Area Uni, Area Uni, Line Point
M v
Mx Kl
Mz - P
v Loads
Load Case A-DL v >
P 0,000 kips
Py 0000 kips
Pz 0,000 kips
Eccentnicity (Ez) in
Il 0,000 kip-ft
My 0.000 kip-ft
Mz 0.000 kip-ft
Clear loads
v OPTIONS
® Replace existing load
Add to existing load

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

Panelshould be displaying variod®oint Loads options.

A Select theoaDp case you want theoint loadto belong to. You can always defineab

CASESIn theDEFINITIONS dialog.
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A In thePy, Py, P, Ez, My, My, and M. boxes, type in the required lgagccentricity,and
moment values. Note thtdte thumbnail in thé&eft Panel show the sign convention for
the forces, eccentricity, and moments. The eccentricity can be positive or negative based
on the location of the point load to control how the additional created moments are

applied to the model.

A From theopTiONsselect if you want taDD TO EXISTING LOAD on the node OREPLACE

EXISTING LOAD completely.

A Next, click on the location you want the load to be assigneddo.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 arelatesandStiffeners.
Plates

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

with Plates You must have th8electcommand button toggled on to edit Plates
To edit aplatesection or properties:

A Click on theplateto select it

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

A If the given set of parameters match the parameters ofdefireedplate,the newplate

will automatically be assigned the existing label.

A If the given set of parameters do not match the parameters of adgfpredplate, the

plate will be assigned a new definition.
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Stiffeners

The correspondintiffeners Left Panel provides various options for effectively working with

Stiffeners. You must have th8electcommand button toggled on to ethe Stiffeners.
To edit astiffenersection or properties:

A Click on thestiffenerto select it.

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

A If the given set of parameters match the parameters of-@efireedstiffener, the new

stiffenerwill automatically be assigned the existing label.

A If the given set of parameters do not match the parameters of adgfpredstiffener,

thestiffenerwill be assigned a new definition.
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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:
A Click on the node you want to edit to display its properties and positionlietianel.
A Change the desired node parameter.

To edit multiple nodes at once:
A Use marquee select to select multiple nodes at once.

A Edit the desired nodal properties from ttedt Panel.
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Restraints

The correspondingestraints Left Panel provides various options for effectively working with

Restraints.
Nodal Restraints

spwWall considersNodal restraints (nodal supports and nodal springs$ nodal properties.

Therefore, to edihodalrestraints the correspondingdes have to be selected.
To edit a singlenodalrestraint:

A Click on the node containing t@dalrestraint you want to edit to display its properties

andposition in theLeft Panel.
A Change the desirawbdalrestraint parameter.
To edit multiplenodalrestraints at once:
A Use marquee select to select multiple nodes with desoealrestraints.

A Change the desiratbdalrestraint parameter or parameters.
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Linear Restraints

Linear restraints can only be assigned Stffeners. Therefore, to editinear restraints the

correspondingtiffenershave to be selected.
To edit a singldinearrestraint:

A Click on thestiffener containing thelinear restraint you want teedit to display its

properties angosition in theLeft Panel.
A Change the desirdhearrestraint parameter.
To edit multiplelinearrestraints at once:
A Use marquee select to select multigtiéfenerswith desiredinearrestraints.

A Change the desirdihearrestraint parameter or parameters.
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Loads

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

Loads.
Editing Linear Area Loads

In spVall Linear Arealoads can only be assignediates Therefore, to editinear Arealoads

thecorrespondingplates have to be selected.
To edit alineararea load:

A Click on theplate containing the load you want to edit to display its properties and

positionin theLeft Panel.
A Change the load value as desired.
To edit multiplelineararea loads at once:
A Use marquee select to select multipliates with desired loads.

A Change the load value as desired.
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Editing Uniform Area Loads

In spWall Uniform Area loads can only be assignedRlates Therefore, to edityniform Area

loads thecorrespondingplates have to be selected.
To edit auniform area load:

A Click on theplate containing the load you want to edit to display its properties and

positionin theLeft Panel.
A Change the load value as desired.
To edit multipleuniform area loads at once:
A Use marquee select to select multiplates with desired loads.

A Change the load value as desired.
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Editing Uniform Line Loads

In spWVall Uniform Line loads can only be assigned Stffeners. Therefore, to ediUniform

Line loads the correspondingtiffenershave to be selected.
To edit auniform lineload:

A Click on thestiffenercontaining the load you want to edit to display its properties and

positionin theLeft Panel.
A Change the load value as desired.
To edit multipleuniform lineloads at once:
A Use marquee select to select multigtiéfenerswith desired loads.

A Change the load value as desired.
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Editing Point Loads

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

nodes have to be selected.
To edit a single point load:

A Click on the node containing the load you wanttht to display its properties and

position in the_eft Panel.
A Change the desired load parameter.
To edit multiple point loads at once:
A Use marquee select to select multiple nodes with desired loads.

A Change the desired load parametepanameters.
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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 +— <>
Mirror «— /||\

Duplicate +— [

Nodes - Align Vertical +— |

Nodes — Align Horizontal +—— ===

Plates — Merge «——
Plates — Offset «—— [

Plates — Split «— (7]

F—
Measure «+—— [

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

A Select the item or items you want to remove from the model anddilgkteto remove.

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

A 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.

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

selected items to their new location.
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Mirror

TheMirror command is active only when one or more items are selected.

A Select the item or items you wantrtgrror and click theMirror command.

A Click on the screen to specify the start point ofrttieor line.

A Alternatively, you can also pressiTER and manually enter the coordinates of the start

of themirror line.

A Next click on the screen to specify the end point oftireor line.

A Alternatively, you can also pressiTER and manually enter the coordinates of the end

point of themirror line.

Before Mirror

A

PIt-8

&

After Mirror

PIt-8

PIt-8

| 183 |



< .
S Wa" MODEL DEVELOPMENT

Duplicate
TheDuplicate command is active only when one or more items are selected.
A Select the item or items you wantdoplicateof and click theDuplicate command.

A Click on the screen to specify the base point from which to staduplkécateprocess.
Alternatively, you can also pressiTER and manually enter the coordinates of the base

point.

A Drag theduplicateditems 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

duplicatedinstances of items to their new location.
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Align Vertical

The Align Vertical command is active only when one or maonedel itemsare selectedThis
command is used to eliminate very small difference in location coordinates that could result in

unwanted elements with an irregular or high aspect ratio.

A Select thétem or itemsyou want to align vertically in a straight line and click #ign

Vertical command.

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

A Alternatively, you can also preeTER and manually enter the coordinate of the X

reference point and pressTERt0 complete alignment.

Before Vertical Alignment After Vertical Alignment
PItf8 - PIt-8
Physical Model Analytical Model Physical Model Analytical Model
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Align Horizontal

The Align Horizontal command is active only when one or madtems are selectedThis
command is used to eliminate very small difference in location coordinates that could result in
unwanted elements with an irregular or high aspect ratio.

A Select thatem or itemsyou want to align horizontally in a straight line and click the
Align Horizontal command.

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

A Alternatively, you can also preeTER and manually enter the coordinate of the Y

reference point and pressTERt0 complete alignment.

Before Horizontal Alignment After Horizontal Alignment
P8 - = - - | - - - s Ple-8
Physical Model Physical Model
- |
Analytical Model Analytical Model
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Plates - Merge
ThePlates - Merge command is active only when more than plates are selected.

A Select theplates that you want to merge and click fPlates - Merge command.
While merging two or morelates, the program requires you to select a referetate,
the properties of which will be applied to the final merg#ate. These include section
type and thickness along with properties like concrete, reinforcement, designa,

cracking coefficienand any area loads applied.

A Click onplate whose properties you want the final mergéate to contain.

Before Merge After Merge

Pit-8

PIt-8

PIt-&

Plates - Offset

The Plates - Offset command is active only when opéateis selectedlIt is used to enlarge or
reduce a plate overall size proportionally all around the perimeter to create accommodation for

architectural or other features in a plate element.

A Select theplate that you want to offset and click tiéates - Offset command.

It is possible to offset thglate inwards or outwards.

A Click the side of th@late you want to offset.
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A In the input box that appears, specify the offset distance andepress

Before Offset After Offset
Specify offset distance x
a :
Plt-8 o —> o Plt-8

Plates - Split

ThePlates - Split command is active only when one or mplates are selecte®plitting a plate
is useful in situations where different load or support options need to be assigned to two separate

parts of a plate created previously.
A Select theplates that you want to split and click tRéates - Split command.
A Click on the screen to specify the start point of the cutting line.

A Alternatively, you can also pressiTER and manually enter the coordinates of the start
of the cutting line.
Note that glate can be split only if the cutting line starts from outside or one edge of the
plate and extends to or beyond the other edge oplhie. Starting a cutting line from
anypoint within aplate will not cut that particulaplate.

A Next click on the screen to specify the end point of the cutting line.

A Alternatively, you can also pressiTER and manually enter the coordinates of the end

point of the cutting line.
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Before Split After Split
'
; PIt-8
=} PJt:’é 3 *

PIt-8

Measure

The Measure command isalwaysactiveand can be used to measure distance between any two
points This command is particularly useful for obtaining the distance between two points along a

diagonal.

A Click on the screen to specify tertpoint. Alternativelyyou can also pressTERand

manually enter the coordinates of #tartpoint.

A Click on the screen to specify thadpoint. Alternativelyyou can also presaNTER and

manually enter the coordinates of #gralpoint.

Before Measure After Measure
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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 Ctrl + R

Print / Export Ctrl + P

X @[3

Delste

™
4:}

Mowe

Mirror

o B«

Cuplicate

Maore r

Arrange r @ Plates - Offset
4] Plates - Split
| Align vertical

Align horizontal
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5.2.5.4. Understanding Plate Layers

While creating modelsthe need may arise to place guate on top of another. In this case the

properties (including the area load applied onplage) of the plate on top are considered for

solving the model. During modeling platedrawn later is always placed above fi&e drawn

first.
To move &Plate above or below another one:

A Click on theplate to select it.

A Then right click on it to show thRight Click Menu.

) Undo Ctrd + Z

Add to report Cirl + R

Print / Export Cirl + P

X o [

Delete
+
€7 Move

Mirror

o B

Duplicate

More

Arrange

& P A

Bring to Front
EBring Forward
Send Backward

Send to Back

A 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

Templatesare an option for creating new models in théAsdl program. It enables the user to
selectfrom a set opre-defined templates and edit them for quick model generation.

To begin go to theStart ScreenunderProjects and select th@emplatesoption. This will take

you to theTEMPLATE selection Dialog Box.

SP Select template

Designcode  ACI 318-14 . []
: : L]
Unit system  English v
Solid OneBay Coupled OneBay

v TEMPLATES

T 00

Bearing Walls HERE
Precast Walls |_| |_|
Tilt Up Walls ) : .
Solid MultiBay Coupled MultiBay
Tanks & Retaining Walls
Deep Beams / Transfer Girders ]
L]
Solid Barbell Barbell - Openings

Cancel

Here you can select the desired template along witbghesN cobeanduNIT SYSTEM. Clicking
on a template image will open tliemplate Module and load the selected Template.
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File Template -~
Ciied 5
i 0> =
Mew Pattern  Discard & Exit Save & Exit
Shear Walls: Barbell - Openings Model View
[—0 .
g L=
Ll " TTTwh
Ws — W @ ¢>
Sh D LY
t——11— Dw Cie}
Sth |_| T Dh E
 Bw—
+
[=1
Wall  Loads
[=1
~ Wall it
Bay width (Bw) 25.00 ft
No. of Stories 5
Story height (Sh) 1200 ft 2
=
First story height (S1h) 1400 ft o
Thickness 1200 in
f~ //
v Openings @
Window width (W) 400 ft
Window height (Wh) B8.00 ft 8 5’)
Window sill height (Ws) 200 ft "(“
Door width {Dw) 400 ft
Door height (Dh) 800 ft -
ol [
v Stiffeners
Type Rectangle M 3 %
Width/Dia. (B) 2400 in 2]
Depth (D) 2400 in @
v Supports @' &
Stories Lateral v
Base Fixed M =
=
ol
-
~ Wall Properties
f'c 40000 ksi
|-
fy 60.0  ksi @
No. of reinf. curtains 2 N
3
~ Stiffener Properties pt
it
fic 40000 ksi ¥ ’
fy 60.0  ksi #
|
o
-
@
=0 v DISPLAY OPTIONS
= +| Dimensions v Grid k
oy
— ¥ Extrude
ACI318-14

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

Exit button to take it to fyall for 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 t&/afp home screen.
5.3.2.3. Save & Exit

Imports the current template towpll.

Home Template

i Ny =

MNew Pattern Discard & Exit Save 8 Exit
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5.3.3. Template Left Panel

TheLeft Panellists various template properties that can be modified by the user. The Ipaitom
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.

Tilt Up Walls: MultiStory - MultiBay - Openings Tilt Up Walls: MultiStory - MultiBay - Openings
Pl W T ] I s |
O O wn o
Ws R I
A aaA
Sh RN J.Q.L.Ll}l.l- Al | A A
sw| [ (T allnlli s &
- Dw A A
Wall  Loads Wall  Loads
v Wall ~ Dead Loads
Bay width (Bw) 15.00 ft Wy - Roof -0400  kIif
Nao. of bays 2 Wiy - Stories -1.200  kif
Mo, of Stories 3
Story height (Sh) 1400 ft w Live Loads
First story height (S1h) 17.00 ft Wy - Roof {0500 KiF
Parapet height (Ph) 500 ft Wy - Stories 2000 ki
Thickness 875 in

v Dead & Live Loads Eccentricity
v Openings

Ez - Eccentricity 000 in
Window width (W) 11.00 ft
Window height (Wh) 9.00 ft
~ Lateral Loads
Window sill height [(Ws) 1.00 ft arerat foaas
Dioor width (Diw) 1100 f Wz - Wind on wall -30.0000  psf
Door height (Dh) 1200 Wz - Wind on openings Top and Bottorr ~
v Supports
Stories Lateral -
Base Hinged v
~ Properties
f'c 4.0000  ksi
fy 600 ksi
Na. of reinf. curtains 2 v
~ DISPLAY OPTIONS v DISPLAY OPTIONS
| Dimensions ~ Grid + Dimensions | Grid
DL - Dead v ? Extrude DL - Dead v > Extrude
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5.3.4. Types of Templates

Shear Walls

SP Select template

Design code  ACI 318-14 - [
. . L]
Unit system  English -
Solid OneBay Coupled OneBay
~ TEMPLATES
Shear Walls L1 [
Bearing Walls (1 O
Precast Walls |_| |_|
Tilt Up Walls . . i
Solid MultiBay Coupled MultiBay
Tanks & Retaining Walls
Deep Beams / Transfer Girders ]
Ll
Solid Barbell Barbell - Openings

Cancel
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Bearing Walls

SP Select template

Design code  ACI 318-14 -

Unit system  English

Basernent Wall
~ TEMPLATES

Shear Walls

Precast Walls

Tilt Up Walls
Underground Wall

Tanks & Retaining Walls

Deep Beams / Transfer Girders

ICF Wall

Cancel
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Precast Walls

SP Select template

Design code  ACI 318-14 -

Unit system  English

v TEMPLATES

Shear Walls

Beanng Walls

Tilt Up Walls

Tanks & Retaining Walls

Deep Beams / Transfer Girders

OneStory - Sclid

OneStory - Window

q

OneStory - Door

MultiStory - Solid

[]
[]
[]

MultiStory - Windows

[]
L]

|_|

MultiStory - Openings

Cancel
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Tilt -Up Walls

SP Select template

Design code  ACI 318-14 -
Unit system  English -
OneStery - Solid MultiStory - Solid
v TEMPLATES
Shear Walls D
Beanng Walls []
Precast Walls ] ]
Tilt Up Walls ) : .
OneStory - Window MultiStory - Windows
Tanks & Retaining Walls
Deep Beams / Transfer Girders (]
L]
OneStory - Door MultiStory - Openings
L1 U
HERN
0 O (101

OneStory - MultiBay - Openings MultiStory - MultiBay - Openings

Cancel
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Tanks & Retaining Walls

SP Select template

sunnwunuLuy

Design code  ACI 318-14 -

R RLLLY
FIFTTITITTT

X rrrrrIryy

Unit system  English -

TRRRERRRRRN

Closed Tank Wall Open Tank Wall
v TEMPLATES
Shear Walls
Beanng Walls
Precast Walls
Tilt Up Walls .
Retaining Wall

Tanks & Retaining Walls

Deep Beams / Transfer Girders

Cancel
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Deep Beams / Transfer Girders

SP Select template

Design code  ACI 318-14 - S S S A A

Unit system  English

Unifarmly Distributed Load
v TEMPLATES

Shear Walls J, J,

Beanng Walls

Precast Walls

Tilt Up Walls .
1 Point Load

Tanks & Retaining Walls

Deep Beams f Transfer Girders Lo )

2 Point Load

1 Point Load - Cantilevers

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 afyall installation folder.

P Open
« v A <« Local Disk (C:) » Program Files (x86) » StructurePoint » spWall » Examples v [¥] 2 Search Examples
Organize * New folder =~ [N 0
Mame Date modified

> g Quick access
/2022 11:52 PM

@ Example T.wale 4/,
» o OneDrive - Personal @ Example 2walx [
@ Load Bearing Wall with Stiffeners.walx
@ Shear Wall 9-Story Building.walx
’ II_} Network @ Shear Wall with Openings.walx

@ Tiltup Wall 4-5tory Building.walx

@ Tiltup Wall with Opening and Roof, Wind and Seismic Loads.walx

@ Tiltup Wall with Openings and Roof and Wind Load.walx

> [ This PC

File name: v| All spWall Files (wale *wal)

The Examplesfolder contains predefinedall models that can be further utilized by tieer.
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5.5. Importing Model Data

spwWall provides the options to ImpaERIDS, POINT LOADS andLOAD CASES & COMBINATIONSdata

from atext file. The data import options can be obtained fFol@ | Import.

Grids...

Paint loads...

Load combinations...

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

setin the program. For details on the import file formats please referdiom A.2. Import File

Formatsin the Appendix.
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5.6. Exporting Model Data

spwWall provides the options to expasRID, POINT LOADS andLOAD CASES & COMBINATIONSdata

to a texffile. The data export options can be obtained fFala | Export.

Grids...

Paint loads...

Load combinations...

The exported data format will be the same as the import data format providedtionA.2.

Import File Formatsn the Appendix.
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MODEL SOLUTION

Once the model creation and developmentarepleted, the analysis can begin using thWap
Finite ElementMethod (FEM)Solver by clicking on th&olvecommand. Solve Menu containing

Solve Options Mesh Optionswill appear on thé.eft Panel

Solving the model is done in two steps. Th& u n 0 dotivatetfirst the finite element analysis.
In the second step, the program calculates the required area of steel for the plate and the stiffener
elementsAny solver warnings or errors encountered during the solution are issued and recorded

as solver messages in the results table.
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6.1. Solve Options

TheSolve Optionsallow the user tgelect run options and include second order effects, maximum
allowed outof-plan deflection limits, and choices for concrete shear streraithlations These

options are important to consider carefully as they can be useful to manage and control the model
behavior and corresponding analysis results.

SOLVE

Fun

~ SOLVE OPTIONS
Run Opticns
Include 2nd Order Effects ez v

Max. allowed Qut-of-Plane

Deflection H/150 ’

User Defined allowed

Deflection "

Check Concrete Shear Strength of Wall Crossections
[AC] with Sclid walls cnly)

® Use Simplified Equations
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6.1.1. Run Options

Selecti Aalysis &Desigrofrom theruN opTIONSdropdowrto run bothiFEM analysis and design.

If only the design portion of the solution needs to beurei e.g., due to a change in inghat
affects design only such as definition of reinforcing steel or design crit¢hen thefiDe s i g n 0
option maybe selected. Tipeogram will run the design procedures without reinvokhregfinite
element solution which may be time consuming for larger modelsmatty load combinations.

6.1.2. SecondOrder Effects

S el e c tfronfithe BiIGLUDE 2ND ORDER EFFECTSIrop downmenuto havethe program perform
secondorder analysis in which the cof-plane (bending) action is magnified according to the
values of the irplane forces and the cof-plane deflections. WhehNo 0 i s,thepdgranc t e d

performs first order analysis. See the discussion in Chapter 2.
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6.1.3. Maximum Allowable Out-of-Plane Deflection

Select an option to check displacement calculated for service load combinations against a

maximumallowableout-of-planedeflection There are three options available
AfADi sabl eRodisplacement check is performed

ARAH/ 2500 Service load combinations eaf-plane deflections are checked
againstallowable deflection calculated by the program as H/150,
where H is the overall height of the wall. The H value is used instead
of length between supportk ¢r|) because values &f (or I) cannot
be accurately determined by the program due to arbitrary wall
geometries and support conditions available in the program. If
approximation with H is not acceptable then the user can specify the
exact value of theallowable deflection using thefi Us e r Defi nec

option described below.

AfnUser De Servitcee ldal combinationsut-of-plane deflections are checked
againstallowable deflection specified by the usdbeflectionsthat

exceed thallowablevalue are flagged in the results report.

6.1.4. Concrete Shear Strength of Wall CrossSections

Select an option for checking shear strength of wall esestions provided by concrefehese
options are only available for ACI and only for solid walls, i.e. walls witlop&nings. Refeto

Section 2.7.2n Chapter 2 of the manual for maréormation.
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6.2. Meshing Options

Unlike earlier versions ospWall where the physical model contains the finite elenmaash
through the creation of grids at the first step of model creatioWakps/10.00 separates the
physical model generation from the analytical model. It allows thetasksfine parameters for
theFinite Element mesh generation at 8@veMenu. The parameters that can be set by the user
arediscussed below:

v MESH OPTIONS

Max. allowed mesh size 200 ft

Max. allowed aspect ratio 10

Circle segments 36 T

v Status
Mumkber of elements 1180
Min. element size 200 ft
Max. element size 200 ft
Max. aspect ratio 1.00

6.2.1. Maximum Allowed M eshSize

ThemAX. ALLOWED MESH SIZE for the analytical modes$ a user input that is set to an initiefault
value of 2.00 ft by the Program and can be changed by the user based on the specifieedsdel
As a rule of thumb, as the mesh size gets finer, the results become more adtratate
vertices, stiffener verticesnode, restraint, and point load locations automatically get a finite
element mesh grid. The factors that may be considergdeimaxmum allowed mesh size
selection are thplatethickness, and the overallevationdimensions of thelate
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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 circulplates

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 invokes the solver.

I b 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

Run

After you click theRun button, the program then switches control toSbéver Module. A dialog
box reporting the progress and status of the solution is displayed.

SP Pleaze wait...

Running analysis...

> Internal Forces Calculated —
> Beactions Calculated

IN-FLANE BRNALYSIS /ULTIMATE/ :

Plate Group Stiffness Calculated
Stiffness Matrix Assembled

Stiffness Coefficients At Supports Saved
Boundary Conditicons Applied

Nodal Displacement Calculated

Internal Forces Calculated

Beactions Calculated

WOOROONON O N N

LATERAL LOAD ANALYSIS:

Ccmbinaticn: 1
> Plate Group Stiffness Calculated
> 5tiffness Matrix Assembled
> Stiffness Coefficients At Supports Sawved
> Boundary Ceonditions Applied -

Cance

When the solution is successfully completed, a contour map shakengervicedisplacement
envelopg(in the positive x directionis displayed. If the solution procedure fails, a message box
appears. Detailed informatiam the solution can be found in tBelver Messages Dialognder
TablesWindow.
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CHAPTER

MODEL OUTPUT

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

1. Tabular Output: Text results organized imlles including all relevant exact numerical

resultsformatted in columnar tables

2. Graphical Output: Illustrating model behavior visually as an important and effective
method to diagnose and verify expected results and critical parameters
Graphical output is presented as contours, diagrams, or other two

dimensional graphics.

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

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 sectiordiff€éfences being that of

the Reporter Module contains the cover & contents, and screenshots sectionsTdalles

Module contains theSolver Messagesectionwhich includes any warnings or error statements
reported during the model executidrhe tables may be fully or partially output foraiifor only

selected nodes,andelemamts i ng t he Ranges section of the re

nodes or elements provide the complete output for each category in the results table

v Ranges

From To
Plates «  All
Modes All

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 Options input entered by the user.
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7.1.2. Definitions

This section contains the followirigefinitions input data subsections:
7.1.2.1. Grid Lines

This subsection contains the information regarding to the definitions input d&aderutilized
in the model. This subsection has data blocksxfoVERTICAL andyY i HORIZONTAL grid input

data.
7.1.2.2. Objects

This subsection contains the information regarding to the definitions input datajémts utilized
in the model This subsection has data blocksHDATES, STIFFENERS PROPERTIESandSTIFFENER

i GEOMETRYinput data.
7.1.2.3. Properties

This subsection contains the information regarding to the definitions input da@aofoerties
utilized in the model. This subsection has data blocksC6WCRETE REINFORCEMENT, PLATE
CRACKING COEFFICIENTS PLATE DESIGN CRITERIA STIFFENER CRACKING COEFFICIENTS and

STIFFENER DESIGN CRITERIANpuUt data.
7.1.2.4. Restraints

This subsection contains the information regarding to the definitions input daRedtnaints
utilized in the model. This subsection has data blocksudepPoRTS andsPRINGSInput data.

7.1.2.5. Load Cases/ Load Combinations

This subsection contains the information regarding to the definitions input ddteafdrCase/
Combo. utilized in the model. This subsection has data blocksLéaD CASES and 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 thBlodesinput data such asoDE ID, COORDINATES andASSIGNMENTS FOR

RIGID SUPPORTANASPRING SUPPORTS

7.1.3.2. Plates

This block contains thBlatesinput data such as, LABEL, SHAPEaNdGEOMETRIC INFORMATION
7.1.3.3. Stiffeners

This block contains thé&tiffeners input data such a®, LABEL, DIRECTION, COORDINATES

LENGTH, andASSIGNED SUPPORT ID
7.1.3.4. Point Loads

This block contains thBoint Loads input data such asoDES ID, LOAD CASE, andLOAD VALUES

& ECCENTRCITIES
7.1.3.5. Uniform Area Loads

This block contains theniform A rea Loadsinput data such a8 ATE ID, LOAD CASE, andLOAD

VALUES.
7.1.3.6. Linear Area Loads

This block contains theinear Area Loads input data such a®LATE ID, LOAD CASE, TOP LOAD

VALUES & LOCATION, andBOTTOM LOAD VALUES & LOCATION.
7.1.3.7. Uniform Line Loads

This block contains th&niform Line Loads input data such aSTIFFENERID, LOAD CASE, and

LOAD VALUES & ECCENTRCITIES
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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 contain€lement Geometrydatafor plate and stiffener elemergsich asELEMENT

NUMBER, NODE NUMBERS OF AN ELEMENT DIMENSIONS, andTHICKNESS (for plate elements).
7.1.4.3. Element Properties

This block containElement Properties data labelsfor plate and stiffener elemenssich as
PLATE/STIFFENER CONCRETE REINFORCEMENT, DESIGN CRITERIA CRACKING COEFF.and whether

the elementoADED or not.
7.1.4.4. Loaded Elements

This block containtoaded Elementsdatafor plate and stiffener elemergeowing theJNIFORM
AND LINEAR AREA LOAD VALUES per load case for dibadedplateelementsandthe UNIFORM LINE

LOAD VALUES per load case for dibadedstiffenerelements.
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7.1.5. Results

This section contains tHenvelope theService and thelltimate level results.
7.1.5.1. Solver Messages

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

messages generated during model execution.
7.1.5.2. Envelope

This section contains tlenveloperesults information oServiceDisplacements Plate Flexure
Reinforcement, Wall Concrete Shear Strength Stiffener Flexure Reinforcement Stiffener
Shear Reinforcement Stiffener Torsion Reinforcement and Stiffener Reinforcement

Summary.
Service Displacements
This block contains the information regardingttee Service Displacementgnvelope.

The maximum positive (+ve) and maximum negative) displacement®x, Dy, andD;) at each
node are displayed. Displacement envelopes are calculated from the results of the service load

combinations. Displacements are shown in the directions of the global axes.
Plate Flexural Reinforcement
This block contains the information regardingttee Plate Flexural Reinforcementenvelope.

The required areas of steahd reinforcement ratian the horizontaldirectionand thevertical
direction, in each plate elemeante reportedHalf of the reported value applies to each curtain in
models with two curtain layout. TH#ock also showsthe maximum ultimate design moment, the
ultimate design axial forcéhe critical ultimate load combination that produces the smallest safety
factor as well as the plate element design forces calculated for the critical load comb8eion.
Section 2.4.1n Chapter 2 for discussion about calculating the design forces in plate elements.
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Wall Concrete Shear Strength

This subsection contains the information regarding tolthk@lane and Out-Of-Plane Wall
Concrete Shear Strength

This portion of results is only available for solid walls designed in accordance with the ACI codes
and when the user selects the option to check concrete shear strength. Shear strength of wall cross
sections directly above and directly below each horaagrtid line is reported for wplane and
out-of-plane directions. Shear strength provided by concrete is compared to the corresponding

shear force for the load combination which results in the smallest safety factor.

Stiffener Flexure Reinforcement

This block contains the information regardingttee Stiffener Flexure Reinforcementenvelope.

The portion of the longitudinal area of steel that resists flexure is reported for each stiffener
element. The results also show, the critical ultimate load combination that produces the smallest
safety factor as well as the stiffener element design foceé=ulated for the critical load

combination

Stiffener Shear Reinforcement

This block contains the information regardingttee Stiffener ShearReinforcementenvelope.

The total transverse reinforcement required to resist both shear and torsion is reported for each
stiffener element. The results are shown forXhandZ directions that are the local axes of the

stiffener element. The results also show, the critical ultimate load combination that produces the
smallest safety factor as well as the stiffener element design forces calculated for the critical load

combination

Stiffener Torsion Reinforcement

This block contains the information regardingttee Stiffener Torsion Reinforcementenvelope.

The transverse and longitudinal reinforcement required to resist torsion only are reported for each
stiffener element. The results also show, the critical ultimate load combination that produces the
smallest safety factor as well as the stiffener elemesigd forces calculated for the critical load

combination.
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Stiffener Reinforcement Summary

This block contains the information regarding tbe Stiffener Reinforcement Summary

envelope.

A summary of required transverse and longitudinal reinforcement are reported for each stiffener

element.
7.1.5.3. Service

This section contains tHgervicelevel results information oNodal Displacements Reactions
Sum of ReactionsPlate Internal Forces andStiffener Internal Forces.

Nodal Displacemens

This block is output for individugbervice Load Combinations It lists theNodal Displacement
for each load combination. The table lists the displacesiPrtDy, andD:) at each noddositive
displacements are in the direction of the positive axes.

Reactions

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

Sum ofReactions

This block is output for individugbervice Load Combinations It lists theSum of Forces and

Moments (with respect tanodelcenter of gravity) for applied loads and reactions due to restraints
Plate Internal Forces

This block is output for individugervice Load Combinations It lists thePlate Internal Forces
for each load combination. The table lists thelane forces Nxx, Nyy, andNxy), the bending
moments M xx andMyy) and the torsional momerilgy) in each plate elemerfositive forces are
in the direction of the positive axes and positive moments are determined using thamdhdle.
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Note that unlike in beams and columns, the traditional plate and shell theory convention is that

Mxx denotes the moment along (not about) thax¥ andVyy denotes the moment along the Y
axis. See Element Design ForcesSection 2.4.1of Chapter 2 of the manual for the sign

convention.
Stiffener Internal Forces

This block is output for individuabervice Load Combinations It lists theStiffener Internal
Forcesfor each load combination. The table lists ititernal forcesNx, Vy, andV), the internal
bending momenta{y andMz) andthe torsional momentr§) in each stiffener elemerftorces

and moments are shown in the directions of the local axes of the stiffener element. See Element

Design Forcef Section 2.4.1of Chapter 2 of the manual for the sign convention.
7.1.5.4. Ultimate

This section contains thditimate level results information oNodal DisplacementsReactions
Sum of ReactionsPlate Internal Forces Stiffener Internal Forces, andWall Cross-Sectional

Forces
Nodal Displacemens

This block is output for individudJitimate Load Combinations. It lists theNodal Displacement
for each load combination. The table lists the displacesiPrtDy, andD:) at each noddositive

displacements are in the direction of the positive axes.
Reactions

This block is output for individudlltimate Load Combinations. It lists Reactionsfor the nodes
with restraints. Positive translational reactions (forces) are in the direction of the positive axes and

positive rotational reactions (moments) are determined using thehagitrule.
Sum of Reactions

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
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Plate Internal Forces

This block is output for individualltimate Load Combinations. It lists thePlate Internal
Forces for each load combination. The table lists thegplane forces Nxx, Nyy, andNxy), the
bending momentdfxx andMyy) and the torsional momenty) in each plate elemerfositive
forces are in the direction of the positive axes and positive moments are determined using the right

hand rule.

Note that unlike in beams and columns, the traditional plate and shell theory convention is that
Mxx denotes the moment along (not about) thax¥ andMyy denotes the moment along the Y
axis. See Element Design ForcdesSection 2.4.1of Chapter 2 of the manual for the sign

convention.
Stiffener Internal Forces

This block is output for individudlltimate Load Combinations. It lists theStiffener Internal
Forcesfor each load combination. The table lists ititernal forcesNx, Vy, andVz), the internal
bending momentd{y andMz) and thetorsionalmoment Tx) in each stiffener elemerforces

and moments are shown in the directions of the local axes of the stiffener element. See Element
Design Forces Section 2.4.1of Chapter 2 of the manual for the sign convention.

Wall Cross-Sectional Forces

This block is output for individuaUltimate Load Combinations. It lists the Wall Corss-

Sectional Forcedor each load combination. The table lite crosssectional forcesNuy, Vux,

andVuz) and momenta\ ux, Muy, andM ;) at wall sections directly above and directly below each
horizontal grid lineThe forces and moments are calculated with respect to centroid of the section
based on loads and reactions for the selected ultimate load combination. Forces and moments are
shown in the directions of the ajlal axes and are subdivided inteplane and ouplane
categories. Only forces transferred by plate elements are considered, i.e. if a wall section intersects
stiffeners then forces transferred by stiffeners are excluded and reported separatelynas stiffe

internal forces.

| 222 |



_
sIwall

MODEL OUTPUT

7.2. Graphical Output

The Graphical output is organized in@pntours and Diagrams views that may be viewed,

printed, exported caidded to Report

7.2.1. Contours

Contourviews areusedto facilitate the graphical examination of the results byutber. Contour

views show the results in three distinct sections, nargglyelope Service andUItimate.

ol o= B
File Home
Project Define Gnd Select
RESULTS

0
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=
Stiffeners
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> Dz
> Dwyz
~ Plate Internal Forces
* Max
> Myy
> My
> Max
> Myy
> Mxy

~ DISPLAY OPTIONS

=T ~ Elements
=1 MNode Numbers
Element Numbers Scale —f}
ACI318-14

~ Deformed Shape
Undeformed Shape

173

| g '
4+~ A DO PP
Modes  Restraints Loads Solve Results
Service - Displacement - Dz - 55 (in) r X
0.028 ﬁ
i
I 0.011 Ak
I 0,006 £
-0.023 E
-0.040
-0.057 "
a
-0.074 _
-0.090 2
I -0.107 @
0124 L)
I -0.141
I -0.158
I -0.175
I -0.192 e
-0.209
5% >
Envelope - Plate Reinforcement - Asy (in®/ft) - X

0,409

= 0.387
I 0.365
0.344

0322
0.300
0.278
0.257
0.235
0.213
o191
0.170
0.148
0126

14,80, 20,35 (ft)

H = v &
Tables  Reporter Display  Viewperts  Settings
service - Displacement - Dy - S5 (in) r X

I 0.000
0.000
= -0.001

-0.001

-0.001
-0.001
-0.002
-0.002
-0.002
-0.003
-0.003
-0.003
-0.003
-0.004

Ultimate - Plate Internal Forces - Myy - U3 (kip-f = x

9468

I 8773
I 8.079
7.384

6.690
5.985

5.300

4.606

391

3216
2522

1.827

1132
0438

-0.257

Units: English =
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7.2.1.1. Envelope

This section contains thienvelopegraphical results information ddervice Displacemerg and

Plate Reinforcement
Service Displacemerd

This graphical view displays the contour envelopegiemaximum positive (+ve) amdaximum
negative {ve) displacementg, Dy, and D). Displacement envelopes are calculated from the
results of the service load combinations. Displacements are shown in the directions of the global

axes
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Plate Reinforcement

This graphical view displays the contour envelopesiferequired areas of steel for flexure in the

X direction(Asx) andthe Y direction Ay). Half of the displayed value applies to each curtain in

models with two curtain layou¥Vhen flexure design of some elements fails #ugduser wants to

display a contour map with plate flexural reinforcement, the program will display a warning

message indicating that some elements failed flexure design and then the contour map will be

shown. Elements that failed the design are markdd avitiagonal pattern as illustrated here

Project Define Grid

RESULTS

~ Envelope

~  Service Displacements
D (+ve)
D (-ve)
Dy (+ve)
Dy (-ve)
Dz (+ve)
Dz (-ve)

~  Plate Reinforcement
Asx
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L O

Select Plates
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Diagrams

=

Stiffeners

Fa
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|
—o—

A O

Nodes  Restraints  Loads Solve

o B =~

E O ©

Display  Viewports  Settings
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8332
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I 7.074
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5816
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4559
3930
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! 1415
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Warning
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? Dz
> Dwyz
~  Ultimate
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> Dz
> Dwyz
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M
Myy
iy
M

VoW W W v v

Myy
Maxy

~ DISPLAY OPTIONS
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— Node Numbers

Element Numbers

ACI318-14

T X

0]

) Z><
20E

FRONT

7.66, 30.80 (f1)
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7.2.1.2. Service

This section contains thgervicelevel graphical results information @isplacement andSoil

Pressure
Displacement

This graphical view displays the displacensefix, Dy, Dz, and Dxyz) contours for individual
service loadcombinations Displacements are shown in the directions of the global. &gs
displacements contowhows displacement# all 3 directiongi.e., Dy, Dy and ) combinedin

the samecontour This provices a holistic accurate depiction of the actwslerall structure

deflected shape.
7.2.1.3. Ultimate

This section contains thditimate level graphical results information @splacementandPlate

Internal Forces.
Displacement

This graphical view displays th#isplacemerst (Dx, Dy, Dz, and Dxyz) contours for individual
ultimate load combinations Displacements are shown in the directions of the global. &xgs
displacements contoshows displacement all 3 directiong(i.e., D, Dy and ) combinedin

the samecontour This provides a holistic accurate depiction of the actwaderall structure

deflected shape.
Plate Internal Forces

This graphical view displays thie-plane forcesNxx, Nyy, Nxy), the bending momentMx, Myy),
and the torsional momen#y) contours for individualltimate load combinationsForces and

moments are shown in the directions of the globas.axe
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7.2.1.4. Contour Display Options

ThecontoursDisplay Options allow the user ta@ontrol the view of plate elements, plate element
numbers, node numbers, deformed shape, undeformed shape, and deformed shape scale. It also

contains a shortcut button fBisplay command.

* DISPLAY OPTIONS

+ Elements + Deformed Shape
MNeode Numbers Undeformed Shape
Element Mumbers Scale I 311 =
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7.2.2. Diagrams

Diagramviews are to facilitate the graphical examination of the results hys#reDiagramviews

show theaultimate levelresults in three distinct sections, nam@&itiffener Internal Forces, Wall

Cross-Sectional ForcesandWall Concrete Shear Strength
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7.2.2.1. Stiffener Internal Forces

This graphical view displays theternal forcesNx, Vy, andVz), the internal bending moments
(My andMz) and the torsional momenty) diagrans for individualultimateload combinations.

Forces and moments are shown indhrections of the local axes of the stiffener element.
7.2.2.2. Wall Cross-Sectional Forces

This graphical view displaythe crosssectional forcesNuy, Vux, andVuz) and momentsM ux,
Muy, andMuz) diagrans for individualultimateloadcombinationsForces andhoments are shown

in the directions of the global axes
7.2.2.3. Wall Concrete Shear Strength

This graphical view displaythe In-Plane and Out-Of-Plane Wall Concrete Shear Strength
This portion of results is only available for solid walls designed in accordance with the ACI codes
and when the user selects the option to check concrete shear strength.

7.2.2.4. Diagrams Display Options

The diagramsDisplay Options allow the user tacontrol the view of wall elements, stiffener
element numbers, node numbers, shear force, fill diagrams, show values, show minimum

maximum values only, and diagram size. It also contains a shortcut butisptay command.

* DISPLAY OPTIONS

' Wall Elements Fill Diagrams
Mode Mumbers o Show values

Stiffener Element

Numbers « Min/Max only

W

Size 100 %

7.2.3. Viewing Aids

Viewing aids are those features in the program that facilitate viewing the graphical output results

produced by the program.
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7.2.3.1. Multiple Viewports

Multiple viewports can be used to view different contours, diagrams, and model views at the same
time. TheViewports Command in théribbon can be used to select from a set of-geéined

viewport configurations or create a new viewport window. A maximum of 6 viewports can be used

at one time.

File Home ~
5 | g ' — =
B B H & O = + & & B B H =y B O|&
Project Define Grid Select Plates Stiffeners  MNodes  Restraints  Loads Solve Results Tables  Reporter Display | Viewports | Settings
RESULTS Results * % || Results OO Two vertical
\/1 E‘ 0,000 — 0400 % Two horizontal
Diagrams  Contours IQ.OOO Four equals EE Four equal
¥ -0.001 Display four equal viewports Mamwinks)
~  Wall Cross-Sectional Forces I W 5344
> N
il 0001 B 0322
7 Wux
-0.002 0.300
? Vuz u
v Mux -0.002= 0278
ul -0.002 = 0.257
u2 I -0.002 H I 0.235
0003 0213
U4
s I -0.003 I 0191
I -0.003 5= I 0170
us
-0.004 0148
I I
-0.004 0126
¥ Muz I I
3 -0.004
;II
Results * ¥ | Wall Cross-Sectional Forces - Mux - U3 (kip-ff)y ~ X
I 0.037 o]
z
I 0.014 20
I -0.008 q!_~>
-0.031 :6.
-0.053 El
-0.075 +
Q
-0.098 _
-0.120 9
I -0.143 @
-0.185 &
-0.187
I -0.210 69,308
I -0.232
~ DISPLAY OPTIONS I
-0.255
~ Fill Diagrams I -0.277
~| Show values
= e
v Min/Max only
=t )
- Size I 200% = -5
ACI318-14 550, 34.41 (#t) Units: English ~

| 230 |



Sm MODEL OUTPUT

7.2.3.2. View Controls

When a viewport is active it has a set\déw Controls located in the top right corner. These

commands can be used to aid in viewing the model, diagrams, or contours

Commands in th¥iew Controls can be used t@glEw HOME, VIEW 3D, ROTATE, ZOOM TO MODEL,

ZOOM TO WINDOW, ZOOM IN, ZOOM OUT, PAN andEXTRUDE.

View Home +— {1}

View 3D «— 7 [

Rotate «—— %

Zoom to Model «— 2
Zoom to Window «— [ ¢
Zoom in +—— +q

Zoom out<«— "¢

Pan «— "

Extrude «—— )

Users can also

A Rotate Section in 3D: Enables rotating the model, diagram, or contour in three dimensions

(shift + middle mouse button)

A Zoom in and zoom out using the mouse wheel and pannieoldiiyng the middle mouse button

and moving the mouse around.
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7.2.3.3. Display Options

TheDisplay Command in th&ibbon can be used to open thesPLAY OPTIONSdialog. This dialog

facilitates toggling on/off the differe@bjects, Loads, RestrainemndGrids

DISPLAY

Extrude

v OBJECTS
~ Plates + Label v
~  Stiffeners «  Label v

v MNodes D v

v LOADS
0@ & A-DL v >

« Values + Units Size | 100 %

v RESTRAINTS

+ Supports ~ Springs

+ Labels Size | 100%
~ GRID

+ (Gnd + [Dimensions

| Labels Units Size | 100 %
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7.3. Output Settings

TheSettingsCommand in th&ibbon can be used to open theTTiNGsdialog which can be used

to change various program settind$ie settings dialog can also be accessed from the settings
button at the bottom left of the start screBayond general options and program startup default
values the settings provide the user with numerous ways to personalize resultsinghaliag

colors for objects, grids, arlagramsas well angineering units and precisions
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7.3.1. Settingsi Tabular Results

Tabular results settings are simply obtained from the ribbon to provide user options for result tables

and reports as follows:

SP Settings
=) v (Qeneral
- Options Diagrams in Report
Grids
Advanced .
Automatically Added
v Colors
Objects | Extrude 30 view
Grids
Diagrams « Plates & Stiffeners ID
*  Engineering
) o + Modes ID
Units & Precisions
Startup Defaults
« Restraints
+ Loads (all load cases)
Options
+ Show structural gnd
Reset OK Cancel

5P Settings

Explorer

Location Left -

Hide inactive items

Keep explorer configuration

OK Cancel
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7.3.2. Settingsi Engineering

Provides user options to sehits & Precisions forDimensions,Materials, Springs, Forces,

Displacement, anBeinforcementor input data andeaults.

SP Settings

1 v (Qeneral

=T

Options
Reports
Grids
Advanced
~  Colors
Objects
Grids
Diagrars
*  Engineering
Units & Precisions

Startup Defaults

Units & Precisions

Unit system English

~ DIMENSIONS

Structure ft
Section in
Angle Deg
¥ MATERIALS
Weight/Volume pef
Young's Medulus kesi
Strength kesi
Strain -
Stress psi
~ SPRINGS

Linear Stiffness kips/in

Rotational Stiffness | kip-ft/rad

v FORCES
Force kips
Force/Length klf
Force/Area psf
Moment kip-ft

Moment/Length kip-ft/ft

~ DISPLACEMENT
Rotation Radians

Translation in

~ REINFORCEMENT
Area in

Area/Length in®/ft

Reset

[RE RN IR PE R R S VR Ve

CK

Cancel
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8.1. Example 1- Load Bearing Wall

8.1.1. Problem Formulation

This example will illustrate the analysis and design of the wall shown below. As is required for
typical precast or tiup load bearing panels, a second order analysis will be performed.

Design data

f.6= 4,000 psi

we = 150 pcf

v(Poi ssondés ratio) = 0.20
fy = 60,000 psi

Es = 29,000 ksi

Wall thickness = 8.75 in.

Eccentricity (e) = 7.50 in.

Roof dead load = 0.40 kif (line load)

Roof live load = 0.50 klif (line load)

Wind load = 30.0 psf (uniform area load)

Reinforcement for this wall is considered as two curtains, each composed of two layers: one

horizontal with 1 in. cover, and one vertical with 1.5 in. cover.
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Figure8.11 Concrete WallGeometry
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8.1.2. Preparing the Input

1. From theStart screen, selettew Project.
2. IntheMain Program Window, selectProject from theRibbon.

A Selectthe DESIGN CODE UNIT SYSTEM, and enter theROJECT NAMEand PROJECT

DESCRIPTION
wihi= Al
File Home ~
= | A T — |
By B H r 0 = + & & B OO B =y B B &
Project Define Grid Select Plates Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewports Settings
PROJECT Model View (Load Case: A - DL) v X
]
Design code ACI318-14 2
nLE
Unit system English || > b
L
v
‘a
a
71

v DESCRIPTION
Project Mame

spWall Manual - Example 1

Project Description

Load Bearing Wall

Project Date | 10/11/2022 i

Project Time | 12:00 PM <] ¥
o H
=1 #

~ DISPLAY OPTIONS FRONT
= - -
— Load Case A-DL v > =
ACI318-14 B o b L. 2 ~  Units English ~
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3. From theRibbon, selectGrid.

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

SP Generate Grid Lines

« X - Vertical
Start coordinate - x 0.00 =+
Grid Spacing 20 2+

+ Y - Honizontal

Start coordinate -y | 0.00 ft
Grid Spacing 29.51.5 ft
Options

Remove existing grid lines

Generate Close

A 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 20.0

A 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 29.5 15

A Click on thecENERATEbuULtton to return to the main window. Notice howWEeTICAL

andHORIZONTAL grid lines now appear in theewPORT.
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A

s

Project Define Grid Select
l} GRIDS
et T+
Add-H  Add-V
~ VERTICAL
Label Coordinate-X
ft
A 0.00
B 2000
~ HORIZONTAL
Label Coordinate-Y
ft
0 0.00
1 29.50
2 31.00
— ~ DISPLAY OPTIONS
— +| Labels + Units
=1
. « Dimensions Size I
ACI318-14

]

Plates

biE3

Generate

+
Spacing
ft

0.00
20.00

+
Spacing
ft

0.00

29.50
1.50

| a — 1
= + A T § [ M v B ©
Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewports Settings
Medel View {Load Case: A - DL) v X
0
® QRN
| 2000t | I
T 1 K=
| | L
: bi=Y
—_1 i - —_ e — L
o 1 £ B
| | a
| | <
| | 9
| | 5
| |
| |
| |
| |
2 | |
3 & ' '
=l o | |
va| S f '
&
| |
| |
| |
| |
| |
| |
| |
| |
'y '
|
. '
O o]
i ' FRONT
| f -
2001,36.14 (f) - #- L~ b 3~ Units English ~
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4. From theRibbon, selectDefine, then choosé®latesfrom Objects to displaythe Plates

dialog box

A InputPlate - Afor LABEL and8.75 in. for THICKNESS

A Click on theappLY button to apply the changes.

SP Definitions

=LY Objects

Plates

Stiffeners + New X Delete bl

~  Properties

=

L3

Concrete Label Thickness Concrete Reinforcement Design Criteria Cracking Coeff. Used

Reinforcement in
P kg o | e S P S == S N I
Plate Design Criteria
Stiffener Cracking Coefficient
Stiffener Design Criteria
~ Restraints
Supports
Springs
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

Apply oK Cancel
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5. Click onConcretefrom Propertiesto displaythe Concretedialog box

A Enter the following:

LABEL: C4
UNIT WEIGHT: 150 pcf
COMPRESSIVE STRENGTH 4 Kksi

YOUNGHS MODULUS 3834.30 Kksi

POI SSON6S RATI O 0.20

A Click on theappLY button to apply the changes.

SP Definitions

=] ¥  Objects
= . Concrete
_ ates
= y
Stiffeners + New X Delete = 7

~  Properties

Label Comp. Strength Unit weight Young's mod Poisson's ratio  Precast Used

Reinforcement ksi pef kesi
poteCracrg eercere | T I T R
Plate Design Criteria
Stiffener Cracking Coefficient
Stiffener Design Criteria
~ Restraints
Supports
Springs
v Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

Apply OK Cancel
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6. Click onReinforcementfrom Propertiesto displaythe Reinforcementdialog box

A Enter the following:

LABEL: Gre0
YIELD STRENGTH 60 ksi
Y OU N GNGDULUS: 29000 ksi

A Click on theappLY button to apply the changes.

SP Definitions
=| v Objects )
= Reinforcement
=1 Plates
Stiffeners + New X Delete -

+
+
+
+

~  Properties

Concrete Label Yield strength Young's modulus Used

o ko ocicen | | = T R

Plate Design Criteria
Stiffener Cracking Coefficient
Stiffener Design Criteria
~ Restraints
Supports
Springs
~  Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

Apply oK Cancel
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7. Click on Plate Cracking Coefficient from Properties to displaythe Plate Cracking

Coefficient dialog box

A Enter the following:
LABEL: PCC1
Service Combinations:
IN-PLANE: 1.00
OUT-OF-PLANE: 0.70
Ultimate Combinations:
IN-PLANE: 1.00

OUT-OF-PLANE: 0.35

A Click on theappLY button to apply the changes.
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5P Defini

=) ~  Objects

_ Plates
Stiffeners

~  Properties

Concrete

Plate Design Criteria
Stiffener Cracking Coefficient
Stiffener Design Criteria
~ Restraints
Supports
Springs
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb.

Plate Cracking Coefficient
+ Mew X Delete

Label

Service Combinations

In-plane

Out-of-plane

Ultimate Combinations

In-plane

Used

Qut-of-plane

Apply 0K

=
FE | 2

Reinforcement
T [ T T T R N N

Cancel
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8. Click on Plate Design Criteriafrom Properties to displaythe Plate Design Criteria

dialog box

A Enter the following:
LABEL: 2C#4
REINFORCEMENT LAYOUT. Two Curtains

REINFORCEMENT RATIQ

HORIZONTAL MIN.: 0.20 %
HORIZONTAL MAX.: 8.00 %
VERTICAL MIN.: 0.12 %
VERTICAL MAX.: 8.00 %

REINFORCEMENT LOCATION

BACK CURTAIN HOR. (BH): 1.00 in.
BACK CURTAIN VER. (BV):. 1.50 in.
FRONT QURTAIN HOR. (FH): 1.00 in.
FRONT QURTAIN VER. (FV): 1.50 in

A Click on theappLY button to apply the changes.
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5P Defini
=l ~  Objects . o
= Plate Design Criteria
_ Plates
Stiffeners Label aced
~  Properties
Concrete Reinf. Layout Two Curtains

Reinforcement

Plate Cracking Coefficient

Plate Design Crteria
Stiffener Cracking Coefficient

Stiffener Design Criteria

Reinforcement Ratio

~ Restraints

Horizontal Min. 0.20
Supports
Springs Horizontal Max. 8.00
~  Load Case/Combo. Vertical Min. 0.12
Load Cases
Vertical Max. 8.00

Service Load Comb.

Ultimate Load Comb. Allow minimum below code

+ New X Delete

Label Reinf. i One Cu Rmin (I

%
> oces Twol M| 02

E

Rmax ( Rmin (! Rmax( Min.belo BackH BackV. Frontk FrontV  Used

%

in in in
00 o2l _ao0M | 00l is0l 100 150 o]

Back Curtain
v | o

v J'T—_!Z_‘T_!.x-:': .

Front Curtain
Reinforcement Location
Back Curtain Hor. (BH) 1.00 in
Back Curtain Vert. (BV) 1.50 in
Front Curtain Hor. (FH) 1.00 in
Front Curtain Vert. (F\V) 1.50 in

% in

Apply OK Cancel
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9. Click onSupports from Restraintsto displaythe Supports dialog box

A Enter the following:
LABEL: Hinged
Select the following restraints to model simply supported end condifigngy, D,
LABEL: Lateral
Select the following restraints to model roller end conditi@ss:

A Click on theappLY button to apply the changes.

SP Definitions

=l v  Objects

. Supports
_ Plates
=1
Stiffeners +New  XDelete (=RN= R
~  Properties
Label Translations Rotations Used

Concrete
Reinforcement Dx Dy Dz Rx Ry Rz
Pt rating o | S T - W N T
Plate Design Criteria Lateral v o
Stiffener Cracking Coefficient
Stiffener Design Criteria
~  Restraints
Springs
~ Load Case/Combo.
Load Cases
Service Load Comb.

Ultimate Load Comb,

Apply OK Cancel

| 249 |



Sm EXAMPLES

10. Click onLoad Casedrom Load Case/Comboto displaythe Load Caseddialog box

A Enter the following:
CASE A Dead
CASE B. Live

CASE C Wind
A ChecksELFWEIGHT for CASE A

A Click on theappLY button to apply the changes.

5P Definitions

S Objects
Plates

Load Cases

=1 .
Stiffeners +New X Delete = o= 7

~  Properties
Concrete Type Label Self Weight Used

Case
Reinforcement > A D o8|
B T LW

Plate Cracking Coefficient Live
Plate Design Criteria L Wind W
Stiffener Cracking Coefficient

Stiffener Design Criteria
~ Restraints

Supports

Springs
~  Load Case/Combo.

Service Load Comb.

Ultimate Load Comb,

Apply OK Cancel
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11. Click onService Load Combinationsfrom Load Case/Comboto displaythe Service

Load Combinationsdialog box

A Enter the following service load combinations shown in the figure below:

5P Definitions

=] ~  Objects . L
= Service Load Combinations
_ Plates
T Stiffeners I - =5 5 .
+ New X Delete =~ Update Combinations 5% &3
~  Properties
C Load Case A B C
oncrete
Reinforcement Type Dead Live Wind
Plate Cracking Coefficient Load Comb. Label DL L W
erosmis R T R N N
Stiffener Cracking Coefficient 2 52 1,000 1,000
Stiffener Design Criteria 353 1,000 0.600
~  Restraints 454 1,000 0,600
Supports 5 55 1,000 0.750 0450
Springs 6 56 1.000 0750 -0.450
~ Load Case/Combo. 757 0.600 0,600
Load Cases 8 58 0.600 0600
Service Load Comb.
Ultimate Load Comb.
Apply OK Cancel
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12. Click on Ultimate Load Combinations from Load Case/Combo.to display the

Ultimate Load Combinations dialog box

A Enter thefollowing load combinations shown in the figure below:

5P Definitions

=] ~  Objects . L
= Ultimate Load Combinations
_ Plates
T Stiffeners +MNew  XDelete CUpd inati H Blv
=~ Update Combinations 5+ &
~  Properties
C Load Case A B C
oncrete
Reinforcement Type Dead Live Wind
Plate Cracking Coefficient Load Comb. Label DL L W
o cieis o Y N N N
Stiffener Cracking Coefficient 2 U2 1,200 1600
Stiffener Design Criteria 3 U3 1,200 1,000 1,000
¥ Restraints 4u4 1200 1000 -1.000
Supports 5 U5 0.900 1.000
Springs 6 U6 0.900 -1.000
~ Load Case/Combo.
Load Cases
Service Load Comb.
Ultimate Load Comb.
Apply OK Cancel
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8.1.3. Assigning Properties

13. From theRibbon, selectPlatescommand

A In the left panel, sele®ectanglethen selecbLATE-A from LABEL.

A In theviEwPORT, marqueeselect the region (A, Q) (B, 2) to apply the selected plate

to the entire wall.

| b= |

S - r O & + A T O H = B O &

Project Define Grid Select Plates Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewports Settings
PLATES Model View (Load Case: A - DL) v X
[T e« Ih 0
Rectangle  Circle Polygon @ @ ’.fx

1 2000t | I
I 1 o
PLATE | | b}

Label Plate-A d @ TE— F—--

3 # 4
@ GEEPan @ —frt— - — Specify dimensions +Q

31.00

Type Solid =
Thickness 873 in

Y
v Properties "
Concrete c4 > .
Reinforcement Gré0 >
Design Criteria 0= >
Cracking Coeff. pccl >

31.00 ft

2950 ft

?
|

~ DISPLAY OPTIONS ' FRONT

v Text Label | <> =

—

D+
i

= Units: English -

ACI318-14 2000,3100¢F +  HE - HE -
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8.1.4. Assigning Supports

14. From theRibbon, selectStiffeners command.

A In the left panel, seledtull.

A Apply at the bottom of the wall as shown in the figure below.

| b W

File Home ~
5 | A e — e
B B cf r O/ + A T O H = B B &
Project Define Grid Select Plates  Stiffeners Nodes Restraints  Loads Solve Results Tables  Reporter Display = Viewperts  Settings
STIFFENERS Maodel View (Load Case: A - DL) X
= = {ar
Null  Selid @ @ yfx
1 2000 ft. | I-
T 1 o
| | "2
Gy 2
e — =
= 4
O -
Q
a
g
8 = Plate-A
= o
ve| L1
&
&
¥ Specify length
20,00
= @ X
" v DISPLAY OPTIONS ' FRONT
=T | _'_, -
o ¥ Text Label JRESID = ' '
ACI318-14 19.86, 1110 (f) = H- B L 2 - Units: English =
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A Apply also on Axis 1 as shown in the figure below.

| b W

Project Define

STIFFEMERS

~ DISPLAY OPTIONS

Il
—

| Text

ACI318-14

Label

| A Sy g o=
r 0O = + & T 0O H = - &
Select Plates  Stiffeners Nodes Restraints  Loads Solve Results Tables  Reporter Display = Viewperts  Settings
Model View (Load Case: A - DL) T X
— = {ar
Null  Selid @ @ yfx
| 200G ft | o
| | "2
v
o O -
2 El
@ T T g
Specify length a
20,00 @
o
gl = Plate-A
==
| L
|
b
E's
(o -
' FRONT
ey = \ .
20,04, 20.59 (ft) ~ v B B L 32~ Units: English =
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15. From theRibbon, selectRestraints command.

A In the left panel, seletiinear then selecHINGED from LABEL.

A Apply HINGED support to the bottom null stiffener as shown in the figure below.

| b= B

B B H N O = + A T O H =« B [© ©&

Project Define Grid Select Plates Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewperts Settings
RESTRAINTS Model View (Load Case: A - DL) v X
= A G
Linear  Modal @ @ y_f_x
| 2000 ft | I-
I 1 frie
¥ ¥ ' ' "
| | FA
v + (@) -
< x ® TE— - —-=
7 b 5 4
z z — - — - — - = +
Translation Rotation @ a
a
~ Support @
Label Hinged o >
Dx Dy Dz Rx Ry Rz £l
Cd Cd b
Clear

Plate-A

31.00 ft

2950 ft

: O : ]
~ DISPLAY OPTIONS Hinged ' FROGNT

v Labels Size | 100 % ¥

—
-

= - Units: English ~

[l+
i

ACI 318-14 2330,3576(ft) ~  BE v B -
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A SelectATERAL from LABEL.

A Apply LATERAL support to the top null stiffener as shown in the figure below.

| b= |

B B H r O =& -+ A T O H =y @B O &

Project Define Grid Select Plates Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewports Settings
RESTRAINTS Medel View (Load Case: A - DL) T X
= A 0
Linear MNodal @ @ y_fx
| 2000 ft | .
P v ! 1 =
v y '
| | L
2 p -
<——x x @ TE— - -~
b g i o
z z —fr—t— - — - — - — 4
Translation Rotation @ /ﬁ Lateral a
a
v Support
Label Lateral d 9
Dx Dy Dz Rx Ry Rz Ll
v
Clear
g = Plate-A
= =
vey| L
&
o

~ DISPLAY OPTIONS

= o H %’ %? B
=l @ A A Hinged \ | FronT

< Labels Size 100%

= Units: English -

D+
i

ACI318-14 228735190/ + | HE - -
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8.1.5. Assigning Loads

16. From theRibbon, selectLoads command.

A In the left panel, seletiniform Line then selech-bL from LOAD CASE and enter the

following:

Wy: -0.40 KIf

ECCENTRICITY: 7.50 in.

A Apply to the top null stiffener as shown in the figure below.

En | ] T — e
B B 0 =& + A @ 0 E @& - o
Project Define Grid Select Plates  Stiffeners  MNodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewports  Settings
LOADS Model View (Load Case: A - DL) - X
¢ e
g 8 & ¢ &
Lin. Area Uni. Area Uni. Line  Point @ @ B rx
| 2000 ft | I-
f 1 e
‘ | "
-0.4 kif “Q
i - —
7 | ] l =
S - |
g Lateral 9
v Loads Q
Load Case A-DL > @
Wi 0.000 ki 1
Wy -0.400 kI
Wz 0000 kif
Eccentricity (Ez) 750 in
Clear loads
~ OPTIONS
® Replace existing load z
F 9 3| = Plate-A
Add to existing load ol B
a1
)
¥
= | DISPLAY OPTIONS @ w 4 & L
: « Values A A Hinged ' FRONT
=1 | = -
¥ Units Size —f} 100 %
ACI 31814 23.06,3500(f) -  HE v HE EH v L =T Units: English ~
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A Selec-LL from LOAD cAase and enter the following:

Wy: -0.50 KIf
ECCENTRICITY: 7.50 in.

A Apply to the top null stiffener as shown in the figure below.

| N = =

B B cf O =& =+ A @ O B =y B O @&

Project Define Grid Select Plates Stiffeners  Nodes  Restraints ~ Loads Solve Results Tables  Reporter Display  Viewports  Settings
LOADS Model View (Load Case: B - LL) - X
¢ m
g 8 & 7 @
Lin. Area Uni. Area Uni. Line  Point @ @ ¥ lzx
| 2000 ft | 1
T 1 e
! Wy M+'_,Ez ‘ | L
w 1T el -0.5 Kf i
e 1y W — - -
P Wz¥ 1= @ -y
o <3 ] ) I ] )
) 43— S
z g Lateral 9
« Loads Qa
Load Case B-LL TS > @
Wi 0.000 ki 1
iy -0.500 KIf
Wz 0.000 kif
Eccentricity (Ez) 750 in
Clear loads
~ OPTIONS
® Replace existing load £
F 9 Ble Plate-A
Add to existing load ol B
E
™~

1 ~ DISPLAY OPTIONS @ b 4; 4}
A /qul‘ged ' FRONT

« Values
T i
¥ Units Size 1 100 % =
ACI318-14 2478, 3442(F) ~  mEov - 5 b 2 v | Units: English
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A In the left panel, seletiniform Area then select-w from LOAD CASE and enter the

following:

Wz:  -30.00 psf

A Apply to the entire wall as shown in the figure below.

File Home
| B, = e
B B o Ny | O = 4+ A O [ E v &

Project Define Grid Select Plates  Stiffeners  MNodes Restraints  Loads Solve Results Tables  Reporter Display  Viewports Settings
LOADS Model View (Load Case: C - W) v X
B g2 s 7 @
Lin. Area Uni. Area  Uni. Line  Point @ @ {lz’x

| 2000 ft | I

VW Wy Wz ‘ i

~ loads a
Load Case C-wW || < @
Wi 00000 psf L=
Wy 00000 psf
Wz -30.0000 psf
Clear loads
~ OPTIONS
® Replace existing load
Add to existing lcad é =
= =
il
o
™~

~ DISPLAY OPTIONS

?
|

' FRONT
'

1 ~ Values
~ ¥ Units size —f—— 100%
ACI 318-14 23062942 (f) * & v # - 5 - L 3~ | Units English ~
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A Also, you can click on thep view icon from View Controls (top right of the active

viewport) to get a better view of the applied loads

File Home
| A === — |
B & GH r O = + A& @ O O = - ©
Project Define Grid Select Plates  Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewports Settings
LOADS Model View {Load Case: C - W) X
0 [t m G
Lin. Area Uni. Area Uni. Line Point {f3<
o>
0
YW Wy Wz L)
- = + ot Pie1
o |t
- [t 4
x +

z Q
v Loads 2
Load Case C-w (1€ @
Wi 0.0000 psf m

Wy 0.0000 psf

Wz -30.0000 psf

Clear lcads
~ OPTIONS

® Replace existing load
Add to existing load

RNV RAY
2950 T

=N ~ DISPLAY OPTIONS

_ | Values LT
B @
+ Units Size 1 100 % |
.

ACI318-14 30.66,2091(F)) - EE - @ - B - b 2 - Units English v
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8.1.6. Solving

17. From theRibbon, selectSolvecommand.
For Solve Options

A SelectANALYSIS & DESIGN for RUN OPTIONS
A SelectyEs for INCLUDED SECOND ORDER EFFECTS

A SelectdisABLE for MAXIMUM ALLOWED OUT -OF-PLANE DEFLECTION
For Mesh Options:

A Enter1.00 ft for the MAXIMUM ALLOWED MESH SIZE.
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Nodes  Restraints

T

Loads

M B =~

Tables  Reporter

= O

Display  Viewperts Settings

File Home
B B cH r 0 = -+
Project Define Grid Select Plates  Stiffeners
SOLVE Solve (Mesh)

¥ SOLVE OPTIONS

Run Cptiens Analysis & Design  ~
Include 2nd Order Effects Yes -
Max. allowed Out-of-Plane Dicable .
Deflection

User Defined allowed in
Deflection

o Check Concrete Shear Strength of Wall Crossections
{ACI with Selid walls only)

Use Simplified Equations

Use Detailed Equations {uniform walls only)

v MESH OPTIONS

Max. allowed mesh size 1.00 ft
Max. allowed aspect ratio 10
Circle segments. 36 -
v Status
Number of elements 640
Min. element size 075 ft
Max. element size 1.00 fi
Max. aspect ratio 133

~ DISPLAY OPTIONS

3100 ft
2950 ft

T

®

2000 ft

* X

- B

S et e Ot :L
Numbers. FRGNT
= O Stiffener Element
%= 1 1
Mumbers il
ACI318-14 - - B L B~ | Units: English ~
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A Click on theRun button.

A The spWallSolver 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 thResultsscope.

SP Please wait...

Processing results...

> Wall Cross-sectional Forces Calculated =

ANALYS3IS COMPLETE

Elapsed time: 00:00:02

RUNNING DESIGN

> Displacement envelope
> Plate design

DESIGHN COMPLETE

Cancel
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8.1.7. Viewing and Printing Results

18. After a successful run, results can be viewed in a contour form by sel€dmtgurs

from the left panel.

so|l & I |
< | A Y — —
B B H 5 0O =& + & & O B B =y B © &
Project Define Grid Select Plates Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewperts Settings
RESULTS Envelope - Plate Reinforcement - Asy (in®/ft) T X
b Fa 0.158 @
Diagrams  Contours I 0.156 ¥ fx
~  Envelope I 0,153 @ @ q!_
»  Service Displacements I 0151 | 2000 fr | A
. ! A hi=Y
+ Plate Reinforcement 0148 '
Asy ' @_ | El
0.146 T — —
5 *Q
N 0,143 ®__r-_ — o
> Ultimate 0141
I 0.138 @
0.136 @
0,133
I 0131
I 0128
0126
+)
=
2 =
— =
bl
o
o
~ DISPLAY OPTIONS @_ R o
=) ~ Elements
— MNode Numbers
i - -
Element Numbers =
ACI 318-14 05327710/ - | Ei v B - B - b 3+ Unis English -

Please be advised that spWall displays the total flexure reinforcement, for each element,

for two curtains of reinforcement.
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19. Results can be viewed in a force diagram form by selebliagrams from the left panel.

File Home
| A = e
B B H 5 0 =& + & @ O 0B BH =y B O &
Project Define Grid Select Plates  Stiffeners  Nodes Restraints  Loads Solve Results Tables  Reporter Display  Viewperts  Settings
RESULTS Wall Cross-Sectional Forces - Nuy - U4 (kips) T X
N 0y
Diagrams  Contours r_f_x
y 0,000 s
*~ Wall Cross-Sectional Forces w2
v
~  Nuy
u
+
uz a
u3 _
Q
us @
us @
> Wux £
> Vuz
> Mux
> Muy
» Muz

~ DISPLAY OPTIONS

«| Fill Diagrams

+ Show values ¥

v Min/Max only #X -100.975 FRONT
= . -

Size 1 100 % i=

I
—

ACI318-14 2513308 v Hi- - B+ L 3~ Unis Englsh *
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TS B B = a1

B B H r O = -+

Project Define Grid Select Plates  Stiffeners  Nodes Restraints  Loads Solve Results Tables  Reporter Display  Viewperts Settings
RESULTS Wall Cross-Sectional Forces - Vuz - U3 (kips) T X
R i W
Diagrams  Contours ’_f_x
: &
*  Wall Cross-Sectional Forces ':)'
> Nuy ¥
> Wux E
v Vuz +Q'
u -
uz2 N
u3 @
u4 .
us w
us
> Mux
¥ Muy
> Muz

v DISPLAY OPTIONS

+ Fill Diagrams
¥

+| Show values

=l
v Min/Max only = -9.735 FRONT
=1 - —
— Size 1 100 % 42
ACI318-14 -175,3278(f) ~ - #H- B 2 v Units: English =
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|
B B cH r O = -+ A O i R T B = = O
Project Define Grid Select Plates  Stiffeners  Nodes Restraints  Loads Solve Results Tables  Reporter Display  Viewperts Settings
RESULTS Wall Cross-Sectional Forces - Mux - U3 (kip-ft) v X
Diagrams  Contours {ff
> Lo
*  Wall Cross-Sectional Forces 0.857 A
hi=Y
> MNuy
> Wux E
> Vuz +Q.
~  Mux -
[
u1
u2 @
u3 &
u4 %
us
us
> Muy
> Muz
>
v DISPLAY OPTIONS
+ Fill Diagrams
« Show values
=l i o
« Min/Max only FRONT
= _—
— Size 1 100 % 42
ACI318-14 1413, 3347 (/) #- L L 3+ | Unis English ~
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20. Results can be also viewed in table format by selecting @ies command from the
Ribbon.

SP Tables - Example 1.wi

= T lln e [ BHIE &
E “ Results - Service - Nodal Displacements - 52
Notes
- NOTE: Coordinate System: Global
v Service Node Dx Dy Dz -
~ MNodal Displacements
51 in in in
53 23 -0.00005 -0.00013 -0.00270
54 24 -0.00004 -0.00012 -0.00268
55 25 -0.00003 -0.00012 -0.00265
6 26 -0.00002 -0.00012 -0.00264
57 27 -0.00002 -0.00012 -0.00262
58 28 -0.00001 -0.00012 -0.00261
> Reacti 29 -0.00001 -0.00012 -0.00260
eactions
> Sum of Reactions 30 -0.00001 -0.00012 -0.00259
5 Plate Internal Forces 31 0.00000 -0.00012 -0.00259
) 32 0.00000 -0.00012 -0.00259
v Ultimate 33 0.00000 -0.00012 -0.00259
> Nodal Displacements 34 0.00001 -0.00012 -0.00259
. 35 0.00001 -0.00012 -0.00260
»  Reactions
> Sum of Reactions 36 0.00001 -0.00012 -0.00261
5 Plate Internal Forces 37 0.00002 -0.00012 -0.00262
) 38 0.00002 -0.00012 -0.00264
» Wall Cross-Sectional Forces - 2 0.00003 -0.00012 -0.00265
40 0.00004 -0.00012 -0.00268
¥ Ranges 41 0.00005 -0.00013 -0.00270
From To 42 0.00006 -0.00017 -0.00273
Plates v Al 43 -0.00011 -0.00029 -0.00544
44 -0.00009 -0.00026 -0.00539
45 -0.00007 -0.00024 -0.00533
Nodes v All . P P Pp——. h
4 4
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21. Results can be printed or exported in different formats by selectindReperter

command from th&ibbon.

Ll s g Tq leee EEEEO @

© v~ v Cover & Contents

@ = < Cover

| Contents

Export Print
~ v Project
¥ General Information
Type
 Solver Options
Word Excel B Definitons
v« Grid Li
. oo - Grid Lines

~ X - Vertical

Text CeqT
) wa l I /| ¥ - Horizontal

v v Objects
Printer o
spWall v10.00 (TM) - RC 1 v tes
Acwvuurpm@vamfuanalyslsmdm n of Reinferced Concrete, Precast, and Tilt-up Walls < Stiffener - Properties

Copyright © 1988-2022, STRUCTUREPOINT, LLC.

Adobe PDF -

< frener - Geometry

Properties v W Properties
i Concrete
Sottings < Reinforcement
Paper Letter -
Orientation Portrait -
Margins Normal075"  ~ » ¥ Restraints
¥ Load Case/Combe.

Print range All pages -  Load Cases

+ load Combinations

v v Assignments

 Piates

v Stiffeners

| Uniform Area Loads

+ Uniform Line Loads
> Analytical Model
~ M Results

~ v Envelope

~
Structure Frini Ranges
TSP e S S o R
a ing by Fusthermare, rwither mkes any y e i From To
Somacinags of tha cuTuA piopared by e S program. Ao 20 he progam # nat an
e carlsd EAEce. Th 1 A el FoSper) o Aoy, desin Eoansea’. Acscriogly Plates a1 100
disclaims @il respons|tsiity in contract, negigence or other tart for any analysis, WEIW‘ ar engineenng documents prapared in connection with the use of tha spWal
Brogron. Leenied 12 StucrePont LLE. Leense 10 0D0D.0000300 4-20FG 1 Z0G1
Modes a1 100
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8.2. Example 2- Cantilever Retaining Wall

8.2.1. Problem Formulation

Design the stem of theinforced concrete cantileveregtaining walt show below
Design data

f.6= 3,000 psi

we = 150 pcf

I
o

vV(Poi ssonb6s ratio) .15
fy = 40,000 psi
Es= 29,000 Ksi
Wall thickness =12 in. @ top of the wall
=21 in. @ bottom of the wall
Lateral earth pressure:
Due to soil weight =640 psf
Due to surcharge = 256 psf

It is assumed that the wall acts as a-org system in the Xirection. Therefore, strip of 1 ft

width is modeled.

! C.K. Wang, C.G. Salmon, J.A. Pincheira, and G.J. Piloatesinos,Reinforced Concrete Desigi©xford
University Press, Eighth Edition, 2018, Example 15.7.4.1
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12.00"— |=— Ground level

17.33'
20.

21000 810.56 psf

00'

Geometry Structural Model
Figure8.21 Retaining WallGeometry& Model Loading
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8.2.2. Preparing the Input

1. From the Start screen, selé&w Project.
2. In theMain Program Window, selectProject from theRibbon.

A Selectthe DESIGN CODE UNIT SYSTEM, and enter theROJECT NAMEand PROJECT

DESCRIPTION

| = |

B B r O =& + & ©» 0§ [ H = B O &

Project Define Grid Select Plates Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewports Settings
PROJECT Model View (Load Case: A - DL) v X
Design code ACI318-14 2
nE
Unit system English || > b
L
v
o
aQ
a
71

~ DESCRIPTION
Project Mame
spWall Manual - Example 2
Project Description
Cantilever Retaining Wall
Reference:
Reinforced Concrete Design, Tth Edition
C. Wang, C. Salmon, J. Pincheira

John Wiley & Sons, Inc,
Example 12.5, page 411

Project Date  10/13/2022 i

Project Time  5:00 PM @ ¥y

o H
B
FRONT

~ DISPLAY OPTIONS

Load Case A-DL - > =

D+
i

ACI318-14 HE e HE - =)+ Unitst English =
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3. From theRibbon, seleciGrid.

A Click on the Generate option on the left panel to have the program surface the

following:

SP Generate Grid Lines

« X - Vertical

Start coordinate - x 0.00 ft

Grid Spacing 1 ft

« Y - Honzontal

Start coordinate -y | 0.00 ft
Grid Spacing 0.33 8x21 ft
Options

Remaowve existing grid lines

Generate Close

A 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 1.0

A 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 0.33 82 1

A Click on thecENERATEbuULtton to return to the main window. Notice howWEeTICAL

andHORIZONTAL grid lines now appear in theeEwPORT.
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s J

Project Define Grid Select Plates
I} GRIDS
o o iR
Add-H  Add-V  Generate
~ VERTICAL +
Label Coordinate-X Spacing
ft ft
A 0.00 0.00
B 1.00 1.00
~ HORIZONTAL +
Label Coordinate-Y Spacing -
ft ft
0 0.00 0.00
1 033 033
2 233 2.00
3 433 2.00
4 6.33 200
5 833 2.00
6 1033 2.00
7 1233 200
8 14.33 2.00
9 16.33 200~
=1 ~ DISPLAY OPTIONS
| Labels Units
=1
. « Dimensions Size I 100 %
ACI318-14

| a — 1
= + 42 D B B H =y B O &
Stiffeners  Nodes  Restraints  Loads Solve Results Tables  Reporter Display  Viewperts Settings
Medel View {Load Case: A - DL) v X
0
()
'.DU ﬂ L]
D qg bt :
]
@ S| (4
b B i s
+
= 1 a
8 | | q
[
femt ' ' =
= o
= [ [
N
R S
1
i ' '
o
™ [ [
Ot
= ' '
28 1
ol e
R | |
[0 T
= 0
= ' '
I
™ [ [
O}t
£ ' '
=
= [ [
|
Ot
s
ol ' '
o
™l [ [
OREEE
& ' '
= |y |
i e il i i FRONT
A T -
803,1894 () ~ - @ B L D~ Units: English ~
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4. From theRibbon, selectDefine, then choos®latesfrom Objects to display thePlates

dialogbox.

To model the wall taper, several thicknesses are used to capture the variable thickness
along the wall height.

A Inputtl2 for LABEL and12.00 in. for THICKNESS

A Repeat same steps for thickness®90 in. through21.00 in.

A Click on theappLY button to apply the changes.

SP Definitions
=| ¥ Objects
gl Plates
-
=1
Stiffeners +MNew X Delete ST
~  Properties
Concrete Label Thickness Concrete Reinforcement Design Criteria Cracking Coeff. Used
Reinforcement in
P et ocrcer | S T N N = N N
Plate Design Criteria 13 13.00 Conc v Steel * | DC1 = PCCl v o
Stiffener Cracking Coefficient t14 1400 Conc + | Steel + DC1 ~ | PCC1 v N
Stiffener Design Criteria t15 1500 Conc = Steel - Dt - | pect
Y Restraints 116 1600 Conc = Steel e - pcct
>upports 7 17.00| Conc v Steel * Dt - pcct
wprings t1a 18.00| Conc v Steel * Dt - pcct
~ Load C 'Combo.
oad Case/Combo. 1o 10.00 Conc v Steal * DC1 T PCC1
Load Cases
120 20.00 Conc ™ | Steel * DC1 * PCC1
Service Load Comb.
_ 21 21.00| Conc ™ | Steel T DA ~ | PCC1
Ultimate Load Comb,
Apply oK Cancel
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5. Click onConcretefrom Propertiesto display theConcretedialog box.

A Enter the following:

LABEL: Conc
UNIT WEIGHT: 150 pcf
COMPRESSIVE STRENGTH 3 ksi

YOUNGHS MODULUS 3320.56 Kksi

POl SSON6S RATI O 0.15

A Click on theappLY button to apply the changes.

SP Definitions

Ell Objects
= Plote Concrete
_ lates
=T N
Stiffeners + New X Delete SZa S e

~  Properties

Label Comp. Strength Unit weight Young's mod Poisson's ratio Precast Used

Reinforcement ksi pef kesi
Plate Cracking Coeficient | E K Y I ) N Y I 111 S T
Plate Design Criteria
Stiffener Cracking Coefficient
Stiffener Design Criteria
~  Restraints
Supports
Springs
~ Load Case/Combo.
Load Cases
Service Load Comb.
Ultimate Load Comb.

Apply oK Cancel

| 277 |



Sm EXAMPLES

6. Click onReinforcementfrom Propertiesto display theReinforcementdialog box.

A Enter the following:
LABEL : Steel
YIELD STRENGTH 40 ksi

YOUNGA S MODUL 29000 ksi

A Click on theappLY button to apply the changes.

| 278 |













































































































































