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System Requirements, Installation and Start-up

Section 1

This section includes discussion on the following topics:

e Introduction

e Hardware Requirements

e Installation

e Running STAAD.foundation
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1.1 Introduction

Thank you for your purchase of STAAD.foundation.
STAAD.foundation is an exhaustive analysis, design, and drafting
solution for a variety of foundations that include general foundation
types such as isolated, combined footings, mat foundations, pile
caps and slab on grade and plant foundation such as vertical vessel
foundation and heat exchanger foundation. A part of the
STAAD.Pro family of products, STAAD.foundation is a cost-
saving downstream application that enables engineers to analyze
and design a foundation. STAAD.foundation can automatically
absorb the geometry, loads and reactions from a STAAD.Pro model
and accurately design isolated, pile cap, strip footing, true mat
foundations and even perform pile arrangements for a pile cap.

STAAD.foundation not only analyzes and designs a myriad of
foundation configurations, but will also produce production quality
reports and detailed 3D rendering of your foundation structures.
With full OpenGL graphics, engineers can clearly see the displaced
shape, stress distribution, reinforcement layout and force diagrams
of their supporting structure. All models use physical objects
including physical beams, physical slabs, automatic meshing, load
distributions, and support generation. STAAD.foundation designs
the physical slabs rather than individual elements.

For mat foundation designs, STAAD.foundation utilizes a true
finite element design using the individual element stresses rather
than using column strips. STAAD.foundation can be used in a
stand-alone mode or can be used in conjunction with STAAD.Pro
where the support reactions from the main model and associated
load cases are automatically brought in.

Because STAAD.foundation provides a total solution for your
foundation needs, a built-in project management system enables
line and span of control, revision records and multi-job
functionalities. This helps you reduce cost in assembling the
technical and managerial information for your foundation. Full
step-by-step calculations are also provided in XML form (where
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possible) to verify each and every output provided by the program.
These verification checks can be easily shared with your clients for
approval.

We hope you enjoy your experience with STAAD .foundation. If
you have any questions or problems with the program, please visit
our product page at http://www.bentley.com/Staad.foundation or
email us at support@bentley.com.
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1.2 Hardware Requirements

The following requirements are suggested minimums. Systems with
increased capacity provide enhanced performance.

e PC with Intel-Pentium / AMD processor.

e Graphics card and monitor with 1024x768 resolution, 256
color display (16-bit high color recommended).

e 128 MB RAM or higher.

e Windows 98/ NT 4.0 or higher operating system. Windows
2000/XP Preferred. Running it on Windows 95 systems is
not recommended, as performance may be degraded.

e Sufficient free space on the hard disk to hold the program
and data files. The disk space requirement will vary
depending on the modules you are installing. A typical
minimum is 500MB free space.

Note: Additional RAM, disk space, and video memory will
enhance the performance of STAAD.foundation. The user must
have a basic familiarity with Microsoft Windows systems in
order to use the software.
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Installation

To install STAAD.foundation 4.0, ensure you have logged in your machine
with an account that has administrative privileges. If you are unable to log in
with a suitable account, then contact your network administrator to login and
perform the installation.

It is to be noted that, before installing STAAD.foundation 4.0, you must install
“Bentley IEG License Service, Version 2.0.7” using the MSI package
“BentleylEGLicenseService.2.0.7.msi”. This MSI package is available at the
Bentley SELECT download site as the pre-requisite for STAAD.foundation
and can be downloaded from the same location as STAAD.foundation. If you
can locate any updated version (later than 2.0.7) of this component, you may
use that package instead of “BentleylEGLicenseService.2.0.7.msi”.

Locate STAAD.foundation 4.0 installation image on local or network drive and
double click on the installation startup MSI package (STAAD.foundation
4.msi) or double click on the installation startup program (Setup.exe)
available within the Install subfolder of the installation image.

While installing STAAD.foundation, please follow all of the installation
interaction dialogs and enter necessary information. Following dialogs will
appear in sequence.

Follow the instructions on the subsequent dialog boxes. The following steps
are for assistance on the more significant dialogs. Those that are not
illustrated here are self explanatory.

1-5
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ir STAAD.foundation 4 - InstallShield Wizard
Welcome to the InstallShield Wizard for
STAAD.foundation 4

The InstallShield(R) Wizard will install STAAD. foundation 4 on
your computer, To continue, dick Next,

WARMING: This program iz protected by copyright law and
international treaties,

Back [ MNext = ] [ Cancel ]

The first screen is a welcome screen. Click on Next button to continue
installation.

iw STAAD. foundation 4 - InstallShield Wizard

License Agreement

Please read the following license agreement carefully,

EULR wversion 200501

[

END USER LICENSE AGEEEMENT FOR BENTLEY
SOFIWARE

IMPORTANT - EEAD CLREFULLY: This End-User License

Agreement ("EULA"™) is a legal agreement between you (either

an individual or a single entity) and Bentley Systens,
Incorporated ("Bentley™) for the Bentley software and asscciated
documentation that accompanies this EULA, which includes the
asaocliated medie and Bentley internet-based services

| £

(311 accept the terms in the license agreement Print
{31 do not accept the terms in the license agreement

< Back JL Mext = ] [ Cancel ]
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Next screen is the license agreement. By default the option is set to “I do not
accept the terms in the license agreement” and Next button is grayed. Select
“I accept the terms in the license agreement” option to continue with the
installation.

i STAAD. foundation 4 - InstaliShield Wizard

Destination Folder \ ‘
Click Mext to install to this folder, or dick Change to install to a different folder, |,

>~

G Install STAAD. foundation 4 to:
C:\staad. foundation 4\
[ < Back I[ Next = ] [ Cancel J

Next screen allows user to choose destination folder. By default the
destination folder is set as “C:\Staad.foundation 4”. Click on “Change”button
to change the folder location.

RangaRakes tamilnavarasam.com
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|..::"' STAAD.foundation 4 - InstallShield Wizard

Select Server Settings

Configure SELECT server information. You may choose to configure this
information later using "Bentley SELECT XM License Toaol™

SELECT Server Settings:

Server Mame: ||icense}{M.benﬂe‘,r.com

Site Activation Key: ]13925HBPC9JYZ4‘F

Default email: ]Your.Name@yourcompany.com

[ < Back “_ Next > .] | Cancel J

When asked for SELECT Server name and site activation key, please enter
the information if you have those. For Standalone workstation set server
name to LocalHost and activation key to 1. For Bentley hosted or deployed
(local) SELECT installations discussed later in this guide, you will need to use
the proper server name and activation key. In case of Bentley hosted server
both server name and activation key is provided by Bentley. For deployed
(local) SELECT server installations activation key is provided by Bentley and
server name is the name of your local SELECT server. You may also choose
to configure these information later.

A trial license is installed with software, which allows you to run
STAAD.foundation for a period of up to 15 days. In case you did not enter the
server name and activation key during installation, you must configure the
server information using the Bentley SELECT XM License Tool within 15
days. The process is described under the heading “ b) Adding the Bentley
SELECT Server activation code” of this document

tamilnavarasam.com
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i STAAD.foundation 4 - InstallShield Wizard

Customer Information \ ‘
Please enter your information, ! ‘

User Name:

Qrganization:
IBenHey Systems

Install this application for:
(%) anyone who uses this computer (all users)
() Only for me { Apurba Tribedi)

[ < Back ][ MNext > ] [ Cancel ]

Next screen allows user to input User Name and Organization and

the option to choose whether program will be installed for current
user or all users.

i STAAD.foundation 4 - InstallShield Wizard

Ready to Install the Program

The wizard is ready to begin installation.

Click Install to begin the installation,

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

[ < Back ][ Install ] [ Cancel ]

Clicking on “Install” button in next string will start installing the program.

After the installation is complete, please restart your machine for
any changes made to take effect.

RangaRakes tamilnavarasam.com
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1.4

Running STAAD.foundation

Click on the STAAD.foundation icon from the STAAD.foundation
program group as shown below.

% Set Program Access and Defauks

% Wwindows Update

(3 accessories
(5 adwinistrative Toals
Docuents ¥ (5 adobe Acrobat Reader

B (
& setings , 53 microsaft office
r Search

(5} etwork Assaciates

() 5TAaD Pro 2003 F2 License Administrator
[ startup P Tutorsks
(53 senginesr 4D ¥ % STAAD.Foundation Orline Dacumentation
& Intermnet Explorer
(41 Outlack Express
&) Windows Media Player

i

Hstart || & 5 CI[E ¥ FEF By

STAADFoUNdation

Create New Project

General Foundatlon

Help . —
Plant Foundation

Tutorial

Open Existing Project
Examples — .

If you’re a first time user unfamiliar with STAAD.foundation, we
suggest that you go through the Quick Tour presented in Section 3
of this manual.
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Theoretical Basis

Section 2

This section includes discussion on the following topics:

¢ Introduction to Finite Element Analysis
¢ Element Load Specification

e Theoretical Basis

¢ Element Local Coordinate System

e OQOutput of Element Forces

e Sign Convention of Element Forces

e STAAD.foundation Program Theory
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2.1

Introduction to Finite Element Analysis

If you want to model a surface entity like a wall, a roof or a slab,
where the load is distributed in more than one direction, you need a
surface entity to carry that kind of loading. The kind of entity that
is used to model a beam or a column cannot be used to model a
slab. We need to use another kind of structural entity known as a
finite element. In a finite element analysis, you take a wall or a
slab and subdivide it into smaller parts consisting of triangles or
quadrilaterals.

Finite elements are often referred to as plates. In our discussion,
we may use these two words interchangeably.

The difference between a beam and a plate is a load that is applied
to a beam can only go in two directions: towards one end, or the
other, or both.

P

..

In a plate, there is more than one path for the load to flow.

P
— i’/f::
/ -/ i‘*/
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A plate can be 3-noded (triangular) or 4-noded (quadrilateral). The
thickness of an element may be different from one node to another.

All nodes of a 4-noded plate must lie in the same plane. If the four
nodes of a quadrilateral element do not lie on one plane, you should
replace the quadrilateral element with two triangular elements.

It is not possible to accurately model the behavior of a slab using
just a single element. Why not? One reason is you can determine
the displacements in the finite element only at the corner nodes.
With a beam, if you know the displacements at the ends, you can
use secondary analysis techniques like the moment-area method to
determine the displacements at intermediate points.

i P

A\ = —
48E1

In a plate, there are no equations you can use to determine the
displacement at some arbitrary point within the 3 or 4 corners of
the element. Therefore, if you would like to know the
displacements at some interior points of the slab, or if you would
like to know the deformed shape along the edges of the slab, it is
necessary to model the slab using a series of plate elements in such
a manner that the points of interest become nodes of the elements.

Similarly, you can accurately determine the stresses only at the
center of the element. The only way to find the stresses at other
points is to interpolate values at points between the centers of
adjacent elements.

RangaRakes tamilnavarasam.com
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Suppose you had a slab supported by a frame, and under load it had
a deflected shape something like that shown in the figure below.

In order to obtain deflection information that would allow you to
plot the deflected shape, you would need to at least know the
deflections at the points of maximum deflection, at the end points,
and at a few intermediate points, as shown by the X’s in the figure.
The more points you have, the more accurately you can model the
deflected shape. On the other hand, you would not want hundreds
of points either, since it would make your structure too cumbersome
to analyze. You need to exercise judgment in selecting the number
of elements you use to model a slab, enough to accurately model
the behavior of the slab under load, but not so many as to make the
model difficult to work with.

Another situation in which you would need more than one plate
element to model a slab would be when you want to know the
stresses in a slab caused by some type of point loading. You would
want to have quite a few elements in the vicinity of where the point
loading occurs in order to determine the stress distribution in the
slab caused by the concentrated load.

As a result, rather than using just a single element or a few
elements, a series or matrix of finite elements is often needed to
model the behavior of a wall or slab. This series of elements is
commonly referred to as a mesh. Once you have created a mesh,
incorporated it into a model, and used it as a basis for further
developing the model, it can be difficult to go back later and

tamilnavarasam.com
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change the size (i.e. the ‘density’) of the mesh. Here are some
suggestions that may help you determine the mesh size that you
need.

e Try to predict the approximate deflected shape of the plate or
slab. For example, a simply supported plate deflects like a
bowl. If you cut a section that intersects the middle of its
edges, the longitudinal section as well as the transverse section
both look like a "U". How many points does one need to
represent the U? Probably four points for each half of the "U"
would be a minimum number needed to be able to visualize the
deflected shape. Four points would mean there are three
elements on each half of the "U’, thus six elements each in the
local X and Y directions would be required. If the edges of the
element are fixed or monolithic with a concrete beam, the
deflected shape is more like an inverted hat. In this case, one
would perhaps need nine or more points to represent the
deflected shape. That means eight or more elements in that
direction.

e Do you have concentrated forces on the surface of the element?
If so, you need to have a finer mesh around that region in order
to visualize the deflected shape or the stresses at that location.
How many elements are needed is hard to say. But, for
example, one can estimate a circular area around the
concentrated load point, divide that circle into say 30 degree
pie-shaped segments, thus obtaining 12 triangular elements
around a circle whose center is the location of the point load.

e Do you have holes in the plate? You need a finer mesh around
the holes. Again, there is no easy guideline for how many
elements there should be. Your engineering judgment is often
the best guideline.

tamilnavarasam.com
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2.2

Element Load Specification

The following load specifications are available:
1) Joint loads at element nodes in global directions.

2) Concentrated loads at any user specified point within the
element in global or local directions.

3) Uniform pressure on an element surface in global or local
directions.

4) Partial uniform pressure on a user specified portion of an
element surface in global or local directions.

5) Linearly varying pressure on an element surface in local
directions.

tamilnavarasam.com
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Theoretical Basis

The STAAD plate finite element is based on hybrid finite element
formulations. A complete quadratic stress distribution is assumed.
For plane stress action, the assumed stress distribution is as
follows.

TI:.

a4
o,1 |1 x y 00 0 0 ¥ 2o 0 8z
g, l=[0 0 01 x v 0 ¥2 0 Zw||as
To) |0 =y 0 0 0 —x 1 -2y -y —x2| |

dqg

a; through a,( = constants of stress polynomials.

2-7
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The following quadratic stress distribution is assumed for plate
bending action:

O ] M,
r, , “Z'
M“—-:‘/ 2 M,
1L,
£ M. .
¥ -
M,
- |
T
Complete quadratic assumed stress distribution:

" 5 aq
Mi] 1 x yoooO0oOO0OO x2 xy 0 0 .
M| [0001xy000 0 0 xy y2 32
My|={0 00000 1xy xy 0 0 —xy|]|°
Q[ |01 0000001 x y 0 -x
Q) 000001010 -y 0 x | 3'13

a, through a;; = constants of stress polynomials.
The distinguishing features of this finite element are:

1) Displacement compatibility between the plane stress component
of one element and the plate bending component of an adjacent
element which is at an angle to the first (see Figure below) is
achieved by the elements. This compatibility requirement is
usually ignored in most flat shell/plate elements.
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2) The out of plane rotational stiffness from the plane stress
portion of each element is usefully incorporated and not treated
as a dummy as is usually done in most commonly available
commercial software.

3) Despite the incorporation of the rotational stiffness mentioned
previously, the elements satisfy the patch test absolutely.

4) These elements are available as triangles and quadrilaterals,
with corner nodes only, with each node having six degrees of
freedom.

5) These elements are the simplest forms of flat shell/plate
elements possible with corner nodes only and six degrees of
freedom per node. Yet solutions to sample problems converge
rapidly to accurate answers even with a large mesh size.

6) These elements may be connected to plane/space frame
members with full displacement compatibility. No additional
restraints/releases are required.

7) Out of plane shear strain energy is incorporated in the
formulation of the plate-bending component. As a result, the
elements respond to Poisson boundary conditions that are
considered to be more accurate than the customary Kirchoff
boundary conditions.

8) The plate-bending portion can handle thick and thin plates, thus
extending the usefulness of the plate elements into a
multiplicity of problems. In addition, the thickness of the plate
is taken into consideration in calculating the out of plane shear.

RangaRakes tamilnavarasam.com
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9) The plane stress triangle behaves almost on par with the well-
known linear stress triangle. The triangles of most similar flat
shell elements incorporate the constant stress triangle that has
very slow rates of convergence. Thus the triangular shell
element is very useful in problems with double curvature where
the quadrilateral element may not be suitable.

10) Stress retrieval at nodes and at any point within the element.

RangaRakes tamilnavarasam.com
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Element Local Coordinate System

The precise orientation of local coordinates is determined as
follows:

1) The vector pointing from I to J is defined to be parallel to the
local X-axis.

2) The cross product of vectors 1J and IK defines a vector parallel
to the local Z-axis, i.e., z = 1J x IK.

3) The cross product of vectors z and x defines a vector parallel to
the local Y-axis, i.e., y =z X X.

4) The origin of the axes is at the center (average) of the 4 joint
locations (3 joint locations for a triangle).

The sign convention of output force and moment resultants is
illustrated in Section 2.6.

2-11
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2.5

Output of Element Forces

ELEMENT FORCE outputs are available at the following locations:

A. Center point of the element.
B. All corner nodes of the element.
C. At any user specified point within the element.

The following is a list of the items included in the ELEMENT
STRESS output:

SQX, SQY Shear stresses (Force/ unit len./thk.)

SX, SY, SXY Membrane stresses (Force/unit len./thk)

MX, MY, MXY Bending moments per unit width
(Moment/unit len.)

SMAX, SMIN Principal stresses (Force/unit area)

TMAX Maximum shear stress (Force/unit area)

ANGLE Orientation of the principal plane
(Degrees)

VONT, VONB Von Mises stress, where

VM = 0.707y/(SMAX — SMIN)® + SMAX2 + SMIN?

TRESCAT, TRESCAB Tresca stress, where

TRESCA = MAX] I(SMAX-SMIN)I, ((SMAX)I , I(SMIN)I ]

Note:

1. All element stress output is in the local coordinate system.
The direction and sense of the element stresses are
explained in Section 2.6.

2. To obtain element stresses at a specified point within the
element, the user must provide the coordinate system for the
element. Note that the origin of the local coordinate system
coincides with the center node of the element.

3. Principal stresses (SMAX & SMIN), the maximum shear
stress (TMAX), the orientation of the principal plane
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(ANGLE), the Von Mises stress (VONT & VONB), and the
Tresca stress (TRESCAT & TRESCAB) are also printed for
the top and bottom surfaces of the elements. The top and
the bottom surfaces are determined on the basis of the
direction of the local Z-axis.
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2.6

Sign Convention of Element Forces
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local z

Tensian is on the local

top ( +Z surface )
Wﬁ/

M, is the Bending Moment on the local x face, the local x-face is the face
perpendicular to the local x-axis;
My is the Bending Moment on the local y face, the local y-face is the face
perpendicular to the local y-axis

local top dx
{ +Z surface ) / ;

local v
dy
7
local x !
i
f
!
£

<etll}

STRESS CAUSED BY Mx
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dy

v dx A\
local z
local y
local x local top

(+Z surface )

A M
DAY

Stress Caused by My

7

dx
local top
[+Z surface ) ™/ @
\ , local ¥

local X

P

M xy
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Myx

TORSION
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local top dx
(+Z surface)
\ local y
dy f :
local x >‘
//j: Sx

VIV
irrry

Membrane Stresses Sx and Sy

local top dx
(+Z surface) /

\ local y
/
d
y local x /
/ S
iy

Syx |«

In plane shear stresses Sxy and Syx
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local top dx
(+Z surface)
\ / local y
dy
local x
SQX
sQy
Out-of plane shear stresses (SQX and SQY)
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STAAD.foundation Program Theory

STAAD.foundation performs structural design of foundations in
accordance with the ACI 318-05 Code. The available foundation
types are: isolated spread footing, pile cap, strip footing, mat
foundation and octagonal footing.

1. Isolated Spread Footing
The program uses the following criteria:

a. Soil bearing capacity,

b. Shear and flexural strength of footing (no shear
reinforcing assumed),

c. Compressive and flexural strength of pedestal

Step 1 - Determine footing plan geometry based on loading
and bearing resistance of the soil.

Stress distribution under the footing is assumed to be
linear. For eccentrically loaded footings, the stresses may
become tensile under part of the foundation. In such cases
the program sets stress values in uplift zones to zero and
calculates new values elsewhere for the revised equilibrium
condition. The final plan dimensions of the footing are
established iteratively from the condition that the maximum
stress should not exceed the factored bearing resistance of
the soil.

Step 2 - Calculate footing thickness based on structural
capacity in shear and bending.

Structural design of the footing consists of the following:

a. Punching shear check, in accordance with Section
11.12.2, at a distance of d/2 from the pedestal. The

2-19
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critical section comprises four straight-line segments,
parallel to the corresponding sides of the pedestal.

b. One-way shear (beam action), in accordance with
Sections 11.1 through 11.5, at a distance of d from the
face of the pedestal, in both orthogonal directions. The
critical plane is assumed to extend over the entire
width/length of the footing.

c. Bending, in accordance with Sections 15.4.2 and
10.3.4, with the critical planes located at both
orthogonal faces of the pedestal and extending across
the full width/length of the footing.

Pile Cap
The program produces the following design output:

a. Required pile quantity and layout to satisfy loading
applied to the footing, based on bearing, uplift and
lateral pile capacity,

b. Geometry of the pile cap based on shear and bending
strength requirements at critical sections of the footing.

Step 1 - Pile Arrangement

The user provides the following pile properties: capacity
(bearing, uplift, and lateral), diameter, spacing, and edge
distance. Based on these parameters, the program
determines the required pile configuration as well as plan
dimensions of the footing from the condition, that the force
transferred to any pile should not exceed its capacity. For a
general case of vertical and horizontal forces, and bending
moments acting on the cap, that stipulation is equivalent to
satisfying the following two equations:

Hpile >= Happl / N
Vpile >= Vappl / N + Mxappl * Ry / Ixg + Myappl * Rx / Iyg
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Where:
Hpile - single pile horizontal capacity
Vpile - single pile vertical capacity

Happl - total horizontal load applied

Vappl - total vertical load applied

N - total number of piles in footing
Mxappl - applied bending moment about X-axis
Myappl - applied bending moment about Y-axis

Rx - distance from Y-axis to the farthest pile
Ry - distance from X-axis to the farthest pile
Ixg - pile group moment of inertia about X-axis
Iyg - pile group moment of inertia about Y-axis

Note: X and Y-axes above are centroidal axes of the
pile group, Ixg and Iyg are calculated treating each pile
as a unit, and are equal E(l*yiz) and X(1*x;%),
respectively.

The program includes a library of possible pile layouts for
quantities from 1 to 25 piles. Based on the user input, the
program recommends the most economical (least number of
piles) layout. The user may select any other layout/quantity
if desired, however. In addition, changing the coordinates
of individual piles may modify the selected pile layout.
Alternatively, the user may input the entire configuration
by hand.

The layout recommended by the program is guaranteed to
satisfy the load/capacity ratio for all piles. Should the user-
modified or manually input layouts result in pile
overstressing, the program will flag this deficiency in the
design output.
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Step 2 - Design of Pile Cap

Proportioning of the pile cap involves satisfying the shear
(one and two way) and bending requirements at applicable
critical sections, in accordance with Chapter 15 of ACI
318-02.

One way shear is checked in two areas:

i. At outer piles, with the critical section located at a
min. distance d from the face of a corner pile or
faces of a pile group along the edge of the footing,

ii. At the distance d from two orthogonal faces of the
pedestal.

The critical shear plane is assumed along a shortest straight
line connecting free edges of the footing. The design is then
performed for the total pile reaction force on one side of
the shear plane, in accordance with Sections 11.1 through
11.5.

Two way shear is checked in three areas:

i. At outer piles, with the critical section located at a
min. distance d/2 from the face of a corner pile or
faces of a pile group along the edge of the footing.
The critical plane is assumed to be positioned along
a straight and curved line, so that the total section
length is minimized.

ii. At the distance d/2 around the pedestal. The
section comprises four straight-line segments,
parallel to corresponding sides of the column.

iii. At the distance d/2 around a pile.

The design is performed for the total pile reaction force
acting within the perimeter of the critical section, in
accordance with Sections 11.12.2 through 11.12.6.
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Flexure is checked for critical planes located at both faces
of the pedestal. The bending moment is calculated as an
aggregate of moments due to pile reactions on one side of
the plane.

Determination of an individual pile contribution to the
forces at a critical section is based on whether the pile is
outside this section (full reaction value assumed), inside the
section (reaction ignored), or at an intermediate location
(partial reaction assumed), as per Section 15.5.4.

Mat (Raft Foundation)

Analysis and design of mats is based on finite element
method (FEM) coupled with slab-on-elastic-subgrade
principles. First, the user creates a finite element model of
the proposed mat foundation. This may be accomplished in
one of two ways:

Importing a STAAD file of the superstructure, thus
providing reference points for initial mat set-up and load
information, and defining boundaries of the mat, or
Creating the foundation slab from scratch and inputting
loading information manually.

Modeling of the foundation involves meshing of the slab to
generate grid of finite elements. As with any FEM project,
the denser the grid (smaller elements), the more precise
results will be obtained. In addition to the slab, the raft may
include a number of beams between the column locations.
Since the beams would normally be part of the foundation,
the slab polygonal meshing algorithm accounts for the
presence of the beam and ensures that they become
continuously integral with the slab. New nodes are
purposely created on the centerline of the beam and the
beam is split between those points into a number of
segments.

2-23
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Once the mat is defined and all material/soil properties are
input, the program may proceed with the analysis of the
structure. It is performed by the state-of-the-art STAAD
Analysis Engine. Realistic soil response is achieved by
employing non-linear (compression only) spring supports to
model subgrade reactions. Pile reactions, if present, are
proportional to linear displacements of the supported node
and include both compression and tension (uplift).

The program calculates internal forces and deflections for
all slab and beam elements of the foundation. This
information is then used in the design stage of the program
to:

Establish the required top and bottom flexural reinforcing
in two orthogonal directions, check punching shear capacity
at column locations.

The flexural design is done in accordance with Chapter 10
of the Code. The reinforcement areas are computed for a
notional band one unit of length wide.

The program allows the designer, as an option, to use the
Wood-Armer equations for reinforcement calculations, as
follows:

Mx, My, and Mxy are fetched or calculated, as described
above. They are used to compute the values of design
moments, Mxd and Myd.

For top reinforcement, the program computes:

Mx1 = Mx + abs(Mxy)
Myl = My + abs(Mxy)
Mx2 = Mx + abs(Mxy” / My)
My2 = My + abs(Mxy” / Mx)
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If both Mx1 and Myl are positive, Mxd = Mx1 and Myd = Myl.
If both Mx1 and Myl are negative, Mxd = 0 and Myd = 0.

If Mx1 is negative and Myl positive, Mxd = 0 and Myd = My?2.
If Myl is negative and Mx1 positive, Mxd = Mx2 and Myd = 0.

For bottom reinforcement:

Mx1 = Mx - abs(Mxy)
Myl = My - abs(Mxy)
Mx2 = Mx - abs(Mxy” / My)
My2 = My - abs(Mxy” / Mx)

If both Mx1 and Myl are positive, Mxd = 0 and Myd = 0.

If both Mx1 and Myl are negative, Mxd = Mx1 and Myd = Myl.
If Mx1 is negative and Myl positive, Mxd = Mx2 and Myd = 0.
If Myl is negative and Mx1 positive, Mxd = 0 and Myd = My?2.

Mxd and Myd are then used in lieu of Mx and My for
calculations of the required reinforcing. Use of the
modified bending moments brings about more accurate
distribution of the reinforcing, better matching critical
areas of the slab.

Flexural design notes:

Reinforcement calculations for slab panels are based on Chapter 10
of ACI 318-02. The minimum-reinforcing ratio complies with the
limits prescribed for shrinkage and temperature reinforcement in
Section 7.12. Maximum spacing of rebar is 18 in. The maximum
reinforcing ratio corresponds to the net tensile strain at nominal
strength equal to 0.004 (Clause 10.3.5). Strength reduction factor is
established in accordance with Section 9.3.2.
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Punching shear design notes:

Design for two-way shear is carried out in accordance with Section
11.12. The unbalanced moment transfer by eccentricity of shear is
based on Clause 11.12.6. Shear strength of concrete is based on
Clause 11.12.2.1. Strength reduction factor used is 0.75, in
accordance with Section 9.3.2.

The program computes shear stress values at four corners of the
rectangular critical section located at the distance of d/2 from edges
of a column. The calculations include the unbalanced moment

transfer effect, if applicable, in accordance with 11.12.6.2.

4.

Strip Footing design
The program uses the following criteria:

d. Soil bearing capacity,

e. Shear and flexural strength of footing (no shear
reinforcing assumed),

f. Compressive and flexural strength of pedestal

Step 1 - Determine footing plan geometry based on loading
and bearing resistance of the soil.

Stress distribution under the footing is assumed to be
linear. For eccentrically loaded footings, the stresses may
become tensile under part of the foundation. In such cases
the program sets stress values in uplift zones to zero and
calculates new values elsewhere for the revised equilibrium
condition. The final plan dimensions of the footing are
established iteratively from the condition that the maximum
stress should not exceed the factored bearing resistance of
the soil.

Step 2 - Calculate footing thickness based on structural
capacity in shear and bending.
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Structural design of the footing consists of the following:

d.

Punching shear check, in accordance with Section
11.12.2, at a distance of d/2 from the pedestal. The
critical section comprises four straight-line segments,
parallel to the corresponding sides of the pedestal.
One-way shear (beam action), in accordance with
Sections 11.1 through 11.5, at a distance of d from the
face of the pedestal, in both orthogonal directions. The
critical plane is assumed to extend over the entire
width/length of the footing.

Bending, in accordance with Sections 15.4.2 and
10.3.4, with the critical planes located at both
orthogonal faces of the pedestal and extending across
the full width/length of the footing.
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Quick Tour

Section 3

This section includes discussion on the following topics:

¢ Introduction

e Starting a New Project

e Entering Support Coordinates

e Defining the Loads

e Using Jobs to Specify Design Constraints

e Entering Design Parameters

e Performing an Isolated Footing Design

e Importing Structural Geometry and Analysis Results from
STAAD.Pro

e Creating a New Job for a Mat Foundation

e Setting up the Grid and Defining the Mat Boundary

e Creating a Mesh

e Specifying Slab Thickness

e Defining Soil Properties

e Analyzing the Slab

e Slab Design

e Pile Cap Example

e Entering Pile Data

e Entering Pile Cap Design Parameters

¢ Performing Pile Cap Design and Viewing Results

e Exporting Drawings to CAD

e Strip footing design example

e Entering strip footing design parameters

e Design strip footing and review results
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3.1 Introduction

This Quick Tour is a set of short example exercises that illustrate
how to use STAAD.foundation to design several different types of
foundations. The procedure for importing support co-ordinates and
forces/moments on the individual supports from STAAD.Pro is also
discussed.

In STAAD .foundation, you start out by creating a Project to hold
all your physical information, such as column locations, loads, etc.
This physical information represents the structure that the
foundation is intended to support. Unless the design of the
structure is modified, these physical conditions generally remain
constant throughout the life of the foundation design project.
Your Project also contains Jobs, which are sets of constraints
needed to tell the program how to perform a foundation design.
Each project may contain multiple jobs, making it easy for you to
evaluate different design scenarios for a given set of physical
conditions.

In general discussion, the names of commands, dialog boxes,
toolbar buttons or other program controls are indicated in italics.
When it is intended that you perform a specific action, the names of
the menu commands, dialog box labels, data values you are
expected to input, etc., are indicated in bold type.
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Starting a New Project

To start STAAD.foundation, first click on the Windows Start
button. Next, select the Programs option, select the
STAAD.foundation program group, and then click on the
STAAD.foundation program icon.

‘lejb Set Program Access and Defaults

Windows Update

E Programs ¥ @ Accessories

|5 Administrative Tools

Documents * [ Adobe Acrobat Reader
oL . |.E Microsoft Office
% Settings ¥ :
E LE Network Associabes
o Search » L5 Found,
=3 | TAAD.Pro 2003 » B2 License Admiristrakar \STAADFoLRdation
@ Hep [ startup L Q Tutarials
= B0 i LE kengineer AD L4 @ STAAD, Foundation Online Documentation
* & Internst Explorer
§ [h) Shit Dov... Lﬁ Outlook Express

e Windows Media Player
i

[t | 02 A 8 RN y®

STAAD.foundation will launch with the option to create a new
project for general foundation or plant foundation.

Create New Project

General Foundation

Help -
Piant Foundation

Tutorial

Open Existing Project
Examples — .
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You may start a project from the File menu. You may start a New
file, Open an existing file or Import an analyzed file from

STAAD.Pro.
Fie | Edit View Tools Help
| [ew P| General Setup
G Open... Cirl+0 Plant Setup
E save Cirl+s
i Import
1 untitled.afs

2 EG1581MME MAT_FDM_rib.afs
3 C'\Temp'\Mat.afs
4 Ci\Templtankl.afs

Exit

L4

To start a new project, pull down the File menu and select the New
menu command. Then select foundation type as General Setup.
Program will add additional tabs in the main window to support
general foundation design setup as shown in the following figure.

B ——

DEW g@ @b

=5

T b @ansta]

DRDEE D s aae ol
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This introduces the multi-pane window environment with tabbed
views of STAAD.foundation. As seen in the figure above, a project
is divided into 4 separate panes.

The left-most pane (1) is called the Main Navigator. It contains the
tree by which user will navigate to the different pages within
STAAD.foundation. The different pages contain forms or grids
used to provide input data. The Main navigator is arranged from
top to bottom in a logical design sequence. If you start at the top
tree leaf and work your way down, you will be able to input all the
data needed to perform a successful design.

Note: STAAD.foundation consists of two sets of data, global
and local. Global data such as column reactions and column
positions is shared throughout a project among both similar and
different jobs. Local data such as design parameters is used
only within a specific job type. For example, an Isolated
Footing job type has local data within the design parameters
group.

The middle pane (2), located to the immediate right of the Main
Navigator pane, is called the Main View. It has multiple tabs for
graphical display of the model, layout drawing, detail drawing and
calculation sheet. For strip footing design it will have an
additional tab to display Shear Force and Bending Moment graphs
for design load cases.

The right-most pane (3) is called the Data Area. It also has 2 tabs.
One for loading and the other one to contain the forms that provide
input data or display output.

The bottom pane (4) is called Output Area. It will list design
progress while designing or analyzing a foundation and will display
output tables like “Output Summary Table” for Isolated, pile cap,
strip footing design and analysis output tables like displacement,
plate stress etc. for mat foundation.
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The default page that opens when starting a new project is the
General Information page. The General Information page may also
be invoked by clicking on the General Information leaf under Main
Navigator tab.

Main Mavigator o X
= [ = sTAAD.foundation Member
=-{Z Project Info
,_j General Information
. Review Histary
{£Z Modeling View Options
{7 Scale setup options

The General Information page opens a form in the Data Area pane
that allows you to store project-related data.
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Project 1D o
Project Title
Site: Location

Crganization
Contact Person
Phone

Fant

Email

Address

Clesigner

Supervisor
Start Date Jul £25/2007
Target Date Jul £2Rs2007

The information inputted on the General Information page can later
be used in reports and drawings.

In addition to the General Information page, there is also another
leaf called Review History. Invoke the page by clicking on the
Review History under the Project Info group.

= ﬁr STAAD.foundation Member
= {7 Project Info

3-7
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A form will be displayed in the Data Area pane that allows you to
keep track of the progress of a project.

r&“@m&l’wiﬂ

Review History

2l - _ A
14 | Date

Commehts

(@ save | (@ Delete | [@Deiten]

A date, job name, checked by and comments may be entered for
each revision of a project. The comments for a given revision will
be shown in the Comments box if you select the respective revision
in the table. The Save button should be clicked after inserting any
new revision history data to update the revision history table. If
you want to delete a particular revision history record, simply
select the record by clicking on the respective Id and click on the
Delete button. If you want to delete the entire revision history,
click on Delete All.
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3.3 Entering Support Coordinates

To enter the coordinates for supports that construct the foundation
plan of a project, click on the leaf called Column Position under
Foundation Plan group in Main Navigator pane.

Main Navigator
=l | = sTAAD.foundation Member
=1 = Project Info
i i-lZF General Information
iy Review History
#-| = Modeling View Options
| Scale =etup options
[=I-{ = Foundation Plan
i bl Linear Grid Setup
{7y Radial Grid Setup
- | i[5 Column Position |
{7 Column Dimension

A table allowing you to input the coordinates of supports will be
displayed in the Data Area pane.

Data Input Pane L

Column Position

X Y z
Sl
1 0.00 10.00 [0.00
2 10.00 [0.00 [0.00
3 10.00 [0.00 [10.00
4 0.00 [0.00 [15.00
[ 14.00 [0.00 [0.00
[ 5.00 |0.00 |5.00

Input the support coordinates (0,0,0), (10,0,0), (10,0,10), (0,0,15),
(14,0,0) and (5,0,5) for Nodes 1, 2, 3, 4, 5 and 6 respectively.
Please make sure length unit is set as “ft”. The tab key or the arrow
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keys may be used to move from one cell to the next in the table.
The supports along with their respective node numbers are

displayed in the Graphics Window.

To change/set current length unit please click on the “Set
Input/Output Unit” in the toolbar.

=8
oo

Note: Supports will not be shown in the Graphics Window until
you click on a cell outside of the row you are currently in.
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3.4 Defining the Loads

In order to define loads, please click on the Loads & Factors
group in the Main Navigator pane.

Main Mavigator
= | = STAAD.foundation Member
=-{Zr Project Info
| General Information
-y Review History
i+ Modeling View Options
|Gy Scale setup options
=-{Z Foundation Plan
i | Linear Grid Setup
‘| Radial Grid Setup
i+{Z Column Position
‘-4 Column Dimension
| =[5 Loads & Factors
i | Create New Load Case

By default, the Load Description page will open in the Data Area
pane. The Load Description page allows you to define loads for
load cases, as well as assign loads. To create a load case, click on
the New Load Case leaf under the Loads & Factors group in Main
Navigator.

= Loads & Factors
|Z¥ Create New Load Case |
& Add a Column Reaction Load
& Add a Point Load (for Mat anly)
= Add a Line Load (for Mat only)
= Add a Quadrilateral Load (for Mat only)
= Add a Circular Pressure Load (for Mat only)
=15 Add Member Load
.5 Add Uniform Load
| Add Concentrated Load
|5 Add Trapezoidal Load
|\=r Safety Factor Table
|=¢ Create New Load Combination
= Remove Load Case

A form under the load description area will appear allowing you to

create a new load case.
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= Load Description
Load Title Loa

-

= Copy Load
Load Case No Service
= Self Weight |timate

Add Seff Weight Yes

Enter the title “Load Case 1 in the Load Title field. The Load
Title allows you to give each load case a descriptive name to help
identify between load cases. Leave the Load Type set as Primary.

Note: Three load types are available: Primary, Service, and
Ultimate. Primary loads can be further used to create
combination loads. Service loads are not factored and are used
for soil bearing pressure checks. Ultimate loads are factored
and are used for shear and reinforcement design.

Add Load Assign To View |~ #ssign Load

Load Title Load Case 1
Load Type Prima
= Copy Load
-
Load Case one
= Self Weight
1

While creating a new load case, load items from an existing load
case can be copied. As we don’t have any defined load case yet we
leave that field as “None” and finally choose “No” for add self
weight field.
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Now click on the “Add Load” button to have the load case created.

Load Description o x

= [ Load Description Tree
|_ Load Case 1:Load Case 1

Add Load Assign To View | = Assign Load

The load case we just created will now appear in the list box in the
Data Area pane. We will now specify the loads imposed on our
foundation by the columns. To do this, click on the “Add a
column Reaction Load” leaf under Loads and Factors group.

={Z Loads & Factors
=¥ Create Mew Load Case
il Add a Column Reaction Load
l= Add a Paint Load (Tor Mat only])
&= Add a Line Load (for Mat only)
&= Add a Quadrilateral Load (for Mat only)
&= Add a Circular Pressure Load (for Mat anly)
=-{ Add Member Load
= Add Uniform Load
|= Add Concentrated Load
= Add Trapezoidal Load
= Safety Factor Table
|5 Create Mew Load Combination
.= Remove Load Case

Alternatively you can right click on “Load Case 1: Load Case 1”
string in load description area and click on the Add a Column

Reaction Load menu.
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Load Description

= [ Load Description Tree
B | Load Case 1:

Add Column Reaction Load

‘hl Add Point Load
| Add Line Load
Add Circular Load
Add Rectangular Load
Add Member Load 3

Assign Load

= Forces
it

Add |.lt:lﬂl_:! Assign To View (=

Fy

|load is downward

iCqurru‘l reaction force along =ve Y direction. Erter a -ve value f the

A form will appear allowing you to create a nodal load. Enter a
value of 5§ in the Fx field, and a value of -5 in the Fy field. Then
click on the Add Load button to accept the load input.
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Note: Negative and positive values follow the sign conventions
of the axis system. Negative values are downward, compressive
forces and positive values are upward, tensile forces.

3-15

Load Description

= | Load Description Tree
= 1 Load Case 1: Load Case 1
== Column Reaction Loading
-+ I} Reaction: Fx=5.00 Fy=-5.00

The load will now appear under the Column Reaction Loading
folder in the Load Description pane. We will now assign the load to
all the supports we created earlier. First select the load in the Data
Area pane by clicking on it. Then select Assign To View for the
Assignment Method. Finally, click on the Assign button to have the
load assigned to all the supports in the project.

Load Description

= [ Load Description Tree
[=}_J Load Case 1: Load Case 1
== Column Reaction Loading
-+ | Reaction: Fx=5.00 Fy=-5.00

Add Load Assign To View = Assign Load

Note: Alternatively, we could have selected all the supports in
the Graphics window by clicking on them and then selected
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Assign To Selection. Or, we could have selected Assign To Edit
List and then typed in the list of nodes for each support.

The assigned loadings will be displayed on the nodes as illustrated
in the figure below.

If you are not able to see the loads properly, it may because the
scaling value for the display is either too small or too big. To
change the scale value, click on the Scale Setup Options leaf under
“Project Info” group in Main Navigator pane.
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Data Input Pane
| Scale setup

Result Scales

Displacement : | 0.033 -_

Loading Scales

Paint Load : _.5

Faint Moment ; 'IUEI
Distiibuted Load - [ 100
Pressure Load : [100

todeling Scales
Footing 'width 50

File Length 100

Now increase the value for Point Load in order to make the nodal
loads more visible. Any changes to the values in the Scales tab will
become effective immediately in view pane.

We will now repeat the process we just went through to create a
second Load Case. First click on the New Load Case leaf under the
Loads & Factors group in Main Navigator pane. Next, input “Live
Load” for the Load Title and select No for self weight and then
click on Add Load. Now click on the Add a Column Reaction
leaf, input a value of 10 for Fz and click on Add Load. Finally,
select Assign To View and click on Assign.

If you have multiple load cases and want to combine them, you can
use the Load Combination feature. To bring up the Load
Combination feature, click on the Create New Load Combination
leaf under the Loads & Factors group in Main navigator pane.
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To define serviceability and design factors for each load case in a
project, you may use the Safety Factor Table. To bring up the
Safety Factors page, click on the Safety Factors leaf under Loads
and Factors group in Main Navigator pane.

A table allowing you to input serviceability and design factors for
each load case will be displayed in the Data Area pane.

Data Input Pane o =

safety Factor +
Load Case| Serviceability Factor| Design Factor]
1 1 1
2 1 1
101 1 =

By default, STAAD.foundation will assign values for the safety
factors depending on the load type. Refer to section 4.3.3.2 for a
detailed explanation of the default values. The default values can
be changed by inputting new values into the table like any
spreadsheet. The tab key or arrow keys may be used to move from
one cell to the next in the table. The serviceability factor will be
applied when checking the base pressure of a foundation
(geotechnical design). The design factor will be used for design.
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3.5 Using Jobs to Specify Design Constraints

Now that all the global project data has been inputted, you have the
ability to design the foundation using Isolated Supports, Pile Caps,
Strip Footing or you could support the entire structure on a single
Mat Foundation. You will not have to create separate input files for
entering all this information. All you have to do is to create
separate jobs under the same project. In order to create a job, click
on Create a New Job leaf under the job setup group in Main
Navigator pane.

--{ Job Setup
| |5 Create a New Job |
[ Zr Edit Current Job
| = Delete Job

A form to create a new job will open in the Data Area pane.
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Job Mame Jobl
Job Type: isolated =
Diesign Code 15

Defautt Unit Type English

Support Assignment Assign to all support

Listed Supports

Loading

Available Load Cases |

1: Load Case 1
2 Live Load

Selected Load Cases :

Byl

101 : Load Caze 1 + Live Load

L_ﬁ Create Job

The job types may be to design for Isolated, Pile Cap, Mat

Foundation, Strip footing and Octagonal footing. We can assign
the job to all the supports or we can type in the list of supports to

be included in the job.
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The design codes may be US, British or Indian.

The default unit type may be English or SI. This denotes the units
in which the actual calculation will be performed. The reports etc.
of course will be shown as per the users’ choice of force and
displacement units.

For this Quick Tour example, enter the job name Job1l in the New
Job Name edit box. In the Job Type drop-down menu, select the
Isolated job type. Under the Supports In This Job category, check
to ensure that the All Supports radio button is activated by default.

In this Create a New Job form we have another group called
Loading. Using this page we could have several jobs of the same
type (e.g. Isolated footing) having different design load cases.

We will take all the loadings for this job. Click the & button to
move all the load cases over to the Selected Load Cases list on the
bottom of the page. Click the Create Job button. A new job is
created.

After the job is input, the graphics display window looks like the
following figure.
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| W | | B | 10bi > 1:load Case 1 -

Refalk

SmrtPage// Geometry r Detail Drawing r Layaut Drawing r Calculation Sheet

When there are multiple jobs and load cases in a project, by
changing the job numbers and the load case numbers in the
respective combo boxes, we can change the display of supports and
loadings in the window. We may also change the job settings of the
job shown in the job combo box by clicking the ‘Edit Current Job’
leaf under job setup group in Main Navigator pane.

—I-.= Job Setup

L= Edit Current Job

= Delete Job
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3.6 Entering Design Parameters

When you begin a new project, only the Project Info, Foundation
Plan, Loads and Factor and Job Setup groups will appear in the
Main Navigator pane. The first three groups allow you to specify
the physical model upon which the foundation design is to be
performed. A fourth group (Job Setup) allows you to create a new
job or edit an existing job. It is only when you create a New Job (a
set of constraints for the program to use in performing a foundation
design) that groups related to the current design process will
appear.

Now, take a look at the Main Navigator pane. A new group called
“Isolated Footing Job” is created. This group allows you to enter
design parameters like footing geometry, concrete cover, soil
parameters etc. As Design Parameters forms are self-explanatory,
we will not discuss them in this Quick Tour.

—I-|.= Job Setup
| = Create a New Job
{Zr Edit Current Job
| = Delete Job
--|.Z Isolated Footing Job
—-I-{— Design Parameters
|.=r Concrete & Rebar
= Cover & Soil
\F Fooling Geometry
|=r Sliding & Qverturning
l=F Design

Note: STAAD.foundation gives the user flexibility to check an
existing foundation by specifying footing geometry like Length,
Width and Thickness or design a new foundation where the
program will calculate footing dimension.
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3.7 Performing an Isolated Footing Design

Now click on the “Design” leaf under “Design Parameters” group
in Main Navigator pane to design the footing.

== Isclated Footing Job
=1 Design Parameters
| Zr Concrete & Rebar
|5 Cover & Sail
¢ Footing Geometry

7 Sliding & Qverturning
¢ Design

Look at the Output pane, it will display a series of messages as the
program performs the footing design.

Qutput

Set initial footing dimension as 7.000'X7.000'X10.00"

Set footing dimension as 7.000'X7.000'X10.00" after checking service load conditions.
Set footing dimension as 7.000'X7.000'X10.00" after checking design load conditions.

Performing punching shear check.

Clear cover 2.000000

PLSSED

Performing one-way shear check.

PLSSED

Performing design for bottom X direction rebars.
PLSSED

Performing design for bottom Z direction rebars.
PLSSED

4 4 » # % Design Progress Report lzofoot Design Summary

When the design is complete, the program will automatically
display a Design Summary table in the Qutput pane.
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BERBES

HESEE S

A ‘» % Design Progress Reporl  » Isofoot Design Summary

Click on the “Layout Drawing” tab in view pane area to check
footing overlap. It produces a layout of analyzed footings drawn to
scale, complete with a title block for the drawing.
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Click on the “Detail Drawing” tab in view pane area to see footing
detailed drawing. The detailed drawing displays a schematic
diagram of the footing elevation and reinforcement plan.

4 Start Page r Geomeh’df Detail Drawing r Layout Drawing r Calculation Sheet r Strip Footing Graph
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Isolated Footing - Reinforcement Plan

A click on the ‘Calculation Sheet’ tab in view pane brings up the

design calculation of the footings. It displays step by step
calculation with relevant code clause numbers and equations.

Critical Axial design Load, Pu = 0.00 kip, Load Case # 2

Fram ACI C111.12.2.1, Bs for calumn = 2% [Bog+ Doar+ 2 X deg] =
Equation 11-35,V,_, = [2+[;i}><gu><deﬁ>< 1000 xFi=

Equation 11-37.%_, = 4XB, X deX {1000 %F =

Punching shear strength, v_ = minimum of {v_,, ¥, ¥ 5} =

Buuation 11-38., %, = [2+4o X%ﬂjx Po X dar 1000 % F =

216.00

344288

561013

229505

229505

in

i

P

i

=

i

P
i

P
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This calculation sheet is web-enabled for real time checking. Hard
copies can also be made from this sheet.
A project once created can be saved and re-opened later using the

File | Save and File | Open options. STAAD.foundation files are
saved with .afs extension.
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3.8 Importing Structural Geometry and Analysis
Results from STAAD.Pro

In most cases the forces and moments on the foundation are given
by the analysis of the superstructure. To ensure a seamless and
efficient integration with the analysis software, STAAD.foundation
includes an “Import” facility. This option allows us to import the
support co-ordinates and forces/moments on the individual supports
from a structural analysis software program.

At present we have the facility to import analysis data from
STAAD.Pro structural analysis software. Thus by default the
control goes to the folder where STAAD.Pro example files are
located. If you do not have STAAD.Pro installed in your machine,
please do not use the import facility now. The ability to import
analysis data from other software programs will be provided in a
future release of STAAD .foundation.

Note: You must first perform an analysis and design on a
STAAD.Pro model in STAAD.Pro before importing the model
into STAAD.foundation.

Let us import STAAD.Pro US Example No. 8 to
STAAD.foundation and use the imported geometry and support
reactions to design a mat foundation for the structure. You can
only import a STAAD.Pro model that has been successfully
analyzed, because you will want to have the support reactions
available for the foundation design. So, if you have not already run
the analysis for STAAD.Pro U.S. Example No. 8 open the example
in STAAD.Pro (C:\Spro2007\STAAD\Examp\US\Examp\
ExampO08.std), run the analysis, and then return to this Quick Tour.
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Pull down the File menu and select the Import command.

Fie | Edit View Tools

Mew
Open...

Save

B &

Ctrl+0
Ctrl+5

|_i Import

1 C:\TempiFileTour.afs
2 untitled.afs

3 C\TempiMat.afs
4untitled.afs

Exit

£

A file manager dialog box labeled STAADPro File Import will be

displayed.

StaadPro File Import

2]

Look in: | 4 US

= « & ek &

1] EXAMPOL.STD [2]ExaMPO7 STD 2|EXAMPLZ.5TD

2| EXAMPOZ.STD ¥, 2] EXAMP14.5TD
2]EXAMPOZ.STD [2]ExaMPO9.519 2]EXaMP1S.STD

2| EXAMPO4.5TD [2]EXAMPIDS Type: STAAD Space Frame
[2]EXAMPOS.STD [1]EXAMPILE] Sipp: 1 12 K
2]EXAMPOB.STD [2]ExaMPIZ 51 _—
K I i
File name: IEX&MPDS.STD Open I

Filez of type: ISTAAD.-"F'[D Filez [*.5td)

j Cancel |
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Locate the STAAD.Pro US Example No. 8 file and highlight it.
Then click on Open.

STAAD.faundat:on Import utility

R

[ [(1.40L +1.7LL) Primary
= F5(1.4DL + 1.7LL = 1.7WL} | Primary
Select &l

Import Type

%) Import Supported Modes
O Import Plates | gyey: |

Dengn Code :

Drefault Uit Type

Click on Import in the resulting dialog box. The support
coordinates will be imported to STAAD.foundation as shown in the
graphics display window. Notice that you did not have to create a
new project. STAAD.foundation did not overwrite the project you
already had open, or add any new data to it. Instead, the program
has created a new project with the default project name Untitled.
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Data Input Pane

Job Info

Job MName

Creating a New Job for a Mat Foundation

Click on the Create a new Job leaf under Job Setup in Main
Navigator pane to create a new job for designing the mat
foundation. The Create a New Job form will open in the data pane
area. Choose Job type as Mat foundation and design code as US.

Job Type

Design Code s
Defaut Ui Type Engish
Support Assignment Assign to all support

Listed Supports

Loading

Awalable Load Caszes ;

=5 =

=

‘Selected Load Cases

= =

1:[1.4DL + 1.7LL]

20 751400 + 1.7LL +1.7wL)

)

Create Job

Section 3 — Quick Tour| 3-33
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The job will be assigned to all the supports. We then include all
the loadings on it from the Loading group of the same property
form. Now click on “Create Job” to create a new mat foundation
job.

If we look at the Main Navigator pane we see a set of new groups
not seen in our previous project. These groups are related to mat
foundation analysis and design.

== Job Setup
{{Zr Create a Mew Job
| Edit Current Job
{:Zr Delete Job
=1 Mat foundation Job |

| Zr Default analysis properties
|/ % Physical beam table

|:Z Pile Layout

|:Z Mesh generation

|/ Analysis properties

|:Z Mat slab design options

The Meshing generation and Analysis properties groups are
particular to the mat foundation. We also see the Pile Layout group
which is to create pile arrangement in case the mat slab is
supported by piles instead of soil. These groups only appear when a
Mat Foundation job type is active.

For our example, mat slab will be supported by soil; in other words
it’s a slab on grade problem.
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3.10 Defining the Mat Boundary

Now we would like to define the boundary of the mat. To do this
we expand “Mesh generation” group and then click on “Add a
rectangular region” leaf.

== Mat foundation Job
| = Default analysis properties
|= Physical beam table
|= Pile Layout
=/ Mesh generation
= Add meshing regions
{£Zr Using polyline
=
{£Zr Add a drcular region
{-Zr Regular polygon
{£=r Meshing setup
| Analysis properties
| Mat slab design options

The following form opens up in data area pane. Set unit as “inch”
and input X1,Z1 as (-30,-30). Then enter Length as 515 inch and
Width as 345 inch. Keep Y level as 0.0 as our support columns have
same Y level.

Now, click on “Add Region” button to create the Mar boundary.
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Data Input Pane oz

Rectangular Boundary 2

Define Rectangular R egion

Unit: |in w |
# coordinate at Top left comer: {-30
Z coordinate at Top left comer: :-3|:|"
Length: |515 - (X1, 1)

=
Width: | 345 g
Y Lewel: E Lenath

l @ Add Region

This action will create the boundary in the graphics display window
of view pane.

If your screen shows a grid, you may want to switch it off by
clicking on Linear Grid Setup leaf under Foundation Plan group in
Main Navigator pane.
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i=-{Z Foundation Plan

E_{ar Linear Grid Setup

The following form will open in data area pane. Choose Show Grid
as “No” to switch off the grid.

Spacing X

{5 Radial Grid Setup
-{£5r Column Position

Spacing £

Lines left 0 ongin .

Lines night to ongin

Lines top of ongin

Lines bottom of ohgin

Geid: Direction

Show Grid

Section 3 — Quick Tour

Now it would be a good idea to save your model, since you have
done a substantial amount of work to get to this point. Pull down
the File menu and select the Save command.

3-37
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3.11

Creating a Mesh

Now we are ready to add the boundary and create the mesh. Click
on the Meshing Setup leaf under Mesh generation group.

=\ Mesh generation
=-{Z Add meshing regions
{Z Using palyline
{ % Add a rectangular region
{Zr Add a drecular region
{-Zr Regular polygon
[= Meshing setup |

The Meshing Setup page will be displayed in the Data Area pane.
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Data Input Pane
Meshing Setup

Heshing setup

Add zelected region as

& Boundary (O Haole O Control region
Region ldentifier: - ) Add region

Select Boundary

Generate Mesh

Mawimum elament size: |12 it W
[[] Optimize based on area 8 Generste Mesh

[ B Edit selected regi...J | 8 Delete selected rJ

Click in the Graphics Window with the cursor on a line of the

boundary. The boundary changes color.
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Make sure the Boundary radio button is checked and give a title
for the boundary in Region Identifier edit box. Click on “Add
Region” button to add the boundary. You will see that the Region
Identifier name you entered is now listed under the Meshing Setup
heading in the tree.

Data Input Pane o X
Meshing Setup -

. = Meshing setup
- Boundary

Add selected region as
& Boundary (O Hole () Contiol region
Reqgion ldentifier: éEnunci:ary il G}‘\ddreglnn

Select Boundary

Generate Mezh

M aximum element size; |12 in w

(] Optimize based an area - | @ Generste Mash

[ ﬁ Edit selected regi...] [ B Delete selected r]

We may also choose the number of divisions for the mesh and
specify locations of holes. Let us specify an element size of 12
inches. Enter a value of 12 in the Maximum Element Size edit box.
In this example project we will not create any holes in the mesh.
We are ready to create the mesh. In the list box in the Data Area
pane, highlight the Mesh Identifier Name for your mesh boundary.
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Data I.r'_put—Pane

Meshing Setup

= Meshing setup
- Boundary

Add zelected region as
(& Boundary (O Hale ) Control region
Region |dentifier: |Enundary | [B Add rngonJ

Select Boundary

Generate Mesh -

M aximum element size: FE it e
] Optimize bazed on area e Generate Mesh

| @Edi selected reai..| | @ Delete selectedrr..|

Click on the Generate Mesh button to generate mesh.

The program will display a dialog box asking you to choose either a

Quadrilateral Mesh or a Polygonal Mesh.

Please choose Meshing Type

& Quadilateral Meshing
" Polygonal Meshing Cancel |
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Verify that the Quadrilateral Meshing radio button is selected by
default, and then click the OK button. STAAD.foundation will
create the mesh and display it in the graphics window.
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3.12 Specifying Slab Thickness

As this is a physical modeling system, slab thickness and soil
properties are automatically assigned to the slab with default
values. To change slab thickness click on the Slab Thickness leaf
under Analysis Properties group.

—I-{ = Analysis properties
| 7 slab thickness

{-Zr Soil property
{Zr Pile spring

The Slab Thickness page will be displayed in the Data Area pane.

Data Input Pane o x
slab thickness =
= Analysis Design
4 Thickness | Thickness
Hame
ft ft
Hmit | |
Boundary 1.I?.EI3 1.!3EG

By default it will show default slab thickness. We can change this
thickness to our desired values. For our example, we will use
default values. There are two types of thickness which are analysis
thickness and design thickness. Analysis thickness will be used to
analyze the slab and design thickness will be used while designing
the slab. This is particularly important in modeling a pedestal,
where you may want to use excess thickness for stiffness modeling
but want to use slab thickness for design
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3.13 Defining Soil Properties

Like thickness, soil property is also automatically created assigned
with the slab, the only thing we need to do is to activate the flag.
To change or activate soil property click on the Soil Property leaf
under Analysis Properties group.

2| = Analysis properties
| Slab thickness
| {==r Soil property |
{= Pile spring

The Soil Properties page will be displayed in the Data Area pane.
Check on the check box for soil spring.

Data Input Pane o X
' Sail Property &
Subgrade:
H,;-g";': Include soil spring| modulus
kipin2fin
Unit | kinfin2in
Boundary [[+] Us= soil spring | 0.040

RangaRakes tamilnavarasam.com



Section 3 — Quick Tour | 3.45

3.14 Analyzing the Slab

We are ready to analyze the slab. Save your work one more time:
pull down the File menu and select the Save command.
Click on the Analyze leaf under “Mat Slab design Options” group

to analyze the mat.

=I-{Z Mat slab design options
| {5 Analyze |

l=r Output View Oplions
{Zr Moment envelope generation
. =r Design Parameters
| Reinforcement Zoning
| Cut slab by a line
| Calculation sheet

Design progress report tab under Output group will be populated
with progress messages while the program creates an analytical

model to analyze.

Cutput
Tranzlating meshed Coordinates=...

Translating Beams...

Translating Plates...

Creating Platesz and assigning plate propertvV...
Processing Load Info...
Processing Load case 1
Processing Load case 2

4 4 » ¥  Design Progress Report /

Then another window will come up and show the analysis progress
messages and status. When the analysis is completed that window

will automatically disappear.
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STAAD Analysis and Design

Factorization done. # of non zeros= 255141
++ Finished Adwanced Solver factor.
++ Adwanced Solver Processing Loads. .

++ Adwanced Solwver Saving displacement . .

++ Adwanced Solwver As=sembling — Plates. .

++ Adwanced Solver Processing Hatriz. .

++ Adwanced Solver Factorizing Matriz. .
.. .Factor at equation= 3000 of = 3960
Factorization done, # of non zeros= 255141

++ Finished Adwanced Solver factor.

++ Adwanced Solver FProcessing Loads. .

++ Adwanced Solwver Saving displacement . .

++ Tension-Comp. conwverged. Iters= 4 Case I

++ Calculating Member Forces.

++ Adwanced Solver Assembling — Plates. .

++ Adwanced Solver Frocessing Hatriz. .

++ Adwanced Solver Factorizing Matriz. .
.. .Factor at eguation= 3000 of = 3960
Factorization done, # of non zeros= 255141

++ Finizhed Adwanced Solver factor.

++ Adwanced Solwver Processing Loads. .

++ Adwanced Solver Saving displacement . .
++ Adwanced Solver Assembling — Plates. .

0 Ermorfs). D Warning(s]

++ &dwanced Solwer Backsubstitution For Solutions. .

++ Adwanced Solver Backsubstitution For Solutions. .

++ Adwanced Solver Backsubstitution For Soclutions. .

17:20:48
1l =ec
17.20:48
17:20:48
17:20:48
17:20:48
17:20:48
17:20:48
17:20:48
17:20:48
0 =ec
17.20:48
17:20:48
17:20:48

17:20:48
17:20:48
17:20:48
17:20:48
17:20:48
17:20:48

17:20:48
17:20:48
17:20:48
17:20:48 »

I

When you see the messages have stopped scrolling, look for a final
message, “Analysis is completed” which indicates that the analysis

has been successfully performed.

By default the deformed plates showing the node displacements

appear in the graphics display window.
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If the slab’s deformed shape is not apparent in your graphics
display, you may need to change the scaling values. Click on the
toolbar for changing scale which will bring up Scale Setup page in
data area pane.

o4
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Scale setup
Result Scales

Dizplacement :

Loading Scales

Point Load :
Point bMoment :
Digtributed Load :

Pressure Load :

Modeling 5 cales
Footing width

File Length

0.01

100
100

100

100

100

100

L]

LD L D] LD DD

Under the Result Scales category, decrease the Displacement value
to increase the amount of deflection shown. Why do you decrease
it to increase the deflection? The Displacement value in the dialog
box is the actual displacement of the structure per unit distance on
the graphic diagram. Therefore, if you reduce the amount of actual
structural deflection required to display a unit distance of
deflection on the diagram, you will see a larger apparent

displacement on the diagram.

After a successful analysis, the program will add several tables in

the output pane below.

HarH Design Progress Report Displacement 4 Disp Summary

Reaction Reaction Summary Contact Area Plate Stress Plate Stress Summary

Click on the Displacement tab to view nodal displacement for

current selected load case.
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-0.296130 0.000000 -0.002332 0.000000 0.000834
-0.285543 0.000000 -0.002315 0.000000 0.000864
-0.274545 0.000000 -0.002268 0.000000 0.000540
-0.262500 0.000000 -0.002221 0.000000 0.000989
-0.250547 0.000000 -0.002180 0.000000 0.000962
-0.235450 0.000000 -0.002141 0.000000 0.000781
-0.231245 0.000000 -0.002110 0.000000 0.000500
-0.227238 0.000000 -0.002054 0.000000 0.000120

This table lists the node displacement for the three translational and
three rotational degrees of freedom. Click on “Disp Summary” tab
to view node displacement summary for all six degrees of freedom
among all load cases. Please note, maximum positive displacement
in Y direction is 0.049418 in and maximum negative displacement

is .792751 in.

Output

1 0.000000 0.000000 -0.002332 | 0.000000 0.000834
1 1 0.000000 -0.286130 | 0.000000 -0.002332 | 0.000000 0.000834
683 1 0.000000 | 0.049418 0.000000 0.000150 0.000000 -0.000102
1320 1 0.000000 | -0.792751 0.000000 0.005148 0.000000 -0.003832
1 1 0.000000 -0.286130  |0.000000 -0.002332 | 0.000000 0.000834
1 1 0.000000 -0.286130 | 0.000000 -0.002332 | 0.000000 0.000834
1144 1 0.000000 -0.523888 | 0.000000 0.006002 0.000000 -0.003256
220 1 0.000000 -0.518242 | 0.000000 -0.005586 | 0.000000 -0.003260
1 1 0.000000 -0.286130 | 0.000000 -0.002332 | 0.000000 0.000834
1 1 0.000000 -0.286130 | 0.000000 -0.002332 | 0.000000 0.000834
1302 1 0.000000 -0.472672 | 0.000000 0.004088 0.000000 0.003573
1316 1 0.000000 -0.578236 | 0.000000 0.004438 0.000000 -0.004835

Please click on the ‘Support Reactions’ tab to view soil pressure for
the current load case. To know maximum reaction among all load

cases please click on “Reaction Summary” tab.
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2 |

tput :
_ . Fx Fy Tz Mx My Mz
i \ lowiCee Kip kip \ kipin | kipin | kipdn
Mk Fx| 1152 1 1.406520042419 | 1239615082741 -0.256951004 |0 10.003215750 [0
MinFx| 1230 1 |-1.91767001152 | 3.298341035843|-0.284302006 |0 -0.000755416l0
- K e s i IR
Min Fy| 271 1 0 | o o
Max Fa 154 1 |01348859885801 |2 0.001638820/0
Wi Fz| 1230 |2 | 1218780040741 2878 |0.856886882 |0
e B R i
Bin Mo 1 B I o o
Maxm| 1152 |z B} |4.461840152 |0
T _ |-0.002299340/0
Max M |1 1 [ i o
Min M1 [1 o 0.421932607888/0 o o [
44 rH Design Progress Report Dizplacement Disp Summary Reaction » Reaction Summary 4 Contact Area

To view soil pressure contour, please click on the “Output View
Options” leaf under “Mat slab design options” group in main

navigator pane.

=-{=F Mat slab design options

= Analyze

L= Quiput View Options |

| =F Moment envelope generation
\=r Design Parameters

|= Reinforcement Zoning

|Z Cutslab by a line

A form called “Output View Options” will appear in data input

pane. Please select “Show Soil Pressure” radio to view soil pressure

contour.
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Data Input Pane ax

Output View Options *

Dizplacement Diagram Setup

Show Modal Dizplacement

Usze Average Normal

Show Beam Displacement

Drawing Options:

(%) Draw Line Diagram () Draw 30 diagram

Stress Contour
Show Beam Strezs

‘ (&) Show Soi Pressure

) Show Flate Stress

Flate Stresz Settings

Select Stress Type | [Hones

Beam Stess Settings

Select Stress Type v

Show Legend
[ Plot Contour on Deflected Shape

A soil pressure legend will be displayed at the left of the view pane
along with the soil pressure contour. Please note, the maximum soil
pressure for load case 1 is 4.556 kip/ft2. Also, minimum soil
pressure is 0.0 which means that some part of the mat has lost
contact with the soil and the program has distributed the pressure of
that portion to the rest of the mat slab.
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Base Pressurd

Kip/H2

o

0.285
0571
0.856
1.142
1.427

Wy
0
@

ho bd R
@ oo R
A3 m
A ]

Ry
frigi g
=
5 @

3710
3,995
4.281
4,566

| Qef=imimisiaysysi-§ § §F N 150 |

We can easily verify the slab’s loss of contact with the soil by
reviewing “Contact Area” table. Please note for both load cases
more than 80% of total area is in contact with the soil.

Output

Area Qut of
Contact Contact
[Ft=) (i)

1 1034 472480 (2384121008 | 1993758122 1
2 1028.541720 [23.38008411 | 205.3125833

Load | Areain | e o Total

Case Area

To review plates stresses please click on the “Plate Stress” and
“Plate Stress Summary” pages. Please note that the stress summary
page displays a maximum value 68.636 kip-ft/ft. Please note that all
plate stress values are based on plate local axis system.
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Output
hiter oo ’ s0X ] say X ’ 57 ’ XY ] X MY ’ XY,
Wpifiz | wipiftz | wipftz | kipiitz | fapifiz | lpfbft | kipsti | kapofuit
[Max sy 1 1 0514775 |0.948151  [0.000000  |0.000000  [0.000000  [1.022040  [1.121768  |-0.813853
| in sx] 1 1 0514779 [0.848151  |0.000000  |0.000000  |0.000000  |1.022040  [1.121768_ |-0.813953
[maxsy| 1 1 0514779 |0.848151  |0.000000  [0.000000  |0.000000  |1.022040  [1.121768  |-0.813853
[ Min Y] 1 1 0514775 |0.948151  |0.000000  |0.000000  |0.000000  |1.022040  [1.121768  |-0.813953
[max sy 1 1 0514779 |0.848151  |0.000000  |0.000000  |0.000000  |1.022040  [1.121768_ |-0.813953
| Min %] 1 1 0514779 |0.948151  |0.000000  |0.000000  |0.000000  |1.022040  [1.121768  |0.813953
Maxm)| 1182 ] |3509689  |-41.612241 0.000000  |0.000000  |0.000000  |68.636673 | [24623075 |-0.748366
[mie | 1237 1 258989 |0.984670  |0.000000  |0.000000  |0.000000 [-osr0a1s [-1728138
[maxm| 107 1 |4502564  |-1.069600  |0.000000  |0.000000  |0.000000 5682430 [33.505085 |0.631877
[Minm | 772 1 0748060  |4.190650  |0.000000  |0.000000  |0.000000 |-0.676226 |-26.271280 |-2.858145
[maxm| 211 1 6616501 | -5.318206  |0.000000  |0.000000  |0.000000  |-7.500260 |-4.694698 |13.466384
[mirm ] 1158 2 15832063 5545430 |0.000000  |D.000000  |0.000000 (4300460  |1.543461  |-15.353448
H4rH Displacement Disp Summary Reaction Reaction Summary Contact Area Plate Stress » Plate Stress Summary

To view plate stress contours please click on the “Output View
Options” leaf under “Mat slab design options” group

A=

Mat slab design options
| =r Analyze

[= Cutput View Options |

= Moment envelope generation
l=r Design Parameters

|Zr Reinforcement Zoning

{Zr Cutslab by a line

| Calculation sheet

A form will appear at data area pane. Please select “Show Plate
Stress” radio button and then choose “Global Mx” stress type.
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The screen will look like the following figure. Please note that this

Data Input Pane

Output View Oplions

Drawing Dptions

Stress Contour

Dizplacement Diagram Setup
Show Modal Displacement
|Jee Average Mormal

Show Beam Digplacement

%) Draw Line Diagram ) Draw 30 diagram

(%) Show Plate Stress

Show Beam Stress

Select Strezz Type

Select Stress Type

Show Legend

Beam Stresz Setting

] Plat Contour on [

) Show Soil Prassure

Flate Stress Seftings

Mone v

MHone

b ax Abzolute
Max Top

Max Bottarn

kax Von Mis

b aw Wan Miz Top
kax Yon Mis Bottom
Sx

s

SHEY

[

M

Ly

S0

SO
Global W

Global M2

contour is based on the global X axis.
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"Gilobal WX
Kipeft/ft

-59.277
53923
-45.569
-43.215
-37.860
-32.506
-27.152
-21.7498
16,444
-11.089
5,735

-0.381

4.973

10.327
15,692
21.036
26330

HEEOCO O EED D .. NN
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3.15

Slab Design

Now we go for designing the slab. Slab design in
STAAD.foundation has three distinct parts. First step is to generate
moment envelope. Next step is to design the slab and the last step is
to create reinforcement zones for reinforcement layout.

Please click on the Moment envelope generation leaf under “Mat
slab design options” group in main navigator pane.

| =-{= Mat slab design options |
= Analyze
{ ¢ QOutput View Options
| |Zr Moment envelope generation |
¢ Design Parameters
| = Reinforcement Zoning
{5 Cutslab by a line
| Zr Calculation sheet

The moment envelope generation dialog box will appear in the
Data Area pane as shown in the following figure. Here we need to
setup slab longitudinal axis. We can setup the axis by simply
clicking at two points on the view or typing (X, z) coordinate. As
our slab is rectangular and parallel to global axis system we will
use Global X axis as slab longitudinal axis. A X axis can be defined
by (0,0) and (100,0) coordinates.
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Data Input Pane o

Envelope Generation

Select current patel: | Boundary b
Laongitudinal asiz zetup
() By drawing a line on ¢lab

'ft “

(%) By specifying coordinates Uit
Starting® |0 . Starting 2 '.D
Ending® [ 100 EndingZz |0
Specify discrete design pointz
Division along longitudinal asis: 1E0
Divizion along transverse axis: 1&0
Select load tvpe: | Use all lnad cazes ft

| G Generate moment envelope

Select “Use all load cases” from “Select load type” drop down list
and click on the “Generate Moment Envelope” button to generate
moment envelope.

Program will generate a finite number of discrete points which in
turn will be used as design points. The design grid appears in the
graphics window like the following figure.
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The next step is to set design parameters and design slab. Please
click on the “Design Parameters” leaf under “Mat slab design
options” in main navigator pane.

=\ Mat slab design options
= Analyze
l=r Output View Oplions
{£Z Moment envelope generation
| | Design Parameters |
{Zr Reinforcement Zoning
{cZr Cut slab by a line
{ = Calculation sheet
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A form with the design parameters will appear in the Data Area
pane. For this example we will use all default values. Click on the
“Design” button to design the slab.

Datz Input Pane. "

| | Design Parameters

Grades

Fy EED i |kSi v!
Fec |4 ! ki |
Covers

Tap cover i'l I in w |
Battom caver |'| ! |in Vl
Rebar Size

Min. bar size E3 v|

M ax: bar size i'I'I vi

Fiebar Spacing

Max. spacing |12 | in « |

Min. spacing |2

[ CongiderWond and Armer moments

[ Rezult zummary ] [ Detailz report

The program will perform the slab design. When the design
operation is completed, a message box will appear.

STAAD.foundation x|

& Design perforrmed successfully

The next step is to create reinforcing zones. Click on the
“Reinforcement Zoning” leaf under “Mat slab design options” in
main navigator pane.
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== Mat slab design options

= Analyze

= Output View Options

{=F Maoment envelope generation
| = Design Parameters
[ cnorcene zonns I
|= Cutslab by a line

| Calculation sheet

A form will appear in data area pane which will look like following.

Data Input Pane

Reinforcement Zoning

Slab Detailing

Choose Slab Face | Longitudinal Top ~ |

Freferred Zone Reinforcment Count

]

(@ Createzone | (@ Create Biock |
Wiew Option

Show: | Grid Lines v
Zone Editing

Lock Higher Zone

Current Zone :

: :
| B one 50 v

I_'X Select Nodes... ]

By default, slab face is set as “Longitudinal Top”. Use “preferred
zone reinforcement count” as 3. Now click on “Create Zone”
button. The program will plot colored dots on each design point
based on required reinforcement. We can call this reinforcement

contour plot.
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Panel No :1

Please note that the slab is divided in three different reinforcing
zones where Zone 1 is blue and lowest zone. Often times “Zone 1”
represents the minimum reinforcing zone. “Zone 3” is red and
represents highest reinforcing zone.

It is evident from the graphics that the reinforcement blocks are not
regular shaped polygon. STAAD.foundation has an in-built tool to
create a regular shape from this irregular shape. Click on the Create
Block button. STAAD .foundation will divide the slab into block-
shaped areas, based on the reinforcement zones generated by the
Create Reinforcing Zones command.
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These rectangular areas are created to allow a practical layout of
the various sizes of reinforcing steel.

Click on the Steel Detailing button. The following screen will
come up showing the reinforcement steel details of the three zones
in the plan view.

We may also cut the slab by any user-defined line and view your
desired stress value (Max absolute/Max VonMises/SX/SY/MX/MY
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etc.) along that line. Click on the “Cut slab by a line” leaf under
“Mat slab design options” group in main navigator pane.

== Mat slab design options
= Analyze
L= Quiput View Options
|==F Moment envelope generation
\ ¢ Design Parameters
|= Reinforcement Zoning

| = Calculation sheet

A new form will appear in the Data Area pane.
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Data Input Pans ac:

.Cut slab by a line = |

Slab cut options

) By drawing a line on slab )
(%) By specifying coordinates S L

Starting | StatingZ |

Endng 100 | Endngz |0 |

|nterpalation Factor :i3 =
Graph Scale Factor |1

Stresz Type: | b . w |

3Insert anewcut L. |

[6 Design Selected Line ]

Under the Slab cut options category, select the “By drawing a line
on slab” radio button, and then click in the graphics window. This
will allow you to create a section in the plan view of your model.

Enter a value of 3 in the Interpolation Factor edit box.

In the Stress Type drop-down menu, select MX to look for Mx
moment along the cut line.

Now, draw a section line on the plan view of your model along
which you wish to see the graph of the maximum absolute stress.
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Click your mouse cursor at the beginning point of the line, drag
your cursor to the end point, and then click again.

i

ipe it
30788
-24.574
18,360
12145
5,932
0282
6435
12710

43.934
66.209
£2.423
BBE37

I s mymimiepmymy § § § § B} |

Note that the coordinates of Start and End points now have values.
Click on “Insert a new cut line” button. A graph will be shown in
the view pane.
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Cut slab by a line

- Slab cut optionz-

{3 By drawing a line on zlab

[Irit:

Starting Z
Ending % EndngZ |12519]

|nterpolation Factor

{31 By zpecilying coordinates
Starting

o

£

Graph Scale Factar: |10

Stresz Type | s

[ insert a new cut UJ

= % hat_Exampls
= [ Cut Line 1M

| @ Desion Selected Line |

Increase graph scale factor to 10 and now the screen will look like

following.
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kiptft
-30.788

-24.574

=
-]

-12146
5932

)
B
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12710

=
i
1=

25138
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Now click the button labeled Design Selected Line. A dialog box
labeled Design Report Along a Selected Line will be displayed.

B Design report along a cut line

Select Graph Type
&) Mament Envelope () Regd. Reinforcement Area ’ Set Design Parameters J ’ Desigh

) Mament Envelope - 'Waad and Armer

[ Design for Ultimate load tbpe only

10.538

/—\ N

0.141 s 30.84,12.14 0.193
3141

s

n

o

-

Bl

| ] | ] ] ] | ] ] -] -

= |-
=

[ Pririt ] [ Close ]

Click on the Design button to calculate the required reinforcement
area for each element along the cut line.
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Design report along a cut line [X]

Select Graph Type

() Momert Envelope  (3) Regd. Reinforcement Area ’ Set Design Parameters J [ Design ]
() Momert Ervelope - Wood and Armer [ Diesign for Ultimate load tupe oy
0.234 0.234
0.234 0234
AT S
Element ft. ace Load Ca: s il
X(fe) Z{ft) F: KTt se wf{; 4
1 803 -2.50 [12.08 [Top [1
2 ] |Batiom I
<) 603 -2.00 [12.08 [Top f_j
- _ i | Bottom I
5 603 1210 Top 11
6 | [ |Bottom I
4 504 _—1.UEI f12.10 _Tup_”_ ) 1
8 _ [ |Botiom I
3 605 |-0.50 [12.10 [Top 11
. [ | Bottom I
| 805 |-0.00 1210 |Ton f1 v
[ Print ] [ Cloge

Select the Close button to dismiss the Design Report Along a
Selected Line dialog box.

Save your work. Pull down the File menu and select the Save
command.
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3.16

Pile Cap Example

Now let us create a new job inside this same project to illustrate the
process for designing a pile cap.

Click on the “Create a new Job” leaf under “Job Setup” group in
main navigator pane. The Create a New Job form will open in data
area pane. Enter job name as “PileCap”. Choose Job type as “Pile
Cap” and design code as US. Select support node “1” in main view.
Support assignment type will be automatically switched to “Assign
to selected support”.

Transfer both load cases to “Selected load cases” by clicking =
button. Now click on “Create Job” button to create a new job to
design footing 1 as pile cap.
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Job Mame PileCap

Job Type Fils Cap | -
Design Code us

Defautt Unit Type English

Support Assignment || Assian to selected support |

Available Load Caszes :

x> | =

Selected Load Cazes

1:01.4DL +1.7LL]
207501400 + 1.7LL + 1.7wL

B0

(@ Create Job |

Enter a name for the job in the New Job Name edit box.
Notice that your New Job Name now appears in the drop-down
menu in the Jobs toolbar.

lPlIECap ay
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3.17 Entering Pile Data

Also, please note main navigator tree is now changed with pile cap
related controls. For pile cap jobs, a unique group called Pile Cap
Job will be created in the main navigator pane.

=-{= Pile Cap Job
| = Pile Layout(Predefined)
| = Pile Layout(Parametric)
{=¢ Design Parameters
{Z¢ Design

We first need to create pile arrangement for pile cap. To create pile
arrangement please click on the “Pile Layout(Predefined)” leaf.

[=-{= Pile Cap Job
| | =F Pile Layu:uut(PrEdEﬁnEdﬂ
| = Pile Layout{Parametric)
¢ Design Parameters
l=¢ Design

The Pile Arrangement page will be displayed in the Data Area pane
as shown in following figure.
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Pile Arrangement Predefined e
Support for Pile Arrangement
Pile Capacity

Unit : Lateral : |fJ
Vertical : 0 Uplift : ID

Pie Dia : 10 in ~
Spacing : |38 in e
[ 2 Show Loading on Support ]

Pile Arrangement Type :
3 Auto Arrangement [ ' Calculate ]
&) Manual Arrangement { Column location at (0,0) )

| il
(@ Delete Selected Rows ]
[ 3] Select Amangement ]
[ a Show Pile Reactions ]

The combo box labeled Support for Pile Arrangement lists the
support numbers in the pile cap job. We will select the support
number and input the vertical, lateral and uplift pile capacities for
each support. The pile diameter, spacing and distance of the edge
from the corner piles are also input.

Let us input data for Support No. 1. Leave the Support for Pile
Arrangement drop-down menu set to 1.
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Under the Pile Capacity category, set the Unit drop-down menu to
kip. Enter a value of 60 kips in the Vertical edit box, and a value
of 40 kips in the Lateral and Uplift edit boxes.

Enter a value of 10 in. for the Pile Dia. Enter a value of 36 in. for
the Spacing. Enter a value of 24 in. for the Edge Distance.

The total loading on the support is shown if we click on the Show
Loading On Support button.

M | 0ad Table for Support No. 1

Load Case : 2 2 = i
1 -4.058242321|-68.03285830 -0.696795894 -33.31458336 208.5984191 |
; .—2.5 9'95496?4- -aF 245150 Ei'?: .5.5-42?45925 EdEEH E-EEIZE-E-.: 1301803131 1

We may either chose the Auto Arrangement or we may go for a
manual input of the co-ordinates of the piles. If we choose Auto
Arrangement and click on the Calculate button, all possible pile
arrangements corresponding to the pile loads in all the load cases
are shown according to the BOCA standard. Please note the
program automatically calculates all possible arrangements which
satisfy pile capacity criteria.
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|2 |

&2 Pile Arrangement
' Case 1

. i.Case2 -
- 3 Pile Arrangement Q

M 2 pile Arrangement

|- 5 Pile Arrangement
|- & Pile Arrangement
|- 7 Pile Arrangement -
- @ Pile Arrangement (.,_,,] O
-9 Pile Arrangement

- 10 Pile Arrangement
- 11 Pile Arrangement
- 12 Pile Arrangement
- 13 Pile Arrangement
- 14 Pile Arrangement
- 15 Pile Arrangement

O

EI

&-El-El-§

o E|

We go through the tree controls and choose the arrangement
suitable to us. For this example we will choose “4 pile
arrangement”. As we click on the OK button, the diagram showing
the pile arrangements is transferred to the dialog box in the Data
Area pane showing the input for pile arrangements. Please notice
that the pile co-ordinates have come up in the corresponding table.
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Pile Arrangement Type @
¥} Auto Arrangement [ ﬂ Calculate J
() Manual Arrangement { Column location at (0,00 )

5 | 'y g
| o
*

M Calam 3 s
. Delete Selected Rows

[ e Select Amangement ]

[ a Show Pile Reactions J

O O

If we click on the button for “Show Pile Reactions”, the reaction on
each pile shows up.
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I Pile Reaction Table for Support ...

Depending on the pile arrangement diagram we may decide whether
to go on with this arrangement or not. If we decide not to go on
with the arrangement we would again click on Calculate.

Otherwise we click on the Select Arrangement button to select the
arrangement.
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RangaRakes

3.18

Entering Pile Cap Design Parameters

After the pile arrangement is selected, the design for the pile cap is
begun. The form for input of design parameters is invoked by
clicking the Design Parameters leaf under “Pile Cap Job” group in
main navigator pane.

=I-|.= Pile Cap Job
| = Pile Layout{Predefined)
| Pile Layout{Parameftric)
\=r Design Parameters
L =F Design

The Design Parameters page will be displayed in the Data Area
pane.
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Let us accept the default parameters provided by the program.
Check to make sure that the default values displayed on the Design
Parameters form in your program match those shown in the figure
above:

Strength of Concrete: 4 ksi
Yield Strength of Steel: 60 ksi
Minimum Bar Size: 6
Maximum Bar Size: 11

Side cover (Cs): 4 in

Bottom Cover (Cb): 3 in

Pile in Pile Cap (Cp): 4 in.
Initial thickness: 18 in
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3.19

Performing Pile Cap Design and Viewing
Results

Now that the design parameters are entered, we are ready to
perform the design. Click on the Design leaf under “Pile Cap Job”
group in main navigator pane to perform the design.

=I-|.= Pile Cap Job
| Pile Layout{Predefined)
|=r Pile Layout{Parametric)
. F Design Parameters

The program performs the pile cap design. When it is finished, a
results table appears in the Output pane showing the pile cap
dimensions and the bar size and spacing in the longitudinal and
transverse directions.

Cutput
Pile cap Dimension BEiRERmEn)
Column X-Direction | Y-Direction
no | Moot Piles ™y oo Width | Thickness o Bord
in in in Max. Bar (A) Spacing Max. Bar (A) £nacing
1 4 182,000 |84.000 |18.000 [#10 %5 @ 12.00 in #10 % @ 18000

WA rm Deszign Progress Report Pile Cap Design Summary

The figure above shows results for only one of the six supports in
the project because pile arrangements were selected for only
support 1.

Program will automatically open Calculation sheet of the designed
pile cap as shown below.
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Design Shear for Two-Way Action 8 = -68.033 kip
CuL
Beta = — = 1.000
G
By = T +Cw+2d] = 92 000
. . _ 4 )
Equation 11-33 : V;, = Bodl 2+—— \Ec = 384.027 kip
beta
Equation 11-34 : V., = Bnd(2+ 4E?d J‘h:_ = 434117 kip
0
Equation 11-35 : Vi, = 4By \'I’Ec = 256.018 kip
Vc: minimum of(Vm, ch’ VE) = 256.018 kip

Click on the Layout Drawing tab to view layout drawing.

[ Layout Drawng
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The layout of the pile cap job will show the different supports
along with the pile arrangements and number of piles pertaining to
them.

Ay
& &
F b J \ & ©
= D B T D B )
& Q@ =]
> v ® e
o \
P
\ o
S Gl o o o ®
1 S, = e | S =TI By e M T
* é % P :: | e
o & =3 -]
o
6 T

Click on the Detailed Drawing sub-page button.

Detail Drawing |
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The following screen appears showing the plan of the pile cap, the
details of the reinforcement bar for the pile cap and the front view
of the pile cap along with the column for the support selected.

PileCap - Reinforcement Section
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3.20 Exporting Drawings to CAD

Clicking on the Save drawing As... button gives the option to save
the drawing in many formats including DXF and DWG.

[ Save Drawing As... ]
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Now let us create a new job inside this same project to illustrate the

process for designing a combined footing.

Click on the “Create a new Job” leaf under “Job Setup” group in
main navigator pane. The Create a New Job form will open in data
area pane. Enter job name as “Stripl”. Choose Job type as
“Combined” and design code as US.

Transfer both load cases to “Selected load cases” by clicking =
button. Now click on “Create Job” button to create a new combined

footing job.

Job Info

Job Name

Dzsign Code

Strip

lzolsted

Default Unit Type

Support Assignment

Listed Supports

|zolated
Pile Cap
Mat

Please note that there are some new controls in the job creation
page which will be used to setup and assign strip footing.
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Loading *

Available Load Caszes

=3 =|a
= F 5 =
Selected Load Cases :

11 : Load]

|_ ﬂ Create Job ]

Strip Foaoting:

[ B Create from Selected Mode ]

@ Deete | (@  Deetest |

Now, with mouse select node 2 and 3 in view pane. Nodes will be
shown as selected as shown below.
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Click on the ‘Create from Selected Node’ button. A tree view
showing the support assignment will appear.

Strip Footing:
Strp footing setup
=+ Footing C1
Support 2
Suppart 3
l 6 Create from Selected Mode ] ‘

[@ Doete | (@ Deeer |

Note the view pane also shows the combined footing.
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3.22 Strip Footing design parameters

Now we need to input suitable design parameters. The input for
‘Concrete & Rebar’ & ‘Cover & Soil’ are as same as isolated
footing. We will use default values for those two sections of design
parameters as shown below.

Concrete and Rebar

But the footing geometry page for combined footing is unique.
Click on the “Footing Geometry” leaf under “Design Parameters”
group in main navigator pane.
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Eﬁr Combined Footing Job
=-:5F Design Parameters

{Er Concrete & Rebar

{5 Cover & Soil

{15 Footing Geometry |
E- Diesign

This will bring up geometry page where user has option to limit
footing size along length and width. User has option to check or
calculate footing dimensions. For this example we will use default
values as shown below.

| calcuiate Dimensic v Al

=0 B Calculate Dimension
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Now click on ‘Design’ leaf under “Design Parameters” group in
main navigator pane to design the combined footing.

=-{-Z Combined Footing Job
= Design Parameters
= Concrete & Rebar

| Cover & Soil

& Footing Geometry

Design progress will be shown in Output pane.

Output

Processing Load Case 1

After design is complete a summary table will appear in output

pane.
Output
| Footing Dimension Footing
Footlo| | eft OverHang Right Width Thickness Main Steel Top Main Steel Bottom Secondary Steel
in OverHang in in Bar No. Spacing Bar No. Spacing Bar No. Spacing
1 £2.00 63.00 78.00 22.00 # 7.310n #6 10.46in #7 348in

Detail drawing and layout drawing will be shown in corresponding
tabs. Other than that, a BM & SF diagram will be generated for the
strip footing in the ‘Strip Footing Graph’ pane as shown below.
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Select stip footing index | Footing C1 hd Select load case | 1:(1.4DL +1.7LL) v

(66.545171.419)

,\ 23.02
508

Shear Force (kip)

(299.455-121.335) -117.50

-145 60

0.00 3514 7027 10541 14054 17568 21082 24595 28109 31622 35136 38650 421643920
Length {in}

8053.56
/559.45
6571.23
5583.00
459478
3606.55
311244
2618.33
163010
G41.88

-345.35
\/, 133457

62.848,-3582.707) -3311.02

(184 848 6711.302)

Bending Moment (kip-in)

-4299.25

000 3514 7027 10541 14054 17568 21082 24595 28100 31622 35136 38650  421.6439.20
Length (in)
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3.23

Creating Octagonal Footing Job

Now let us create a new job inside this same project to illustrate the
process for designing an octagonal footing.

Click on the “Create a new Job” leaf under “Job Setup” group in
main navigator pane. The Create a New Job form will open in data
area pane. Enter job name as “Oct1”. Choose Job type as
“Octagonal” and design code as US. Select support node “5” in
main view. Support assignment type will be automatically switched
to “Assign to selected support”.

Data Input Pane 3 x
Job Info i
Job Name [ Ot
Izoigted E
[lesign Code lzolated

Default Unit Type

Support Assignment Combined
listed Supports

Transfer both load cases to “Selected load cases” by clicking =
button. Now click on “Create Job” button to create a new octagonal
footing job.

Also note, the main view now shows octagonal shape for support
number 5.
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3.24 Entering Octagonal footing design
parameters

Please note main navigator tree is now changed with octagonal
footing related controls. For octagonal footing jobs, a unique group
called Octagonal footing Job will be created in the main navigator

pane.

EHE Octagonal Footing Job
Elﬁ Design Parameters
“-{{Zr Design Parameters

..... {5 Footing Geometry

Click on Design Parameters leaf under “Design parameters” group
to change design parameters. For this example we will use default

values as shown below.
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Click on Footing Geometry leaf under ‘Design Parameters” group
to change values related to geometry. For this example we will use
default values as shown below.

Now click on Design leaf to design the octagonal footing. After
design is completed a design summary table will be shown in
Output pane.

Footing . N
Diameter Tl'lt:!mess Stability Ratio Reqd. Reinforcement

E

5 117.00 36.00 198.95 #D 128 in
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Calculation sheet will be opened automatically as shown below.

Octagonal Foundation 5

Geometrical Description
Pedestal Geometry

Unit :i
Height : 36.000

136.000

Diameter
Footing Geometry

Unit :i
172.000
:300.000
:36.000
:72.000

Minimum Footing Diameter
Maximum Footing Diameter
Minimum Footing Depth
Maximum Footing Depth

Design Parameters

Minimum Stability Ratio :
10,000 ft
12,000 in
14.000 ksi
(33
: Metric
0

8

Soil Depth
Cover
F,

Bar Type
Minimum Bar Diameter
Maximum Bar Diameter

Concrete Density :
Soil Density :
:4.000 kip/ft2

Allowable Bearing Pressure

We may now want to visit layout drawing and detailed drawing

pages to see those drawings.

1.500

60.000 ksi

125.000 Ib/ft3
115.000 Ib/ft3
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Octagonal Footing - Plan

11700

Octagonal Footing - Sectional Elevation
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3.25

Conclusion

We hope you have enjoyed this Quick Tour of STAAD.foundation’s
features and facilities. If you would like additional assistance in
learning how to use STAAD.foundation, there are many resources
available to you. Within the Online Help facility, you will find
documentation describing the program theory and a detailed
description of every command in the program. You may also view
a number of animated movie files that demonstrate how to perform
various tasks.

Additional STAAD.foundation learning resources are available at
Bentley Systems, Inc. web site at http://www.bentley.com/en-
US/Products/STAAD.foundation/.

Finally, we strongly encourage you to take advantage of Bentley’s
technical support service. Our support staff is most eager and
willing to help you learn to use the program correctly.

You may contact our STAAD.foundation technical support staff by
sending e-mail to the following address:

support@reiusa.com

Write down your questions and attach your STAAD.foundation
project file, if you think it would be helpful (the
STAAD.foundation project file is appended with the extension AFS
— the current input file name always appears in the title bar at the
top of your STAAD .foundation program window). Most technical
support e-mails are answered the same day they are received.
Thank you for purchasing STAAD.foundation. We hope you enjoy
using the program and hope that it adds value and efficiency to
your engineering endeavors. If you have any comments regarding
the program, or suggestions on how it could be improved to better
serve your needs, we would very much like to hear from you.
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STAAD.foundation Graphical Environment

Section 4

General Foundation
This section includes discussion on the following topics:

e Introduction

e Screen Organization (GUI)
e Navigator Controls

e Menu Commands

e Toolbars
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4.1

Introduction

This section provides an overview of STAAD.foundation’s
graphical user interface (GUI). STAAD . .foundation combines the
menu-driven functionality of the Windows environment with the
user-friendly split window functionality available in programs like
Microsoft Outlook.

In STAAD .foundation, you start out by creating a Project to hold
physical information, such as column locations, column dimensions,
piles, beams, and loads. The physical information represents the
structure that a foundation is intended to support. Unless the
design of the structure is modified, these physical conditions
generally remain constant throughout the life of a foundation design
project. Your project also contains Jobs, which are sets of
constraints needed to tell STAAD.foundation how to perform a
foundation design. Each project may contain multiple jobs, making
it easy for you to evaluate different design scenarios for a given set
of physical conditions.

Once a project is created, it can be saved and re-opened later using
the File | Save and File | Open menu commands. Project files are
saved with an .afs extension.
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4.2 STAAD.foundation Screen Organization

STAAD.foundation’s GUI uses a split window interface. The split
window interface divides the screen into three panes: the Page
Control pane, the Data Area pane, and the Main View or Graphics
Window pane. In addition to the three panes, the interface also
contains a Title Bar, Menu Bar, Toolbar, and Status Bar. The
seven elements of the STAAD.foundation GUI are identified in the
figure below.

Titlg Bar Menu Bar Tool Bar
A 200 TON SIS WAT e St Toom
P Ple Edt ew Tack
DSl famx | & @& |2 e = 1:0EAD LOAD CASE 1 - % i &I MaMa,

IARE68 G0t b0 cRaBast sk IBERNsCCL

Main Havigatar. 2% [ Satbage | Geonewy | Detalbrawng | Layou Diaving | Calouan P Focbng Grap 2%
L Urecr Grd satin
L Redal Grd Satip
L Gl Postion
L Coun Dinension
7 Loads & Factors
(7 CreateNew Load Case
L7 A% a Column Reacticn Load
L Acd aPont Load or st o)
7 Acd a s Load {for it orly)
L Ao o Quatiateraload (Foe et ori)
1 A a Crcula Prossure Load (For 43 col)
= (5 Add Meriser oo
L Ak o Load

- Gonerol Information

- Cliont

- Enginser's Descripion

o Pl paskion tasle
L5 Rectangula ofe arrangement uizand (parammets
L Croudarple arranganment wizard (parametnc)
= [ Mesh generation
= L Addmeshing regiens
(e Using pofyine
(= A 3 rcanguiar regon
L P a ke reion
(> Redar palygen
[ Meshing sezap
= Ly Analysis properties
[ Sl theiness

000601
000601
000000t v -
{ Cormact Araa / Ve Srase (| Pate Strae | bata Inputane | Dynare Help

L Catulation shest
< 3

(=0 ra |

Main Navigator Pane Main View Pane Qutput View Pane Data Input Pne Statls Bar

Title Bar

Located at the top of the screen, the Title Bar displays the file name
of the project that is currently open & active.
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Menu Bar

Located just below the Title Bar, the Menu Bar gives you access to
all the facilities of STAAD.foundation. Many of the same
functions are also available in the Toolbar and Page Control pane.

Users who are familiar with STAAD .foundation and its commands
usually find that the Menu Bar is the most efficient way to quickly
access the commands they need.

A complete description of the Menu Bar commands is provided in
Section 4.4 of this manual.

Toolbar

Located below the Menu Bar by default, the dockable Toolbar
gives you access to the most frequently used commands. Each
button in the toolbar offers Tool Tip help. As you move the mouse
cursor over a button, the name of the button — called a Tool Tip —
appears above or below the button. To control the appearance of
the toolbar or create your own customized toolbar, use the View |
Toolbar menu command. To control the appearance of Tool Tips,
use the View | Tool Tip Options menu command.

A complete description of the Toolbar is provided in Section 4.5 of
this manual.

Main Navigator Pane

Located at the left side of the screen, the Main Navigator pane is a
tree control. Clicking on any leaf of the tree opens a new page on
the Data Input pane that allows you to perform specific tasks for a
project. The organization of the Main Navigator leaves, from top to
bottom, represents the logical sequence of operations for a project,
such as definition of footing positions, specification of loads and
factors, mesh generation, and so on. If you go through the pages
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from top to bottom and enter all the data that is relevant to a
project, you will end up with a successful model.

A detailed discussion of the facilities included in the Main
Navigator pane is provided in Section 4.3 of this manual.

Data Input Pane

Located in the right of the screen, the Data Input pane is where you
enter all relevant data for a project. The Data Input pane contains
different forms, dialog boxes, tables, and list boxes depending on
the type of operation you are performing. For example, when you
click on the Column Dimension leaf, a Column Dimension table is
displayed in the Data Input pane; when you click on the Plate
Thickness button, the contents of the Data Input pane change to
display the Plate Thickness dialog box.

4-5
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4.3 The Navigator Controls

Mein Navigator

= [ STAAD.foundation Member

=7 Project Info

i{=r General Information

i[5 Review History

| =r Modeling View Options
‘[ Scale setup options

[=-l_¥ Foundation Plan

¢ L{Zr Uinear Grid Setup
‘| Radial Grid Setup
i[5 Column Position

¢ L[5 Column Dimension

=7 Loads & Factors

i {F Create New Load Case

‘{5 Add a Column Reaction Load

[ Add a Point Load {for Mat only)

{7 Add a Line Load {for Mat anly)

i {F Add a Quadrilateral Load {for Mat only)
‘[ Add a Circular Pressure Load (for Mat only)

-4 =r Add Member Load

= Job Setup
i {F Create a Mew Job
i {5 Edit Current Job
‘{7 Delete Job

i Add Uniform Load

i Add Concentrated Load

i | Add Trapezoidal Load

i [ Safety Factor Table

[ Create New Load Combination
‘[ F Remove Load Case

The Main Navigator pane handles the program flow and display of
forms, tables, dialog boxes etc. for entering your project data. It is
organized in a logical order, allowing you to complete a project by

working from the top to the bottom.
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It’s primarily a tree control where the whole tree is divided in
several groups. The basic division is Global and Local data.
Information which will be used all through the project is called
global data. Column positions, column dimension and loading are
global data.

Data related to specific type of job like Isolated footing are known
as local data. Design parameters, footing geometry are examples of
local data.

The Main navigator pane represents all the major steps required to
complete a foundation project. The tree leaves under any group on
navigational tree manage the display of forms that appear in the
Data Area pane.
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4.4 Global Data

The main navigator pane Global Data groups are as followings

e Project Info

>

YV V V

General Information
Review History
Modeling view options
Scale setup options

e Foundation Plan

A\

YV V VY

Linear grid setup
Radial grid setup
Column Position
Column Dimension

e Loads and Factors

» Create a new load case
» Add a Column Reaction Load
» Add a Point Load (for Mat only)
» Add a Line Load (for Mat only)
» Add a Quadrilateral Load (for Mat only)
» Add a Circular Pressure Load (for Mat only)
» Add Member Load
] Add Uniform Load
] Add Concentrated Load
] Add Trapezoidal Load
» Safety Factor Table
» Create New Load Combination
» Remove Load Case
e Job Setup
> Create a New Job
» Edit Current Job
> Delete Job
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Note: STAAD.foundation does not display the entire tree all the
time. Rather, it only displays groups and leaves that are
relevant to the current status of the project. For example, when
you begin a new project, only the Project Info, Foundation Plan,
Loads and Factors and Job Setup groups will appear in the
Navigator pane. These four groups allow you to specify the
physical model upon which the foundation design is performed.
It is only when you specify a Job (a set of constraints for
STAAD.foundation to use in performing a foundation design)
that the groups related to the design will appear.

4-9
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4.41 The Project Info Group

=I-1.7 Project Info
{-Zr General Information
¢ Review History
|£ZF Modeling View Options
| = Scale setup options

The Project Info group allows you to input general info about a
project, as well as create a revision history for a project. The
Project Info group is active by default when you open a new or
existing project. Using this group you can scale objects for better
visibility or can switch on/off objects as needed.

Use of the Project Info group is optional. It is provided for your
convenience. You can store relevant general information regarding
a project and also create a revision history. Later on, you can
instruct STAAD.foundation to display this information in reports
and drawings.

The Project Info group contains the following elements:

® General Information

e Review History

e Modeling View Options
e Scale Setup Options
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General Info

=-{Z Project Info
¢ - General Information
1= Review History

{5 Modeling View Options

----- {5 Scale setup options

The General Information leaf opens a form in the Data Area pane
that allows you to store general information regarding a project.
The information you input in the General Information form can
later be used in reports and drawings

. Project 1D
Froject Title
Site Location

Crganization
Contact Person
Phone
Fax
Email

Address

Diesigner
Supervisor
Start Date Aug/16/2007
Target Date Aug /16/2007
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The General Information form contains the following three groups
of information:

e (General Information

e C(lient
e Engineer’s Description

General Information

The fields contained in this group box allow you to input an ID,
Title, and Site Location for a project.

Client

The fields contained in this group box allow you to input
information pertaining to the client of a project such as
Organization, Contact Person, Phone, Fax, E-mail, and Address.

Engineer’s Description

The fields contained in this group box allow you to input
information pertaining to the engineer of a project such as
Designer, Supervisor, Start Date, and Target Date.
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4.4.1.2 Review History

= [ Project Info

. [iZ General Information
[l Review History |
{5 Madeling View Options
|5 Scale setup options

Clicking on Review History leaf opens a review history form in

Data Area pane that allows you to keep track of the progress of a
project.

Data Input Pane R x

Review History i

£ I |

Comments

(@ Sove | [® Dete | [ @Dekic Al

4-13
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The Review History form allows you to input a Date, Job Name,
Checked By Name, and Comments for each revision of a project.
Each new revision is given a unique ID Number, starting from 1.

To add a revision, first input the information for Date, Job Name,
and Checked By. Then input any comments about the revision in the
Comments field. Finally, click on the Save button to keep the
changes you have made. To view the Comments for a given

revision, select the revision from the table.

The Review History form contains the following three commands
buttons:

e Save
e Delete
e Delete All.

Save

The Save button saves any changes made to the revision table and
comments field.

Delete

The Delete button removes the currently selected revision from the
revision table.

Delete All

The Delete All button removes all revisions from the revision table.

Note: Deleting a revision from the revision table also deletes the
Comments that were stored with the deleted revision.
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4.4.2 The Foundation Plan Page

-\, Foundation Plan
| Linear Grid Setup
| = Radial Grid Setup
{£Z Column Position
{£Z Column Dimension

The Foundation Plan page allows you to specify basic information
on support, such as Column Positions, Column Dimension. It also
allows creating a grid to be used for defining column position, pile
position, mat boundary etc.

The Foundation Plan page contains the following sub-pages:
e Linear Grid Setup
e Radial Grid Setup

e Column Positions
e Column Dimensions
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4.4.2.1 Grid Setup

=-{Z Foundation Plan
|L_}' Linear Grid Setup
|-=r Radial Grid Setup
{£Z Column Position
{Z Column Dimension

Clicking on the Linear Grid Setup leaf opens a form in the Data
Area pane that allows you to define a linear grid which will be
displayed in the Graphics Window for you to create foundation
geometry on.
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- Spac:g -

Spacing £

Lines left to origin

Lines right 1o ongin

Lines top of orgin

Lines bottam of orgin

BN id Direction

X —_—
Show Grid Yes
Save As Default Yes

Linear Grid Table

You may use the form to draw a grid in the Graphics Window. The
grid allows you to specify your foundation geometry by snapping to
the intersections of the grid lines. You can control the location of

4-17
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the grid origin with respect to the global coordinate system. You
can also specify the number of grid lines, and the spacing between
lines. The grid lines may be spaced equally apart, or you can
specify the spacing of each individual grid line.
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Linear

The Linear Grid form allows you to create a linear grid.
Grid Origin

The Grid Origin group box allows you to specify the origin of the
grid.

Unit

The Unit field allows you to select the current length unit of the
grid system. You can change the unit by clicking on that field and
selecting desired unit from the drop down list.

Origin X

The Origin X field allows you to specify the X-coordinate of the
grid origin.

Origin Y

The Origin Y field allows you to specify the Y-coordinate of the
grid origin.

Origin Z

The Origin Z field allows you to specify the Z-coordinate of the
grid origin.

Spacing
The Spacing group box allows you to specify the spacing between

grid lines. The unit measurement used is specified in the unit field
above in the Grid Origin group box.

Spacing X

4-19
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The Spacing X field allows you to specify the spacing between grid
lines along the X-axis.

Spacing Z

The Spacing Z field allows you to specify the spacing between grid
lines along the Z-axis.
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Number of Lines around Origin
The Number of Lines around Origin group box allows you to
specify the number of grid lines to the left, right, top, and bottom
of the grid origin.

Left

The Left field allows you to specify the number of grid lines to the
left of the grid origin.

Right

The Right field allows you to specify the number of grid lines to the
right of the grid origin.

Top

The Top field allows you to specify the number of grid lines above
the grid origin.

Bottom

The Bottom field allows you to specify the number of grid lines
below the grid origin.

Grid Direction

The Grid Direction group box allows you to specify in what
direction you would like to edit the grid using the table and
commands available below.

Direction X

The Direction X option allows you to edit the grid lines along the
X-axis.
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Direction Z

The Direction Z option allows you to edit the grid lines along the
Z-axis.

Show Grid

The Show Grid field toggles the display of the grid in the Graphics
Window.

Save As Default

Selecting Yes in this field will save the grid to be used in future
projects.

Generate

The Generate Grid command button creates the specified grid in
the Graphics Window.
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Edit Grid Line(s)

The table below allows you to edit the grid lines of a grid. You can
edit the grid lines by changing the values in the table or by using
the command buttons.

Insert After

The Insert After command button inserts a grid line after the row
selected in the grid line table. The value of that grid line will be
automatically calculated by interpolating the values above and
below that line.

Insert Before

The Insert Before command button inserts a grid line before the
row selected in the grid line table. The value of that grid line will
be automatically calculated by interpolating the values above and
below that line.

Delete

The Delete command button deletes the selected row in the grid
line table.
Radial Grid

The Radial grid allows you to create a circular grid.
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Inner Radius

Outer Radius 12 000000

Dirvision along circumfer.

Divigion along radius

| Grid Direction

Radial

Show Grd

Yes

Save As Default Yes

Radial Grid Table

i) ]

Index | Atong Radial ‘!i?' @ Generate Gid
1 3.000000 i

2 3.520412 | @ nser After
3 |enseaze i

T 4 538235 i

g 4352841 | | Insert Before
6 5117647 i

7 5847059 i

£l 6178471 = @  Deete
3 6.705882 i

10 7.235294 i

11 |7.764708 i

12 |az2a4t1a i

12 |8.8z3sze i

14 |s.352041 i

15 |s882353 i

16 |10.411765 i

17 |10841176

18 |11.470588 -

tamilnavarasam.com



RangaRakes

Section 4 — STAAD.foundation Graphical Environment
Grid Origin

The Grid Origin group box allows you to specify the origin of the
grid.

Unit

The Unit field allows you to select the current length unit of the
grid system. You can change the unit by clicking on that field and
selecting desired unit from the drop down list.

Origin X

The Origin X field allows you to specify the X-coordinate of the
grid origin.

Origin Y

The Origin Y field allows you to specify the Y-coordinate of the
grid origin.

Origin Z

The Origin Z field allows you to specify the Z-coordinate of the
grid origin.

Radius and Division

The Radius and Division group box allows you to specify the inner
and outer radius of the grid and grid divisions.

4-25
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Inner Radius of the Grid

The Inner Radius of the Grid field allows you to specify the inner
radius of the grid using the units selected in the Change Length
Unit drop-down list box in the Tools toolbar.

Outer Radius of the Grid

The Outer Radius of the Grid field allows you to specify the outer
radius of the grid using the units selected in the Change Length
Unit drop-down list box in the Tools toolbar.

Number of Divisions

Along Circumference

The Along Circumference field allows you to specify the number of
divisions along the circumference of the grid.

Along Radius

The Along Radius field allows you to specify the number of
divisions along the radius of the grid.

Show Grid

The Show Grid field toggles the display of the grid in the Graphics
Window.

Save As Default

Selecting Yes in this field will save the grid data to be used in
future projects.

Generate

The Generate Grid command button creates the specified grid in
the Graphics Window.

tamilnavarasam.com



Section 4 — STAAD .foundation Graphical Environment | 4.27
Grid Direction
The Grid Direction option allows you to specify in what direction
you would like to edit the grid using the table and commands
available below.

Circumferential

The Circumferential option allows you to edit the grid lines along
the circumference of the grid.

Radial

The Radial option allows you to edit the grid lines along the radius
of the grid.

Edit Grid Line(s)

The Edit Grid Line(s) group box allows you to edit the grid lines of
a grid. You can edit the grid lines by changing the values in the
table or by using the command buttons.

Insert After

The Insert After command button inserts a grid line after the row
selected in the grid line table.

Insert Before

The Insert Before command button inserts a grid line before the
row selected in the grid line table.

Delete

The Delete command button deletes the selected row in the grid
line table.
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4.4.2.2 Column Positions

-\, Foundation Plan
= Linear Grid Setup
| Radial Grid Setup

[{-= Column Position |
== Column Dimension

The Column Positions button opens a spreadsheet table in the Data
Area pane that allows you to input column positions in Cartesian
(XYZ) coordinates.

Data Input Pane

=

Column Position

X Y z
ol § ] & | &

I | 0.00 0.00 10.00

2 | 10.00 |0.00 [0.00

B | 10.00 |0.00 [10.00

) | 0.00 |0.00 [10.00

N

5

After column coordinates are entered, the columns along with their
respective node numbers are displayed in the Graphics Window.
The tab key or arrow keys may be used to move from one cell to the
next in the table. The coordinates in the table can be modified like
any spreadsheet. In order to delete a column, select the column in
the Graphics Window by clicking on it. Then either press the delete
key on your keyboard or use the Menu Bar command Edit | Delete.

Note: A column will not be shown in the Graphics Window until
you hit Enter or click outside of the row you are currently in.
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Column Dimensions

=-|Z Foundation Plan
| Linear Grid Setup
| % Radial Grid Setup
{£Z Column Position

4 Column Dimension

Clicking on the Column Dimensions leaf opens a spreadsheet table
in the Data Area pane that allows you to specify the depth and
width of the columns at each support location and pedestal
information if any. Column or pedestal dimensions are needed to
check punching shear for a mat foundation. For all other footing
types these dimensions will be used to calculate critical design
forces. The unit used for this form is set through the “Setup
Input/Output unit” in the toolbar.

Data Input Pane

Column Dimension

4-29

3

Py

; Column | Column | conciqar | Pedestal | Pedestal | Pedestal
Support No. | Column Type | Depth/Dia Width Pedestal Height Depth Width
ft ] #f : ft £ | @ |
1 {2} Rectangular |1.00 1.00 1O ves 0.00 2.00 2,00
_ |OCircuar | L 1€ No [
b (& Rectangular [1.00 1.00 [Cves 0.00 2.00 2.00
L |4 circular | | |& No | | !
i | (& Rectangular |1.00 1.00 1O ves 0.00 2.00 .00
O Crouar | | & No L
4 (& Rectangular [1.00 1.00 [Oves 0.00 200 2.00
|5 Circular 1@ Mo

If the column type is Circular “Column Width” field will be grayed
out. If you have pedestal you can select “Yes” radio button under
Consider Pedestal field. If you select “Yes” the fields for Pedestal
Height, depth and width will be editable.

By default program considers that there is no pedestal.
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4.4.3 The Loads & Factors

== Loads & Factors
| = Create Mew Load Case
|/=r Add a Column Reaction Load
| = Add a Point Load (for Mat only)
|Zr Add a Line Load (for Mat only)
| = Add a Quadrilateral Load (for Mat only)
{Zr Add a Circular Pressure Load (for Mat only)
== Add Member Load
{= Add Uniform Load
= Add Concentrated Load
|= Add Trapezoidal Load
| = Safety Factor Table
|5 Create Mew Load Combination
| = Remove Load Case

The Loads & Factors group allows you to define the loads on a
foundation by creating load cases, loads, combination loads, and
safety factors for load cases.

The Load & Factors group contains the following elements

e New Load Case
e Add a Column Reaction Load
e Add a Point Load
e Add a Line Load
e Add a Quadrilateral Load
e Add a Circular Pressure Load
e Add Member Load
o Add Uniform Load
o Add Concentrated oad
o Add Trapezoidal Load
e Safety Factor Table
e (Create New Load Combination
e Remove Load Case
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4.4.3.1 Create New Load Case

=7 Loads & Factors
|L_}' Create Mew Load Case
{=r Add a Column Reaction Load

Clicking on the Loads & Factors leaf or clicking on Create New
Load Case leaf will open Load Description form in data pane area.

Load Description 3 x

&dd Load Assian To View = Assign Load
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To create a new load case you need to input Load Title, it can be
any string.

Load Type can be one of the followings

1) Primary
2) Service
3) Ultimate

A Primary load case will be used for both serviceability and
factored design. For primary load cases, both the serviceability and
design factors will automatically be set to 1. A Service load case
will be used only for serviceability checks to calculate footing
dimensions. An Ultimate load type will be used for shear checks
and reinforcement design.

Copy Load option allows user to copy all load items from a
previously defined load case. By default, source load case is set as
None.

Add Self Weight option is used to add self weight of Mat foundation
for analysis. Please note, this option is relevant for Mat foundation
design. For all other footing types like Isolated, Combined; the
program automatically calculates and adds self weight as
appropriate.

After all relevant input is given, click on “Add Load” button to add
that load.

Add Load Assign To View = Bssign Load
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Add a Column Reaction Load

Clicking on the “Add a Column Reaction Load” leaf will open a
form in the data area pane which will allow you to create a nodal

load acting on support.

= Formces
Unit ki
= Moments
Unit kip -
M 0.000000
My 0.000000
Mz 0.000000
Lnit
Select the moment unit from the combo box *
||

To create a Reaction Load, first select the Force and Moment Units
to use for the load. Then input the magnitude of the forces (Fx, Fy,
Fz) and moments (Mx, My, Mz). Finally, click on Add Load to

include the load. Please note, load direction follows right hand rule,

so a positive Fy value will create a tensile force.
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4.4.3.3

Add a Point Load (for Mat only)

The Point Load button opens a dialog box that allows you to create
a concentrated load on a mat. Point loads are only applicable to

mat foundations.

X 0.000000
f 0.000000
Zz 0.000000

Unit
Select the unit of the position of the applied point load on mat

(x,v,2)

To create a Point Load, first select the Force and Moment Units to
use for the load. Then input the magnitude of the forces (Fx, Fy,
Fz) and moments (Mx, My, Mz). Next, input the loading position
(X, Y, Z) and select the Unit measurement for the loading position.

Finally, click on Add Load button to include the load.

Note: The Y Loading Position must correspond to the elevation

of the foundation supports.
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4.4.3.4 Add a Quadrilateral Load (for Mat only)

Clicking on the Add Quadrilateral Load leaf opens a form that
allows you to create a Quadrilateral Load. Quadrilateral Loads are
plate pressure load and only applicable to mat foundations.

= Pressure e
Linit I i
Pressure IRLELELY

= Position
Lt I

X
| Value of the pressure acting on a quadnlateral area on mat. Enter a
|+ve value i the pressure is vertically downward
fx1,21) w24
(w2, 22) [%3,23)
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To create a Quadrilateral Load, first select the Dimension and
Pressure Units to use for the load. Then input the magnitude of the
load in the Pressure field. Next, input the elevation at which the
load is applied in the Y Coord field. Now, define the area or
“footprint” of the load by inputting the coordinates of the
quadrilateral figure (x/, x2, x3, x4, zI, z2, z3, z4). Finally, click on
OK to accept the load.

Note: The Y Coordinate must correspond to the elevation of the
foundation supports.
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4.4.3.5 Add a Circular Pressure Load (for Mat only)

Clicking on the Add Circular Load leaf opens a form in data pane
area that allows you to create a Circular Load. Quadrilateral Loads
are plate pressure load and only applicable to mat foundations.

= Pressure

E:

Walue of the pressure acting on a circular area on mat. Enter a -ve
value i the pressure is verically dowrmward

e
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STAAD.foundation does not actually create a true circular
boundary for a Circular Load. Instead, STAAD.foundation
simulates a circle through the use of pie-shaped wedges as shown in
the figure below.

To create a Circular Load, first select the Dimension and Pressure
Units to use for the load. Then input the magnitude of the load in
the Pressure field. Next, input the X and Z-coordinates of the
center of the circle in the Center X and Center Z fields. Now input
the length of the radius of the circle in the Radius field. Then input
the elevation at which the load is applied in the Y Pos field. Next,
input the number of pie-shaped wedges to use in simulating the
circular boundary in the No. of Divisions Field. Finally, click on
Add Load button to accept the load.

4-39

Note: The Y Position must correspond to the elevation of the
foundation supports.
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4.4.3.6

Add a Line Load (for Mat only)

Clicking on the Add a Line Load leaf opens a form in data pane
area that allows you to create a Line Load. Line Loads are
distributed linear load and only applicable to mat foundations.

= Forces
Linit kip.fin
0.000000
= Position
Linit in
Starting X
Starting £
Ending X
Ending Z

Force
Walue of the unformly distributed line load. Enter a -ve value if the
load is vertically downward.

(1,21} (x2,22]
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To create a Line Load, first select the Dimension and Force Units
to use for the load. Then input the magnitude of the load in the
Force field. Next, input the X and Z-coordinates of the start and
end points of the line in the Starting X, Starting Z, Ending X,
Ending Z fields. Then input the elevation at which the load is
applied in the Y Pos field. Finally, click on Add Load button to
include the load.

Note: The Y Position must correspond to the elevation of the
foundation supports.
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4.4.3.7 Add Uniform Load (member load)

Clicking on the Add Uniform Load leaf opens a form in data area
pane that allows you to create a uniform load on physical beams.

= Load
Uit ke

Aarrail

Direction Global X -

= Position
it in
Start Distance (d1) 0.000000
End Distance ({d2) 0.000000
Direction

Select the load direction from the combo box

To create a uniform beam Load, first select the Load and Length
Units to use for the load. Next, input the load value with proper
sign. Please note, a positive Y value represents load acting upward.
Now, select the Direction (Local X, Local Y, Local Z, Global X,
Global Y, or Global Z) in which the load will act upon. If this a
partial load input start and end distance. Please note, start and end
distance are here in local coordinates. If start and end distance are
kept as 0.0 the load will be applied on entire beam. Finally, click
on Add Load to accept the load.
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Add Concentrated Load (member load)

Clicking on the Add Concentrated Load leaf opens a form in data

area pane that allows you to create a concentrated load on physical

beams.

= Load

lirection

= Position
L

Force(F)

Walue of the concentrated load acting on the member. Insert -v
value if the load is verically downward

ot

To create concentrated load acting on a beam, first select the Load
and Length Units to use for the load. Next, input the load value
with proper sign. Please note, a positive Y value represents load
acting upward. Now, select the Direction (Local X, Local Y, Local
Z, Global X, Global Y, or Global Z) in which the load will act
upon. If load is acting at the middle of the beam you don’t need to
input position parameter. Please note that position here is in local
coordinates. Finally, click on Add Load to accept the load.
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4.4.3.9

Add Trapezoidal Load (member load)

Clicking on the Add Trapezoidal Load leaf opens a form in data
area pane that allows you to create a trapezoidal load on physical
beams.

To create trapezoidal load acting on a beam, first select the Load
and Length Units to use for the load. Next, input the load values
with proper sign at start and end. Now, select the Direction (Local
X, Local Y, Local Z, Global X, Global Y, or Global Z) in which the
load will act upon. Now input start and end distance of the load.
Please note, distances here are in local coordinates. Finally, click
on Add Load to accept the load.
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4.4.3.10 Load assignment methods

The Assignment Method utility allows you to choose the method of
assignment and contains the following methods and commands:

e Assign to View
e Assign to Selection
e Assign to Edit List
e Assign Load
Assign To View | - | Assign Load

Aszign To View
Assign To Selection

Assign To Edit List

Assign to View

The Assign to View option assigns the selected load to all relevant
objects in the Graphics Window.

Assign to Selection

The Assign to Selection option assigns the selected load to only
those relevant objects that are selected in the Graphics Window.

Assign to Edit List

The Assign to Edit List option assigns the selected load to only
those objects that are inputted in the column list edit box.

Load Description ax

= [ Load Description Tree
=[] Load Case 1:Load 1
=[5 Column Reaction Loading
-} Reaction: Fy=-40.00

&dd Ll_:nad Assign To Edit_ Lij= HAssign Ln_a!:l
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Assign Load

The Assign command button assigns the selected load using the
Assignment Method chosen.

Load Description o x

= [_1 Load Description Tree
=4 Load Case 1: Load 1
[=)-|5 Column Reaction Loading
'R caction: Fy=-40.00

Add Load Assign To View |- | #Assign Load |
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Load Combination

Clicking on “Create New load Combination” leaf under “Loads and

Factors” group will bring a form at the bottom of the load
description pane allowing you to create factored algebraic load

combinations.

Load Case Mo [101

Load Combination Title E-:ase 1 +Live Load

Cambination Type wable Strerfi

Available Primary Load Cazes

[1: Load Case 1
2 Live Load |
| Factar

:.1

= = = =

Load Combination D efinition
[Load Case Factor

[ & Add Load Combination

The load case number is automatically incremented with each new
load combination. Enter a description for the new combined load

such as “Dead Load + Live Load”.

The Load Combinations form will lists all defined Primary Load
Cases for the foundation in the list box on the top. The Factor box
on the right indicates the factor with which the selected Primary

Load Cases are to be multiplied.
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To include a Primary Load Case, first select the load case from the
list. Enter the multiplication factor in the Factor field. Click the

= button to include the Primary Load Case in the Load
Combinations specification. Continue for all primary load cases to

=
be combined. Use the = button to include all Primary Load
Cases, which will be multiplied by the specified factor. To remove
a Primary Load Case from the Load Combinations, select the load

case in the grid on the bottom and click the =* button. To remove

all Primary Load Cases, click on the button. =

Click Add Load Combination button to create the load
combination.
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o x

Load Description

= [J Load Description Tree

=1 Load Case 1:Load Case 1

- B[ Column Reaction Loading

: -+ J} Reaction: Fx=5.00Fy=-5.00

=1+ Load Case 2 : Live Load

. B[ Column Reaction Loading

- J} Reaction: Fz=10,00

.
i Load Case 1% 1.00
o Live Load X 1.00

Load Caze No 111 |
Load Combination Title |Load Caze 1 + Li\ﬂ
Cambination Type Allowable Strer w |

Aueallable Primary Load Cazes

Factor

]
= = = =

Load Combination Definition

iLo&d Case

!-Luad Cazs1

[velead [t

[B Edit Load Combination J
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4.4.3.12 Remove Load Case

=-/ 7 Loads & Factors
| % Create Mew Load Case
{£Z Add a Column Reaction Load
{ % Add a Point Load (for Mat only)
{sZr Add a Line Load (for Mat only)
| % Add a Quadrilateral Load (for Mat only)
{sZr Add a Circular Pressure Load (for Mat only)
= Add Member Load
{Z Add Uniform Load
|/Z Add Concentrated Load
| = Add Trapezoidal Load
| = Safety Factor Table
|5 Create Mew Load Combination
|L_‘,,.? Remove Load Case

To remove an entire Load Case or a specific load item select that
load item or load case in load description window and click on
“Remove Load Case” leaf under Loads and Factors group. A
message box will appear to confirm delete operation, click on
“Yes” to delete the selected load item or load case. Click on “No”
to cancel the process.

StaadFoundation

‘.,‘:?/ Are you sure you want to delete selected load item
o

[ fes J [ Mo
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4.4.3.13 Safety Factors

=-{Z Loads & Factors
| =r Create Mew Load Case
| Add a Column Reaction Load
|=r Add a Point Load (for Mat only)
| Add a Line Load (for Mat only)
|=r Add a Quadrilateral Load (for Mat only)
|5 Add a Circular Pressure Load (for Mat only)
[=-{=r Add Member Load
= Add Uniform Load
| Add Concentrated Load
= Add Trapezoidal Load
[i=r safety Factor Table]
|=F Create Mew Load Combination
= Remave Load Case

The Safety Factors button opens a spreadsheet table in the Data
Area pane that allows you to assign serviceability and design
factors for each load case in a project.

Data lopd Baos ]

safety Factor

Load Case| Serviceability Factor| Design Factor
& i i

2 K [

By default, STAAD.foundation will assign values for the safety
factors depending on the load type. Refer to Section 4.4.3.1 of this
manual for a detailed explanation of the default values. The default
values can be changed by inputting new values into the table like
any spreadsheet. The tab key or arrow keys may be used to move
from one cell to the next in the table. The serviceability factor will
be applied when checking the base pressure of a foundation
(geotechnical design). The design factor will be used for design
shear and reinforcement design..
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4.5

Job Setup

The link between global and local data is Job Setup where user can
create different footing job types. User can create as many jobs as
needed. Multiple jobs with same footing type are also allowed.
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451 Create a New Job

=% Job Setup

Bl Create a Mew Job

{£Zr Edit Current Job
| = Delete Job

To create a new job click on Create a New job leaf under Job Setup

group which will open a form in data area pane.
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Job Name

Job Type lzolated

Diesign Code s

Default Unit Type | English

Support Assignm.,. | Azsign to all support

Ligted Supports

Loading -

Awailable Load Cazes

— =
= F 3 =
Selected Load Cazes :

(@ Creats Job ]

Job setup form has two separate groups. The group on top is to

define Job type, unit etc. and the group at the bottom is to associate
loading with the job.

Job Name: Job name is used to uniquely identify each job. You can
enter any string here.

Job Type: It is used to define the foundation type for the new job.
In current version we support 5 different types of footing which are
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e [solated

e Pile Cap
e Combined
e Mat

¢ Octagonal

Design Code: It is used to define concrete code to be used. Current
version supports 3 country codes which are

e ACI318-05
e BS8I110
e IS 456-2000

Default Unit Type: It is used to setup default design parameters of
the job. We support both FPS and SI unit systems. User can choose
any combination of design code and default unit type. In other
words user can choose US design code with SI unit system.

Support Assignment: It is used to assign supports to a job. There
are three assignment methods

e Assign to All Supports
e Assign to Selected Supports
e Assign to Listed Supports

Selecting first option Assign to all supports will assign all supports
to the current job. Selecting second option will assign all selected
supports in the main view to the current job.

If we select third option which is Assign to Listed Supports, the last
field in the first group Listed Support becomes active and you can
type the support numbers to be assigned to the current job.

The bottom group is to assign loads to the current job. All load
cases will be shown in available list box. To include a load case,
first select the load case from the list and then click the

=
= Dbutton. Continue for all load cases to be included. Use the
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=
= button to include all load cases, which will be multiplied by the
specified factor. To remove a load case from the Load

Combinations, select the load case in the grid on the bottom and
==

click the = button. To remove all load cases, click on the =
button.

Finally click on “Create Job” to create a new job. Please note, new
job will be set as current job and will be shown in “Change Job”

dropdown toolbar.

N -ERER || Mat_Examp(8 | 1:(1.40L + 1.7

Strip/Combined footing: If we select Job Type as combined, a new
set of controls appear at the bottom of the Job Setup form. Those
controls will initially be grayed out. Click on “Create Job” to
activate those controls.

Strip Footing:

Strip footing setup
= Foating C1

- Suppart 2

‘- Suppart 3

[ B Create from Selected Nodes ]

|@® Deete | @ Deletert |

Select two or more collinear supports in main view and then click
on “Create from Selected Nodes” button to add those supports as
strip footing.
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Edit Current Job

Click on Edit Current Job leaf under Job Setup group to edit the
current job setup. All the fields in job setup can be edited except
Job Type. If you need to change the list of assigned support you can
use any of the assignment options as discussed earlier. By default
support assignment option is set as Assign to Listed supports.

Job Name

Strip 1

Job Type

Cambined

Design Code

s

Default Linit Type

Englizh

Support Assignm...

Aszign to Listed supp_.

Listed Supports

23

Loading

Awailable Load Cases

- =

Selected Load Cazes

==

=

Byl

1:[1.40L +1.7LL)
2 751401 +1.7LL + 1.7wL]

(@ Edit Current Job |
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RangaRakes

4.6

Local Data

Local Data are specific to job types. Each footing type has its own
unique local data types. Design parameters such as concrete cover,
rebar specifications, soil parameters and footing geometry are
typical examples of design parameters. We will discuss local data
for each footing type separately. We will start with Isolated footing

job.
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4.6.1 Isolated footing

=-{_ Isolated Footing Job

= Design Parameters
{£Zr Concrete & Rebar
% Cover & Soil
¢ Footing Geometry
| sliding & Overturning
¢ Design

Isolated footing job type has a unique group for local data called
Design Parameters. The Design Parameters group allows you to
specify design parameters for an isolated footing and is only active
for isolated footing job types.

The Design Parameters group contains the following elements:

e Concrete and Rebar

e Cover and Soil

e Footing Geometry

e Sliding & Overturning
e Design
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4.6.1.1 Concrete and Rebar

=-|-5 Isolated Footing Job
-5 Design Parameters
“[]=F Concrete & Rebar |
[ Cover & Soil
[=r Footing Geometry
[ sliding & Overturning

Clicking on the Concrete & Rebar leaf opens a form in the Data
Area pane that allows you to input concrete and rebar properties.

ﬁ‘b

Concrete and Rebar =

Concrete.
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The following concrete and rebar properties are available:

e Unit Weight of Concrete

e Strength of Concrete

e Yield Strength of Reinforcing Steel
® Minimum Bar Size

® Maximum Bar Size

¢ Minimum Bar Spacing

e Maximum Bar Spacing

Set as Default

The Set as Default check box allows you to use the values inputted
in the Concrete & Rebar form as the default values for future
projects.
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4.6.1.2 Cover and Soil

=-{= Isolated Footing Job
== Design Parameters
|iZr Concrete & Rebar
|L_}' Cover & Soil |
¢ Footing Geometry
| Sliding & Qverturning
L =F Design

Clicking on the Cover and Soil leaf under Design Parameters group
opens a form in the Data Area pane that allows you to input cover

parameters and soil characteristics.
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Cover and Saoil -
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The following cover parameters and soil characteristics are
available:

e Bottom Clear Cover

e Unit Weight of Soil

e Soil Bearing Capacity

e Depth of Soil above footing
e Surcharge for Loading

Set as Default

The Set as Default check box allows you to use the values inputted
in the Cover and Soil form as the default values for future projects.
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4.6.1.3 Footing Geometry

== Isclated Footing Job
= Design Parameters
| = Concrete & Rebar
|5 Cover & Soil

g Footing Geometry

| = Sliding & Qwerturning
i =r Design

Clicking on the Footing Geometry leaf opens a form in data area
pane that allows you to input isolated footing geometry.
The following footing details are available:

e  Thickness

e Length

e  Width

e Offset in both X and Z direction
e Length/Width Ratio

e Footing Type

The Footing Geometry provides you with the option to instruct
STAAD.foundation to calculate the footing dimensions, or you can
check the footing dimension by specifying fixed values. You can
specify a desired minimum and maximum for Thickness, Length,
and/or Width, as well as an increment for Thickness, Plan
Dimension, and Length/Width Ratio by entering the desired values
in the corresponding fields. STAAD.foundation will calculate any
value left unspecified for you
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Footing Type

Two types of Footing are used; Uniform Thickness and Sloped. By
default Uniform Thickness is been set as shown below.

Tasks Pane g

Footing Geometry =
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When you choose Sloped footing type the dialog will appear as
shown below and two new fields will be added, Minimum Slope End
Thickness and Maximum Slope End Thickness.

Footing Geometry

F‘Jﬂi]ﬂiﬂ'f}!ﬂé Sloped R &

Design Type Calculste Dimengio, *)

Minimum Length 1000 o

Minimum Width 1000 |mm

Minimum Thickness |40 i .
r.ﬁlﬁnmmsmp;ﬂ‘f:f 190 i M1n1mu.m Slope
Thickness End Thickness
Maximum Length j12000  jmm

Maximum Width f12000  jmm

Maximum Thickness: [1500 mim e

Maximum Slope End {400 i Maximum Slope
Thickness _ End Thickness
Plan Dimension Ine. |50 mim

Tfuckwss lﬂﬂﬂﬂmﬂt a0 mim :]

Maimum required end thickness for sloped footing

Design Type

In the design type field, two design types are given, Calculate
dimension and Set dimension.

Calculate Dimension Option calculates the actual required
dimension from minimum and maximum range and Set dimension
option sets the user input dimension.

If you choose Set Dimension and Uniform thickness footing type,
the following fields will be read only.
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<4—— Read Only Fields

Footing Type Unifarm Thickness v|
Design Type Set Dimension ﬂ
Minimum Length 1000 it
Minimum Width 1000 ITItTI
Minimum Thickness 400 ITItTI
Maximum Length 12000 Imim
Mazximum Width 12000 |mm
Maximum Thickness 1500 ITItTI

Plan Dimen=ion Inc. a0 ITItTI
Thickness Increment a0 ITItTI
Offzet X direction 1] ir

Offzet 7 direction 1] ir
Length/Width Ratio 1

Set as Default M

If you choose Set Dimension and Sloped footing type, the following
fields will be read only.

Footing Geomelry

Footing Type Sloped v|
Design Type et Dimension ﬂ
Minimum Length 1000 Tt
Minimum Width 1000 Tt
Minimum Thickness 400 mim
Minimum Slope End 400 mim
Thickne=ss

Maximum Length 12000 mim
Maximurm Width 12000 |mm
Maximum Thickness 1500 mim
Maximum Slope End 150 Tt
Thickness

Plan Dimen=ion Inc. =0 ITITI
Thickness Increment =0 ITITI

Set as Default

The Set as Default field allows you to use the values inputted in the
Footing Geometry form as the default values for future projects.

Read Only Fields
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Design

=-{r Isolated Footing Job
=i Design Parameters
|=r Concrete & Rebar
= Cover & Soil
¢ Footing Geometry
{Zr sliding & Overturning

Click on Design leaf to design all the footings associated in the
current job. Program will list all design progress messages
including warning and error messages in the bottom output pane. It
will help user to understand and review design progress.

QOutput

Processing Node number 1

Set initial footing dimension as 3.417'X3.417'X10.00"
Set footing dimension as 3.417'X3.417'X10.00" after checking service load conditions.

Set footing dimension as 3.417'X3.417'X10.00" after checking design load conditions.
Performing punching shear check.

4 4 » ¥ Design Progress Report 4 Isofoot Design Summary

After design is completed a new tab called Isofoot Design Summary
will appear in output pane. Click that tab to view design summary
table. You can copy this table by selecting it and then by pressing
Ctrl+C key which then can be pasted in Microsoft Excel or Word.

Oubput
| : Footing Dim Footing Reinfo
FootHo) GrplD Length Width Thickness | Main Steel Secondary Steel
in in | in | Bar Spacing Bar Spacing
n 1 17283 7283 1969 A2 mm 453in A2 mm 4530

If you choose uniform thickness footing type, the Isofoot Design
Summary table will be as given above.
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If you choose Sloped footing type, the Isofoot Design Summary
table, a new column. Slope End Thickness will be added as shown

below,

i Fosingim FoctingRenfo

Footdal  GrpiD Length Width Thickness | Slope Fxs Main Steel Secondary Steel
mm mm mm Thickn€ts Bar ‘Spacing Bar Spating

1 1 (130,00 185000 500.00 2000 12 mm Hallmm  [12mm 145,00 mm

Slope End Thickness

Program will automatically open calculation sheet which presents
detailed step by step calculation with relevant code clause numbers,
equations and corresponding calculated values. Calculation sheet is
organized in a logical manner which shows program flow.

After successful design, you can open Report Setup to print design
summary table. Switch to Geometry view in main view area to
activate toolbar. Now click on Report Setup icon in toolbar.

It will open a report setup dialog box where under current job a
summary table will be available. Select that item by clicking that
item in left list box and bring it over to right side by clicking
button. Now click on OK and the dialog box will be dismissed.
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Report Setup
ftem i-l.-i.ea.der and LogoI
Select tem [ v l
| Summary Table: JOb1
Ayailable Selected
[ OK ] [_ Cancel ]
Now click on Print Preview icon in toolbar to see print preview and
then click on Print button to print the summary table.
Somwane hxesees w=Awel i
Clere FI® |olated afs DE=Tme 51_Aug-2007 13:40
Summary Table: JOb1
FootingNo | Footing Length | Footing Width | Thickness
(in) (in) {in)
1 41.000n 41.000n 10.00 in
Summary Table: JOb1
Footing No Main Steel Secondary Steel Pedestal Main Steel _Pedestal Secondary Steel
1 #6 @ 18.13 incic #6 @ 12.08 inclc Not Found Mot Found
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4.6.2 Pile Cap

Pile Cap job type has a unique group for local data called Pile Cap
Job. The Pile Cap Job group allows you to specify pile
arrangement for each pile cap and design parameters and is only
active for pile cap job types.

The Pile Cap Job group contains the following elements:

e Pile Layout (Predefined)
e Pile Layout (Parametric)
e Design Parameters

e Design

=\, Pile Cap Job
| = Pile Layout(Predefined)
| = Pile Layout{Parametric)
¢ Design Parameters
L =r Design
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Pile Layout (Predefined)

-\ Pile Cap Job
[{-= Pile Layout{Predefined) |
| Pile Layout{Parametric)
=¥ Design Parameters
=¥ Design

Clicking on Pile Layout (Predefined) leaf opens a form in the Data
Area pane that allows you to specify pile arrangement for a pile
cap. Predefined page has a set of predefined pile layout and
program can automatically choose the best possible pile
arrangement.

4-73
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File Arrangement Predefined "

Support for Pile Arrangement
Pile Capacity -

Linit : Lateral : W
Vertical ¢ |80 Uplift : |4D
Pile Dia @ | 10
Spacing : |36

Edge Distance : |74

[ u Show Loading on Suppart ]
Pile Arrangement Type &
(%) Auto Arrangement [ ' Calculate ]

. Defete Selected Rows il
(@ Select Arangement |
[ G Show Pile Reactions J

O O
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The following pile arrangement data and commands are available:

e Support for Pile Arrangement
e Pile Capacity

e Pile Diameter

e Spacing

e Edge Distance

e Show Loading on Support
e Pile Arrangement Type

e Calculate

e Delete Selected Rows

e Show Pile Reactions

e Select Arrangement

Support for Pile Arrangement

The Support for Pile Arrangement drop-down list box allows you to
select a support from the current job for which you would like to
input pile arrangement.

Pile Capacity

The Pile Capacity group box allows you to input the forces that a
pile is meant to bear.

Unit

The Unit drop-down list box allows you to select the force unit
used for Pile Capacity.

Lateral

The Lateral field allows you to specify the lateral force a pile is
meant to bear.
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Vertical

The Vertical field allows you to specify the vertical force a pile is
meant to bear.

Uplift

The Uplift field allows you to specify the uplifting force a pile is
meant to bear.

Pile Diameter

The Pile Dia. field allows you to specify the diameter of a pile.
User can choose appropriate unit from the drop down list at right.

Spacing

The Spacing field allows you to specify the spacing between piles.
User can choose appropriate unit from the drop down list at right.

Edge Distance

The Edge Distance field allows you to specify the distance between
the edges of a pile. User can choose appropriate unit from the drop
down list at right.

Show Loading On Support

The Show Loading on Support button opens a table displaying the
total loading on the support for each load case selected under
Support for Pile Arrangement.
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B | oad Table for Support No. 1

Fx Fy Fz Mx Mz
Load Case kip . ki | kip | kipin_| kip-n -.
1 -4.058242321-68.03285980 -0.695796504 -33.31498335 209.5984191
-7 690549674 47 24615097| 5.542748928 | 450.1890258 [130.1803131 |
3 5.757791996 -115.2790145 4 845952033 | 416.8740535 |338.7787170 |

Pile Arrangement Type

The Pile Arrangement Type group box allows you to input the
coordinates for a pile arrangement or have STAAD.foundation
calculate a pile arrangement automatically.

Auto Arrangement

The Auto Arrangement radio option allows you to have
STAAD.foundation calculate the pile arrangement. In order to
have STAAD.foundation calculate the pile arrangement, select Auto
Arrangement and click on the Calculate button. A window will
appear displaying all possible pile arrangements corresponding to
the pile loads in all the load cases according to the BOCA standard.

Calculate
The Calculate button opens a window displaying all possible pile
arrangements corresponding to the pile loads in all the load cases

according to the BOCA standard when the Auto Arrangement radio
option is selected.
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[=- 3 Pile Arrangement e
i Casel i
i -Case2 — -
: = {

J -
5 Pile Arrangement
a Pile Arrangement
7 Pile Arrangement
 Pile Arrangement = i

-~ 9 Pile Arrangement E-L_n,.] [.._,]

10 File Arrangement
11 File Arrangement
12 File Arrangement
13 File Arrangement
14 File Arrangement
15 File Arrangement

i~ 16 Pile Arrangement

B
—
T

BB - B BB

R o s - DU P ——— i

Ly e e

o o

Go through the tree controls and choose the desired pile
arrangement. After you have chosen the desired pile arrangement,
click on the OK button. The pile coordinates of the selected pile
arrangement will be displayed in the table in the Data Area pane.
In addition, the diagram of the pile arrangement will be displayed
in the Data Area pane.

Manual Arrangement
The Manual Arrangement radio option allows you to enter the pile

arrangement manually by inputting the pile cap coordinates in the
table in the Data Area pane.

Note: These are local coordinates for the footing, relative to the
center of the footing.
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Delete Selected Rows
The Delete Selected Rows button allows you to delete a row in the
table of pile cap coordinates when using the Manual Arrangement

mode. To delete a row, select the row you would like to delete
from the table and then click on Delete Selected Rows.

Show Pile Reactions

The Show Pile Reactions button opens a table displaying the
reaction on each pile.

Ml Pile Reaction Table for Support No. 1 @

Load Case =1

i -14 560 |1.029 {0.000

2 13,834 [1.028 fo.0o0

5 18,457 [1029 lo.000

4 20,382 [1.028 [0.000
R i S e |

1 3751 [1.584 l0.000

& 15256 [1853 lo.000

5 18872 [1.507 lo.000

4 7367 [1.430 lo.o00
e BN St S Lo |

1 18,311 [2.083 l0.000

FE 26381 (2195 [0.000

5 39328 2101 [0.000

s -27.749 |1.963 0.000

Select Arrangement

The Select Arrangement button allows you to select the current pile
arrangement for the design of the pile cap. If you do not want to
use the current pile arrangement, recalculate the arrangement or
input the pile coordinates again manually.
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4.6.2.2 Pile Layout (Parametric)

Clicking on Pile Layout (Parametric) leaf opens a form in the Data
Area pane that allows you to specify pile arrangement for a pile
cap. Parametric page allows you to input rectangular and circular
pile arrangement. If circular arrangement is chosen, the program
will design that pile cap as Octagonal Pile Cap.

Pile Arrangement Parametric

Support for Pile Arrangement

U:I:rce |kl1:' b Length IE
Pile Data
Lateral |40 Dia |10

Uplift |40 Edge |18
Vertical 60 Pilein Pilecap |3

(%) Rectangular ) Circular

Number of Rows |4 )

Row Spadng |—36

Mumber of Columns |4
Column Spacing | 36

[ 0 Create Pile Amangement ]

(@  Select Curent Arangement |
@ [ s Show Pile Reaction ]

{*)Row Spadng () Column Spacing
B [
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The following parametric pile arrangement data and commands are
available:

e Support for Pile Arrangement
e Pile Capacity

e Pile Diameter

e Spacing

e Edge Distance

e Pile Arrangement Type (Rectangular or Circular)
e Number of Rows

e Row spacing

¢ Number of Columns

¢ Column spacing

e Create Pile Arrangement

e Select Current Arrangement

e Show Pile Reaction

e Row Spacing

e Column Spacing

Support for Pile Arrangement

The Support for Pile Arrangement drop-down list box allows you to
select a support from the current job for which you would like to
input pile arrangement.

Pile Capacity

The Pile Capacity group box allows you to input the forces that a
pile is meant to bear.

Unit
The Unit drop-down list box allows you to select the force unit
used for Pile Capacity and length unit used for spacing, diameter,

edge distance etc..

Pile Capacity
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Lateral

The Lateral field allows you to specify the lateral force a pile is
meant to bear.

Vertical

The Vertical field allows you to specify the vertical force a pile is
meant to bear.

Uplift
The Uplift field allows you to specify the uplifting force a pile is

meant to bear.

Pile Diameter
The Pile Dia. field allows you to specify the diameter of a pile.
Spacing
The Spacing field allows you to specify the spacing between piles.
Edge Distance

The Edge Distance field allows you to specify the distance between
the edges of a pile.

Arrangement Type

Pile arrangement can be either rectangular or circular. Pile cap
having circular arrangement will be design as octagonal pile cap.

Rectangular Arrangement
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Rectangular arrangement needs following inputs

e Number of Rows

e  Number of Columns
e Row Spacing

e Column Spacing

By default program will create symmetric pile arrangement from the
above input but user can change the default setup by editing the
table below. Both row and column grid lines can be adjusted by
selecting appropriate radio button.

{(*)Row Spacing () Column Spacing

" Column

= Spacing
1 36
2 36
3 36

Circular Arrangement

Circular arrangement needs following inputs

e Number of Piles — Total number of piles

e Number of Layers — Number of concentric circles

e Pile Spacing — minimum spacing between piles

e Use Center Pile — Add a pile at center of pile arrangement

Mumber of Piles | 35

Mumber of Layers |4
Pile Spadng |36

Ise Center Pile
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By default, program will try to assign equal number of piles for all
concentric circular layers. But that can be changed by editing the

table below.

Layers Piles
1 4

2 G

3 9

4 12

Create Pile Arrangement

Finally click on the Create Pile Arrangement button to create the
pile layout. A dialog box will appear at the left of data area pane
which will show pile layout drawing and a table for pile
coordinates. Pile coordinates in this table are editable.

Select Current Arrangement

When we are satisfied with pile layout, click on Select Current
Arrangement to select and apply that layout. Program will check
the pile reaction against pile capacity to make sure pile reactions do
not exceed pile capacity values. A message box will be popped up
to inform where the assignment is successful.
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4.6.2.3 Design Parameters

[=-[= Pile Cap Job
| Pile Layout{Predefined)
| Pile Layout{Parametric)
[1-= Design Parameters |
i =r Design

Clicking on Design Parameters leaf opens a form in the Data Area
pane that allows you to input standard design control parameters for
use in designing pile caps.
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Cata .{tq::gjt Pane o x

Design Paramenters
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The following design parameters are available:

e Strength of Concrete

® Yield Strength of Steel
e Side Cover (Cs)

e Bottom Cover (Cb)

e Pile in Pile Cap (Cp)

e [Initial Thickness

e Minimum Bar Size

e Maximum Bar Size

Note: The Pile in Pile Cap parameter refers to the length of the
pile that is contained within the pile cap, as shown by the Cp
parameter in the diagram at the top of the Data Area pane.

Set as Default

The Set as Default check box allows you to use the values inputted
in the Design Parameters form as the default values for future
projects.
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4.6.2.4

Design

=-.= Pile Cap Job
{cZ Pile Layout{Predefined)
{£Z Pile Layout{Parametric)
¢ Design Parameters

Click on Design leaf to design all the footings associated in the
current job. Program will list all design progress messages
including warning and error messages in the bottom output pane. It
will help user to understand and review design progress.

Output

FProcessing Hode number 1

Setting design parameters

Calculating pile cap thickness
Crganizing data for critical load case
Calculating reinforcement

Organizing data for critical load case

Thickness

FEeinforcement

4 4 ¢ M 4 Design Progress Fteporta.{ Pile Cap Design Summary f

After design is completed a new tab called Pile Cap Design
Summary will appear in output pane. Click that tab to view design
summary table. You can copy this table by selecting it and then by
pressing Ctrl+C key which then can be pasted in Microsoft Excel or

Word.
Output
. . . | Reinforcement
Pile cap Dimension
Column | X-Direction Y-Direction
No. of Piles - :
No Length Width Thickness Bar & Bar &
in in in Max. Bar (A) Spacing Max. Bar (A) Spacing

1 4 72.000 72.000 38.000 #B #3 @ 18.00 in|#3 #3 @ 18.00 in
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Program will automatically open calculation sheet which presents
detailed step by step calculation with relevant code clause numbers,
equations and corresponding calculated values. Calculation sheet is
organized in a logical manner which shows program flow.

Critical Axial design Load, Pu = 0.00 kip, Load Case # 2

From &CI C111.12.2.1, Pe for colurmn = 2%(Boa+ Do+ 2 X dug)= 216.00 in
Equation 1135, = {2+;—J BoXdur o 1000 xF,= 344258 kip
Equalion 1138, V_, = {2 +40 x%ﬂ)x Po X e J1000%F = 561013 kip
Equation 1137,V 5 = 4X P X derX  1000XF ;= 229505 kip

Punching shear strength, %_ = minimum of (v, ¥, ¥ ) = 229505 kip

After successful design, you can open Report Setup to print design
summary table. Switch to Geometry view in main view area to
activate toolbar. Now click on Report Setup icon in toolbar.

It will open a report setup dialog box where under current job a
summary table will be available. Select that item by clicking that

item in left list box and bring it over to right size by clicking
button. Now click on OK and the dialog box will be dismissed.

4-89
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Repart Setup b

ftem I .Header and Logo

4-90

Select tem job1 "

Summary Table: job1

o
Lol

Selected

Available

[ ok ][ cancel |

Now click on Print Preview icon in toolbar to see print preview and
then click on Print button to print the summary table.

E&

= JonNg ) =y
Part

Sotuare loeneed to >Ane [
JonTRR ]
B = B
7 jzplated.afs DERTE 22 Aug-2007 16:27

Cuent

Summary Table: job1
Column no No. of piles Footing Length | Footing Width Thickness
(Iﬂ] (\n} (H’T)
1 4 72.000 72000 38.000
Summary Table: job1
Footing No Max bar size (M) Main Steel Max bar size (8) Secondary Steel
1 #8 #8 @ 18.00in. #8 #8 @ 18.00 in.
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4.6.2.4.1 Layout Drawing

After successful design Layout drawing will be automatically drawn
to scale, complete with a title block. Switch to Layout Drawing tab

to view the layout drawing.

Click on Save Drawing As button to save the drawing in different
formats including DWG and DXF.

[ Save Drawing Az... ]
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4.6.2.4.2 Detail Drawing

After successful design Detail drawing will be automatically drawn
complete with a title block. Switch to Detail Drawing tab to view
the detailed drawing of each footing designed.

Detailed drawing shows detailed reinforcement and sectional
drawing of one footing at once. Select the current footing from drop

down list at the top called Footing No. The drawing will be
automatically refreshed with selection changed.

PileCap - Plan

#3 @ 17.000in

#3 @ 18.000 in

PileCap - Reinforcement Section

Like layout drawing, this can be saved in different formats
including DWG and DXF by clicking on Save Drawing As button.
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Mat Foundation

Mat foundation local data group is called Mat foundation Job. The
Mat foundation Job group allows you to create mat boundary,
meshing and specify analysis and design parameters to analyze and
design mat slab. Mat module uses finite element analysis technique
for accurate results.

=2 Mat foundation Job
| =r Default analysis properties
| Physical beam table
[=l-{Z Pile Layout
.= Pile position table
.= Rectangular pile arrangement wizard (parametric)
|=r Circular pile arrangement wizard (parametric)
=l-{Z Mesh generation
={-Z Add meshing regions
£ Using polyline
= Add a rectangular region
|=r Add a circular region
|.=r Regular polygon
.= Meshing setup
== Analysis properties
|=r Slab thickness
= Soil property
= Pile spring
=-{= Mat slab design options
. Analyze
\=r Output View Options
= Moment envelope generation
\r Design Parameters
== Reinforcement Zoning

o

= Cut slab by a line

2,

|=r Calculation sheet

The Mat foundation Job group contains following groups:

e Default analysis properties
e Physical beam table

e Pile Layout

e Mesh generation

e Analysis properties

e Mat slab design options
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4.6.3.1

Default analysis properties

STAAD.foundation mat foundation module is based on physical
modeling environment. So, whenever a physical entity is created,
properties associated with that entity will also be created. For
example if we create a mat boundary, properties like slab thickness
and soil properties will also be created and associated to the newly
created boundary automatically. While creating these properties
STAAD.foundation takes advantage of default properties setup
options.

Clicking on Default analysis properties leaf will bring up a form in
data area pane as shown below.
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keipAindsin
Subgrade maodulus 0.040000

LUnit
Spring along X (Kx) 30000000
Spring along ¥ {Ky) 3000000
Spring along Z {Kz) RELEELLY

The form has five distinct groups

Slab analysis thickness
Slab design thickness
Subgrade modulus
Beam sectional property
Pile spring values

wn B~ W N =

Slab analysis thickness
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This thickness will be used during the slab FEA analysis. This
parameter can have its own unit. This property is especially useful
if we you want to simulate pedestal etc. for stiffness analysis but
use the actual slab thickness for design. This can also be used to
input uncracked thickness for analysis.

Slab design thickness

This thickness will be used during slab design. This parameter can
have its own unit. This property is especially useful if we you want
to simulate pedestal etc. for stiffness analysis but use the actual
slab thickness for design. This can also be used to input cracked
thickness for slab design.

Subgrade modulus

Subgrade modulus is a soil property available from geotechnical
report. Program uses this value to calculate spring stiffness under
each support node by multiplying this value with the nodal tributary
area.

Beam sectional property

This property will be used to define cross sectional property of the
physical beams added to mat foundation. Current version of the
program can only have rectangular property.

Pile spring values

If the mat is supported by piles you need to create pile layout by
adding piles to mat foundation. Program uses pile as spring support
for analysis. So, program needs to know spring constant for those
pile supports. Ky represents vertical spring constant. Kx and Kz
represent lateral spring constants for respecting X and Z direction.
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Physical beam table

Beams can be added to mat foundation to model additional stiffness
and to transfer loads. Its called Physical beam because user don’t
need to worry about beam connectivity with meshed plates.
Program internally will break these physical beams in analytical
entities. Physical beams can be created between two support nodes.
As you enter two support nodes a physical beam will be created and
the default beam sectional property as set in default properties
option will be assigned. Those values can be edited as required.
The input unit for cross sectional property can be changed by

clicking on tool bar icon =l

Data Input Pane o x

-

Physical beams

Ho | ModeA | Node B | Depth | Width |
in in
i 1 |2 12.00 [12.00
2 2 3 [12.00 [12.00
3

After adding a beam the beam will be displayed in main view area.
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4.6.3.3 Pile Layout

Pile layout group has following elements

1. Pile Position Table
2. Rectangular Pile Arrangement Wizard (Parametric)
3. Circular Pile Arrangement Wizard (Parametric)
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4.6.3.3.1 Pile Position Table

This is a grid where we can add piles by specifying their (x,y,z)
coordinates. You can add as many piles as needed. Whenever a new
pile is created program will automatically create default spring
values for that pile. Newly created pile will be displayed in
graphics view.
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4.6.3.3.2

Rectangular Pile Arrangement Wizard
(Parametric)

This is a parametric wizard like input to create rectangular pile
layout. Generated pile coordinates will be in local coordinate
system where first pile is at 0,0,0 position. You need to move pile
group to the right location by inputting Origin X, Origin Y and
Origin Z.

The following commands and options are available to generate pile
layout.

Unit - Length Unit for row and column spacing

Number of Rows - Specify number of rows in layout grid
Number of Columns - Specify number of columns in layout grid
Row Spacing — Spacing between rows

Column Spacing — Spacing between columns

By default program will create symmetric pile arrangement from the
above input but user can change the default setup by editing the
table below. Both row and column grid lines can be adjusted by
selecting appropriate radio button.
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Data Input Pane X

Pile arrangement parametric

Unit: in i
Murmber of rows: 10 |
Mumnber of colurnts;
Row spacing: 10 |
colurmn zpacing: E

| i %) Row Spacing
| | 0 Column spacing

Origin #:

P ]
Oign¥: (0|
P ]

| OriginZ:

B Aoy

2
54

Fressizi

oo oo o0
oo oo oo oo
CcCoOooCooCo0
oo oo oo
oCoooooooo0
Qoo oo
O O O OF O O O O O
oo o0
oo oo oo
oo o0

Apply- It will transfer the pile layout to the main view and add
piles to the current mat foundation job. Please note, you should
input origin to move the layout to the right position.

4-101
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4.6.3.3.3

Circular Pile Arrangement Wizard
(Parametric)

This is a parametric wizard like input to create circular pile layout.
Generated pile coordinates will be in local coordinate system where
center of the circle is at 0,0,0 position. You need to move pile
group to the right location by inputting Origin X, Origin Y and
Origin Z.

The following commands and options are available to generate
circular pile layout.

Unit
Length Unit for pile spacing
Number of Piles
Total number of piles in pile group
Number of Circular layers

Number of concentric circular pile layers

Pile Spacing
Minimum spacing between two piles in above mentioned length unit

Center Pile
Check this box if you want to add a pile at the center of the circle
which is at 0,0,0. If you check this box program will automatically
add an extra piles to the total count of number of piles.
By default program will create symmetric pile arrangement from the

above input. It will attempt to place equal number of piles to all
layers. It will create an additional layer for the remainder of piles.
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User can change the default setup by editing the layers table as
shown below.

Apply

Click on apply button to transfer pile layout to graphics and add to
the current mat foundation job. Please do remember to input
appropriate origin coordinates to move the whole pile group to the
right position.

Data Input Pane aq >

| Circular pile arrangement parametric -

Unit. |
MHumber of Piles:
Murnber of circular lavers: |

File spacing:

] e |

:

W
=R =R =R

Drigin in |

]

Origin'y" ID |

Frewview
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4.6.3.4

Mesh generation

As Mat foundation module is based on FEA analysis, program
needs to generate plate elements. STAAD.foundation has automatic
mesh generation tools and it can generate both quadrilateral and
triangular mesh for any shape and size.

It has two categories

1) Add meshing region
2) Meshing setup
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4.6.3.4.1 Add meshing region

This section is used to create meshing regions which are mat
boundary, holes, control regions etc. Four methods are used to
create meshing regions which are

e Using polyline

¢ Add arectangular region
e Add a circular region

e Regular polygon
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4.6.3.4.1.1 Using polyline

The Using polyline option allows you to draw on the grid a mat
boundary that represents the edge of a slab. To draw a mat
boundary, click in sequence on the points on the grid going in
either a clockwise or a counter-clockwise order. Once you have
clicked on all the points that define the boundary of your slab,
return to your starting point or right-click. You will see a blue
closed polygon defining the boundary you have created.

In the figure below blue lines indicate those points are already
clicked and yellow lines shows possible closed polygon
connectivity.
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4.6.3.4.1.2 Add a rectangular region

Clicking on Add a rectangular region option will open a form in
data area pane that allows you to create a rectangular region.

Data Input Pans ax

| Rectangular Boundary

Define Rectangular Region -
Urit: | it

# coordinate at Top left comer:

£ coordinate at Top left comer;

Length:  |[515 (¥1, Z1)

Width | 345

Y Level: |0 Length

| @ Add Region

It’s a very simple self explanatory form where you need to input
coordinates for top left corner on XZ plane and then specify the
length and width of the rectangle you are about to create.

Click on Add Region and that will create a rectangular region in
main view area.
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4.6.3.4.1.3 Add a circular region

Clicking on Add a circular region option will open a form in data
area pane that allows you to create a circular region.

Circular Boundary

Define Circular Region

Unit: | in

Z coordinate at center

¥ coordinate at center |':I

Radiuz
Y Level: D

@ Add Region |

It’s a very simple self explanatory form where you need to input
coordinates for the center of the circle on XZ plane and then
specify radius of the circle.

Click on Add Region and that will create a circular region in main
view area.
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4.6.3.4.1.4 Regular Polygon

Clicking on Regular Polygon option will open a form in data area
pane that allows you to create regular shaped convex polygonal

region.

Data Input Pane

Meshing Setup

Center x4 : E| | 8o
Center'y : |0 e
; 1| @ Add Reg
CenterZ: |0 m
Radius: [100
Mumber OF Sides - g 1
Orientation Angle : [| -
L w
Fegion preview
.
.a-""'UJ \-""-..
"“‘N"' . e
.-".J .‘l‘.‘
_{l '1._‘-
/ \
; )
\ y
y
LY i
\ /
\lﬂw“"h.\___\_ _;__\H..-r-""
|| o

The form generates any sided regular shaped polygon. To generate

the polygon you need to input

Specify X,Y,Z coordinate of polygon center

Center of the polygon

N
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Radius

Circular radius of the polygon where radius is the distance
measured between center and each vertex of the polygon.

Number of sides

Number of polygon sides. For example enter 8 for an octagonal
shaped polygon.

Orientation Angle

This is the rotation angle of the polygon. Change the angle to get
your desired orientation.

Generate

It will generate the polygon and will display in Region Preview
window. Please note, the generation will be in XZ plane.

Add Region

Add region will add the generated polygon to the main view area
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4.6.3.4.2 Meshing Setup

Meshing setup option allows you to add created region to the
current job and then to generate mesh. To add a region to the
current job, first select that region in the graphics. Selected region
will be highlighted.

There are three options to add a region. It can be added as a
boundary or as a hole or as a control region to an already created
boundary.
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e Ipput fane. !

Meshing Setup 7

= Meshing zetup
- Boundary

Add zelected reqion az
(&) Boundary  (dHole (3 Control region
Region [dentifier: | | [ 8 2ad reginn]

' Select Boundary

Generate Mesh

b axirmum element size: FE Iin w

[] Optimize based an area [ ) Generate Mesh J

| @ Ed selected regi..| | @ Delete selected .. |

Boundary

This option is to add region as the main mat boundary. It is the
outermost region of the mat foundation. You can have as many
boundaries as needed. Boundaries can be connected or isolated.

Hole
This option is to specify a hole within a mat boundary. You can add

as many holes as needed. Please note, holes must not intersect each
other or the boundary or any control region.
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Control Region
This option is to specify a special region within a mat boundary
which might have a different slab thickness or soil property. You

can add as many control regions as needed. Please note, these
regions must not intersect each other or the boundary or any hole.

Region identifier

It is a unique identifier of the region to be added. Any string can be
used.

Add Region

Click on this button to add the selected region in the main view to
the current job

Select Boundary

This option will be active only when the region type will be
selected as Hole or Control Region. Select the boundary to which
the hole or control region will be added.

Maximum element size
It’s the size of one side of a plate element to be created. This
parameter will be used by mesh generation engine to generate
plates. This option allows you to control meshing density and plate
counts which in turn control analysis run time and output size.

Optimize based on area
It’s an optimization technique to be used only for triangular plate
generation for non quad mat boundary. By default, program

optimize meshing based on element size.

Generate Mesh

4-115
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Click on this button to generate mesh of the selected bounding
region. Once you click on the Create Mesh button, a dialog box will
appear allowing you to choose the type of meshing to create. The
following two types of meshing are available:

e Quadrilateral Meshing
e Polygonal Meshing.

Please choose Meshing Type x|

¥ Quadilateral Meshing

" Palygonal Meshing Cancel h |

A Quadrilateral Mesh works well for slabs with quadrilateral
boundaries and when there is no hole or control region. A
Polygonal Mesh is the better choice for slabs with irregular shapes,
like a Y-shaped slab, or slabs with round holes, irregular-shaped
holes, round edges, etc.

After you have selected the desired meshing type and clicked OK,
STAAD.foundation will create the mesh and display it in the
Graphics Window.
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4.6.4 Analysis properties

=-:= Mat foundation Job
| = Default analysis properties
| = Physical beam table
| = Pile Layout
|==r Mesh generation
=-| = Analysis properties
| = Slab thickness
{==r Soil property
|= Pile spring

The Analysis properties group allows you to input slab thicknesses,
soil properties and pile spring constants. This group is only active
for mat foundation job types.

The Analysis properties group contains the following elements:
e Slab thickness

e Soil Property
e Pile spring
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Slab Thickness

=-{Z Analysis properties
|L_}' Slab thickness |
{c= Soil property
{£= Pile spring

Clicking on the Slab Thickness leaf opens a table in the Data Area
pane that allows you to change the element thickness for the plate
elements in a mesh you are using to model a mat foundation.

Data Input Pane o=

slab thickness -

Region Hame| Thickness | Thickness
in in

Unit in
Boundary 12.000 :12.[:[:[:

As slab is added as a physical entity in STAAD.foundation, default
slab thickness property will be automatically created and assigned
to each slab region.

The first row of the table is to select unit for thickness. You can
have only one unit for all slab thickness. Second row onwards will
be list of slab thickness properties. Left most cells of each row will
show the region identifier name as specified in Meshing Setup
operation.

You can have different thickness for analysis and design. Analysis
thickness will be used for FEM analysis of mat foundation and
design thickness will be used to design the mat slab.

4-119
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4.6.4.2 Soil Property

=-{ = Analysis properties
| Slab thickness
| = Soil property |
{ = Pile spring

Clicking on the Soil Property leaf opens a table in the Data Area
pane that allows you to change and assign soil properties for the
design of mat foundations.

Diata Input Pane o
Soil Property 2
Subgrade
Region Name| Include soil spring] modulus
Kip/in2iin
|URiE | kipfin2iin |
Boundary  |[[v]Use soilspring | 0.040

As slab is added as a physical entity in STAAD.foundation, default
soil property will be automatically created for each slab region. But
by default soil property will not be assigned to the region as the
mat foundation could be supported on piles only.

If the soil spring is not assigned to the region, value for subgrade
modules will be shown in Red color. Click on the Include soil
spring check box to assign the soil property to the region. If
Include soil spring check box is checked, value for subgrade
modulus will be shown in blue color.
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4.6.4.3 Pile Spring

== Analysis properties
| = Slab thickness
{=r Soil property

Clicking on the Pile Spring leaf opens a table in the data area pane
that allows you to edit the pile spring constant values for all the
piles present in the current job.
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The following pile support properties are available:

e Kx
° Ky
e Kz
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Kx

The Kx field allows you to specify a spring constant K value for the
X-Direction.

Ky

The Ky field allows you to specify a spring constant K value for the
Y-Direction.

Kz

The Kz field allows you to specify a spring constant K value for the
Z-Direction.
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4.6.5 Mat slab design options

=\, Mat slab design options
| Analyze
l=F Output View Options
== Moment envelope generation
1 Design Parameters
% Reinforcement Zoning
|5 Cut slab by a line
| Calculation sheet

The Mat slab design options group allows you to perform an
analysis on a mat foundation, review output results and finally
design mat foundation. This group is only active for mat foundation
job types.

The Mat slab design options group contains following elements:

e Analyze

e  OQOutput View Options

e Moment envelope generation
e Design parameters

e Reinforcement Zoning

e Cutslab by a line

e Calculation sheet
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Analyze

Analyze

Clicking on the Analyze leaf allows you to analyze a mat
foundation. All data relevant to performing an analysis, including
slab boundary, plate thickness and soil properties, must be entered
prior to selecting this command, otherwise you will not obtain a
successful analysis. After clicking on the Analyze leaf, output pane
will display analysis progress messages where program will create
an analytical model by decomposition of the foundation structure.

Cutput

Translating meshed Coordinates...

Translating Beams...

Tran=slating Plates=s...

Creating Plates and assigning plate property...
Processing Load Info...

Processing Load case 1

Processing Load case 2

Processing analytical beam loading...

4 4 » M % Design PngrESE-RE-pDI'tf

After analytical model is created, program will launch its analysis
engine to analyze the structure. A separate window will be shown
displaying analysis progress messages. Once the analysis is
completed this window will be automatically dismissed.

4-125
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STAAD Analysis and Design

++ Calculating Joint Displacements. 14:42:59 &
++ Finished Joint Displacement Calculation. 0 =ec
++ Proces=ing Element Stiffness Matriz. 14:42:59
++ Processing Global Stiffness MHatriz. 14:42:59
++ Finished Processing Global Stiffness Hatris. 0 =ec
++ Processing Triangular Factorization. 14:42:59
++ Finiszhed Triangular Factorization. 0 =ec
++ Calculating Joint Displacements. 14:42:59
++ Finished Joint Displacement Calculation. 0 =ec
++ Proces=ing Element Stiffness Matriz. 14:42:59
++ Processing Global Stiffness Matriz. 14:42:59
++ Finished Processing Global Stiffness Hatri=x. 0 =ec
++ Proces=ing Triangular Factorization. 14:43: 0
++ Finished Triangular Factorization. 1 =ec
++ Calculating Joint Displacements. 14:43: 1
++ Finished Joint Displacement Calculation. 0 =ec
++ Tension<Comp. converged. Iters= 4 Case 1
++ Calculating Hember Forces. 14:43: 1
++ Processing Element Stiffness Hatri=x. 14:43: 1
++ Proces=zing Global Stiffness Hatriz. 14:43: 1
++ Finished Processing Global Stiffness Matrizx. 0 =ec
++ Proces=ing Triangular Factorization. 14:43: 1
++ Finizhed Triangular Factorization. 0 sec
++ Calculating Joint Displacements. 14:43: 1
++ Finished Joint Displacement Calculation. 0 =ec
++ Proces=sing Element Stiffneszs Matriz. 14:43: 1w
< >

OO LI T4:43:1

0 Ermar(z]; 0 %W amingls] IIIHHHIII'

After successful analysis, program will convert analytical results to
physical entity based results to allow user to review output and
design slab.

By default, the deformed plates showing the node displacements
will appear in the Graphics Window. To change the viewing scale
of the displacement diagram, click on the Scale icon in toolbar.

24

It will open a form in the data area pane. Change the Displacement
scale for suitable display of results diagram. Please note that
increasing scale will make diagram appear smaller.
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Scale setup -

Reszult Scales

Displacement ; 0m E

After successful analysis, the program will add several tabs in
output pane to display different output results like node
displacement, plate stress, support reaction etc. Tabs for beam
analysis results like beam section force will be added if the current
job has physical beams defined.

{4 p Y Design Progress-Repbrt A Dizplacement A Digp Summary AReacﬁun A Reaction Summary ACuntactArea /{ Plate Stress A Plate Siress Summary /
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4.6.5.2 Displacement

\ Dezign Progrezs Report }\Displa{:ement /{ Oizp Summary /{Heactiun/{ Reaction Summary A

Click on the Displacement tab to view node displacement table for
all nodes for current load case as selected in select current load
case icon in toolbar.

[1:(1.4DL + 1.71L) |~
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Clicking on any row of the table will highlight that node in the

graphics.
Output
D Dy Dz Rx Ry Rz
ol in in in Deg Deg Deg

145 0.000000 -0.201031 0.000000 -0.002607  |0.000000 -0.001860
146 0.000000 -0.225638 0.000000 -0.002818 | 0.000000 -0.002223
147 0.000000 -0.25432 0.000000 -0.003068 | 0.000000 -0.002528

149 0.000000 -0.32023 0.000000 -0.003860 0.000000 -0.002842

150 0.000000 -0.354550 0.000000 -0.003%83  |0.000000 -0.002772

If the node is not highlighted, click on the View Options icon in the

toolbar.

Al

It will open a form in data area pane which will allow you to setup
view options. Check on Show Nodes option under Meshed Nodes
group to display meshed nodes in the graphics.
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Data Input Pane o x

HModeling View Options

Support

Show Supports Show Support Nurbers
Files

Show Files Show Pile Mumbers
Loading

Show Load &rmows

-

[] Show Load Walues

Bearnz-

Show Physical Beams

.
B

() Drawe Line Diagram (5 Draw 30 diagram

Flates
Show Plates
(&) Draw 20 Plates i Draw 30 Plates
[] Show Flate Mumbers
tezhed Modes
Show Modes
[ Show Mode Mumbers

Show Boundary and Holez

tamilnavarasam.com



RangaRakes

4.6.5.3

Section 4 — STAAD.foundation Graphical Environment

Disp (Displacement) summary

Click on the Disp Summary tab to view node displacement summary
table among all load cases.

4-131

% Design Progress Report ,{ Digplacement }\Disp Summarl_.r,{ Heactiun,{ Reaction Summary /4 Cor

It displays 12 rows where each row shows either maximum or

minimum value for a particular degree of freedom. It also displays
corresponding displacement values for other degrees of freedom on
that row. The table first lists three translational degrees of freedom

and then three rotational degrees of freedom. First row of each
degree of freedom starts with maximum value. Please note, here
minimum and maximum are algebraic signed values.

Qutput
Dz Rx Rz

~ELE in Il-"rj: in ‘ Deg Dlgg Deg
Max D 1 1 0.000000 -0.296130  |0.000000 -0.002332  |0.000000 0.000834
Min Dx|1 1 0000000 -0.255130 0.000000 -0.002332 0.000000 0.000834
Max Dyf 533 1 0.000000 0.049418 0.000000 0.000150 0.000000 -0.000102
Min Dy| 1320 1 0.000000 -0.792751 0.000000 0.005145 0.000000 -0.003932
Max Dzf 1 1 0.000000 -0.255130 0.000000 -0.002332 0.000000 0.000834
Min Dz|1 1 0.000000 -0.2%6130 | 0.000000 -0.002332  |0.000000 0.000824
Max Rxf 1144 1 0.000000 -0.523888 0.000000 0.006002 0.000000 -0.003255
Min Rx| 220 1 0.000000 -0.515242 0.000000 -0.0055386 0.000000 -0.003260
Max Ryl 1 1 0.000000 -0.296130 | 0.000000 -0.002332 | 0.000000 0.000834
Min Ry(1 1 0.000000 -0.255130 0.000000 -0.002332 0000000 0.000834
Max Rz| 1302 1 0.000000 -0.472572 0.000000 0.004093 0.000000 0.003573
Min Rz 1318 1 0.000000 -0.579235 | 0.000000 0.004439 0.000000 -0.004835
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4.6.5.4

(Support) Reaction(s)

\\ De=ign Progrez= Report .-'{ Dizplacement .-'{ Dizp Summary l}\Fteac’tiona.{ Reaction Summary

Click on the Reaction tab to review support reaction results. This
option is available only if the mat is supported on soil. In case of
mat supported by soil each plate node of the mat region will have
one soil spring attached to it.

Reaction tab shows support reactions for current job for current
load case only. Please select your desired load case from Select
Current Load icon in toolbar.

The table shows reactions for all six degree of freedom for all

nodes. Clicking on any row will highlight the corresponding node
in graphics.

Output
Fx Fy Fz Mx My Mz
pild kip Kip Kip Kip-in Kip-in Kip-in

1 0 042159324 |0 0 0 0
2 0 0.8148363 |0 0 0 0
3 0 0.7834504 |0 0 0 0
4 0 0.7451724 |0 0 0 0
5 0 0.7135871 0 0 0 0
& 0 068234593 |0 0 0 0
7 0 06589673 |0 0 0 0
& 0 056475495 |0 0 0 0
9 0 0.6508482 |0 0 0 0
10 0 06707619 |0 0 0 0
11 0 0.70848688 |0 0 0 0
12 0 0.7645538 |0 0 0 0
13 0 0.833753 0 0 0 0
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4.6.5.5

(Support) Reaction Summary
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4-133

% Design Progress Report A Displacement 4 Disp Summary A Reaction ) Reaction Summary /4 Contact Arei

Click on the Reaction Summary tab to review support reaction

summary results. This option is available only if the mat is

supported on soil.

Reaction summary table displays maximum and minimum reaction

forces for all directions among all load cases. Each row displays

either a maximum or minimum value of a particular DOF along with

node and load case number. Clicking on any row will highlight

corresponding node in the graphics.

Output
Fx Fi Fz M
R === Kip ki:; Kip kip?irn Kip-in

Max Fx| 1192 1 1.496520042 | 1.239615082 |-0.256951004]0 0.003219750 |0
MinFx | 1230 1 1.917670011 3.298340052 |-0.284302008/0 _0.000755418/0
Max Fy| 1275 1 0 3902504444 |0 0 0 0
Min Fy| 471 1 0 0 0 0 0 0
Max Fz| 154 1 0.134885995 | 2467761278 | 0.204851001 |0 _0.001639820/0
Min Fz| 1230 2 1218780040/ 2.679164934 | 5,640240192 0 0.856886982 |0
Max M | 1 1 0 0.421932398 |0 [} 0 0
Min M 1 1 0 0.421932388 |0 [ 0 0
Max M| 1152 2 1284420051 | 1.088517303 |-2.414170026(0 4.461840162 |0
Min My 135 1 1.068950057 | 1.036438465 |0.183538004 |0 ~0.002299540 0
Max M | 1 1 0 0.421932388 |0 0 0 ]
Min M3 1 1 0 0.421932388 |0 0 0 ]
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4.6.5.6

Contact Area

Click on Contact Area tab to review slab and soil contact
information. The table displays area in contact and area out of
contact with the soil for each load case. This option is available
only for Mat slab supported by soil.

Output
. Area Out of
Load | A Contact
P rea o %, of Total Area ‘ Contact %, of Total Area ‘
{in?}
1 1480649012722  |B3.84121006447 |28710.11696625 |16.15878093553
2 148110.0090714  |83.36006411112  |29565.00911713 | 1663993588888
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Plate Stresses
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\ Design Progress Report Aﬂsplaoement A Disp Summary /(Heacﬁun/{ Reaction Summary Atuntactﬁ\rea }\PlateStressﬁ Plate Stress Summary /

Click on Plate Stress tab to open plate stress table. It displays 8

basic stress types for current load case. The stress types are

SQX
SQY
SX
SY
SXY
MX
MY
MXY

These stresses are based on plate local coordinate system. During
slab design program will automatically transform these local

stresses to global axes system.

Cutput
Plats | SOX ‘ e K ¥ S X Y MY
kipiinZ Kip/in2 Kiplin2 kipfin2 Kiplin2 Kip-infin Kip-infin Kip-infin
1 0.003575 0.006584 0.000000 0.000000 0.000000 1.022040 1121771 -0.813954
2 -0.007066  |0.014716 0.000000 0.000000 0.000000 3.014122 0.783163 -1.43151%
3 -0.027232  |0.014872 0.000000 0.000000 0.000000 2.750760 0.503668 -1.04355%
4 -0.040070  |0.008342 0.000000 0.000000 0.000000 -1.204827  |0.397224 -0.580257
5 -0.040132  |0.001704 0.000000 0.000000 0.000000 -6.5743M 0.261886 -0.572458
& -0.031777  |-0.000615 | 0.000000 0.000000 0.000000 -10.978528 |0.016307 -0.578476
7 -0.021131  |-0.002165 | 0.000000 0.000000 0.000000 -14.251685 |-0.229303  |-0.21845%
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4.6.5.8

ETITTRT S

Plate Stresses Summary

Ly

CTETTRAR.

\ Design Prlugress Report /{ Diﬁplanernent /< Disp Summary Aﬂeacﬂun/( Reaction Summary AtuntactlAlreQIK Pate Sfress }\Plate Stress Summary /

Like all other summary table plate stress summary table displays
minimum and maximum stress of all stress types among all load

cases along with plate and load number.

Output
Plate ‘ Load ‘ SOJ( ‘ .SQY .SJ( .SY SJ(Y . M.X ‘ . LY .“J."

kipfin2 kipfin2 kiplin2 kiplin2 kipfin2 kip-infin Kip-infin kip-infin
Max § | 106 1 0.287948 -0.015821 0.000000 0.000000 0.000000 49 995811 26713346 4157283
Min 501 108 1 -0.302032  -0.014783 0.000000 0.000000 0.000000 50613258 |27.294870 | -2.959754
Max 5 | 1055 1 0.007524 0.254060 0.000000 0.000000 0.000000 52.232689% |10.750283 |-0.807425
Min 50 150 1 0.016585 -0.305387 0.000000 0.000000 0.000000 55.269028 |19.792627 | 0.645519
Max 541 1 0.003575 0.005584 0.000000 0.000000 0.000000 1.022040 1121771 -0.813954
Min 5X| 1 1 0.003575 0.006584 0.000000 0.000000 0.000000 1.022040 1121771 -0.813854
Max 5¥1 1 0.003575 0.005584 0.000000 0.000000 0.000000 1.022040 1421771 -0.813854
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4.6.5.9 Pile Reaction

\ Digplacement /{ Digp Summary /{Flear:tiun /{ Reaction Summary /{Euntacthrea >\File Reaction / Pile R

If the mat is supported by piles there will be an additional Pile
Reaction table will be added in Output pane.

Pile Reaction table displays reaction forces on all piles present in
current job. Piles are treated as spring support where all rotational
degrees are released. So, the table displays three translational
reactions for each pile.

Qutput
i Fx Fy Fz
- Kip Kip kip
M -0.01133845 54.36353 0.1661929
p2 0.001171383 40.76259 -0.003584433

P3 -0.03511672 30.05718 -0.03207628

P4 -0.03931937 19.89219 -0.01796152

P& 0.0005544513 5.003304 -0.00124802
P& 0.0002315118 -1.41415 -0.0004445158
PT -4 097855e-005 45 85878 -0.0006835455
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4.6.5.10 Output View Options

Click on Output View Options to display different sets of output
like displacement diagrams, soil pressure contour, plate stress
contour etc. This option will open a form in data area pane where

== Mat slab design options

= Analyze

l=F Output View Oplions |

{= Moment envelope generation
= Design Parameters

{-Z Reinforcement Zoning

{£Zr Cutslab by a line

| % Calculation sheet

user will be able to select different options.

Data Input Pane

! Output View Dptions

Dizplacement Diagram Setup
Show Modal Dizplacement
|lze Avverage Mommal

Show Beam Dizplacement

Dirawing Dptions

(%) Draw Line Diagram 3 Draw 30 diagram

Stress Contour

() Show Plate Stress . o
) Shaw Soil Pressure

Plate Stress Settings

Select Stress Type :Nnne VI

Beam Stress Settings

Select Strezs Type

Show Legend
[] Plat Contour on Deflected Shape

s
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The following options are available to setup output view options
Show Nodal Displacement

Selecting this option will show displacement diagram for current
load case in graphic area. The color picker control next to this
check box allows user to select a suitable color to be used to draw
the displacement diagram.

Use Average Normal

This option is used to draw 3D displacement diagram where
lighting will be applied to the average normal direction.

Show Beam Displacement

Selecting this option will allow user to draw beam displacement
diagram if present in current job. The color picker control at right
side of this checkbox allows user to choose a suitable color which
will be used to draw beam displacement diagram.

Drawing options

Displacement diagrams can be drawn as wireframe or as a true 3D
solid diagram. Draw line diagram option will draw a wireframe
diagram of the displaced shape. Draw 3D diagram will draw plates
and beam displacements as 3D solid diagram.

Stress Contour

There are three types of contours available.
1. Plate Stress
2. Beam Stress
3. Soil Pressure

If you select Show Plate Stress contour, Select Stress Type drop
down box will be enabled allowing you to choose stress type to
display. By default program shows stress type as None.

4-139
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Two categories of plate stress contours are available. One set
displays contour for plate local axis system and the other set shows
global plate moment.

Local stresses are

e Max Absolute

e Max Top

e Max Bottom

e Max Von Mis

e Max Von Mis Top

e Max Von Mis Bottom

e SX
e SY
o SXY
e« MX
« MY
e MXY
e SQX
e SQY

Global moments are available for both MX and MZ.

After selecting suitable stress type program will display contour in
graphics window along with a legend.
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Glabal MX
kip-indin
BR.E37
B
56.209
-43.955
43780
37566
31352
25138
18.924
12710
5496
0282
5332
12,146
18,360
24.574
30,788

HEECOCOOE DD E NN EE

Show Soil Pressure

If you choose stress contour type as Show Soil Pressure, program
will display soil pressure contour for the selected load case along
with a legend.

Please note, soil pressure values are directly related to soil bearing
capacity. If the maximum pressure exceeds soil bearing capacity
you need to increase mat dimension and run the analysis again.
Base pressure for each node is calculated dividing the reaction of a
plate node by the tributary area of that node.

Base Pressurd
v

kip#in2

=

0.002
0,004

]
[
B
!
a
B
]
a
o
u}
o
0,
0
5]
]
]
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Show Beam Stress

This option is available only if the mat foundation includes physical
beams. After selecting show beam stress, Select Stress Type under
beam stress setup group will be enabled. Select any stress type to
view the contour along with a legend.

Available beam stress types are

1. Axial stress

2. Bending Y stress
3. Bending Z stress
4. Combined stress

=]

1.554
1.942
233
2719
3108

Show Legend
Use this option to switch on/off legend display
Plot contour on deflected shape

Select this option to draw stress contour on the deflected shape.
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4.6.6 Slab Design

=\ Mat slab design options

= Analyze

l=r Output View Oplions

{£Z Moment envelope generation
l=r Design Parameters

{£Zr Reinforcement Zoning

{Zr Cutslab by a line

{Zr Calculation sheet

Slab Design for Mat foundation is divided into three simple steps

1) Moment envelope generation
2) Design slab
3) Create reinforcing zones and detailing

The Slab Design page contains the following sub-pages:
e FEM Slab Design

e Slab Detailing
e Section Design Along a Line

tamilnavarasam.com
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Moment Envelope Generation

-I-{. Mat slab design options
== Analyze
l=r Output View Oplions
|,__}' Moment envelope generation

l=r Design Parameters
{Zr Reinforcement Zoning
{Zr Cut slab by a line

{Zr Calculation sheet

Clicking on the Moment Envelope Generation opens a form in data
area pane which allows user to choose longitudinal reinforcement
directions and generate moment envelope. Please note, longitudinal
axis is just a vector direction.

Mat slab is a physical entity in STAAD.foundation, so to design the
slab, program uses a unique technique. It first divides the slab into
finite number of discrete points and then calculates stress on those
nodes to create moment envelope. Please note that program
automatically transforms stresses to the specified longitudinal
direction.

To generate moment envelope you first need to define longitudinal
reinforcement direction. You can define X,Z coordinate to define
an axis or click on any two points on the screen.
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Data Input Pane ax

Envelope Generation

Select curent panel: | Boundarny v|

Longitudinal axis setup

3 By drawing a line on =lab

(%) By specifving coordinates Uit | in oo
Startitg .EI Starting £ il:l
Endng¥ [100 | Endrgz |9

Specify discrete design points

Divizion along longitudinal awis: el
Divizgion along rangverse axis: &l
Select load type:; | Use ultimate load cazes anly “ |

[0 Generate moment envelope ]

The following commands and inputs are available to generate
moment envelope.

Select Current Panel

If you have multiple boundaries you need to choose current panel to
be designed. By default program selects the first created boundary.

Longitudinal Axis Setup
There are two methods to define the longitudinal axis. You can

setup the axis either by defining two X,Z coordinates or by clicking
on two points on the screen.
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By drawing a line on slab

Select this option to click on two points on the screen to define
longitudinal axis. Once the first point is clicked program will draw
a line from the first point to the mouse point to show the axis. After
second point is clicked on the screen, program will calculate the
X,Z coordinates of those points and fill up the form start and end
coordinates.

By specifying coordinates
Select this option to input X,Z coordinates of the start and end
points of the axis. By default program shows a global X axis as
longitudinal axis.

Division along longitudinal axis

Number of slab divisions along longitudinal axis. It must be a
positive number. Program uses 60 as default value.

Division along transverse axis

Number of slab divisions along transverse axis. It must be a
positive number. Program uses 60 as default value.

Select load type
Shear and reinforcement design for foundation are done only for
ultimate (factored) load combinations. User has the option here to
choose only load cases defined as ultimate or all load cases
assigned to the current job.

Generate Moment envelope

Click on this button to create grid and calculate moment envelope
on the grid intersection points.
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4.6.6.2 Design Parameters

Clicking on the Design Parameters opens a form in data area pane
which allows you to input design parameters, design current panel
and review design results.

Design Paramelters

rades

i 60 [ ks w |
Fc ] ' _. ksi “
Covers

Top cover 1 it v
Battom cover |1 in W
Febar Size

Min. bar zize [3 |

Maw. bar zize |11 v

Fiehar Spacing

Max spacing |12 [ i;‘l v
Min. spacing |2 | |in |

[] Consider Wwood and Amer moments

[ Fesult zurmary ] [ Details report

Design parameters are very standard input where you need to input
information on material, cover and rebar.

Fy: Allowable steel stress

Fc: crushing concrete strength

Top Cover: Cover for slab top reinforcement
Bottom Cover: Cover for slab bottom reinforcement

RangaRakes tamilnavarasam.com



RangaRakes

Section 4 — STAAD.foundation Graphical Environment

Min. bar size: Minimum rebar size to be used
Max. bar size: Maximum rebar size to be used
Max. spacing: Maximum rebar spacing
Min. spacing: Minimum rebar spacing

Consider Wood and Armer moments
Use this option to consider Mxy moment to design the slab. This is

a method published by Wood and Armer where Mxy moment is
transformed to Mx and My moment.

Design

Click on this button to design the slab. When the design operation
is completed, a message box will appear.

STAAD.foundation x|

& Design performed successfully

Result summary

Clicking on this button will open a table which will show maximum
reinforcement requirement condition for all slab faces and
direction. The table shows four rows for longitudinal top,
longitudinal bottom, transverse top and transverse bottom
reinforcement requirement.

Details report

Clicking on this button will open a dialog box which will have two
tabs. One is for moment design and other one for punching shear
check. It lists all the grid points created to design the slab. It shows
X,Y,Z coordinates for each point, moment for that face and
direction and the corresponding reinforcement requirements.
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Mat Slab Design r ]
Grid Paints - Moment | Punching Shear|
Reinforcement Side
(& Longtudinal ) Transverse O Top (%) Bottom
|
1
-21.27 0.000 -30.000 -1.118 0.25% 1
-12.542 0.000 -30.000 2812 0.259 1
-3.814 0.000 -30.000 -3.436 0.259 11
4.315 0.000 -30.000 -0.508 0.25% il
13844 0.000 -30.000 0.000 0.25% 12
22373 0.000 -30.000 0.000 0.259% 12
31102 0.000 -30.000 0.000 0.25% 12
39.831 0.000 -30.000 0.000 0.25% 12
48.559 0.000 -30.000 0.000 0.259 12
57.288 0.000 -30.000 0.000 0.259 12
B6.017 0.000 -30.000 0.000 0.25% 12
74745 0.000 -30.000 0.000 0.25% 12
83475 0.000 -30.000 0.000 0.259 12
92203 0.000 -30.000 0.000 0.25% 12
100.932 0.000 -30.000 0.000 0.259 12
108.851 0.000 -30.000 0.000 0.259 12
118.350 0.000 -30.000 0.000 0.25% 12
127118 |0.000 -30.000 0.000 0.259 2 bl

t Close ] [ Print
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Reinforcing zones

As design is performed on thousands of points it will be impossible
to go through all those numbers and create a reinforcement layout.
STAAD.foundation has a tool to create reinforcement zones much
like reinforcement contour plot. Number of zones is user specified.

By default program use three zones.

! Reinforcement Zon ing

Slab Detailing

Choose Slab Face | Langitudinal Top

vl

Preferred Zone Reinforcrent Count i3

Ea Create Zone J

| @ Create Block |

[B Zone report ]

[B Steel Detailing ]

Wigw Option
Show: | Control Modes w|
Zone Editing
Lock Higher Zone
Current Zone : | I 7o vi
[}( Select MNodes... ] [ # Reset Zones...... ]

Choose Slab face

Reinforcement zoning is done for one face at a time. So, this step
needs to be repeated four times to detail all faces and direction.

Select the current slab face from drop down list.
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Preferred Zone Reinforcement Count

Use this edit box to tell the program how many different sizes of
reinforcing steel bars (rebar) you want the program to allow in the
slab design. The program divides the slab into the number of zones
you designate. Each zone will contain only one size of reinforcing
steel.

Create Zone

Click this button to create the number of reinforcing zones
specified by the value entered in the No. of Zones edit box. The
following figure shows how the display might appear when three
zones are created.

A colored dot in the center of each element of the mesh indicates
the reinforcing zone that the element belongs to.

Create Block

Click on this button to divide the slab into block-shaped areas,
based on the reinforcement zones generated by the Create
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Reinforcing Zones command. These rectangular areas are created
to allow a practical layout of the various sizes of reinforcing steel.

=

0
E] =

)\
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Steel Detailing

Click this button to plot the location of the reinforcing steel bars on

the model view.

Zone editing
Even after block generation reinforcement zones may not become
regular rectangular blocks. So, the program has an option to
visually adjust those zones to form rectangular regions.

Select Zone

Select the current zone to be edited. He drop down box will show
color and zone number.

Select Nodes
Clicking on select nodes button will change the button status and
will allow user to select grid points to be edited. Click on the

graphics and draw a rubber band to select nodes. Nodes will be
highlighted in yellow color.
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Reset zone

Click on reset zone button to edit the selected points. Current zone
will be assigned to the selected node. Please note that if Lock
Higher Zone option is selected, program will not overwrite higher
zone with lower zone. This option is recommended to be always
selected.
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4.6.6.4 Section Design along a Line

== Mat slab design options

| Analyze

L= Qutput View Options

l==F Mament envelope generation
l=¢ Design Parameters

| Reinforcement Zoning

[ cutslabbyaline |

= Calculation sheet

Clicking on the Cut slab by a Line opens a form in the Data Area
pane that allows you to draw a stress diagram along a specified
section line and then design slab along that line.
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r'C_ul: slab by a line
Slab cut options

(%) By drawing 4 line on slab -
N P
(") By specifying coordinates Unit, in

Starting = |;': StatingZ [
Endingd | 100 EndingZ |

Interpolation Factar : 3 e
-

Graph Scale Factar ;|1
Stress Type | Naone w

Blnsert anewcut Li...

= % bat_Examp0s
@ Cut Line 1[M:)

[ 8 Design Selected Line

Area pane:

Slab cut options
Interpolation Factor
Graph Scale Factor
Insert a new Cut Line
Stress Type

Design Selected Line

Slab cut options

-

The following commands and options are available in the Data

4-157
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The cut line or the line on the slab can be drawn either by inputting
two coordinates or by clicking at two points on the screen.

By drawing a line on slab

Using this option will allow user to draw a line in the graphics by
clicking on two points. Click on first point and then stretch the line
to next point and click again. It will transfer coordinates of those
two points to the form under start and end points.

Graph Scale Factor

The Graph Scale Factor allows you to change the vertical
exaggeration factor of the stress diagram in the Graphics Window.

Stress Type

The Stress Type drop-down list box allows you to the type of plate
stress you want to plot along the cut line.

Insert a new Cut Line

Now click on the button labeled Insert a new Cut Line. The
following figure appears in the graphics window.
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Now click the button labeled Design Selected Line. A dialog box
labeled Design Report Along a Selected Line will be displayed.

M Design report along a cut line (]
Select Graph Type
© Moment Ervelope (O Rleqd Rebforcementdres | 5¢l Design Porameters | [ Design |
) Moment Erwvelope - Wood and Amer F Etastor sl s e cly
10,662
o [/‘
0141 3652313054 0.200
3371
Area A
4 Moment
Element X(in) ‘ z{in} ‘ Face Kip-inin | Load Case Reqd.lsq.\nf‘
1 B -30.00 130.54 Top 0.00 1 0.00
z Bottom 014 1 0.00
[ 560 2401 130.54 Top 0.00 1 0.00
4 Bottom -0.01 1 0.00
5 581 1802 130.54 Top 032 1 0.00
B Bottom 0.00 1 0.00
[z 561 203 130.54 Top 073 1 0.00
[ Bottom 0.00 1 0.00
9 581 6.05 130.54 Top 113 1 0.00
10 Botiom 0.00 1 0.00
1 582 0.0 130.54 Top 154 1 0.00 ¥

Click on the Design button to calculate the required reinforcement
area for each element along the cut line.
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n report along a cut line

Select Graph Type

) Moment Envelope (33 Reqd Reinforcement drea [ et Design Parameters ] [ Design ]
O tMoment Envelope - Waood and Armer [] Diesign for Ulkimiate load type only
0.258 0.258
0.259 0.253

Frirk
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Calculation sheet

Click on calculation sheet to review design steps, analysis results

and load values.

Max

Spacing | Spacing

4-161

Wood and
Armer

7 L2 C-::zr
(kip/in2) | (kip/in2) (in)

Cover (in)

(in)

Moment

Boundary | 60.000 4.000 1.000 1.000 3 1" 2.000 12.000 Not Used

DESIGN OUTPUT

Top of Mat Longitudinal Direction

Zone:-

Governing Moment(MGm,)=

11.268(kip-in)

For F, <4.0 =0.85

R

Pmin = (|0.0018
B7000
Prax = 0.75%0.85 % BxFe x =llg.021
fy 87000+,
Effective Depth(deff)= [10.813(in)
Steel Percentage (P_)= Pragd =
2xRpxm 1 0.0018
maxl 1 —| [—| ————|x—Pyin | =
fy m
fY
s o= |{7.647
Where LBk
Moy

" 0.9xdey? owidth

0.107(kip/in2)
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4.7 Combined Footing

In this job setup you can create a combined footing with two
supports as well as a strip footing with more than two supports.
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4.71 Creating Combined Footing Job

Create linear supports from “Column Position” as follows and add

loads as described earlier.

Now go to “Create New Job”. Give a suitable job name, Choose
“Job Type” as “Combined”. Select and move the load from
“Available Load Case” list to “Selected Load Case” list. Then click
on “Create Job” button. You will see some new control came at the
bottom of the “Job Info” data input pane to create a combined
footing with selected supports.
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ax

Joh Info *

Job Mame cambl
Job Tupe Combined
[ezign Code s

Drefault Unit Type Enalizh
Support Azzighment | Azsigh to all support
Lizted Supports 12

Loading

Awailable Load Cazes :

= =F = =

Selected Load Cases

lﬁ‘
3 Crealeob J

Strip Footing:
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4.7.2 Creating the Combined Footing

Now select the support in the “Geometry” view using the mouse
dragging.

Create from Selected Nodes

Now click on the button “Create from Selected Nodes” which will
show a tree view with the footing included with support.
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Strip Footing:

Strip footing setup

= Foating C1
Suppart 1
Support 2

[ 6 Create from Selected Modes ]

|® Dekte | (@ Deletest |

Also click once on the “Geometry” view which will show the real
life picture of the footing.

Note:
The supports have to be collinear to become a part of a combined
footing. If the supports are non-collinear then it will show an error

message box as follows.

“StaadFoundation

' &l the selecked supports are not colinear and parallel to global axis
. Zannok create combined footing

——
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Delete

To delete a footing, select the footing from the tree, click on
“Delete”. Deletion of support from a combined footing is not
allowed. You need to recreate the combined footing to edit it. This
will generate the following error message.

- StaadFoundation -

' Deleting of support From a strip fooking is not permitked,
. You need to recreate the Footing if wou wish to edit it

Delete All

To delete all the combined footing at a click, simply click on
“Delete All” button.
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4.7.3

Defining the Design Parameters

Note that after you have created a combined footing job, the left
side main navigator tree view is populated with the “Design
Parameter” for “Combined Footing Job”.

=I-{.Z Combined Footing Job
—I-i. Design Parameters
|=r Concrete & Rebar
| = Cover & Soil
\. Footing Geometry
. Design
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4.7.3.1 Concrete and Rebar

Here you have to give all the necessary inputs related to concrete
and reinforcement bar to be used.

Unit weight of concrete |25 kMitnG
Minimum bar spacing 2 in
Maximum bar spacing 18 in
Strength of concrete 4 k=i
Yield strength of steel [GB0 k=i
Minimum bar size 5
Maximum bar size 18
S5et as Default Mo
-
Concrate

e

Y g
[AVAVAYAVAVAVA
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Unit weight of Concrete

Unit weight of concrete with proper unit.
Minimum Bar Spacing
Minimum spacing of bar to use for design.

Maximum Bar Spacing

Maximum spacing of bar to use for design.
Fc

Strength of concrete.

Fy

Strength of steel.

Minimum Bar Dia

Minimum diameter of bar to use for design.

Maximum Bar Dia

Maximum diameter of bar to use for design.

Set as Default

Set “Yes” to save the data set for the application, so that each time
you create such job, these fields will be populated with this value

set. Else set “No”.
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4.7.3.2 Cover and Soil

In this page you have to enter parameters related to clear covers
and soil data.

Pedestal Clear Cover 2 in
Footing Clear Cover 2 in
Unit weight of Soil 0112 kKiginz
Soil bearing capacity omy KiginZ2
Depth of Seil above footing |0 in
surcharge for loading ] KiginZ2
Set as Default M

P.CL

T T T

Wififi{ifififﬂ
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Pedestal Clear Cover

Clear cover to be used for the pedestal.

Footing Clear Cover

Clear cover to be used for the footing.

Unit Weight of Soil

Unit weight of soil under consideration.

Soil Bearing Capacity

Allowable bearing capacity of soil.

Depth of Soil above footing

Soil depth above footing.

Surcharge for loading

Loading surcharge of the footing.
Set as Default

This is explained in the earlier page.
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4.7.3.3 Footing Geometry

These are the geometrical parameter used for design.

Design Type

Fixed Left owver hang

Fixed Right owver hang

Fixed Width

Minimum Left over hang length

Minimum Right over hang length

Minimum Width

Minimum Thickness

Maximum Length

Maximium Wictth

Maximum Thickness

Length Increment

Thickness Increment

Set as Default

Design Type

-

Caleulate Dimensio | [

Mo

Mo

Mo

36 in

36 in

72 in =
12 in

144 in

72 in

12 in

1 in

1 in

Mo ["]

Choose the way of design from here. You can use the software for
an optimizing design procedure or you can check for a fixed

dimension.

For the first case choose “Calculate Dimension” and for the latter

use “Set Dimension”.
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Fixed Left over hang

Choose “Yes” or “No” respectively for setting the dimension as
fixed during check or optimize it.

Fixed Right over hang

Choose “Yes” or “No” respectively for setting the dimension fixed
during check or optimize it.

Fixed Width

Choose “Yes” or “No” respectively for setting the dimension fixed
during check or optimize it.

Minimum Left over hang length

Start length of left over hang for design.
Minimum Right over hang length

Start length of right over hang for design.
Minimum Width

Start width for design.

Minimum Thickness

Start thickness for design.

Maximum length

If “Calculate Dimension” is chosen then the maximum range of
length to check.

Maximum Width
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If “Calculate Dimension” is chosen then the maximum range of
width to check.

Maximum Thickness

If “Calculate Dimension” is chosen then the maximum range of
thickness to check.

Length Increment

Increment of length required for the iteration process of design if
“Calculate Dimension” Is chosen.

Thickness Increment

Increment of thickness required for the iteration process of design
if “Calculate Dimension” Is chosen.

Set as Default

As described earlier.
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4.73.4

Design

Next click on “Design”. The design progress report will be
generated in the “Design Progress Report” window.

Oukput

Processing Footing C1

A detailed calculation sheet will be generated in the “Calculation
Sheet” tab. A graphical report of Bending Moment and Shear Force
for the footing will be generated in the “Strip Footing Graph” tab as

follows.
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q Start Page r Geometry r Detail Drawing r Lavaout Drawing r Calculation SheeE/V Strip Fooking Graph
Select strip footing index | Footing C1 ¥ Select load case | 1:Load! v
{14.111,130.303 156.36
= 5382
=
@ .27
=]
ls |
i o] -31.27
=
% {10.835,-130.303) -43.82
166,36
Qoo 238 479 F18 958 1187 1437 1676 1916 2155 23495 2634 2829493
Length {m})
_ (0.000,0.000) 0.0
i -173.28
= R
3 346.56
g -518.86
=
g -643.13
E -B66.41
0oo 239 479 T8 958 11.97 1437 1676 1916 2155 2395 2634 28.29.93
Length (m)
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4.8 Octagonal Footing

In this job setup you can design an octagonal footing.
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4.8.1 Creating Octagonal Footing Job

Create support from “Column Position” as follows and add loads as
described earlier. Now go to “Create New Job”. Give a suitable job
name, Choose “Job Type” as “Octagonal”.

Job Info -
Job M ame oct_1
| zolated !
Dezign Code |zolated
Default Urit Typpe File Cap
Support Azzignment r&d;:'nhined

Lizted Supports

Select and move the load from “Available Load Case” list to
“Selected Load Case” list. Then click on “Create Job” button. This
will create the octagonal footing as you can see in the “Geometry”
tab.
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4.8.2 Defining the Design Parameters

Note that after you have created a octagonal footing job, the left
side main navigator tree view is populated with the “Design
Parameter” for “Octagonal Footing Job”.

=I-|.Z Dctagonal Footing Job
=~ Design Parameters
i Design Parameters
\r Fooking Geometry

L Design
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4.8.2.1 Design Parameters

Here you have to give all the necessary inputs related to concrete,
reinforcement bar and other design parameters details.

Design Parameters

Kip/it2
it
Ibift3

I_
ECuncrﬂe

FAWAWEYWAWAWAWA

Strength of concrete.

Fc
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Strength of steel.

Fy
Depth of Soil
Soil depth above footing.

Soil Bearing Capacity

Allowable bearing capacity of soil.

Unit Weight of Soil

Unit weight of soil under consideration.

Unit weight of Concrete

Unit weight of concrete with proper unit.

Footing Clear Cover

Clear cover to be used for the footing.
Minimum Bar Dia
Minimum diameter of bar to use for design.

Maximum Bar Dia

Maximum diameter of bar to use for design.

Stability Ratio

Starting Stability Ratio to be used for design.

4-183
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4.8.2.2 Footing Geometry

These are the geometrical parameter used for design.

Footing Geometry
Unit

Minimum Footing Diameter

Maximum Footing Diameter

Minimum Footing Thickness

Maximum Footing Thickness

Pedestal Diameter

Pedestal Thickness

c
=
2.

Minimum Footing Diameter

The minimum footing diameter that will be used for starting design.

Maximum Footing Diameter

The maximum range of footing diameter that will be used for

optimizing the design.

Minimum Footing Thickness

The minimum footing thickness that will be used for starting

design.

Maximum Footing Thickness

2
300

2
36
36
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The maximum range of footing thickness that will be used for
optimizing the design.

Pedestal Diameter

Diameter of the pedestal.

Pedestal Thickness

Thickness of the pedestal.
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4.8.2.3 Design

Next click on “Design”. The design progress report will be
generated in the “Design Progress Report” window and a summery
of design resulted will be displayed in the “Octagonal footing
Design Summary*“ tab of the “Output” window.

Cukpuk

Processing Footing 1

Calculating footing dimension

FProcezszing Load Case 1

Caloculated mwiniman dismeter 6.250 £,
Calculated overturning ratio —-1.000
FProcezzing shear check

Processing Load Case 1

Calculated Design Zhear 0.035 kKip
Calculated regquired thicknessz 36.000 inch
Processing reinforcement design
Frocessing Load Case 1

Calculated required reinforcement 0.081 =2d9. inch
Design completed

4 4 » o sDesign Progress Reportl,.{ Cictagonal footing Design Summary l,.r"'

Qukpuk
Footing Thick Reqd. Reinforcement
Footlo| Diameter llcn:less Stability Ratio 1
o Bar Ho. Spacing
1 1.90 0.91 -1.00 #5 0.03m

M4+ M \ Deszign Progress Report }\Oc'tag-:rnal footing Design Summary
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A detailed calculation sheet will be generated in the “Calculation
Sheet” tab.

Cctagonal Foundation Design 1

Octagonal Foundation 1

Geometrical Description

Pedestal Geometry

Unit :in
Height : 36.000
Diameter : 36.000
Footing Geometry
Unit :in
Minimum Footing Diameter ; 72.000
Maximum Footing Diameter : 300.000
Minimum Footing Depth :36.000
Maximum Footing Depth ; 72.000
Besign Parameters
Minimum Stability Ratio : 1.500
Soil Depth : 0.000 ft
Cover : 2.000 in
F_14.000 ksi
Fy +60.000 ksi
Bar Type : Matric
Minimum Bar Diameter : £ 3
Maximum Bar Diameter : # 11
Concrete Density : 125.000 |b/ft3

Soil Density :
14,000 kip/ft2

Allowable Bearing Pressure

115,000 Ib/ft3

Besign Results
Critical Load case for Shear Force : L
Critical Load case for Bending Force 1
Critical Load case for Sevice Design @1
Stahility Ratio
Load Caseload Case 1 :1.500
Serviceahility Design
Eccentricity @ 0.000 in

&

|
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4.9

The Menu Commands

This section provides a description of the commands available from
STAAD.foundation’s pull-down Menu Bar.

File Edit View Tools Help

The names of the pull-down menus, from left to right across the top
of the screen, are as follows:

e File

e [Edit

e View
e Tools
e Help

tamilnavarasam.com



RangaRakes

4.9.1

Section 4 — STAAD.foundation Graphical Environment

File Menu

The File Menu allows you to perform project file related operations

such as creating a new project, opening an existing project, saving

a project, etc.

Fle | Edit wview Tools Help

LV

b M

Mew k
Cper.., Ctrl+0
Save Ctrl+5
Save As...

Print. .. Ctrl+P

Print Preyview

Print Setup...

Import

1 C:\Temp'demoex0a2. afs
2 C:\Temp'ex_03.af=
3 untitied.afs

Exit

The File Menu contains the following menu commands:

e New

e Open

e Save

e Save As
e Print

e Print Preview
e  Print Setup
e Import

e Recent Project Files.
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New
The New menu command opens and creates a new project.
Open

The Open menu command brings up the open file dialog box and
allows you to open an existing STAAD.foundation project.

STAAD.foundation File opening
Look in: |-F_’} Examples vl O 2 M-

|- verification
TR

@ ex08_slabDesign0.afs
@ ex08iso.afs

@ ex03pile_isn.afs

File name: lex08 afs | [ Open l

Fles of type: | STAAD foundation Files {*.afs) v| [ Cancel ]

To open an existing project, navigate to the directory in which the
project file is located and then select the file and click on Open.

Save

The Save menu command brings up the save file dialog box the first
time the icon is clicked and allows you to save the active project to
a file. To save a project, navigate to the directory in which you
want to save the project, type in a file name for the project and then
click on Save.

RangaRakes tamilnavarasam.com



Section 4 — STAAD.foundation Graphical Environment | 4-191

STAAD.foundation File saving

Savein: I |=) BEamples VI 0 ? =y v

Iy verification
@ ex08.afs
@ ex0a8_slabDesign0.afs
@ exl8iso.afs

|ﬂ ex08pie_izn.afs

Fil= name:; iexﬂﬂpile_isn.afs | [ Save ]

Save astype: | STAAD foundation Files {* afs) v| | cancel |

STAAD.foundation projects are saved with an .afs file extension.
After a project has been saved to a file, clicking on the Save menu
command again will simply save any updates made to the project to
the file specified when you first saved the project.

Save As

The Save As menu command opens the save as file dialog box and
allows you to save the active project to a file. To save a project,
navigate to the directory in which you want to save the project, type
in a file name for the project and then click on Save.
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STAAD.foundation File saving

Savein: I | Examples V| O i B

Iy verification

@ ex08.afs

@ ex0a8_slabDesign0.afs
@ exl8iso.afs

@ ex08pie_izn.afs

File name: Iexﬁﬁpile_isn.afs | [ Save ]

Save astype: | STAAD foundation Files {* afs) v| | cancel |

Print

The Print menu command opens a standard Windows print dialog
box and allows you to print the active project report.
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21|

Properties... |

 Prinker

Mame:

Stabus: FReady
Type: HF Lazerlet 557551 M PS
Wwhherer  IP_E4.95.194.41

Cormment; [ Print ta file

— Print range Copie

o Al MNumber of copies: |1 3:

" Pages _from:|1 5'3:'_
" Selection ﬂ ¥ Callate
’TI Cancel

Print Preview

The Print Preview menu command opens a new window allowing
you to view what the active report will look like when printed out.
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F STAAD.foundation - [exDBpile_iso.afs] —1ol x|

Hest Page | Preg Pone | TwoPage || Zoomin | ZoomOu || Slose |

Page 1

The following command buttons are available in the Print Preview

window:
e Print
e Next Page

e Prev. Page
e Two Page
e Zoom In

e Zoom Out
e (lose.

Print

The Print button opens a standard Windows print dialog box and
allows you to print the active project report.
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Next Page

The Next Page button displays the next page in a report. If there is
only one page in a report or you are at the last page in a report, the
button will be grayed out.

Prev. Page

The Prev. Page button displays the previous page in a report. If
you are at the first page in a report, the button will be grayed out.

Two Page

The Two Page button allows you to display two pages of a report
on the screen at a time. Once you are in two page mode, the text on
the button will change to “One Page.” If you click on the button
again, one page will be displayed on the screen at a time and the
text on the button will change back to “Two Page.”

Zoom In

The Zoom In button allows you to zoom in closer on a page of a
report. After you click on the Zoom In button, your mouse cursor
will change to a magnifying glass. You may then zoom in on a
portion of a report by clicking on the region you want to zoom in
on. Once you have zoomed in, the Zoom In button will become
grayed out. You may return to the original viewing distance by
clicking on the Zoom Out button.

Zoom Out

The Zoom Out button allows you to zoom back out after zooming in
on a page of a report. The Zoom Out button is only active after
zooming in on a page of a report.

Close

The Close button removes the print preview window.
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Print Setup

The Print Setup menu command opens a standard Windows print
setup dialog box that allows you to configure printer settings.

vk setup 2 x|

— Printer
Properties. .. |

Manne:

Statuz Ready
Type: HF Lazer)et B5i/551 Mx PS
Where:  |P_E4.95.194 41

Comment;

— Paper Drrientatior

Size: |Letter j ' Partrait

[
Source; IAutomaticaII_l,J Select j " Landscape

MHetwark. . | 0k I Cancel

Import

The Import menu command is used to begin a new project by
importing the support geometry and support reactions from a
STAAD.Pro analysis. The ability to import analysis data from
other structural analysis software programs will be provided in a
future release of STAAD.foundation.

You can only import a STAAD.Pro model that has been
successfully analyzed, because you will want to have the support
reactions available for the foundation design. When the Import
command is executed, an import dialog box will appear.
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StaadPro File Import
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To import a STAAD.Pro file, navigate to the directory in which the
file is located and then select the file and click on Open. Another
dialog box will appear listing all the available load cases in the
STAAD.Pro file. You may select any or all of the load cases by
toggling on the corresponding check box, and then clicking on the
Import button. As STAAD.Pro does not have the definition for
serviceability and ultimate load type user should assign right load
type attribute to each load case here. By default program defines all
load cases as primary load types.

You can import either support coordinates or a slab already
analyzed in STAAD.Pro to design in STAAD.foundation. To import
support coordinates simply click on import button and it will import
all support positions along with support reactions for all selected
load cases.

To import an analyzed slab select Import Plates option and then
enter Y level of the slab position. Program can only import a slab
defined in XZ plane. Now select design code to be used to design
the slab. Click on Import button and that will import the slab along
with plate stresses and node displacements for selected load cases.
The program will automatically create a mat foundation job.
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STAAID. foundation import utility

m‘:’ Include l Load Title Load Type|
| Primary |
|.75(1.4DL + 1.7LL + 1.7WL) |Primary

4 [(1.4DL = 1.7LL)
5

Select &l

Import Type
%) Import Supported Nodes
f Lewvel [ I £

) Impart Plates
Design Code

Default Unit Type: 111

Recent Project Files

The area below the Print Setup menu command displays a list of
four Recent Project Files you have worked on. Selecting a project

from the list will open the project.
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Edit Menu

The Edit menu allows you to perform editing operations .

Edit [ Wiew To

® Delete

The Edit menu contains the following menu command:

e Delete
Delete

The Delete menu command deletes the selected item(s). The Delete
command is only active when a relevant item like support position,
beam, pile etc. is selected.
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4.9.3 View Menu

The View menu contains commands that turns various toolbars,
status bars and menus on and off.

EEWJ Tools Help

| Toolbars k

i Status Bar

Application Look ~ #

The View Menu contains the following menu commands:
e Toolbars

e Status Bar.
e Application Look
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Toolbars

The Toolbars menu command displays the option to switch on/off
different toolbars and controls. If you click on customize button,
the program opens a dialog box allowing you to customize the
toolbars.

[<]

Standard Toolbar

Qutput
Caption Bar

L]

Main Mewvigator
Load Page
Task Pen
Dynamic Help

[<]<]

Customize...

Status Bar

The Status Bar command toggles the display of the status bar on
and off. The Status Bar is positioned at the bottom of the
STAAD.foundation screen and displays a variety of helpful
information, depending on which part of the program you are using,
and which command is currently active.

When you hold your mouse cursor over a toolbar button, the left
side of the Starus Bar displays an explanation on how to use the
command associated with that particular button. When you hold
your mouse cursor over a menu command, the left side of the Starus
Bar displays an explanation of what that menu command does.

Application Look

4-201
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STAAD.foundation offers 5 different application look to choose
from. Program uses Office 2003 look by default.

Office 2000
Office XP

[+] office 2003

Visual Studio.MET 2005
Windows XP
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4.9.4 Tools Menu

The Tools menu contains commands for manipulating the structure
geometry, managing jobs, and adding self weight.

Tools | Help

B Move selected entities
E‘h Rectangular Mat wizard
3B Update STAAD Database

T Add Self Weight

The Tools menu contains the following menu commands:

e Move Selected Entities

e Rectangular Mat wizard

e Update STAAD Database

e Set Column or Pedestal Dimension
e Add Self weight
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Move Selected Entities

The Move Selected Entities menu command allows you to move
selected entities like support positions, beams and piles. After
selecting the entities to be moved click on the Move Selected
Entities button, program will bring a dialog box where you need to
input incremental X,Y,Z distance.

Move selected entities by...

i [0
Deka [n—|
Deka': !1””

oz f |

[B DK ] [ﬁ Cancel]

Rectangular Mat Wizard

This option provides a simple wizard to create mat foundation job.
Using this option you can create a job, define boundary, mesh it
and define analysis properties.
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E?

]

Mat Foundation modeling wizard
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The following commands are available to create rectangular mat
foundation.

Job name
It’s an identifier to assign each job a unique name.
Length Unit

Length unit will be used to define mat boundary and to assign slab
thickness.

Default Unit Type
Default unit type to be used to setup design parameters.
Design Code

Concrete design code. Program currently supports ACI, BS 8110
and IS 456 codes.
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Support assignment

Select the supports to be assigned to the new mat job. You have the
option to include all supports or selected supports only.

Boundary Setup

As it’s a rectangular mat foundation we just need to define top left
corner and then specify Length and Width values of the boundary.
The slab will always be in XZ plane. Specify Y level of the slab
too.

Meshing

Select mesh generation technique to be used. Program can generate

either quadrilateral shaped plate element or triangular shaped plate

element. As it is a rectangular mat quadrilateral shape will be more

commonly used. However, if the mat is supported on pile or the mat
has line loads triangular meshing is recommended.

Slab Property

Define both analysis and design thickness of the slab. Define soil
subgrade modulus. Please note, the wizard will create the soil
property of the slab but will not assign automatically.

Create
Click on create button to generate a rectangular mat foundation job.

Update STAAD Database

This utility is only useful if the global geometry of the foundation
project was originally imported from STAAD.Pro. If the
STAAD.Pro results get changed after the foundation project is
created, this utility allows user to update current project’s input
database with the changed STAAD.Pro output. Clicking on this
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menu item will open a file open dialog box where you need to
choose the original file which was imported.

Set Column or Pedestal Dimension

This option will only be enabled if any support position is selected.
Clicking on the menu item will open a dialog box which will allow
user to set column or pedestal dimension.

Set Column Dimension b4

[ Cansider Pedestal
Caluran Type
%) Rlectangular O Cireular

Unit: | in - v

Column Depth |12 |

Columnwidth |12 |

[6 OK J [ﬂ Canc:eIJ

You can specify whether the column is rectangular or circular and
input column dimension. If you want to add a pedestal, click on the
option called “Consider Pedestal”. It will change the input from
column type to pedestal type. For pedestal in addition to the plan
dimension you can specify pedestal height.

Add Self Weight

This option allows user to add self weight to the selected or all load
cases. This self weight definition is only applicable for Mat
foundation as program will not add self weight of the mat slab by
default. For other types of footing like isolated or combined footing
program automatically adds self weight for all service load cases.
Clicking on this button will open a dialog box where all load cases
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in the project will be listed. Check Include check box to include
self weight to a load case. At the bottom of the dialog box there is a
control to check on/off all load cases. Click on OK to
assign/unassign self weight.

f Oundaﬁ:Oﬂ Add Selfweight

BBl  jo4DLetTL)
| I 55 S S s A L

Select &l

Ok, [ Cancel
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The Toolbars

4-209
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STAAD.foundation offers a set of "dockable" and "floating"
toolbars for quick access to frequently used commands. By default,
the toolbar icons appear at the top of the STAAD . .foundation screen
immediately below the menu bar. You may, however, drag each
toolbar and place it at any position on the screen (hence the term
"floating"). In addition, if you drag a floating toolbar close to the
edge of the screen, the toolbar gets embedded at the side the screen
(hence the term "dockable"). The title of a "docked" toolbar is not
displayed. However, if you drag the toolbar and leave it "floating"
on the screen, a title is displayed at the top of the toolbar.

Each toolbar icon offers tooltip help. If you are not sure what a
toolbar icon does, place your mouse cursor over the toolbar icon
for a moment and a floating help message appears to identify what
the toolbar icon does.

STAAD.foundation offers several toolbars, each of which contains
several toolbar icons. The following toolbars are available:

e Standard Toolbar
e Rotate Toolbar
e Zoom Toolbar
e Select Toolbar
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4.10.1 Standard Toolbar

Standard toolbar has several icons in it and can be categorized as
followings

e File Toolbar

e Print Toolbar

e Import Toolbar

e Save Picture

e Change Job

¢ Change Current Load Case
e Tools Toolbar

e Loading Toolbar

e View Options Toolbar
e  Unit setup toolbar

e Scale setup toolbar
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File Toolbar

O

The File Toolbar allows you to perform project file related
operations such as creating a new project, opening an existing
project and saving a project.

The File Toolbar contains the following toolbar icons:

e New
e Open
e Save

New
The New icon creates a new STAAD.foundation project.
Open

The Open icon brings up the open file dialog box and allows you to
open an existing STAAD.foundation project.
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STAAD.foundation File opening

Lock in: | I3 Examples bt

() verification

@ ex08_slahDesign0.afs
@ ex08iso.afs
@ ex08pile_iso.afs

Flerame:  |ex08.afs | [ open |

Files of type: | STAAD foundation Files (*.afs) v| | cancel |

To open an existing project, navigate to the directory in which the
project file is located and then select the file and click on Open.

Save

The Save icon brings up the save file dialog box the first time the
icon is clicked and allows you to save the active project to a file.

STAAD.foundation File saving

Savein: I | Examples v| G ?- = -

I Verification

@ ex08.afs

@ ex08_slabDesign0.afs
@ ex08iso.afs

[ ex08pie_iso.afs

File name:; IexﬁEpiIe_iso.afs | I Save ]

Save astype: | STAAD foundation Files {* afs) vl | canca |
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STAAD.foundation projects are saved with an .afs file extension.
After a project has been saved to a file, clicking on the Save icon
again will simply save any updates made to the project to the file
specified when you first saved the project.
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4.10.1.2 Print Toolbar

=1

The Print Toolbar allows you to perform print related operations
for project reports.

The Print Toolbar contains the following toolbar icons:
e Take Picture
e Report Setup for Printing

e Print Preview
e Print

Take Picture

The Take Picture icon takes a snapshot of the Graphics Window.
Pictures taken will then be selectable items when creating reports
via the Report Setup for Print dialog box. Pictures are grouped
together with the job they are created in.

Report Setup for Printing

The Report Setup for Print icon opens a dialog box allowing you to
select what items will appear in the active project report.

RangaRakes tamilnavarasam.com



RangaRakes

Section 4 — STAAD.foundation Graphical Environment

=
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Picture 2 Picture 1
0K Canicel Apply

The drop-down list box under the heading Available allows you to
choose the job to select items from. Once a job is selected, the list
box under Available will contain the items existing for that
particular job. You can then use the > button to transfer selected
items to a report and the >> button to transfer all items to a report.
To remove items from a report, use the < button to remove selected
items and the << button to remove all items.

Print Preview

The Print Preview icon opens a new window allowing you to view
what the active report will look like when printed out.
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Page 1

=10l

TwoPage | Zoomin | ZoonOuw | Cless |

[

The following command buttons are available in the Print Preview
window:

Print

Print

Next Page
Prev. Page
Two Page
Zoom In,
Zoom Out
Close

The Print button opens a standard Windows print dialog box and
allows you to print the active project report.

Next Page

The Next Page button displays the next page in a report. If there is
only one page in a report or you are at the last page in a report, the
button will be grayed out.
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Prev. Page

The Prev. Page button displays the previous page in a report. If
you are at the first page in a report, the button will be grayed out.

Two Page

The Two Page button allows you to display two pages of a report
on the screen at a time. Once you are in two page mode, the text on
the button will change to “One Page.” If you click on the button
again, one page will be displayed on the screen at a time and the
text on the button will change back to “Two Page.”
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Zoom In

The Zoom In button allows you to zoom in closer on a page of a
report. After you click on the Zoom In button, your mouse cursor
will change to a magnifying glass. You may then zoom in on a
portion of a report by clicking on the region you want to zoom in
on. Once you have zoomed in, the Zoom In button will become
grayed out. You may return to the original viewing distance by
clicking on the Zoom Out button.

Zoom Out

The Zoom Out button allows you to zoom back out after zooming in
on a page of a report. The Zoom Out button is only active after
zooming in on a page of a report.

Close

The Close button removes the print preview window.

Print

The Print icon opens a standard Windows print dialog box and
allows you to print the active project report.
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4.10.1.3

Import Toolbar

I 3C

Import toolbar allows you to import any analyzed STAAD.Pro file
and update foundation input database if the STAAD.Pro file gets
changed.

Import toolbar has following icons

e Import
e Update database

Import

The Import menu command is used to begin a new project by
importing the support geometry and support reactions from a
STAAD.Pro analysis. The ability to import analysis data from
other structural analysis software programs will be provided in a
future release of STAAD.foundation.

You can only import a STAAD.Pro model that has been
successfully analyzed, because you will want to have the support
reactions available for the foundation design. When the Import
command is executed, an import dialog box will appear.
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StaadPro File Import
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To import a STAAD.Pro file, navigate to the directory in which the
file is located and then select the file and click on Open. Another
dialog box will appear listing all the available load cases in the
STAAD.Pro file. You may select any or all of the load cases by
toggling on the corresponding check box, and then clicking on the
Import button. As STAAD.Pro does not have the definition for
serviceability and ultimate load type, the user should assign the
right load type attribute to each load case here. By default program
defines all load cases as primary load types.

You can import either support coordinates or a slab already
analyzed in STAAD.Pro to design in STAAD.foundation. To import
support coordinates simply click on import button and it will import
all support positions along with support reactions for all selected
load cases.

To import an analyzed slab select Import Plates option and then
enter Y level of the slab position. Program can only import a slab
defined in XZ plane. Now select design code to be used to design
the slab. Click on Import button and that will import the slab along
with plate stresses and node displacements for selected load cases.
The program will automatically create a mat foundation job.
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STAAllfoundati_an Import utility

No| Include ‘ Load Title Load Type|
1 |(1.4DL +1.7LL) | Primary
s 75(1.40L + 1.7LL + 1.7WL) | Primary
Select &l

Import Type

%) Import Supported Nodes
O Import Plates. v | ayel: [0

Design Code

Drefault Unit Type :

The Jobs Toolbar allows you to create, select, and edit jobs. Jobs
allow you to assign a set of constraints for STAAD.foundation to
use in performing a foundation design. Each project may contain
multiple jobs so that you can evaluate different design scenarios for
a given set of physical conditions.

Update STAAD Database

This utility is only useful if the global geometry of the foundation
project was originally imported from STAAD.Pro. If the
STAAD.Pro results get changed after the foundation project is
created, this utility allows user to update current project’s input
database with the changed STAAD.Pro output. Clicking on this
menu item will open a file open dialog box where you need to
choose the original file which was imported.
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4.10.1.4 Save Picture Toolbar

W

This icon allows you to save current screen to bitmap picture file.
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4.10.1.5 Change Job Toolbar

Mat_Exampl3 -

The Change Job drop-down list box allows you to select a job from
a list of jobs you have created for the active project. To change
jobs, simply select the job you wish to change to from the drop-
down list box. If no jobs have been created for a project, the drop-
down list box will be empty.
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4.10.1.6 Change Current Load Case Toolbar

1:(1.40L + 1.7LL) -

The Change Load drop-down list box allows you to change load
cases by selecting from a list of load cases available in the active
project. To change load cases, simply select the load case you wish
to change to from the drop-down list box. If no load cases have
been created for a project, the drop-down list box will be empty.
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4.10.1.7

Tools Toolbar

Tools toolbar allows you to move and generate geometry and set
column/pedestal dimensions.

T v -m-

Tools toolbar has following icons

e Move Selected Entities

e Translational Repeat

e Set Column/Pedestal dimension
e Mat foundation wizard

Move Selected Entities

The Move Selected Entities command allows you to move selected
entities like support positions, beams and piles. After selecting the
entities to be moved click on the Move Selected Entities button,
program will bring a dialog box where you need to input
incremental X,Y,Z distance.

Move selected entities by... E
Lnit: ||n v!
Detasé: | |
Delta r: |-I uo
Dela =: |Ij |

[B DK ] [ﬁ Cancel]
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Translational Repeat

The Translational Repeat icon opens a dialog box that allows you
to duplicate objects in a model. The command works similar to a
copy command, except multiple copies of an object can be made at
a time. In addition, objects may be linked to together with
transverse members. In order to use Translational Repeat, you must
first select at least one object before the command will become
available.

Translational Repeat x|
Mo, of Steps : ID [ Link Steps
— Increment

* Increment : ID l—l
ak

r Increment : ID Cancel |
Z Increment ; IEI

The Translational Repeat dialog box contains the following fields
and options:

e No. of Steps

e Increment

e Link Steps
No. of Steps

The No. of Steps field allows you to specify the number of copies to
make.

Increment
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The Increment group box allows you to specify the distance from
the original object(s) to the copied object(s). When No. of Steps is
greater than 1, the increment values will also specify the distance
between the multiple copied objects. The increment unit used is
specified in the Change Length Unit drop-down list box in the
Tools toolbar.
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Link Steps

The Link Steps check box allows you to specify whether the copied
objects should be linked together with transverse members.

Set Column or Pedestal Dimension
This option will only be enabled if any support position is selected.

Clicking on the menu item will open a dialog box which will allow
user to set column or pedestal dimension.

Set Column Dimension

[ Cansider Pedestal
Caluran Type
%) Rlectangular O Cireular

Unit: Iin v
Column Depth |12 |

Cohumn Width |12 |

[ﬂ OK J [ﬂ Canc:eIJ

You can specify whether the column is rectangular or circular and
input column dimension. If you want to add a pedestal, click on the
option called “Consider Pedestal”. It will change the input from
column type to pedestal type. For pedestal in addition to the plan
dimension you can specify pedestal height.

Rectangular Mat Wizard
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This option provides a simple wizard to create mat foundation job.
Using this option you can create a job, define boundary, mesh it
and define analysis properties.

Mat Foundation modeling wizard B

S]M]lfoundatiou Mat Foundation modeling wizard

Job setup Boundary setup
Job name: || | # coordinate at Top left comer: |U |
L — =}
Length Unit: ;rin v | Z coordinate at Top left comer: |0 |
Ciefault urit Type: !_ETrlghsh \:| Length ED | ot 21)

. . s | — =
Design code: ; | widts |0 | g
Suppart assigned: |1 supports ¥ : |

- W Lewel: |D | Lengih
teshing Slab Property

Meshing wpe: Eﬂuadrilate v Analysis thickness: |12 |

Element size: | 12 | Design thickness: [12 |

The following commands are available to create rectangular mat
foundation.

Job name
It’s an identifier to assign each job a unique name.
Length Unit

Length unit will be used to define mat boundary and to assign slab
thickness.

Default Unit Type
Default unit type to be used to setup design parameters.

Design Code
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Concrete design code. Program currently supports ACI, BS 8110
and IS 456 codes.

Support assignment

Select the supports to be assigned to the new mat job. You have the
option to include all supports or selected supports only.

Boundary Setup

As it’s a rectangular mat foundation we just need to define top left
corner and then specify Length and Width values of the boundary.
The slab will always be in XZ plane. Specify Y level of the slab
too.

Meshing

Select mesh generation technique to be used. Program can generate
either quadrilateral shaped plate element or triangular shaped plate
element. As it is a rectangular mat quadrilateral shape will be more
commonly used. However, if the mat is supported on pile or the mat
has line loads, then triangular meshing is recommended.

Slab Property
Define both analysis and design thickness of the slab. Define soil
subgrade modulus. Please note, the wizard will create the soil
property of the slab but will not assign automatically.

Create

Click on create button to generate a rectangular mat foundation job.
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4.10.1.8 Loading Toolbar

T4 bld X

Loading toolbar allows you to add selfweight and other physical
load items like circular load, quadrilateral load etc. to the current
load case

Loading toolbar has following icons

e Add Self weight

e Add Circular Pressure Load

e Add Quadrilateral Pressure Load
e Add Point load on space

e Add column reaction load

e Add line load

Add Self Weight

This option allows user to add self weight to the selected or all load
cases. This self weight definition is only applicable for Mat
foundation as program will not add self weight of the mat slab by
default. For other types of footing like isolated or combined footing
program automatically adds self weight for all service load cases.
Clicking on this button will open a dialog box where all load cases
in the project will be listed. Check Include check box to include
self weight to a load case. At the bottom of the dialog box there is a
control to check on/off all load cases. Click on OK to
assign/unassign self weight.
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Add Self Weight
SZE%AD.faundation Add Selfweight
mf,\ m‘ o T ‘

[T [1.40L = 1,7LL)
=8 |.75(1.4DL = 1.7LL + 1.7WL)

Select All
Ok, [ Cancel

Add Circular Pressure Load

This option allows user to add a circular pressure load to the
current load case. Please note, circular pressure is applicable only
to mat foundation. To create the circular pressure load click on any
grid intersection point and that will become the center of the circle
and then drag the mouse to the desired circular radius and release
the mouse on a grid intersection node. The distance between the
first point and second point is the radius of the circle. If the mouse
cursor is not released on a grid intersection point load will not be
created. After successful mouse release on a grid intersection point
a dialog box will appear where you can input pressure and modify
center and radius values.
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STAAD. foundation add circuir Load

Pressure Lnit Lenath Unit: I_i_n _\:|
Pressure: LCenter |9EI

R adius: Cernter " |_D:I
Divizior:

Center Z: | éﬁ_

[B Cancel ]

Add Quadrilateral Pressure Load

This option allows user to add a quadrilateral pressure load to the
current load case. Please note, quadrilateral pressure is applicable
only to mat foundation. To create the quadrilateral pressure load
click on any grid intersection point and that will become the top
left corner of the rectangle. Draw the rubber band and release the
mouse cursor on a grid intersection point which will be bottom
right corner of the rectangle. A dialog box will appear which will
allow you to input pressure and modify coordinates.

|

Add Rectangular Pressure Load

Mfﬂu ndﬂtian Add Quad Loading

Force Unit: :_k-SI v.-| Length Unit |Tn vi
Force: GE” . " Position: lD .
%1 i'ﬂﬂ ' Z1: ‘L|

sz |70 | 72 |70 |

%3 E?D ! = || |

Ky |0 ' 24 0|

(& ok | (@ Cancel |
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Add Point Load on Space

This option allows user to create a point load on space. This option
is available only for mat foundation. Click on any grid intersection
point and the program will add a point load at that point. After
clicking on a grid intersection point a dialog box appears which
will allow user to input load values for all six degrees of freedom.

Add Point Load

Mfﬂuﬂddﬂﬂﬂ Add Point Load

Farce Position
—_
Force Unit: ki) L¥3 |

Mament Lnit:

kip-in w |
Force along < 0 % Coordinate: |10 |
Y Coordinate: |0 |

Z Coordinate: |-60 |

Length Unit: |"‘_1 ™

Force along 'v: |rD |
Force dong 2, | |
Maoment about #; |r|j |

Moment about v ;IJ

ST

Moment sbout Z: |0 | 8 oK

Add Column reaction load

This option allows user to add a reaction load to a support position.
After clicking on this icon click on any support node and a dialog
box will appear allowing you to input load values. Input load values
and click on OK program will create the reaction load and assign to
the selected support.
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foundatian Add Reaction Loadin

Force Load values
; : Farce along = 1]
Farce Unit; F:.i ] “

Marment unit: @

Faorce along ' ]
Force along i
Moment about=: |0

Moment about ;|

[9 oK I [9 Cancel‘ foment about Z: |

i

Add Line load

This option allows user to add a line load on mat slab. This option
is only useful for mat foundation. Click on any grid intersection
point and that point will become the first point of the line. Drag
mouse cursor and click on second grid intersection point a dialog
box will appear allowing you to input load value and modify
coordinates.

Add Line Load 3

mfﬂundanqn Add Line Loading

Farce Unit;

Length Unit: {jn >

Force: |-'1 ' Position; i_ i

xi: |40 zi [0 ]
xz |10 z2 [0 |

(@ ok | (@ Canc.el]
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4.10.1.9 View options Toolbar

4-237

This option allows you to control graphics display by switching on/
off certain options. It also has options to change color of certain

entities.

The following commands are available

| Modelin g View Options

Support
Show Supports
Piles
Show Files
Loading
Show Load Arows
| [ 5how Load Yalues

Beams

Show Phyzical Beams

= Draw Line Diagram
Plates

Show Flates

(%) Draw 2D Plates

[]5how Plate Mumbers
Meshed Nodes

[ 5how Modes
[ 5how Nade Murmbers

Show Boundary and Holes

Show Support Mumbers

Show Pile Mumbers

) Diraw 30 diagram

) Draw 30 Plates

Show Support

Switch on to view supports in the graphics
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Show Support Numbers

This option is used to display support numbers. Support numbers
will not be displayed if Show Supports option is switched off.

Show Piles

This option is used to switch on/off display of piles in graphics
area.

Show Pile Numbers

This option is used to display pile numbers. Pile numbers will not
be displayed if Show Piles option is switched off.

Show Load Arrows

This option is used to display load arrows. The color picker control
next to it allows user to select a suitable color to draw load arrows.

Show Load Values

This option is used to display load values next to the load arrows.
Show Physical Beams
This option is used to display physical beams if present in the
project. The color picker control next to it allows user to select a
suitable color to draw physical beams.
Draw Line/3D diagram

Select this option to draw physical beam as a line or as a solid
surface. Beam property will be used to draw the rectangular beam

shape.

Show Plates
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This option is used to display plate elements if present in current
job. The color picker control next to it allows user to select a
suitable color to draw meshed plates.

Draw 2D/3D Plates

This option gives user a choice to display plates as 2d surface or a
solid 3d diagram.

Show Plate Numbers

This option is used to display plate numbers at the center of each
plate. This option won’t display plate numbers if Show Plates is
switched off.

Show Nodes

This option is used to display plate nodes as blobs. This option is
switched off by default. The color picker control next to it allows
user to choose a suitable color to draw plate nodes.

Show Node Numbers

This option is used to display node numbers next to the plates
nodes. This option won’t display node numbers if Show Nodes is
switched off.

Show Boundary and Holes

This option is used to display boundary and holes created for mat
foundation.
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4.10.1.10 Scale Setup Toolbar

The Scales page allows you to control the scale at which
displacements, loads, and drawing entities like footings and piles
are displayed on the model. If the structure’s loads or deformed
shape are not clearly visible in the Graphics Window when the
options to display them are turned on, you may need to change the
scaling values.

The following commands are available

Scale setup -

Result Scales

Displacement : | 0.033 El

Loading Scales

Paint Load : ]

Paint Moment : 100
Distributed Load ;{100
Pressure Load : a0

Modeling Scales
Footing Wfidth 100

LD D] L] D] (DD

Pile Length 100

58t As Defaul

e Results Scales
e Loading Scales
® Modeling Scales
e Set As Default

Results Scales
This group allows you to change the displacement scale of a mat
foundation. Displacement diagram is only available for mat
foundation after a successful analysis.

RangaRakes tamilnavarasam.com



RangaRakes

Section 4 — STAAD.foundation Graphical Environment

Note: You should decrease the scaling value to increase the
amount of deflection or loading shown on the diagram. Why do
you decrease the parameter value to increase the apparent size?
The values in the dialog box represent the actual displacement
or loading per unit distance on the graphic diagram. Therefore,
if you reduce the amount of actual structural deflection
required to display a unit distance of deflection on the diagram,
you will see a larger apparent displacement on the diagram.

Loading Scales

This group allows you to change the display of load arrows.
Concentrated force and moment for a point load has different
scaling options. Distributed load scale is applicable to line load on
mat and beam loads. Pressure load scale is applicable to
quadrilateral and circular pressure load.

Modeling Scales

This group allows you to change the display size of supports and
piles. Drawings of footing size are not scaled as the sizes are not
known, so sometimes those entities may seem too big or small.
Changing the scale user can control the sizes of those drawings.

Set As Default
This option allows user to save the current scale setup for later use,

so user don’t need to change the scale each time a project is
opened.
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4.10.1.11 Unit Setup Toolbar

The Set Output Unit command opens a dialog box that allows you
to set output units.

Unit setup E]

Mfﬂu nd'ﬂtiﬁ M Unit Setup

Length Unit: | in W

Farce Lt !_k_lp “

Moment Llnit: | kip-in v

Reinfacing bar Lnit: ||n ) w
Reinfocement spacing Lnit: |ﬁ\

@ ok ] (@ concel |

The following output units can be set:

e Length Unit

e Force Unit

® Moment Unit

e Reinforcing Bar Diameter
e Reinforcing Bar Spacing

Length Unit

Length unit is used in all tables and pages as appropriate. Column
position, column dimension, pile position, slab thickness are some
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of the pages where length units are used. Forms for loading etc.,
output tables and calculation sheet also uses length unit.

Force Unit

Force unit is used for all input and output related force. Pressure
unit is determined combining length and force unit.

Moment unit
Moment unit is primarily used for loading input and output.
Reinforcing Bar Diameter

This unit is used in output table and calculation sheet to report

reinforcing bar diameter.
Reinforcing Bar Spacing

This unit is used in output table and calculation sheet to report
required and provided reinforcing bar spacing.
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Help Toolbar

About

I

The Help Toolbar allows you to obtain information about
STAAD.foundation.

The Help Toolbar contains the following toolbar icon:

e About

About

The About icon opens a dialog box containing information on the
version of STAAD.foundation you’re currently running. The
information in the dialog box includes product name, release
number and build number. In addition, the physical address, web
address and phone numbers for the Research Engineers
International is displayed.
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About StaadFoundation %
* StaadFoundation Yerzion 4.0 F’-
Build : 1.0 =1 m

Copyright @ 2007 Research Engineers |nternational

Fezearch Engineers International Headquarters

[ & Bentley Solutions Center

22700 Savi Ranch Pl

rorba Linda, C& 92887-4603

Phone: [714] 374-2500

Fax:  [714]974-4771

e-mail  support@bentley. com

weh: httpeddwes bentley. com./Staad foundation

Rezearch Engineers, Intl.. & Bentlep Solutions Center [hitp: AAwww, bentley. com)

fittp e bentley comyStaad foundation
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Rotate Toolbar

View From Top Rotate Down
Right Side Wiew o Rnta‘te Right
Front View _| lsometric View Spln Right

m®@®@@@@|lﬁfb o
BacklﬁewJ |_ |— plnLef’t
o ate L

Left Side 'Uiew

View From Bottom

The Rotate Toolbar contains two sets of icons: view and rotate. The
view icons allow you to change the viewing angle in the main view
pane with respect to the global axis system. The rotate icons allow
you to rotate the foundation about the origin.

The Rotate Toolbar contains the following toolbar icons:

e Front View

e Back View

e Right Side View
e Left Side View
e View From Top
e View from Bottom
e [sometric View
e Rotate Up

e Rotate Down

e Rotate Left

e Rotate Right

e Spin Left

e Spin Right

tamilnavarasam.com



RangaRakes

Section 4 — STAAD.foundation Graphical Environment

Front View

The Front View icon allows you to display a foundation as seen
from the front. When the global Y-axis is vertical, this is the
elevation view, as looking towards the negative direction of the Z-
axis.

Back View

The Back View icon allows you to display a foundation as seen
from the back. When the global Y-axis is vertical, this is the
elevation view, as seen looking towards the positive direction of the
Z-axis.

Right Side View

The Right Side View icon allows you to display a foundation as
seen from the right side. When the global Y-axis is vertical, this is
the side elevation view, as seen looking towards the negative
direction of the X-axis.

Left Side View

The Left Side View icon allows you to display a foundation as seen
from the left side. When the global Y-axis is vertical, this is the
side elevation view, as seen looking towards the positive direction
of the X-axis.

View From Top

The View From Top icon allows you to display a foundation as seen
from the top looking down. When the global Y-axis is vertical, this
is the plan view, as seen from the sky looking down.
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View From Bottom

The View From Bottom icon allows you to display a foundation as
seen from the bottom looking up towards the sky.

Isometric

The Isometric icon allows you to display a foundation in an
isometric view. The angle that defines the isometric view is
generally X =30, Y =30, and Z = 0.

Rotate Up

The Rotate Up icon allows you to rotate the view of a structure
about the global X-axis, in the direction indicated by the circular
arrow in the icon.

Rotate Down

The Rotate Down icon allows you to rotate the view of a structure
about the global X-axis, in the direction indicated by the circular
arrow in the icon.

Rotate Left

The Rotate Left icon allows you to rotate the view of a structure
about the global Y-axis, in the direction indicated by the circular
arrow in the icon.

Rotate Right

The Rotate Right icon allows you to rotate the view of a structure
about the global Y-axis, in the direction indicated by the circular
arrow in the icon.
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Spin Left

The Spin Left icon allows you to spin the view of a structure about
the global Z-axis, in the direction indicated by the circular arrow in
the icon.

Spin Right

The Spin Right icon allows you to spin the view of a structure about
the global Z-axis, in the direction indicated by the circular arrow in
the icon.
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4.10.4 Zoom Toolbar

Zoom Window

Zoom In —! I !— Pan
EEXEY:

Zoom Out Zoom All

The Zoom Toolbar allows you to alter the viewing distance of the
objects in the Graphics Window.

The Zoom Toolbar contains the following toolbar icons:
e Zoom In
e Zoom Out
e Zoom Window

e Zoom All
e Pan

Zoom In

The Zoom In icon allows you to move in closer to the objects in the
Graphics Window.

Zoom Out

The Zoom Out icon allows you to move farther away from the
objects in the Graphics Window.
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Zoom Window

The Zoom Window icon allows you to create a selection around an
area in the Graphics Window that you would like zoom in on. The
area that is selected will occupy the entire Graphics Window.

Zoom All

The Zoom All icon allows you to return to the viewing distance in
which all objects in the Graphics Window are visible.

Pan

The Pan icon allows you to move the objects in the Graphics
Window up, down, left or right with your mouse cursor.
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4.10.5 Select Toolbar

74 o B i Do MO b B R 2 O

The Select Toolbar has several different cursors that allow you to
only select certain objects in a model with your mouse cursor.

The Select Toolbar contains the following toolbar icons:

e Add Beam

e Select Meshed Nodes Cursor

e Select Plates Cursor

e Select Physical Member Cursor

e Select Pile Cursor

e Select Mat Boundary cursor

e Create a Column Position Clicking On Grid Intersection
Point

e Create a Pile Position Clicking On Grid Intersection Point

Add Beam

The Add Beam Cursor icon allows you to add physical beams
graphically. Select this cursor and then click on two support nodes
to create a beam between those two nodes.

Select Meshed Nodes Cursor

The Select Meshed Nodes Cursor icon allows you to select only
mesh nodes with your mouse cursor, causing all other objects to be
ignored.

Select Plates Cursor
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The Select Plates Cursor icon allows you to select only plates with
your mouse cursor, causing all other objects to be ignored.

Select Physical Member Cursor

The Select Physical Member Cursor icon allows you to select only
physical members with your mouse cursor, causing all other objects
to be ignored.

Select Pile Cursor

The Select Pile Cursor icon allows you to select only piles with
your mouse cursor, causing all other objects to be ignored.

Select Mat Boundary Cursor

The Select Mat Boundary Cursor icon allows you to select only mat
boundary with your mouse cursor, causing all other objects to be
ignored.

Create a Column Position Clicking On Grid
Intersection Point

The Create a Column Position Clicking on Grid Intersection Point
icon allows you to place column positions on grid intersection
points using your mouse cursor. A grid is created using the Grid
Setup page under the Foundation Plan group.

Create a Pile Position Clicking On Grid Intersection
Point

4-253

tamilnavarasam.com



STAAD.foundation — User’s Manual

4-254 |Section 4 — STAAD.foundation Graphical Environment

The Create a Pile Position Clicking on Grid Intersection Point
icon allows you to place pile positions on grid intersection points
using your mouse cursor. A grid is created using the Grid Setup
page under the Foundation Plan group.
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Plant Foundations

Section H

This section includes discussion on the following topics:
e Introduction

e Vertical Vessel Foundation
e Heat Exchanger Foundation
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5.1

Introduction

This section provides an overview of two new modules added in
STAAD.foundation 4.0. These modules are added keeping in mind
the necessities of the fast growing plant industry. Theses two
modules are Vertical Vessel Foundation and Heat Exchanger
Foundation.

These are completely wizard driven modules. Wizard will guide the
user to easily create the foundation step by step. You will finish up
a job just simply clicking on “Next” button from the wizard and
putting some input values. However you can directly jump to any
page using a tree control on the left side of the wizard pane.
Following picture shows the tree control.

Plant Foundation
¥essel Footing

Geametry
Primary lnad cases
Tirme Period
Wind Load Generation
Seismic Load generation
Load Cormbination
Design Parameters
Foundation Type
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5.1.1 Creating a New Plant Setup Job

Go to the Start Page of STAAD .foundation 4.0. Choose “Plant

Foundation”.

STAAD. foundatior:

Create New Project

General Foundation

Help == . ..
— N | Plant Foundation

Tutorial
bs. 3 Open Existing Project |

Examples —

roced
f A

1

This will crate the GUI for plant setup. In the left side of the
window there will be a tree control in the “Main Navigator” pane

as the following figure shows.

Main Mavigakor
4 | sTAAD.foundation Member
41 Project Info
| = @eneral Information
¢ Review Histary
| = Create New Vessel Foundation
| = Create New Heat Exchanger Foundakion

5-3
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Here you will see two leafs for “Vertical Vessel Foundation” and
“Heat Exchanger Foundation”. Click on one which you want to
use. You can create many vessels as well as heat exchangers as you
wish. The created jobs will be listed in the tree view as follows.

Main Mavigatar o X
4 | STAAD.foundation Member
4-.= Project Info
= General Information
L7 Review History
= Create Mew Vessel Foundation
.= Create Mew Heat Exchanger Foundation
4 -, Edit ¥essel Footing
4 -1 Wertical Vessel Fooking @ 1
(5= Edit
| = Delete
¢ Design
4 -\, Edit Heat Exchanger Footing
417 Heat Exchanger Fooking @ 1
(5= Edit
| = Delete
¢ Design

Later you can edit or delete any of them just clicking on “Edit” &
“Delete” in the tree leaf. And on clicking on “Design” it will
design the corresponding foundation.
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5.2 Vertical Vessel Foundation

Three types of foundation are allowed to design for vertical vessel.
They are octagonal footing on soil, square pile cap and octagonal
pile cap. The following articles describe all the pages of the wizard
for vertical vessel.

RangaRakes tamilnavarasam.com



STAAD.foundation — User’s Manual

5-6 |Section 4 — STAAD .foundation Graphical Environment

5.2.1 Geometry Page

This is the first page of the wizard where you have to input all the
relevant geometrical data. Following picture shows the
corresponding page.

urit [ -

Overburden and Buovancy
Diepth to Water Table (D) |0 Soil Depth (Ts) |5
Fooking Geamekry
Diameter (DFY: Minimum | 20 Maximum |22

Height (TF): Mirimurn | 2+5 Maximum |22
Pedestal Geometry

Diameter (Dp) |8 Thickness (Tp) 3.5

Yessel Geometry

Effective Diameter {Dve) |12 Effective Height (Hve) |77.22

As you can see that a picture placed right to the page shows the
diagrammatic view of the corresponding dimensions.

Unit

Unit of length for all the input in this page only.
Overburden and Buoyancy

Depth of Water Table(Dw)

Depth of the water tables measured from the ground level.

Soil Depth(Ts)

Depth of soil above the foundation measured from the top face of
the footing base.
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Footing Geometry

Diameter (Df)
Enter the minimum diameter which will be used in starting the

design and will be checked up to the maximum value until the
design reaches the safety limit.

Height (Tf)

Enter the minimum height which will be used in starting the design
and will be checked up to the maximum value until the design
reaches the safety limit.

Pedestal Geometry

Diameter (Dp)

Diameter of the pedestal.

Thickness (Tp)

Thickness of the pedestal.
Vessel Geometry

Effective Diameter (Dve)

The effective diameter is the diameter that will be used to calculate
the wind pressure on the vessel.

Effective Height (Hve)

The effective height is the effective height of the vessel that will be
used to calculate the wind pressure and the seismic effect on the
vessel.
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5.2.2 Primary Load Page

Here you have to input the primary loads other than wind load and
seismic load.

Lnit:
Yertical |kip v Base Shear |kip v Base Moment |kip-ft ¥
Standard Loads
Vertical Base Shear Base Mament
Empty Condition 145.016 0 0
Operating Condition 152,911 0 0
Test Candition 0 ] 0
User Defined Load
Case Description Vertical ‘ Base Shear |Base Moment|
1 0.0000 0.0000 0.0000
2
Unit

Select the input unit for vertical force, base shear and base moment
for this page only.

Standard Loads

For vertical vessel the standard loaded conditions are Empty
condition, Operating condition & Test condition. You may input all
the three kind of forces for three kinds of conditions. They are
vertical force, base shear and base moment.

User Defined Load

You can also input those kinds of load as User Defined Load.
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Time Period Page

Inputs in this page are basically required for wind load and seismic
load calculation according to ASCE 7-05. You can manually enter
the value of the Fundamental time period of the vessel or you can
use the software to calculate it for you.

The time period is calculated using Von Miss Theorem as described
below,

ot Lz

100 > EDi?’tiAYi

Where,

H = Overall height in feet,

D = Diameter of each section in feet,

w = Distributed weight per foot of each section,

W = Weight of each concentrated mass,

t = Shell thickness of each section in inches,

E = Modulus of elasticity for each section in millions of psi,

o,B and y = Are coefficient for a given level depending on hy/H(the
ratio of height of the level above grade to the overall height).

Ao and Ay are the difference in the values of & and 7y,from the top
to the bottom of each section of uniform weight, diameter and
thickness. B is determined for each concentrated mass.

Now let us describe the input required in the Time Period Page.
The following picture shows the corresponding page.

5-9

tamilnavarasam.com



RangaRakes

5-10

STAAD.foundation — User’s Manual

Section 4 — STAAD.foundation Graphical Environment

[CJFundamental Period (T3 ¢

Long Transition Period (TL3 ¢ |0

Length |Ft v ForcefLength | kipsift v Farce | kip w
Distributed Mass : Concentrated Mass :
w“"g't‘ltl"-e“g Height(Top} | Height{Bot) ‘ Diameter | Thickness | | Weight ‘ Height ‘ *
1 |1632.0387 75.2000 BE.5000 54380 05208 A 12000000 772200
2 |1453.2966 66.5000 55.2000 45000 01308 2 |1200.0000 59,0000
d |d2337E49 55.2000 41,5000 4.5000 0.1303 3 |1200.0000 50,5000
4 |1972E208 41.5000 33.2000 4.5000 0.1303 4 |7000.0000 50,5000
5 [2238.0009 33.2000 §.2000 4.5000 01303 5 [1200.0000 S0.5000
6 [1182.0565 §.2000 0.0000 4.5000 01303 6 [1200.0000 285000
T 0 |2500.0000 14 5000
| 8 |1200.0000 §.0000
4 9
A [ an [

Fundamental Period (T)

[ B Calculate Time Period

If you want to input the value of the Fundamental Period manually
then check the check box. The edit box right next to it will be
active and you can enter the value. If you want a calculated value
provided by the software then leave it unchecked and the edit box
will be transformed into a read-only state. Now after giving all the
necessary value if you click on “Calculate Time Period” button
then the calculated value will be shown in the edit box.

Long Transition Period (TL)

Long-period transition period (s) determined in Section 11.4.5

Unit

Units for length, uniformly distributed load and force.

Distributed Mass

In this table put the distributed mass properties of the vessel. Inputs
for diameter and thickness is not required if the fundamental period
is entered manually. The other inputs are required for calculation of

seismic load.
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Concentrated Mass

These are the lumped masses attached to the vessel such as ladder,
platform etc.
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5.2.4 Wind Load Generation Page

Inputs for wind load can be given in two ways. You can directly
input the shear force & moment values with choosing the proper
unit or you can use the software to calculate those values using
ASCE 7-2005.

To input the load directly choose “User defined Wind Load” radio
button in the wind load page as below and give the value of shear
force with choosing units from the combo box right to it.

() User defined Wind Load
Shear Value |0 kip v
Moment Yalue |0 kip-in A
() Caloulated wind Load

kd = ‘Wind Diretional Factor in Section &.5.4.4 and determind from Table €.6.

Kz = Velocity Pressure Exposure Coefficientn defined in Section 6.5.6.4 and
determined from Table £.5.

Kzt = Topographic Factor defined in Section 6.5.7.2 and determined From
Figure 6.2,

I =Importance Factor defined in Section 6.5.5 and determined from
Table 6.1,

G = Gust Effect Fackar

CF = Met Force Coefficient according to Te-10.

Otherwise choose “Calculated Wind Load” radio button which will
activate the required input fields as shown below. All the inputs are
described with mentioning the section and table number of the
code.
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() User defined Wwind Load

(%) Caleulated wind Load

DESIGN WIND PRESSURE (P = 0.00256 * Kd * Kz * Kzt ¥ w2 ¥ T* G * Cf; psf)

Wind Speed |0 mph kd = Wind Diretional Factor in Section 6.5.4.4 and determind From Table 6.6,
Kd |0 Table 6.6 Kz = Welocity Pressure Exposure Coefficientn defined in Section 6.5.6.4 and
dekermined from Table 6.5,
Kzfor |ExpB w| Casel |w
Kt |0 Kzt = Topographic Factor defined in Section 6.5.7.2 and determined From
Figure 6.2,
1|0 Table 6.1 I =Importance Factor defined in Section 6.5.5 and determined fram
L
|0 G = Gust Effect Factor
cf |1 Cf = Met Force Coefficient according ta Té-10,
Wind Speed

You need to input the wind speed provided in the code in miles per
hour unit.

(Wind Directional Factor (Kd)

Click on the button “Table 6.6”. This will show a table as below,

Tarks

Souare 0.90
Hexagonal 0.95
Round 0.95

2] O, | [ ® Cancel

Choose any value of them and click “OK” to use it. Else you can
give your own value except those values.

Velocity Pressure Exposure Coefficient (Kz)
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This is described in section 6.5.6.4 & Table 6.5. Choose the
required combination of combo boxes for them.

Topographic Factor (Kzt)

This is defined in section 6.5.7.2 & determined from figure 6.2.

Importance Factor (I)

Importance is defined in section 6.5.5 & determined from figure
6.1. You can choose the value from a table like “Kd” or input your
own value.

Catagary 4 = 85-100 mph |v = 100 mph
I 0.57 0.77
I 1.00 1.00
11 1.15 1.15
I 1.15 1.15

| 3 ' | [ B Cancel

Gust Effect Factor (G)

This is the Gust Effect Factor and it is user defined.

Net Force Coefficient (Cf)

Value of “Cf” according to table T6-10.

tamilnavarasam.com



Section 4 — STAAD.foundation Graphical Environment | §.15
5.2.5 Seismic Load Generation Page

Inputs for seismic load can be given in two ways, same as for wind
load. You can directly input the shear force & moment values with
choosing the proper unit or you can use the software to calculate
those values using ASCE 7-2005.

Check the “Directly Input Seismic Load” check box to use your
own calculated value for shear force and moment.

Directly Input Seismic Load Sesimic Ground Motion Yaluss
Shear Walue @ |0
Unit | kip hd
Mornent Yalue @ |0
Uit ;| kip-in hd

Seismic Response Coefficient Parameters

Else uncheck the above said check box to use the software to
calculate the values for you. Again that can be done in two ways.
You can select US Zip code to get the parametric values or else you
can provide their values from your own knowledge.
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[oirectly Input Seismic Load Sesimic Ground Mation Yalles
() Select using Zip Code (%) Enter Yalus Manually
s1: |0 q
s5: [0 9
Site Class : | g |
Seismic Response Cosfficient Parameters
Fesponse Modification Factar (R) | 2 = ocupancy Importance Factor (T | 1,00 =

Select using Zip Code

Choose “Select using Zip Code”. This will populate the “Select
Zip” combo box and then choosing any one of them will fill up the
other input boxes. Only you need to choose the Site Class from the
Site Class combo box. It will also show the corresponding City,
Latitude and Longitude for that Zip Code
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Sesimic Ground Motion Yalues

() Select using Zip Code () Enter Yalue Manually

Select Zip . 00501 »

00501 PN
City : (00544 | :
00601 Sike Class @ | a w
00602
00603
Q0504
Q0a03
Q0a08
ao&10
ao&11
o0&l
00613
| ggg}g arkance Factor () 1,00 |
00617
Q0az2
00623

B < Previous | (00624 :J 8 Cancel

nnea?

Latitude

Longitude :

Enter Value Manually

Choose “Enter Value Manually” to enter the value of S/ and Ss
with your own choice.

Site Class

Value of Fa & Fv depends on choice of Site Class. But you can use
your own value for them on choosing Site Class as ‘F’.

Response Modification Factor (R)

The default value for this field is 2 or 3. But the input control for
this value is not a read-only combo box, so use can enter your own
desired value.

Occupancy Importance Factor (I)

5-17
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The default value for this field is 1, 1.25 and 1.5. But the input
control for this value is not a read-only combo box, so use can enter
your own desired value.
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5.2.6 Load Combination Page

Two types of load combinations are used here. They are “Allowable
Load Combination” and “Ultimate Load Combination”. You can
create any number of load combination and can save it using an INI
file. This file exits in the program installation directory as
“ACILOAD.INI”. This saved load combination will be application
specific i.e. they are independent of file saving. Following figure
shows the load combination page.

Allowable Load Combination : [ B |Update Tablz ] [ 6 Delete]
Mot Empty |Operating] Wind ‘ e Test User1Loa(I UserzLoa(I UsersLoa(I User4Loa(I Use| ~
1 1.00 0.0a 1.00 0.0 0.00 0.00 0.00 0.00 0.0a 0.0o

2 1.00 0.0a 0.0o 1.00 0.00 0.00 0.00 0.00 0.0a 0.0o

3 0.00 1.00 1.00 0.0 0.00 0.00 0.00 0.00 0.0a 0.0o

4 0.00 1.00 0.0o 1.00 0.00 0.00 0.00 0.00 0.0a 000,
< »

Ultimate Load Combination : [ O Update Table ] [ (] Delete]
N ‘ Empty |Operating|  Wind ‘ e | T ‘User1LoatI UserzLoatI UsersLoatI User4Loa(I Usel»
1 090 0oa 1.30 0.ao 0.00 0.00 0.00 000 0oa 0.00

2 090 0oa 0.00 1.00 0.00 0.00 0.00 000 0oa 0.00

3 000 120 1.30 0.ao 0.00 0.00 0.00 000 0oa 0.00

4 000 120 0.00 1.00 0.00 0.00 0.00 000 0oa 000,
L4 »

The first column indicates the index of the load combination. The
second row has a check. Check on the check boxes of the
combination which you want to use. The cell with zero values
appears in gray color where as with values other than zero it
appears in sky color.

Update Table

Initially the page shows all the load combination saved in the INI
file. You can add new load combination simply by adding factors in
the last row. Check on the check box in the second row to use the
load combination. If you save a file with those load combination
then the load combination will be only saved to that file but not in
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INI file. To save the load combination in the INI file you need to
click on “Update Table”. You can also manually change the INI
file.

Delete
To delete a load combination, select a row and then click on
“Delete” to delete any particular load combination from the list.

But to delete any combination from the INI file you need to click
on “Update Table” after clicking on “Delete”.
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Design Parameter Page

Design parameter is grouped under three categories. They are
Material Density, Bearing and Stability and Concrete Design
Parameters

Material Density

‘Water Density 624 Ibyfez + | Concrete Density |0

Consider Buoyancy Soil Density |0

Bearing and Stabilicy
Allowable Bearing Pressure |0 kip/ft2 “ Mirimun Stability Ratio

Concreke Design Parameters

Bar Type | Imperial v Caver |0
Fo |0 ksi W Fy |0
Mirirum Bar Dia | 3 v Maximum Bar Dia

Water Density

Density of water with unit to use for Buoyancy Check. To check for

buoyancy you need to check on the check box “Consider
Buoyancy”.

Concrete Density

Density of concrete with proper unit.
Soil Density
Density of soil with proper unit.

Allowable Bearing Pressure

Value of allowable bearing pressure used for design.

Ibft3

Ik P

1.5

3
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Minimum Stability ratio

Value of minimum stability ratio used for design.
Bar Type

Types of bar used for the design e.g. Imperial or Metric.
Cover

Value of clear cover with proper unit.

Fc

Strength of concrete.

Fy

Strength of steel.

Minimum Bar Dia

Minimum diameter of bar to use for design.

Maximum Bar Dia

Maximum diameter of bar to use for design.
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5.2.8 Foundation Type Page

As discussed earlier you have three options for foundation type.
They are octagonal footing on soil, square pile cap and octagonal
pile cap. For the first one i.e. octagonal footing on soil you have to
use soil foundation as shown below.

Foundation Type
(%) 50il Foundation () Pilecap Foundation
I Row
Lnit o Spacing
Farce Length
File: Daka
Lakeral
LIplift Mumber of Rows
Wertical
Row Spacing
Dia
Edge Murnbet of Columns
Pile in Pilecap Column Spacing

5-23
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RangaRakes

5.2.9

Finish and Design

Now click on “Finish”. You will see a Vessel job is added to the
tree view in the left side “Main Navigator” pane. Now click on
“Design”. The design progress can be seen in the “Output Window”
situated below. And a detailed calculation sheet will come in the
“Calculation Sheet” tab.
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5.3 Heat Exchanger Foundation

Two types of Heat Exchanger are allowed to design. They are

Stacked Exchanger and Single Exchanger.
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5.3.1

Exchanger Geometry Page

This is the first page of the wizard where you have to input all the

relevant geometrical data for the Heat Exchanger. Following

picture shows the corresponding page. Clicking on any input fields
creates a description of the corresponding field below the diagram.

1nik

—

Heat Exchanger (L)

|pper Exchanger Diameter (UD)

iD_“_i Lower Exchanger Diameter (LD)

Height from Pier top to Upper Exchanger (H)

(") stacked Exchanger
(%) gingle Exchanger Soil Depth (30}
L = Length of Exchanger Height of Pier top From Base (B)

Spacing of Exchangers (3)

in
370
55
55
110
B0
125

75

As you can see that a picture placed left to the page shows the

diagrammatic view of the corresponding dimensions.

Unit

Unit of length for all the input in this page only.

Stacked Exchanger

Click the Stacked Exchanger radio button to use one. The picture

above shows it.
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(%) Stacked Exchanger

) Single Exchanger

Single Exchanger

Click the Stacked Exchanger radio button to use one. The picture
above shows it.

) stacked Exchanger

(%) Single Exchanger

Heat Exchanger Length (L)

Length of the heat exchanger.

Upper Exchanger Diameter (UD)

Diameter of the upper exchanger in case of stacked exchanger.
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Upper Exchanger Diameter (UD)

Diameter of the upper exchanger in case of stacked exchanger. This
will be used if single exchanger is chosen.

Height from Pier Top to Upper Exchanger (H)

Height from the top of the pier to the center line of the upper
exchanger.

Soil Depth (SD)

Depth of soil.

Height of Pier Top from Base (B)

Height from the top of the pier to the base of the foundation.

Spacing of Exchanger (S)

Spacing of the central line of the exchanger in case of stacked
exchanger.
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5.3.2 Footing Geometry Page

Here you have to input the geometrical data relate to the footing.

Piet ko Pier Distance
Pier Width

Pier Length

Right Cwerhang
Left Owerhang
Width

Widkh (Max)
Thickness

Thickness (Max)

Length {Max)

Unit

Choose the length dimension unit.

Section 4 — STAAD.foundation Graphical Environment

150

20

o

42

42

132

132

24

24

264

Pier to Pier Distance

Distance of the central lines of the pier.

Pier Width

Width of the pier.

Pier length

Breadth of the pier.

Right Overhang

Init:

Fixed
Fixed

Fixed

Increament

Increament

in

Mo

Mo

Mo

1

1

5-29
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Length of the right overhang from the central line of the right pier.
Choose “Yes” from the combo box right next to it if you wish to
make it fix else “No” if you wish to allow it to increase by the
design engine.

Left Overhang

Length of the left overhang from the central line of the left pier.
Choose “Yes” from the combo box right next to it if you wish to
make it fix else “No” if you wish to allow it to increase by the
design engine.

Width
Minimum width of the footing. Choose “Yes” from the combo box

right next to it if you wish to make it fix else “No” if you wish to
allow it to increase by the design engine.

Width (Max)

The maximum width allowed up to which it will be incremented by
the design engine.

Thickness
Minimum thickness of the footing.

Thickness (Max)

The maximum thickness allowed up to which it will be incremented
by the design engine. The rate increment will have to be given on
the right “Increment” input field.

Length (Max)
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The maximum total length allowed up to which it will be

incremented by the design engine. The rate increment will have to
be given on the right “Increment” input field.
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5.3.3

Primary Load Page

Here you have to input the primary loads other than wind load and

seismic load.

il load
Force Unit

Empty Load
Operating Load

Miscellaneous Axial Load

Thermal Load

Bundle Pull Force

Load distribution %

Shell End Percent

Marnent

ki A7 Moment Uit

0
Ernpky Maomenk

0
Operating Marment

0
5 Longitudingl Miscellaneous Momenk
0 Transwerse Miscellansous Momenk
40 o Channel End Percent

kip-in v

&0 %

Here the loads are grouped into two types, Axial Load and Moment.

Axial Load

Select the unit for Axial load from the combo box. Five types of
axial forces are used for input. They are Empty Load, Operating
Load, Miscellaneous Axial Force, Thermal Load and Bundle Pull

Force.

Moment

Select the unit for Moment from the combo box. Four types of

moments are used for input. They are Empty Moment, Operating

Moment, Longitudinal Miscellaneous Moment and Transverse

Miscellaneous Moment.

Load Distribution
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Give the load distribution percentage for “Shell End” and
“Channel End”.
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5.3.4 Wind Load Generation Page

Inputs for wind load can be given in two ways. You can directly
input the shear force & moment values with choosing the proper
unit or you can use the software to calculate those values using
ASCE 7-2005.

To input the load directly choose “User defined Wind Load” radio
button in the wind load page as below and give the value of shear
force with choosing units from the combo box right next to it.

(%) User Defined Wind Load

fixial Force : Shell End |0 kip sw| 3hear:Fx |0 Fz |0 kip v
Channel End |0 Mamert : Mx |0 Mz 0 kip-in v

() Calculated Wind Load

kd = wWind Diretional Factor in Section 6.5.4.4 and dekermind from Table 6.6,

Kz = Welociy Pressure Exposure Coeffidientn defined in Section 6.5.6.4 and
determined From Table 6.5,

Kzt = Topographic Factor defined in Section 6.5.7.2 and determined Fram

Figure 6.2,

1 = Importance Factor defined in Section 6.5.5 and determined Fram
Tablz= 6.1,

G = Gust Effect Factor

Zf = Met Force Coefficient according to TE-10,

Axial Force

Give Axial Force value for both “Shell End” and “Channel End”
with proper unit.

Shear

Give the value of base shear in “X” and “Z” direction with
choosing the unit from the unit setup combo box.

Moment
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Give the value of moment in “X” and “Z” direction with choosing
the unit from the unit setup combo box.

Otherwise choose “Calculated Wind Load” radio button which will
activate the required input fields as shown below. All the inputs are
described with mentioning the section and table number of the
code.

() User Defined Wind Load

(%) Calulated Wind Load

DESIM WIND PRESSURE (P = 0.00256 * Kd * Kz * Kzt * w2 * 1+ G * f; psf)
‘Wind Speed |90 miph kd = wind Diretional Fackor in Section 6.5.4,4 and determind from Table 6.6,

kd |0.95 Tatle 6.6 Kz = Velocity Pressure Exposure Coefficientn defined in Section 6.5.6.4 and

determined from Table 6.5,

Kz for |ExpB w||Case1 |w
ket |1 Kzt = Topographic Factor defined in Section 6.5.7.2 and determined Fram
Figure 6.2,
11115 Tablz 6.1 I =Importance Factor defined in Section 6.5.5 and determined From
atest | RS
G |05 G = iGust Effect Factor
of |07z Cf = Met Force Coefficient according to Te-10,
Wind Speed

You need to input the wind speed provided in the code in miles per
hour units.

(Wind Directional Factor (Kd)

Click on the button “Table 6.6”. This will show a table as below,
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Choose any value of them and click “OK” to use it. Else you can
give your own value except those values.

Tarks
Souare 0.90
Hexagonal 0.95
Faund 0.95
2] O, | [ ® Cancel

Velocity Pressure Exposure Coefficient (Kz)

This is described in section 6.5.6.4 & Table 6.5. Choose the
required combination of combo boxes for them.

Topographic Factor (Kzt)

This is defined in section 6.5.7.2 & determined from figure 6.2.

Importance Factor (I)

Importance is defined in section 6.5.5 & determined from figure
6.1. You can choose the value from a table like “Kd” or input your

own value.
Catagory 4 = B85-100 rmph v = 100 mph
I 0.27 0.77
11 1.00 1.00
11 1.15 1.15
I 1.15 1.15

(& ok

@

Cancel
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Gust Effect Factor (G)

This is the Gust Effect Factor and it is user defined.

Net Force Coefficient (Cf)

Value of “Cf” according to the table T6-10.
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5.3.5

Seismic Load Generation Page

Inputs for seismic load can be given in two ways, same as for wind
load. You can directly input the shear force & moment values with
choosing the proper unit or you can use the software to calculate
those values using ASCE 7-2005.

Check the “Directly Input Seismic Load” check box to use your
own calculated value for shear force and moment.

| Directly Input Seismic Load
WECHY TP SEimic Lod Sesimic Ground Motion Yalues

Shear : Fx |0

Shear :Fz |0
Unit: | kip k4

Moment : Mx |0

Mament : Mz |0
brit ;| kip-in ad Fundamental Period (T)

Seismic Response Cosfficient Parameters

For direct input give the calculated value of shear and moment in
both directions with proper choice of unit.

Else uncheck the above said check box to use the software to
calculate the values for you. Again that can be done in two ways.
You can select US Zip code to get the parametric values or else you
can provide their values from your own knowledge.
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[ oirectly Input Seismic Load

Seismic Response Coefficient Parameters

Fesponse Modification Fackor (R | 3 v

Occupancy Imporkance Factor (1) | 1,25 |

Select using Zip Code

Choose “Select using Zip Code”. This will populate the “Select

Sesimic Ground Motion Yalues

() Select using Zip Code

S5

Site Class

Fundamental Period (T)
Transwerse Direckion :

Longitudinal Direckion :

Long Transition Period {TL) :

0.074

0.25

C

0,113

0.512

Zip” combo box and then choosing any one of them will fill up the
other input boxes. Only you need to choose the Site Class from the

Site Class combo box. It will also show the corresponding City,

Latitude and Longitude for that Zip Code

5-39

() Enter Yalue Manually
S1
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Sesimic Ground Motion Yalues

() Select using Zip Code () Enter Yalue Manually

Select Zip . 00501 »

00501 P
City : (00544 | :
00601 Sike Class @ | a w
00602
00603
Q0504
Q0a03
Q0a08
ao&10
ao&11
o0&l
00613
| ggg }g arkance Factor () 1,00 |
00617
Q0az2
00623 — _

B < Previous | (00624 _J 8 Cancel

Latitude

Longitude :

Enter Value Manually

Choose “Enter Value Manually” to enter the value of S/ and Ss
with your own choice.

Site Class

Value of Fa & Fv depends on choice of Site Class. But you can use
your own value for them on choosing Site Class as ‘F’.

Response Modification Factor (R)

The default value for this field is 2 or 3. But the input control for
this value is not a read-only combo box, so you can enter your own
desired value.

Occupancy Importance Factor (I)
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The default value for this field is 1, 1.25 and 1.5. But the input
control for this value is not a read-only combo box, so you can
enter your own desired value.

Fundamental Period (T)

Fundamental period in both the direction (longitudinal and
transverse) have to be provided with the Period for Long Transition
defined in section 11.4.5.
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5.3.6

Load Combination Page

Two types of load combinations are used here. They are “Allowable
Load Combination” and “Ultimate Load Combination”. You can
create any number of load combination and can save it using an INI
file. This file exits in the program installation directory as
“ACILOAD.INI”. This saved load combination will be application
specific i.e. they are independent of file saving. Following figure
shows the load combination page.

Allowable Load Combination : [ B |Update Tablz ] [ 6 Delete]

Mot Empty |Operating] Wind ‘ e Test User1Loa(I UserzLoa(I UsersLoa(I User4Loa(I Use| ~
1 1.00 0.0a 1.00 0.0 0.00 0.00 0.00 0.00 0.0a 0.0o
2 1.00 0.0a 0.0o 1.00 0.00 0.00 0.00 0.00 0.0a 0.0o
3 0.00 1.00 1.00 0.0 0.00 0.00 0.00 0.00 0.0a 0.0o
4 0.00 1.00 0.0o 1.00 0.00 0.00 0.00 0.00 0.0a 000,
< ¥
Ultimate Load Combination : [ O Update Table ] [ (] Delete]
N ‘ Empty |Operating|  Wind ‘ e | T ‘User1LoatI UserzLoatI UsersLoatI User4Loa(I Usel»
1 090 0oa 1.30 0.ao 0.00 0.00 0.00 000 0oa 0.00
2 090 0oa 0.00 1.00 0.00 0.00 0.00 000 0oa 0.00
3 000 120 1.30 0.ao 0.00 0.00 0.00 000 0oa 0.00
4 000 120 0.00 1.00 0.00 0.00 0.00 000 0oa 000,
£ >

The first column indicates the index of the load combination. The
second row has a check. Check on the check boxes of the
combination which you want to use. The cell with zero values
appears in gray color where as with values other than zero it
appears in sky color.

Update Table

Initially the page shows all the load combination saved in the INI
file. You can add new load combination simply by adding factors in
the last row. Check on the check box in the second row to use the
load combination. If you save a file with those load combination
then the load combination will be only saved to that file but not in
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INI file. To save the load combination in the INI file you need to
click on “Update Table”. You can also manually change the INI
file.

Delete
To delete a load combination, select a row and then click on
“Delete” to delete any particular load combination from the list.

But to delete any combination from the INI file you need to click
on “Update Table” after clicking on “Delete”.
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5.3.7 Design Parameter Page

Design parameter is grouped under three categories. They are
Concrete and Rebar, Cover and Soil and Sliding and Overturning.

Density Unit |lbfft3 v Length Unit |in v Stress Unit | s w
Concrete and Rebar Cover and Sail

Concrete Unit Weight | 150 Pedestal Clear Cover |2
Fo |4 Foating Bottom Cover |2

Fy |60 Soil Uit Wweight | 125
Max Bar Spacing |18 Soll Beating Capacity |4
Min Bar Spacing |2 Sail Depth |0
Max Bar Size |3 Load Surcharge |0

Min Bar Size |10 Area in Contact Percent |0 %y

Sliding and Owerkurning
Coefficient of Friction |0.5 Factor of Safety (Sliding) 1.5 Factor of Safety (Overturning) | 1.5

Unit

First give the units for three types of dimensions, density, length
and stress.

Concrete and Rebar

Concrete Unit Weight

Unit weight of concrete.
Fc

Strength of concrete.
Fy

Strength of steel.
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Minimum Bar Spacing

Minimum spacing of bar to use for design.

Maximum Bar Spacing

Maximum spacing of bar to use for design.
Minimum Bar Size
Minimum diameter of bar to use for design.

Maximum Bar Size

Maximum diameter of bar to use for design.
Cover and Soil

Pedestal Clear Cover

Clear cover for pedestal.

Footing Bottom Cover

Bottom clear cover for the footing.

Soil Unit Weight

Unit weight of soil.

Soil Bearing Capacity

Allowable Bearing Capacity of soil.

Soil Depth

Depth of soil.

5-45
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Load Surcharge
The surcharge load.

Area in Contact Percent

Percentage of area of contact between footing and soil.

Sliding and Overturning

Coefficient of Friction

Frictional coefficient used for design against sliding.

Factor of Safety

Factor Safety against sliding and overturning.
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5.3.8 Finish and Design

Now click on “Finish”. You will see a Vessel job is added to the
tree view in the left side “Main Navigator” pane. Now click on
“Design”. The design progress can be seen in the “Output Window”
situated below. And a detailed calculation sheet will come in the
“Calculation Sheet” tab.
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Indian Verification Problems

Section 6

This section includes discussion on the following topics:

e Indian Verification Problem 1
e Indian Verification Problem 2
e Indian Verification Problem 3
e Indian Verification Problem 4
e Indian Verification Problem 5
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6.1 Indian Verification Problem 1

Reference
‘Reinforced Concrete’ by A.K. Jain, Page 539, Example 18.2.
Problem

Design an isolated footing with the given data: Load Fy = 1000 KN,
fc = 15 MPa, fy = 415 MPa, Column Dimension = 400 mm X 400
mm, Bearing Capacity of Soil = 100 KN/m?, and Load Factor = 1.5.

I
|
| 600mm
| 1
I -
| ;é 3500mm
| Ef
——
400mim
I
: 1
| . |
| 3500mm |
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Solution

) . . 000, 2
Approximate area of footing required = —— m” = 10 m
10

Assuming 3.5 m x 3.5 m x 0.6 m footing dimension (I = 12.5 m*)
Weight of footing = 3.5 x 3.5 x 0.6 x 25 KN = 183.75 KN

Therefore, total load on the footing = (1000 +183.75) KN
=1183.75 KN

1183.75

3.5%3.5
= 96.633 KN/m” <100 KN/m? (Hence safe)

KN/ m?

Maximum pressure =

) 1000x1.5 ) )
Ultimate pressure = —— KN/m” = 122.45 KN/m

3.5x3.5

Bending moment at critical section,

1.55%1.55
M, =12245x3.5x —— =514.826 KN-m
2

Assuming 35 mm clear cover and 10 mm bar, effective depth
d. = (600-35-0.5 x 10) mm = 560 mm

700

Ku,max = -
1100+ 0.87 fy

=0.479
Rumax = 0.36 X fe X Ky max X (1-0.42 Ky max) = 2.066

MUjim = Ry max X B x do* = 2267.642 x 10° N-mm
=2267.642 KN-m> M, (Hence safe)
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Area of Steel Required

Area of steel required along length,

fc 4.6Mu
Ast=0.5x —Xx|1- l-———— | x B xd,
Al fexBxdexde
=2646.4 mm’

Minimum area of steel Ast,;,=0.0012 x B x D = 2520 mm?

Check for One-Way Shear

100Ast
Percentage of steel p, = =0.135

BXxde

Corresponding allowable T .=0.28 N/mm?

Vu max
Developed shear stress T.=

Bxde

35-04
Vimax = 122.45 x 3.5 x| —————=0.56 | = 424.289 KN
2

424.289x1000

Developed shear stress Ti=—""—7——
3500% 560

= 0.2165 N/mm?’ <Tc,a11 (Hence safe)
Check for Two-Way Shear
Vimax = 1500 KN

15001000

—  =0.698 N/mm>
4x960x 560

Developed shear stress T.=

K, = min (0.5+1,1) = 1
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Allowable shear stress = K, x T.=1x0.25 fc =0.968 N/mm?

Note: We are not deducting the upward force underneath the
area enclosed by the critical perimeter, because in this way we
are in the conservative side.

Spacing
2646.4x4
No. of 10 mm bar = — = 33.69 (34)
x10x10
. 3500-50%x2-10
Spacing = =102.73 mm

34-1

Spacing for 10 mm bar = 102.73 mm

-+
1500
T
*
LR wo | 1 &
i | b
| S |
Lb6
e
TN BRI T 444
BOTH WAYS
15 BARS
PLAN OF REINFURCEMENT
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o=
Ja W CoR UMK
1T BARS
i1 oowius
‘Iv

_ B - 1BY BIE

7 \\‘001 I WAYE

150
o — - - 8 -
CLLTBY -1

- - -

Sectional clevaton showing reinfereement

Comparison
Reference STAAD.foundation Difference
Value Of .
Result Result in Percent
Effecti
ective 560 mm 560 mm None
Depth
G .
OVerning | 514,826 KN-m 514.821 KN-m Negligible
Moment
A f
rea o 2646.40 mm> 2645.01 mm? 0.05
Steal
Shear
Stress 0.216 N/mm?® 0.216 N/mm?® None
(One-Way)
Shear
Stress 0.698 N/mm? 0.700 N/mm? 0.286
(Two-Way)
Table 6.1
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6.2 Indian Verification Problem 2

Reference

‘Reinforced Concrete Structure’ by Punmia-Jain-Jain, Example
25.1.

Problem

Design an isolated footing with the given data: Load Fy = 600 KN,
fc = 15 MPa, fy = 250 MPa, Column Dimension = 500 mm x 500
mm, and Bearing Capacity of Soil = 120 KN/m®.

600 KN
|
|
: 350 mm
| _
| 1 2 2400 mm
| E]
——
S00 |mm
| 1
| . |
| 2400 mm |
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Solution

, . . 600 2
Approximate area of footing required = — m“=5m

120

Assuming 2.4 m x 2.4 m x 0.35 m footing dimension,
Weight of footing = 2.4 x 2.4 x 0.35 x 25 KN = 50.4 KN

Therefore, total load on the footing = (600+50.4) KN = 650.4 KN

Maximum pressure = ——— KN/ m’
24x2.4

= 112.92 KN/m? <120 KN/m? (Hence safe)

. 600x1.5 ) )
Ultimate pressure = — KN/m” = 156.25 KN/m
24x2.4
. " . 0.95x0.95
Bending moment at critical section, M, =56.25 x 2.4 x ———
2

=169.21875 KN-m

Assuming 50 mm clear cover and 12 mm bar, effective depth
d. = (350-50-0.5 x 12) mm = 294 mm

700
I<u,max = — = 0.53
1100 +0.87 fy

Rumax = 0.36 X fe X Ky max X (1- 0.42 Ky max) = 2.225

MUjim = Ry max X B x do* = 461.568 x 10° N-mm
=461.568 KN-m > M, (Hence safe)
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Area of Steel Required

Area of steel required along length,

fe 4.6MU
Ast=0.5x —X|1- [l-— | x B xd,

Al fexBxdexde
=2837.87 mm’

Minimum area of steel Ast,;, = 0.0015 x B x D = 1260 mm?
Check for One-Way Shear

100Ast
Percentage of steel p, = =0.4022

Bxde

Corresponding allowable T . =0.42 N/mm?

Vu max

BXxde

Developed shear stress T.=

24-0.5
Vimax = 156.25 x 2.4 x | —————0.294 | = 246 KN
2

246x1000

2400% 294
= 0.3486N/mm?2 <Tc,a11 (Hence safe)

Developed shear stress T.=

Check for Two-Way Shear
Vimax = 900 KN

900x1000 )
Developed shear stress T.=————— =0.96 N/mm

4x794x294

K, = min (0.5+1, 1) = 1
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Allowable shear stress = K x TC =1x0.254f
= 0.968 N/mm” (Hence safe)

Note: We are not deducting the upward force underneath the
area enclosed by the critical perimeter, because in this way we
are in the conservative side.

Spacing
2837.87x4
No. of 12 mm bar = — =25.09 (26)
x12x12
. 2400-50%x2—-12
Spacing = =91.52 mm

26-1

Spacing for 12 mm bar = 91.52 mm

b0 500
——
Fe— 350mm: 1 [*—— 950mnr |
: “Izmn‘;ZBNos 350
s y Y > L
LiZmm @ 28Nos N
[ B=24m 1
T I I P
! .‘?__‘H ! —
Il I I I
T j T T
- -1 BERE]
RN H 1 Ll
FEREENED
i ] .
[
o :
£
< 1
o !
+
A
1
12mm{ 28Nos BOTHWAYS
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Comparison
Rereference STAAD.foundation | Difference
Value Of X
Result Result in Percent
Effecti
ective 294 mm 294 mm None
Depth
G .
OVErmINE | 169.2187 KN-m |  169.2187 KN-m None
Moment
A f
rea o 2837.87 mm? 2836.34 mm? 0.05
Steel
Shear
Stress 0.3486 N/mm?* 0.3486 N/mm?® None
(One-Way)
Shear
Stress 0.96 N/mm?* 0.96 N/mm? None
(Two-Way)
Table 6.2

6-11
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6.3 Indian Verification Problem 3

Reference
‘Reinforced Concrete Design’ by S.N.Sinha, Problem 11-12.
Problem

Design a pile cap with the given data: Load Fy = 1000 KN, Spacing
= 900 mm, Pile in Pile Cap = 75 mm, Bottom Cover = 100 mm,
Edge Distance = 275 mm, No. of Pile = 4, Dia. of Pile = 250 mm,
fc = 15 MPa, fy = 415 MPa, Column Dimension = 400mm x
400mm, Load Factor = 1.5.

1000 KN

m

:[635 mm

-1 -1

150 |
i,
] |
+ ( M |1
250 1y | w 19
IR dN
x— 150 {f soo.,_..r_.___t_ _.._1.._.,_,_5 —
: A i l
%0 | | o
+ \J AN A
1 ¥ i I |
150 e——500
150— -3 250 - 400 —sp—t 250 —u—si— 150
- 1450 e

Y
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Solution

Ultimate load = 1.5 x 1000 KN = 1500 KN

1500
Pile reaction = (Total load / no. of pile) = —— =375 KN
4

Bending moment at critical section (at column face),
M, =2x375x0.25=187.5 KN-m

Taking Effective depth d. = 454 mm

700

= ———— = 0479
1100+ 0.87 fy

Ku,max

Rymax = 0.36 X fc X Ky max X (1- 0.42 Ky may) = 2.066
Mujin = Rymax X B X de2 =617.462 KN-m > M, (Hence safe)
Area of Steel Required

Area of steel required along length,

fc 4.6MU 5
Ast=05x —x|1- 1-———— | x B x d. = 1205.524 mm
1y fexBxdexde

Minimum area of steel Ast,;, = 0.0012 x B x D =1104.90 mm?
Check for One-Way Shear

100Ast
Percentage of steel p, = =0.183 %

BXxde

Corresponding allowable T .=0.303 N/mm*
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VM max

Developed shear stress T.= BXxde

Vimax = 0.00 KN

Developed shear stress T.=0.00< Tc,an (Hence safe)
Check for Two-Way Shear

Vimax = 1500 KN

15001000
Developed shear stress T.=————— N/mm

4% 854x454
=967.203 KN/m?>

K, = min (0.5+1, 1)

Allowable shear stress = K x TC =1x0.254fc
= 968.246 KN/m* > developed TC (hence safe)

Spacing
1205.524 x4
No. of 12 mm bar = —— = 10.66 (11)
Tx12x12
. 1450-100%x2—-12
Spacing = = 123.8 mm

11-1

Spacing for 12 mm bar = 123.8 mm
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1000 KN

/ Bottom Reirfercemen
/
s
54 / 635 mm
| Y |
™ ™/
}‘\Pﬂa/{ ‘
Comparison
Reference STAAD.foundation Difference in
Value Of
Result Result Percent
Effective
454 mm 454 mm None
Depth
Governing
187.5 KN-m 187.5 KN-m None
Moment
A f
rea o 1205.524 mm> 1204.886 mm> 0.058
Steal
Shear
Stress 0.967 N/mm? 0.967 N/mm? None
(Two-Way)
Table 6.3

6-15
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6.4

Indian Verification Problem 4

Reference

‘Reinforced Concrete Design’ by S.N.Sinha, Problem 11-13.

Problem

Design a pile cap with the given data: Load Fy = 2000KN, MZ =
300 KN-m, Spacing = 900 mm, Pile in Pile Cap = 75 mm, Bottom
Cover = 100 mm, Edge Distance = 275 mm, No. of Pile = 9, fc = 15
MPa, fy = 415 MPa, Column Dimension = 500mm x 500mm,
Ultimate Load Factor = 1.5.

-

i
g
8 ——— 8 —f

~ +E B B4 Y
{

2000 KN

Iﬂﬁl] mm

g

!
.|

T—x—\‘ 300 KNm
|

]

w

0 o

©

b
1

ok ol ol

o

t

be——900 —sb— 900 —

V50— 250 pou =400 =~ == 250Pew— 150
;

2350
i

¥
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Section 5 — Indian Verification Problems | .17

Solution

=416.667 KN
9 6x(0.9x0.9)
1.5x2000 1.5%x300x0.9
P2 = + =416.667 KN
9 6%x(0.9%0.9)
1.5%x2000 1.5x300x0.9
P3 = + =416.667 KN
9 6x(0.9x0.9)
1.5x2000
P4 = — =333.333 KN
9
1.5x2000
P5 = — =333.333 KN
1.5x2000
P6 = — =333.333 KN
1.5x2000 1.5%x300x0.9
P7 = - =250 KN
9 6x%(0.9%0.9)
1.5%2000 1.5x300%0.9
P8 = - =250 KN
9 6%(0.9%x0.9)
1.5x2000 1.5%x300x0.9
P9 = - =250 KN
9 6x%x(0.9%0.9)

Bending moment at critical section (at column face),
M, (along length) = 3 x 416.667 x 0.65 = 8§12.5 KN-m
M, (along width) = (416.667+333.333+250) x 0.65 KN-m

= 650 KN-m
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Assuming 850 mm overall depth and 12 mm bar,
Effective depth d. = 850-(100+75+6) = 669 mm

700

Kimax = ——————
1100 +0.87 fy

=0.479

Rumax = 0.36 x fc x Kypax X (1- 0.42 Kypnax) = 2.066
Mujim= Rumax X B X de2 =2172.953 KN-m > M, (Hence safe)
Area of Steel Required

Area of steel required along length,

fe 4.6MU 5
Ast=05x —X|1- [1-——— | x Bxd. =3592.61 mm
Iy fexBxdexde

Minimum area of steel Asty;, = 0.0012 x B x D = 2397 mm?

Area of steel required along width,

fe 4.6MU 5
=0.5x—X%|1- 1-———— | x B xd, =2833.69 mm
Iy fexBxdexde

Minimum area of steel Asty;, = 0.0012 x B x D = 2397 mm?
Check for One-Way Shear (Along Length)

100Ast
Percentage of steel p, = =0.2285 %
Bxde

Corresponding allowable T . = 0.338 N/mm’

Vu max

BXxde

Developed shear stress T . =
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3x416.667x106
Vumax = KN =530 KN
250
530x1000
Developed shear stress T .= —————
2350%x 669

=0.337 N/mm* < T ., (Hence safe)
Check for Two-Way Shear
Vumax = (3000-333.33) KN = 2666.67 KN

2666.67 x1000 )
Developed shear stress T .= ————————— = 0.852 N/mm

4x1169x% 669

K, = min( 0.5+1, 1) = 1

Allowable shear stress = K xTC =1x0.254fc
=0.968 N/mm® > developed T . (hence safe)

Spacing

Along length:

3592.61x4
No. of 12 mm bar = —— =31.76 (32)

x12x12

. 2350-100x2—-12
Spacing = = 68.967 mm
32-1

Spacing along length for 12 mm bar = 68.967 mm

Along width:

2833.69x4
No. of 12 mm bar = —— =25.06 (26)

x12x12
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2350-100x2-12

Spacing =

26-1

=85.52 mm

Spacing along width for 12 mm bar = 85.52 mm

2000 KN

300]KN-m

/leoTom Reinforcement

669m
L

| 850 mm
1 —1

o

Comparison
Reference STAAD.foundation Difference in
Value Of
Result Result Percent
Effecti
ective 669 mm 669 mm None
Depth
Governing
Moment 812.5 KN-m 812.503 KN-m Negligible
(length)
One-Way
Shear 2 2
0.337 N/mm 0.337 N/mm None
Stress
(Length)
Two-Way
Shear 0.852 N/mm* 0.852 N/mm* None
Stress
Table 6.4
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6.5 Indian Verification Problem 5

Reference

‘Reinforced Concrete Design’ by Pillai & Menon, Page 652,
Example 14.7.

Problem

Design a combined footing for two columns with the given data: C1
(400 mm x 400 mm) with 4-25 @ bars and C2 (500 mm x 500mm)
with 4-28 @ bars supporting axial loads P1 = 900 KN and P2 =
1600 KN respectively (under service dead and live loads). The
column C1 is an exterior column whose exterior face is flush with
the property line. The center-to-centre distance between C1 and C2
is 4.5 meters. The allowable soil pressure at the base of the footing,
1.5 m below ground level, is 240 KN/m”. Assume a steel of grade
Fe 415 in the columns as well as the footing, and a concrete grade
of M 20 in the footing.

Se——1460

—C2
(500 x 500)

i S el

: ()
- B = 2000 footing

- pan
P (T

|

1
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]Jﬂ Pys=1350 kN i Puz= 2400 kN

(b)

loading

BPP A PP e wmcnmnemnnnsd s m——— eSS L

N T T oo e

Solution

Dimension of Mat (Based on the bearing Capacity given):
Length=6.16 m

Width =2 m

Depth = 0.95 m

Calculation for base-pressure

Self-weight of mat = 6.16 x 2 x 0.95 x 25 KN =292.6 KN

Total load on the mat = (1600+900+200.2) KN = 2792.6 KN

Base pressure =
6.16x2

=226.67 KN/m* < 240 KN/m? (Hence Safe)
Ultimate load for C; = P,; = 1.5 x 900 = 1350 KN
Ultimate load for C, = P, = 1.5 x 1600 = 2400 KN

Then uniformly distributed upward load = (P,;+P,)/6.16 KN/m
= 608.8 KN/m
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Calculation for maximum bending moment
Positive bending moment:

The maximum positive bending moment is at the face of the
support C, = My(+) = 608.8 x (1.46-0.25)2/2 =446 KN-m

Negative bending moment:

The maximum negative bending moment occurs at the location of
zero shear. So we first find the location of zero shear:

Location of zero shear from the left side x = (1350/608.8)
=2.2175 m.

Therefore, My(-) = 608.8 x (2.2175)*/2 — 1350 x (2.2175 - 0.2)
=-1227 KN-m.

Calculation for punching shear

Assuming 75 mm clear cover and 20 @ bars,
Effective depth (d.) = (950 — 75 -20/2) = 865 mm

Upward pressure = 608.8/2 KN/m* = 304.4 KN/m’
Allowable shear stress = K x TC

K = min (1+ 5, 1)

Where S =1,K,=1and T =0.25f.=1.18 N/mm’

Therefore allowable shear stress = 1 x .118 N/mm? = 1.118 N/mm?

Maximum shear for C; = 1350 KN

RangaRakes tamilnavarasam.com



RangaRakes

6-24

STAAD.foundation — User’s Manual

Section 5 — Indian Verification Problems

Developed shear stress,
1350x1000

o {(2>< 400+ 865) + (400 + 865)}>< 865
=0.533 N/mm” < chanowable (Hence safe)

Maximum shear for C, = 2400 KN

Developed shear stress,
24001000
T

" 4% (500 + 865)x 865
= 0.508 N/mm” < chanowable (Hence safe)

Note: We are not deducting the upward force underneath the
area enclosed by the critical perimeter, because in this way we
are in the conservative side.

Calculation of reinforcement
Maximum negative moment M(-) = 1227 KN-m
Maximum negative moment/width = 1227/2 KN-m/m

=613.5 KN-m/m

Area of steel required on top face along length,

fc 4.6MU
Ag=05x —x|1- [l-—— | x Bxd,
1y fexBxdexde
B = 1000 mm
d. = 865 mm

M,= 613.5 x 106 N-mm
A, = 2067.97 mm*/m

Agtmin = 0.0012 x B x D = 1140mm*/m
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()
shear
121.8 force
; (kN)
1208 -+ |
& 7 My =-1227 kNm
o ' “© (@
> 400¢~ bending
e moment
- (kNm)
3 "<\!ﬂ"' 1] =445
Comparison
STAAD.foundation | Difference
Value Of Reference Result X
Result in Percent
Max
Bending 603.201 KN-m/m 613.5 KN-m/m 1.68
Moment(-)
Max
Bending 219.687 KN-m/m 223 KN-m/m 1.48
Moment(+)
Area of
Steal 2014.835 mm*/m 2067.97 mm?*/m 2.56
Required
Base 227 KN/m? 226.67 KN/m? Negligible
Pressure
Table 6.5
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Load Combination Generation

Clicking on “Generate Load Combination” leaf under “Loads and
Factors” group will bring a load combination dialog, allowing you
to generate the load combination automatically.

Loads & Factors
| = Create New Load Case
| = Add a Caolumn Reackion Load
| = Add a Poink Load (Far Mak anly)
| = Add a Line Load (for Mat anly)
| = Add a Quadrilateral Load (Far Mat anly)
| = Add a Circular Pressure Load (For Mak anly)
| = Add Member Load (For Mat only)
| = Add Uniform Load
| = Add Concentrated Load
| = Add Trapezaidal Load
| = Safety Fackor Table
| = Creake New Load Combination
| & Generate Load Combination |
| = Remove Load Case

Two types of load combinations are used here. They are “Allowable
Load Combination” and “Ultimate Load Combination”.

Allowable Load Combination:

Allowable load combinations are load combinations used to check
soil pressure and optimize footing plan dimensions.

Ultimate Load Combination:

Ultimate load combinations are load combinations used to check
for shear and design for reinforcement.
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The two tables represent these two load combinations i.e.
Allowable Load Combination and Ultimate Load Combination.
The cells represent the factors to be added with the primary load
cases, depending upon the rules of the US Standard.

After adding load cases, clicking on the Generate Load
Combination Button for the specific table, the loads will be
generated with the factors, taken from the table, and will be added
in the Load Tree. The child node of each load combination node
will represent the Load Case and the factors multiplied with it.

The load combination number starts from 101 and you can also give
load combination number of your own choice. If the number exists,
the load combination number is automatically incremented with
each new load combination as “Load Comb” and the number.

You can create any number of load combination and can save it
using an INI file. This file exits in the program installation
directory as “ACILOAD.INI”. This saved load combination will be
application specific i.e. they are independent of file saving.
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Following figure shows the load combination page after clicking

generate load combination button.

ition

STAAD\ foundation

Load Combination

Allowable Load Combination :

@ Updats Table

LEsLipLun o

Load Description Tree
[ Load Case 1:Dead
[ Load Case 2 : Seismic
3l Load Comb 101 : 1.000 x DL
-~ I Dead¥1.000
|4 Load Comb 102 : 1.000 x DL+0.700 X EL
4 Dead¥ 1.000

Load Combination No

Ultimate Load Combination :

101

StaadFoundation

index | | Deadload | Liveload | WindLoad [Sewmiclosd| Fuid | s || Fiood | eressure | 8 S X 0,700
i 7 (1.000 | 0.000 0.000 1.000 0,000 0.000 ‘oood [ Load Comb 103 : 1.000 % DL+0.525 X EL
2 [rd 0,000 ‘0.000 i 1.000 0,000 10,000 B Dead¥ 1,000
3 ‘0000 ‘0000 0,000 onon Lol Seismic ¥ 0,525
4 0000 0,000 0750 0000 ‘0750 [ Load Comb 104 : 0.600 % DL
5 0000 I 0.00 0o ‘0750 1 Deadx0.600
B [0,000
& ooog ¥
< | |

0 Generate Load Combination

Addload  Assion To Yiew

> Assion Loa

! ! Load Combination Generation Completed

Load Description
Load Title

8 Update Table

Load Combination Mo

101

: = s | . z = Load Case Type Frimaty
index | | Liveload | windLoak e Fiood || Piessuie | Rain |SOSHIA| [ oaning Type Dead
H— 0000 0,000 - 0.000 0,000 0.000 D000 ‘.00 Copy Load
2 1600 0.000 0500 0.000 800 0.000 4200 Load Case Mo Hone
3 4600 0000 0,000 0,000 4600 0500 4200 | |self weight
i e oot Jic L UMY T T Jdd Self Weight Yes
5 1000 0.000 10.000 0.000 0.000 1 B0 0.0a0
0 0000 0500 4800 0.000 0.000 \0.000 \0000
1 ‘0000 0,500 ‘0000 0000 Qo0 e ‘0000 - b
I

@ Generate Load Combination

Generate Load Combination Button

The first column indicates the index of the load combination. The
second column has a check. Check on the check boxes of the
combination which you want to use. The cell with zero values
appears in gray color where as with values other than zero it
appears in sky color. On clicking the Generate Load Combination
Button as shown in the above figure, the load combination for the
added load cases will be generated.
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Update Table

Initially the page shows all the load combination saved in the INI
file. You can add new load combination simply by adding factors in
the table. Check on the check box in the second row to use the load
combination. If you save a file with those load combination then the
load combination will be only saved to that file but not in INI file.
To save the load combination in the INI file you need to click on
“Update Table”. You can also manually change the INI file.

Delete
To delete a load combination, select a row and then click on
“Delete” to delete any particular load combination from the list.

But to delete any combination from the INI file you need to click
on “Update Table” after clicking on “Delete”.

RangaRakes tamilnavarasam.com



RangaRakes

STAAD.foundation — User’s Manual

6-30 |Secti0n 5 — Indian Verification Problems

Undo-Redo

Undo stands for cancel out the recent operation and Redo stands
for insert which is just deleted / canceled. Only by clicking anyone can
rectify the work.

DEE| 53 x| J”nﬁ@.%lﬁl@l?ﬂ

UNDO REDO
The above figure is to give a clear idea about the position of
“Undo-Redo” in toolbar. The rectangular area indicates “Undo-Redo”.
One can do Undo by pressing (Ctrl + z) and Redo by pressing (Ctrl

+y).

Area of Implementation

There are some specific operations on which we have presently
implemented the
feature mentioned below. They are:

1.Addition of Footing :

Whenever we add any wrong footing or unnecessary footing we
can remove it by clicking the left one i.e. Undo in rectangle.

2. Deletion of Footing :

Suppose a footing has deleted but it is required to be there in
its’ original position. In this situation one can implement the feature
Redo i.e. the right one in the mentioned recta
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3. Addition of Load Case :

Just added new load cases can be removed by clicking on Undo
if it becomes unnecessary.

4. Deletion of Load Case :

If any deleted load case become necessary to be inserted which
is just deleted, one can solve that problem by click on Redo.

5. Addition of Load Item :

Just added load items can be easily deleted by clicking on Undo
if it is not needed.

6 .Deletion of Load Item :

Deleted load item can be needed sometimes, in that moment we
can resolve the problem on clicking on Redo.

7. Create job :

Using this option we can create a new job and the new job can
be deleted by clicking on Undo.

8. Delete job :

We have implemented the Redo feature over here to regain the
deleted job that is required to be there.
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Mat Slab Capacity Check:

Design parameters form for mat slab design has a new input
now which will instruct program to design slab without
considering check for minimum reinforcement.

Design Parameters

Grades

Fy |60 ksi v
e
Cowvers

Top cover |1 lin -]
Bottom cover |1 |in ﬂ
Rebar Size

Min. bar zsize |3 -

Max. bar zize |11 -

Rebar Spacing

Max. =pacing |‘l 2 |ir'| j
Min. spacing |2 |in ﬂ

[ Consider *ood and Ammer moments

[ Ignore check for minimum reinforcerment

Fesult zummary | Detailz report |

Switching on/off minimum reinforcement
check
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-1-{.Z Mat slab design options

7 Analyze
Qutput View Options
Moment envelope generation
Design Parameters
Reinforcement Zoning
Cut slab by a line
Moment Capacity Check |
Calculation sheet

NN NN AN

“Moment Capacity Check”

A new tree leaf added in Mat slab design options category to
check the capacity of existing mat slab. Here program allows
the user to define reinforcement layout and program
calculates moment capacity of the slab based on slab
thickness, covers, reinforcement layout etc. User can plot
capacity diagram, actual moment diagram and then compare
those two diagrams and plot failure (or unity check) diagram.
If at any portion of the slab, actual moment is more than the
moment capacity, program will identify that portion with red
color and plot failure diagram as shown below. Check has to
be performed for one slab face at a time. So, for all four faces
the check should be performed for 4 times.
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Mat Capacity Check 7
- Grades
Fu |ED ikSi :J
Fr |4— kezi hd
— Covers
Top cover |3 Iin ;I
Baottam cover |3 Iin :J
— Rebar
Bar size |4 vI
Spacing |1 2 Iin _vJ

Choose Slab Face : ILDngitudinaI Top

[ 0 Plot Capacity Diagram

]

[ 0 Flot Moment Diagram

]

(@ Pt Failure Disgram

]

Mat capacity check form
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4 SmrtPage/V Geometry r Detail Drawing r Layout Drawing r Calculation Sheet ]/ Sirip Footing Graph l

Moment

Capacity

kip-ft/ft
30692

a0.692
30.692
a0.692
a0.692
30,692
30,692
30.692
30.692
30692
30.692
a0.692
30.692
30692
30,692
a0.692
30692

N E OO O OO

I Data Input Pane

Mat Capacity Check

Grades -

S -

Fc |4 Ei- j

Covers .

Top cover ‘3 n =l

Bottom cover ’37 in j

Rebar

Bar size ‘ 4 =)

Spacing 12 in j
Choose Slab Face ’anEdiEI Top _'_|

| (O ] |

@ Pt Moment Diagram
&  Piot Failure Disgram

Moment Capacity diagram plot for

Longitudinal Top

4 StartPage/V Geometry r Detail Drawing r Layout Drawing r Calculation Sheet r Sirip Footing Graph

Moment

Capacity

kip-feft
il

2.638

5197

7.795

10,333
12,932
16.590
1g.188
20.787
23.385
26,983
28.582
31180
33778
36.377
38.975
41.574

EEFOOOSCSDCENENNBE

I Data Input Pane

Mat Capacity Check

Grades

Fy |0 & =

Fo |4 ‘ ks :"

Covers

Topcover |3 [in -

Biottom cover ﬁ ‘Tn -

Fisbar

Bar size ‘ 4 -

Spacing ﬁZ ‘Tn -
Choose Slab Face I-LDTglma-TDD ﬂ

B Plot Capacity Diagram |

Actual moment diagram plot for

Longitudinal Top
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4 Stal'tPage/f Geometry r Detail Drawing r Layout Drawing r Calculation Sheet Strip Footing Graph ] > DatalnputPane ax
Mat Capacity Check o
Grades
—
Fy |50 ki v
Fe 1 ki
Covers
——
Topeover |3 in _vJ
e
Bottom cover |3 in ;‘
Rebar
Bar size |T1 - |

Spacing 12 in L‘
Choose Slab Face ! |Langitudingl Tap _ﬂ

@ Pt Capacity Disgram |
| 6 Flot Moment Diagram

Unity check diagram where green
indicates pass and red indicates failure
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