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2.0 Purpose
The purpose of this guideline is to investigate STAAD.foundatfion to determine the
range of applicability and reliability within the software package. The MQP team
quantified the effectiveness and reliability of STAAD.foundation through hand
calculations and then verified this through the STAAD.foundation program'’s

output.
3.0 Applicable Codes and Standards

AISC 9-1
AISC 9-2
AISC 9-3
ACI 318-05

ASCE 7-05

4.0 Definitions

Combined Footings
Data Input and Load Pane
Foundation Design
Isolated Spread Footings
Main Navigator Pane
Output Pane

Quick Access Toolbar
Ribbon Toolbar

Spread Footings

Strap Footings

Tabbed View Window

4.1 Combined Footings

Combined Footings receive loading from more than one column or load-supporting
element. Each column applies their own individual loading to the footing. The columns
can be located at any distance from the footing ends, however, they must lie on the
centerline along the longer axis of the footing.

Determination of shear, service loading, soil bearing pressure, bending moments, and
reinforcement need to be looked at to determine design capability. Combined

footings are usually designed in a rectangular or tfrapezoidal fashion
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The data input and load pane is the primary window for input and option selections for
foundation jobs in the General Foundation mode. All global data that is not imported is
entered in this window pane. The input is done through a series of tables and forms
which is opened on the right side of the program's main window through the main
navigator pane. Only the necessary pane is displayed for the current form being
designed in the program.

4.3 Foundation Design

Foundations are the base and support in the structural system that transmit the
superstructure’s loads directly to the earth. All civil engineering structures require
foundations to keep the structure from leaning or buckling. Buildings bestow their
weight and loadings onto their foundations; therefore, the footing needs to be
designed to withstand the weight of the building. The foundation design process
cannot begin until the loads have been calculated. There are several different types
of design loads including: normal loads, shear loads, moment loads, and torsion loads.
Where weather is applicable, the bottom of the foundation must be constructed
below the frost line to prevent cracking from freeze-thaw cycles.

4.4 Isolated Spread Footings

Isolated Spread footings are one type of spread footings. They support the structural
system of small to medium structures. These footings are used to transmit a load from
columns to the soil beneath it. If the soil supporting the column is weak or the column
loading is foo heavy, the isolated spread footing needs to be designed a lot larger.
Isolated spread footings are more economical because less material is needed to
create the footing than a normal spread footing.

Determination of soil bearing pressure and bearing capacity needs to be looked at to
determine the design capability. If the soil has a higher bearing capacity, then the

isolated spread footing is sufficient for the design.

The main navigator pane incorporates the general foundation design into a display of
forms and tables to input project data. It is displayed in a tree-styled cohesive order to
complete the project design from top to bottom. Through the tree the designer can

input global data column positions, column dimensions, and loading. Local data such
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as design parameters and footing geometry are also available to input specific
variables for the project's design. By selecting a branch of the tree, a form or table
opens up on the right side of the page in the Data Input and Load pane to perform an
action within the program. Depending on your specific project, whether it be isolated,
combined, or mat footing, the tree will contain different parameters for the project's
design (i.e. soil parameters for mat footing).

4.6 Output Pane

The output pane provides the designer with a list of the design progress while analyzing
a foundation and displays the output tables when the program deems the analysis
successful.

4.7 Quick Access Toolbar

The quick access toolbar is located directly under the Ribbon Toolbar. This toolbar
allows the designer to make the program more designer specific as it allows the
designer to add tools that are more regularly used. To do this, select any tool from the
ribbon tab, right click, and then select "add to quick access toolbar' from the pop-up
menu.

4.8 Ribbon Toolbar

The Ribbon Toolbar shows relevant commands for a given action. The specific tools for
the current task you are trying to accomplish are given to the designer in different
Groups. It is located horizontally across the top of the STAAD.foundation program's
window. The Ribbon essentially serves a visual menu tabs. Therefore, the program's
functionality is brought to this menu bar and helps organize specific features into
specific Groups.

4.9 Spread Footings

Spread footings are normally used to support the structural system of small to medium
structures with moderate to good soil conditions. They can be used in high-rise
buildings where the soil conditions are exceptional and can bear the load. Individual
columns of the building are constructed on top of the spread footing because of its
ability to bear extremely heavy loading. Many low-rise residential buildings consist of
spread footings that support the load over a larger area. The foundation of residential
homes, for example, is often used as a basement that supports the infrastructure of the

house above it. Spread footings are the most common type of foundation due to its
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low cost and quick construction. They are built in different shapes and sized to
accommodate each project's scenario. The shape of the footing is generally @
rectangle and larger in lateral dimensions than the load it is supporting.

Determination of soil pressures, shear forces, and bending moments then need to be
looked at to determine design capabilitys. The design and layout of the footing is
controlled by several factors: the load of the structure, penetration of soft layers near
the surface, and penetration of layers near the surface due to the effects freezing and
thawing. These foundations are more commonly found in residential construction
buildings that have a basement. These footings are not sufficient for high-rise buildings.
Three types of spread footings, isolated, combined and strap, are discussed below and
can be seenin Figure 1.

4.10 Strap Footings

Strap footings are generally used when one of the columns the footing is supporting
undergoes extreme loading. When two columns are far apart, the strap is designed to
transfer the large moment between the two columns. The strap does not provide any
weight bearing; it is simply there to transfer the moment of one footing to the other.
Strap footings are more economic than combined footings because it uses less
material to construct the footing.

Determination of loading, soil bearing capacity, and characteristic of the footing need
to be looked at to determine design capability.

4.11 Tabbed View Window

The tabbed view window contains tabbed pages to display graphics as well as design
calculation output in the center of the program's main window; it is permanently fixed
there. The tabs are as follows; Start Page, Geometry Page, Detail and Schedule
Drawing, GA Drawing, Calculation Sheet, and Graphs. The start page tab provides the
designer with access to common file operations for creating new projects, opening
existing projects, and exploring the program. The Geometry page tab is used as the
main graphical input for foundation models. The Detail and Schedule Drawing tab
visually shows the detail drawing of a schematic diagram of the footing elevation and
reinforcement plan once the design has been deemed successful by the program. The
GA Drawing tab shows the designer a footing plan layout of analyzed footing that are

drawn to scale, complete with a title block. The Calculation Sheet tab provides the
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designer with a detailed set of foundation calculations and code checks once the
program deems the design successful. Each footing element is provided by the
program with step by step calculations with relevant code numbers and equations.

The Graphs tab is used to display internal force graphs for a strip footing beam.

The Department Manager has the overall responsibility of implementing
this procedure, and only the Department Manager can waive any part of

this procedure.

The Lead Structural Engineer has the responsibility of making sure all
engineers assigned to him are familiar with this procedure and adhere to
it. The Lead Engineer shall be responsible for ensuring that calculations

are checked prior to drawing issue.

The Lead Engineer is responsible for coordinating the checking procedure
of all calculations and resolving any comments made by the Checking

Engineer on the calculations.

The Lead Engineer shall assign Checking Engineers from personnel
assigned to the project or request resources from the Department
Manager. The designated Checking Engineer may not be the engineer
who carried out the original work. The Checking Engineer’s experience and
qualifications must be consistent with the technical requirements of

the documentation being checked.

The Design Engineer and Checking Engineer are responsible for preparing
and checking the calculations in accordance with the guidelines in this

procedure.
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The Checking Engineer is responsible for checking all the drawings
associated with the checked calculations to ensure that all relevant
comments on the checked calculations have been incorporated before

the drawings are issued for construction.

It is the responsibility of the Design Engineer to ensure that the checking
activity is conducted on the most relevant issue of project

documentation.

Unless otherwise specified in 5.2.3, calculations shall be prepared for all
elements on the project including, but not limited to, structures and
foundations for equipment, building, utility/pipe rack, bridges,
miscellaneous structures and foundations. Construction types include
reinforced concrete, masonry, structural slabs and slabs on grade,

structural steel, timber and shoring systems.

All calculations shall be reviewed and checked by an engineer before the
drawings are issued for bid, material order or construction. Checking
shall be scheduled to provide adequate time for completion prior to

drawing issues.

Calculations will not be required for standard items such as ladders,
handrails, miscellaneous support, small pumps, catch basins and other

designed items where shown on the Department Standard Drawings.

The Checking Engineer shall request a detailed calculation for

questionable items that are being engineered without calculations.

Calculations shall be numbered using the task code and a three digit

10
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number as follows:
203YY-XXX for Foundation Calculations
204YY-XXX for all other Structural Calculations
YY = 2 digit extension to identify task code for structure or area

XXX = 3 digit extension identifying calculation number - 001...

A calculation log shall be completed by the Lead Engineer for projects

containing multiple calculations.

The calculations shall include the following information on a cover sheet:
(See Appendix B for Cover Sheet Document)

* Listing of referenced drawings, (vendor and other disciplines).

* Reference to any engineering codes and standards utilized in the
design (IBC, SBC, UBC, BOCA, NFPA, OSHA, ASCE, etc.).

* Specific design basis that applies from Design Criteria.

* Listing of all assumptions.

The following relevant information shall be included with the
calculations:

* Copy of any memos or instructions from client, project or vendor
regarding any special instructions affecting the design.

* Complete set of sketches showing all necessary information for the
development of the final drawings.

» References to code sections shall be incorporated in to the
calculations where applicable.

» Clear and reproducible copies of charts, sketches, data sheets, vendor

drawings and other reference sources used in the calculations.

Calculations shall be presented in a neat and organized presentation

where design results are clearly indicated to facilitate an efficient
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checking process.

Each calculation sheet shall be initialed, numbered and dated, and shall
have the project number and area of design completed in the title block

before checking commences.

Computer calculations shall meet the requirements specified in section
5.3.1 and the following:

a) Calculations and sketches clearly indicating how all of the input loads
were developed and how they are to be applied.

b) Department approved spreadsheets are authorized for use as

calculations as applicable. See ES-S-102 for more information.

The purpose for checking the engineering calculations is to insure a
design that is safe for personnel, economical, meets specific project
requirements and is in compliance with applicable codes, standards and

statutory regulations.

The Checking Engineer shall not modify the design if the design meets the

requirements of section 5.4.1.

The Checking Engineer shall review all the assumptions, references,
sketches and the design criteria to insure a complete overall

understanding of the design.

The Checking Engineer must highlight any major design or redesign that
results from the checking process and ensure that subsequent work is
correct as compared to the appropriate design or project procedures.

Prior fo a major redesign refer to section 5.5.1.

12
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Input for computer generated calculations shall be checked for accuracy.
Results from the computer generated calculations shall be reviewed for
accuracy, logic and consistency. The Checking Engineer shall supplement

the check with hand calculations if accuracy of output is in question.

Where applicable, a statics load check for all basic load cases in computer
generated calculations shall be performed to verify the overall magnitude

and directions of applied loads.

Field notes shall be reviewed and a field trip may be required to verify

what is being checked.

Applicable checklists shall be completed for each set of calculations.

Check lists are included as Appendix A to this procedure.

The Calculation Cover Sheet for all checked calculations shall be clearly
identified by the words “Check Calculations” and the checked calculation

sheets shall be stapled or otherwise bound to this cover sheet.

The Checking Engineer shall initial and date each sheet checked.

Color Coding

All corrections or notations to checked documents shall be made in
accordance with the Company’s color coding system, as follows:

* Red indicates additions, corrections or deletions.

* Yellow indicates correct content

* Blue indicates check comments have been incorporated

* Black (lead) indicates calculations and non-record comments

This standard shall be applied consistently on all projects.

13
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The Design Engineer and Checking Engineer should discuss all comments
and agree upon any revisions. Where agreement is not reached and
either person feels that an item is of critical importance, the matter shall
be referred to the Lead Engineer for resolution. If the Lead Engineer is
also the originator, then the matter is referred to the Department

Manager.

The Design Engineer initiates the checking process by completing the
project information and the engineer’s check boxes (Labeled “E"”) on the
calculation check list. The checklist and a copy of the calculations with
the cover sheet labeled “Check Calculations” shall than be forwarded to

the Checking Engineer.

The Checking Engineer completes a check of the calculations, initials and
dates the checked calculation sheets. The Design Engineer ensures that
required changes are made. The revised calculations shall be backchecked
by the Checking Engineer to ensure that all required changes

have been correctly incorporated.

Once the Checking Engineer is satisfied that all agreed changes have been
incorporated into the design, the Checker shall complete the check
boxes(labeled “C") on the calculation check list and sign and date the
coversheet of the master copy of the completed calculations and the
calculation check list. The Checker will then transfer the master copy and check

prints to the Lead Engineer for review.

The Lead Engineer or Department Manager conducts a random review or
a second check to ensure (fo the degree practical) that the calculations
have been properly checked. The Lead Engineer or Department Manager

will then sign and date the calculation check list. This completes the

14
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departmental approval process. Copies of calculations are then issued if

required using the document control procedures relevant to the project.

The final calculations signed by the Design Engineer and Checking

Engineer and the completed check list shall be scanned and filed in the
appropriate foundation or structural folder in the project directory. The

original hard copy shall be maintained by the Design Engineer or Lead Engineer
until the project is complete and then turned over the Project

Manager for retention in the project file.

A clearly labeled native file and a pdf of the final version of all computer
calculations showing the input and results files shall be filed in the
appropriate foundation or structural calculations folder in the project

directory.

The Lead Engineer shall set up the foundation (20300) and/or structural
(20400) folders in the project directory to provide sub folders for each

structure or foundation as appropriate for the project. The folders shall
be numbered to match the calculation log and named to identify the

structure.

Engineering deliverables that have been checked require the appropriate
approval prior to issue. This approval signifies that the document is "fit
forissue." The Department Manager or his designee shall approve all
engineering deliverables prior to issue.

Regulations regarding approval or “signing and sealing” calculations by
licensed engineers vary from state to state and country to country.

Clients may also have special approval requirements. A schedule of

15
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authorized approvers and approval requirements shall be developed as
appropriate for the legal and Client requirements governing the project
scope of work and incorporated in the project plan. The Structural
Engineer of Record shall ensure that the project plan is in accordance
with the laws of the governing Professional Engineers board for the

project.

16
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6.0 Appendices

The following appendices document the design process for several types of foundation
types as well as results and finding of testing optimization within STAAD.foundation

VY oY o1=1 3 e |- Q- NN Structural
Calculation Check List
APPENDIX A - STRUCTURAL CALCULATION CHECK LIST

Project Mo.: Project Name: Caleulation Mo,
SIGHATURES:
Prepanng Enpineer Checkng Ensineer Diate:
Lead Enzimeer or Department Manager Date:
Desenption of Caleulation Package:
No. Item E C NA Status' Action Required:
1 Title block complete, cover sheet complete, hshng O O O
references, apphicable codes, design critena, and
assumptions as applicable.

[ =]

Are the calenlations clear, orderly and easy to follow by O O O
the checking enminesr? Ave code references, formmlas
and material properfies noted where apphcable?

3 Harve appropriate sketches been provided where required O O O
to document the calenlations?
4 Have reference documents or approprate hnks to O O O

stuchural, mechameal, electrical or vendor caleulafions or
documents nzed for a basis of the calculations been
provided”

(=1

Have the recommendations in the geotechmeal report O O O
been meorporated m the design and documented i the
calenlafions and on the drawmgs?

& Have computer input and output been checked” O O O
(See Structural STAAT Check list if appropriate)

7 Have appropriate honzontal and verfical load paths been O O 0O
provided for global stabulity of the shucture?

3 Has adequate local bracing of mdnaduz] beams, colmmms O O 0O
and brzcmg been provided to match the design
assumphionsT

9 Have second order affects been considered where O O O
required”

10 Have appropniate dead, Ive, snow, wind and seismuc loads O O O

been apphied and documented 1n the caleulations and on
the drawmgs?

17
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APPENDIX A-STRUCTURAL CALCULATION CHECK LIST

Project No.: Project Mame:
Na.

11

12

13

14

16

17

18

19

Calenlaten Mo

Item

Have snow dnft, impact, operatimg, dyvnamae and
torsional loads been considered?

Were future loads considered and documented 1
caleulafions and on the drawings?

Have appropriate load combmatons been nsed and
documented? Ame removable loads appropriately
combined to provide maomum compression and uplift?
Are sphce, bracing, truss axial and transfer loads
mdicated for melusion on drawings?

If provided, do “Mot to Exceed” load tables provide

appropnate load breakdown and desenphions to ensure
the foundaton designer 1= able to develop worst case load

combinations for both compression and uphft

Are member sizes and load capaciiies as showm on the
drawings documented in the calenlations?

Has deflection and/or dnft ciitena been sahisfied”

Has vibrafhion crifena been sahsfied?

Hawve steel connections been desigmed and detailed where
not covered by ATSC standard framed tables?

Hawve details appropriate for sersmic desizn been
meluded?

NA

O

Status/Action Feguired:

18
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APPENDIX A - STRUCTURAL STAAD CALCULATION CHECK LIST

Project No.: Project Mamse: Caleulahion Mo,
SIGMATURES:
Prepanng Engmeer Checkmz Engmeer Date:
Lead Enmineer or Department Manzger Data:
Desenphon of Caleulation Package:
Ho. Item E C NA Status/Action Ke
1 MModeling - Setup

a) Is“Job™ tab filled out?
b} Is Morth Dhirechon idenbhfied m “Comment™ booc

2 Modeling — Geometry
a.) Check model geometry
b} Mo Dhaphcate, Zero Length Co-Linear BMembers

3 Modeling — General

a.) Check member Properies and Orentations

b} Check end releases and member specifications

c.) Check supports are modeled cormectly

d} Check primary loads
1.} Are they documented in the mput file?
2 Are thev applied comectly?

e) Check load combinations
1) Are thev documented in the mput fila?
23 Is the repeat load command used?

£f) Check proper matenzls have been assizmed

4 Modeling — Analyziz
a.) WVenfy resulis of Statics load check
b} Has a 2* Order Analysis been specified?
1} Are notional loads applied comectiy?
2 Ase shffness reductions applhed comectly?
3 Are the correct commands specified?

5 MModeling — Desien
a) Check default and Member parametars
b} Is the comrect method specified{ ASD or LTREFLY)

& Post Processing
2.} Deflection and dnft critenia et
b} Unhzaton mtos met
c.) Eccenticthies for angles & W s Consnidered
d)} Pass-thm loads for connections calenlated

T Project Coordination
a.) Models archived to mateh drawing revision
b} Member sizes on drawings match Stzad Model
c.) Geometry on drawings match Stzad Model
d)} Connection, sphce. axaal, pass-thr loads labeled

19
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STAAD.FOUNDATION ADVANCED V8I
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User Tips Manual
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USER INTERFACE
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FOUNDATION LOADING IN STAAD.FOUNDATION

® Pusrasts TO NOREASE SFFICIENCY IN BACHSTMRORT IESGN
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HOW TO CREATE A FOUNDATION MANUALLY IN STAAD.FOUNDATION

CHECK OUTTHE TUTORIAL VIDEO HERE

Back toc Toble of Confents
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ISOLATED SPREADFOOTING

DESIGN PARAMETERS
CONCRETE AND REINFORCEMENT

23
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DESIGN PARAMETERS
COVER AND SOl

SPecIries

DESIGN PARAMETERS

FOOTING GEOMETRY

ffarve
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DESIGN PARAMETERS

SUDING AND OVERTURNING

Srecines:

CLUATION

MAIN NAVIGATOR

DESIGN PARA

ISOLATED FoOmNG
FOUNDATIO A GROLP
CALLED "DE

PARAMETY

ACTIVE FOR ISOLATED FOOTING

POUNDATIO 36

DesiGN PARAMETERS
INCLUDE:

~CONCRETE AND REBAR
-COVER AND Soi

SLipme anp OVERTUR
~FOOTING AND GEOMETRY
~SLIDING AND OVERTURNING
-DESGN

~DETILED OUTPUT
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HOW TO CREATE A NEW LOAD CASE FOR ISOLATED SPREAD FOOTING

¢ WX 23 -
1 Load Description T Vrad

ot Do sgtacn
» Load Tiw
- o Toe
Londeng Toe
3 Copy Load-—

FRETIRTRRTRIRTRLS

—lp

me ! e

Tl Wesitt Bov M Ovdy)

| Loadng Type

| — e Cadrg h0e bt T Lonte Boe

HOW TO ADD COLUMN REACTION LOAD AND ASSIGN
RTS: ISOLATED FOOTING

Under "Load Desoription”
Right Click Each Load Case (Load Case 1 orLoad Case 2 zbow)
—> [nput Loading Values forX, Y.and Z

—> Qlick "Add" © Create the Cdumn Reaction Load
Open Each Load Ca= sothe Reaction’s Load Menu Drops Down
> Select Each Reaction

> Click %ssign Load"to Assign the Reaction to Each Support

26
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GENERATING LOAD COMBINATIONS AND ASSIGNING THEM

e N L
T = T
>

ASSIGNING DESIGN LOAD COMBINATIONS TO EACH SUPPORT
FOR STRUCTURAL ANALYSIS

JOE “ISULATEL FOOTIN
* MEN

ALL OF THE ROX PEIMARY LOAns O
Vo 4 00t b s — b
ALSE OXIE LOAD MINS SO -

6 USED FOK DENON
AND 21 I8 THES CASE

DRCETHE OTHER LOAD CASES AKE
ELECTED FROM THE AWANABLE LOAD
". L-,' BUL MOVE HEM DWW IN 1] 1113
SELECTED LOAD CASES™ BOx

CLOX “CREA
DESKIN LOADS
FOUNDATIIN

NILL ASSHAN BEACH
ATIONTUOTHE FOUNDATON
AND DESIGN EACH SUPPOS ) IS LT N
LOAD COMBINATIIN
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HOW TO CREATE ISOLATED FOOTINGS

Once the footingshave been created and 2ll load cases heve been asigned, the jobcan then
be created. A new tab under the "Mam Navigator” will become avaiiable named Tsdated
Footing Job"

See Slides 6-9 to view the "Design Parameters” of the [solated Footing job
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CHECK OUTTHE TUTORIAL VIDEO HERE

Back to Table of Contents

STRAP FOUNDATION
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DESIGN PARAMETERS
CONCRETE & REINFORCEMENT

DESIGN PARAMETERS

Emssnnen Fooyms Devmy

Borrom)

SQiIrMAR S PORLOANIN

DEPTH 0F WiTss Tases

Wires Tase
CALCIILATE LIFLEY Y
(AR AL )
SOME OF THE |
THE VATER Tua b T™H
WATER IS USD

THE LBUPT FORD

T ARIGHT O
tAIILAY

YOLUME CF CONCEETY

THE VATER T
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DESIGN PARAMETERS
FOOTING GEOMETRY

LICD V21N
PARAMETERS
OTHER PARAMETERS T

1 g oy
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HOW TOCREATE A STRAP FOOTING

A STRAY POOTIN VHEN TWO BOLATED
FOUNDAT IR A INNECTER BV 4 B T
EEAM DOES NoT MH THE SO BEXEATH IT 1Y
15 USED TO ThAN \ MY ANDIATIRAL
FURCE FROy N < YO THE UTHEX
STYR2PFOOTING B U ESFICTIVE THAN 2
IMEINED POOTING HEEF )4 1855
INCRETE T BE 35D

B0 37 CRTATING TWO BOLATED

DROP NEVY
> Cucx "Creats Now Loao Casz
-» Coacx "Cavarats Loan CongavaTion”

-» Cucx "oz SeTur” TO OFEN THE DROP NENY

HOWTO ANA A STRAP FOOTING IN STAADFOUNDATION

UNDER N Navcaro’ A S g
> Cuck'Deacy’ Strap Footing Detigs

-> CuckYses' Strap Footing Designd ACI 318-05)

i

* T CAlCULANON SHEET MDD GA

DRAWING ARE NOW
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CHECK OUTTHE TUTORIAL VIDEO HERE

Back to Tatle of Contents

COMBINED FOOTING
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HOW TO CREATE COMBINED FOOTINGS

A lrEun PLane’

e vre" 10

HOW TO CREATE A COMBINED FOOTING {CONT.)

UNDER "DATA INPOT PLANE"

THE TWO FOOTINGS YOU DANT TO CREATE A
COMBINED FOOTING NEED TO
PARALLEL OR FERPENDICILAR TO EACH
OTHER

JBCT THE TWI YOU WANT AND THEN
“CREATE PROM SELECTED NODES"
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UsiozR "MaN Nawoarod!

-> CUCK "CoMaNeED FOONNG
joz

> CUCk "DeacN PARANETERS"

-> Cuck"'Deacy’

CHECK OUTTHE TUTORIAL VIDEO HERE

Back tc Tatde of Contents
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PILE CAP FOUNDATION

PILECAP JOB

DESIGN PARAMETERS
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PILECAP JOB
FILF LAYOUT [PREDEFINED)
Srecines

LPR NV AN

PILECAP JOB

FILE OUT [PARAMETRIC) Ovis gt Pare

Srrrtryes
Y A wgeee i e oot "

T Pedefred Page s et b sie s
Cwweton, et th et Lot P 2ege
e
oo o o) T
e Cote
g
pe <

" bl
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HOW TO DESIGN A PILE CAP FOUNDATION IN STAAD.FOUNDATION

. —_ —_——S—_——— N \S—— . — v

ONCE ALL 1SOLATED FOOTING FOUNDATIONS HAVE BEEN CREATED ANDOALL LOAD CASES ARE APPLIED
THE PILE CAP DESIGN CAN BEGIN

®  SEE SLIDES 19-21 10 S£E THE "Deaon Buanveten” of i Pie G Jos

1GN CA ATION

®  ASTESOSCISMG WHETHES T LIS THE FIRAMETOC OKFRISCAINGS MILS LAVEUT Suek Sensey Coctar Axtimacsear . I Tes
MITUDT FOFIUF LI TILS ACCOOOMITT SUCCIINULL AIRONES THED MINO THIT THE FESOKIN MA3 SHESNSS FILS SARITITY
V3 ML KEETION

> Cuex OX

W Mo Maecaaree

<> Cutx Do TOOIOON THE SNV

-> Cuox Ty

* The CILOUATIONIMCIT FESVISE THE SSEONSK WITHITEF] FOCEICH FILS S4F THIT I3 SSIN0 SERONST OF THE 330 TWaRS)
auorsa

Momas Deva ans Goeose Deswon Tan

THE SM200E3 FRTVISE] THE SENONSE SRIWN FLININGS SLIVATICTVIEWIFOR THE CASVICUML FOSTIGE IT CONIIC OF SXrokTes
TS AuToCAD ovuame Tee Rave Deawims AY roamaes
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CHECK OUTTHE TUTORIAL VIDEO HERE

Back to Tabie of Contents

MAT FOUNDATION DESIGN
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MAT FOUNDATION LOADS

MAT FOUNDATION JOB
DEFAULT PROPERTIES
Sreciems:

«SLAK ANALYSIS THICENESS

SLAD DESGGN TIOCENESS
SUBGRADE MODY LIS

SuIL PROPERTY

BEan SECTIONAL PROFERTY

PILE SPRING VLD ES
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MATFOUNDATION JOB

e e
PHYSICAL BEAM TABIF - e

SPECIFIES:

o | oa] e | R |

-NUMBER OF BEAMS
-NODE A IN BEam
-NODE B IN REAM
“DEPTH OF NODE

“-WiDTH oF BEam

MAT FOUNDATIONJIOS

Ut

SreomEs: Nt of rowt

Nombex of cokove [

-Pue Posmon Tase

-RECTANGULAR Prs
ARANGEMENT WizASD

» & BowSpecrg

Cobaon pacrg

-CloumAs Pue ARSANGEMENT
ZASD

|‘I.|-|-|-|'|.|u|.‘|. ’
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MAT FOUNDATION

H GENERATION

Sercomss:

-ADD MesumG Ricrons

~MESHING Sene At et ng0n

* iy "

S

1 g e » -

s haond 37 w99 ) Garanste Ve

Fon wargin b oy

Ol wvreiwy LR

MAT FOUNDATION
JOB

ANALYSIS PROPERTIES

Srecines:

~Stan THICKNESS

-Soll Prormry

“PILE SPRING
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HOW TO CREATE A MAT FOUNDATION SLAB

iy |t ot b i | i |+ i S | o
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HOWTO CRFAZI'EA MAT FOUNDATIONSLAB mNT (2)

ANAL’)'ZING A MAT SLAB FOUNDATION JOB

AL L L LR

NI Somax Typeis the Rase Sowmar Semingr bax
“».4"5. Aot Comor om Dafected Duge DX 50 e P Iooars of the momant fonces i the T doection
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HOW TO CREATE A MAT FOUNDATION SLAB CONT

CHECK OUTTHE TUTORIAL VIDEO HERE

Back tc Table of Contents
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LIMITATIONS OF STAAD.FOUNDATION SOFTW ARE

CHOOSING MINMUM T
INPUTIING REALISTIC

ONLY AFFPLY FACTOREDLOAD C ASES

Limitation and Optimization of the Footing Geometry

HI LR
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Limitation and Optimization of Concrete and Reinforcement

Lets P st S

e e e feaa et

VR Rkl
AEXATIO Y

LIMITATION AND OPTIMIZATION OF THE OUTPUT

e e e Tl T e

| sm |

I

il

LR

Back to Tabe of Contents
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Importing and Exporting
with STAAD.foundation

STAAD.PRO -> STAAD.FOUNDATION
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STAAD.FOUNDATION -= MICROSOFT EXCEL

Back toc Table of Contents

HOW TO STREAMLINE
PROGRAM USE

HELPFUL TIPS AND TRICKS
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HOW TO CREATE MAT FOUNDATION LOADS (EXAMPLE 1:
NERATEQUADOR

By THED SXIFLE, LIS FEETION SCS IV ACCORDNG TS THE FECINEICOSCaRITEL HIKS YOUCAY J5C THE MOMENTI OF TS
aomec wasmat4 L 6

- M New
Qren Loam & Facro Dxor Mows

< Quex Ase Loas rox Mar Foumcaman
-> Quex Ass 3 Fowr Lo

Wmer daus Depwamon

EXTER THE PORCE) CTIND A7 THE POrT MO0 S0 2 MOMINTI TRITIKS Sccuctma. Thu caw 200 e PooeT Lass mysiamon Te
THE JPPCRTI IATHE Toamion” raxrormes Lose Dexormon”’ Mews

< Cuecx Aos” To ccxomaTs Tee FoT Loas ovre s cozon
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HOWTO CREATE MAT FOUNDATION LOADS (EXAMPLE 3 LINE LOAD

HOWTO CREATE MAT FOUNDAT[ON LOAIB (E(AMPLE4 QZYADRILAT ERAL L(MD)
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HOW TO CREATE FOUNDATION LOADS (EXAMPLE S: CIRCULAR FR

—— | S o w— ey & _ i hr—_ |\ ——

HOWTO CREATE A HOLE IN 4 MAT )l,lNl').'\Tl ON
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CHECK OQUTTHE TUTORIAL VIDEO HERE

Back o Tade of Contents
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AppendixXx C......cooviiiiiiiiiiiiiiiiiiiiiei e eeeeeeeeaeeeeeeee... DESIGN Procedure

PRELIMINARY
DEFINE
»|DESIGN BASED ON
ASSURETIONS SERVICE LOADS
Soil Bearing Determine requried |

Capacity

Depth of Footing

Water Table Depth

Concrete and Soil
Unit Weights

foundation area

Calculate required
foundation
dimensions based on

required area

A 4

STRUCTURAL

DESIGN CHECKS
and

ANALYSIS

Calculate maximum
moment

Calculate maximum
shear

N S

Calculate factored

footing presure

> REINFORCEMENT
DESIGN

Calculate maximum

moment
—

Choose governing
area of steel and

determine spacing
requirements

Punching (two-way) shear l

One-way shear

Sliding limits

[
[
[

Overturning

]
]
)
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AppendiX D.....cooevviiiiiiiiiiiiiiiiieens
Footing Design Verification

........................................... Isolated

Several steps were taken in order to verify the automated calculations run within
STAAD.foundation. This process was aided by the use of an excel spreadsheet in order

to iterate several designs quickly. The functionality and accuracy of the spreadsheet

was verified against hand calculations. When designing these footings, checks against
sliding, overturning, and direct and punching shear were considered. Examples of this
procedure can be seen below in the following sections.

Isolated Footing Design Procedure

Isolated Spread Footing Design

Assumptions Service Load Design

Checks and
Reinforcement
Design

| |

!

-Water Table Deplh\

Vs
Determine the ultimate punching (two way)
Calculateconcrete shear based on calculated parameters

-Depth of Footing pressure (W) on the
footing based on
-Soil Bearing assumed depth
Capacity

-Concrete/Soil Unit
Weights
Calculate
effectivebearing
capacity
(qet=Aur - We = Ws)

Calculate soil
pressure (W) on the
footing based on

assumed depth

I

Increase footing
dimensions and
recalculate

Calculate effective
soil bearing capaci
(qetr=Aur - We — Ws

i

Calculate
minimumrequired
prea (Areq) based on
Axial loading and
effective bearing

capacity

Increase footing
dimensions and
recalculate

Calculatefooting
section dimensions
based on required
area

Calculatefactored
axial loading on the
footing

Calculate ®Vc based on
18-

3
a
©w
@
o
o

CHECK: ®Vc=Vu

Assume factor

YES

Check one way shear

[CalculateOVc ] [ Calculate Vu ]

]

Y

CHECK: ®Ve=Vu

Check sliding limits

Calculate required d
& verify chosen size

is acceptable

Check overturning

Calculate the
resisting moment

Calculate

Determine the overturning

of safe disturbing based on axial oment based on
(FS=1.5) force load and concrete forces acting on
weight the footing

i

CalculateNet Upward
pressure (gn) by
divding factored load
by area of concrete

Calculatethe shape
parameter based on
the section
dimensions

:

Minimumrequired
reinforcement and
choose trial bar size

}

Calculateeffective
depth of
reinforcement as well
as the break out side
length andperimeter

Ne o

%

[ Calculate factor of safety and check if FS > 1.5 ]

l

[ Calculate Moment at column edge ]

|

[ Compute minimum p and area of steel ]

|

Choose governing steel area in accordance with
AC1318-05

!

[ Compute steel spacing ]

Calculate
necessary
resisting
force

alculate necessary

footing dimensions
—increase size if

necessary
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Excel Spreadsheet - Isolated Spread Footing Design

Spread Footing Design

oarE: —
PSS! YES CHECK:

Footing

Length T ft

'Width Tt

Thickness 3 ft

Depth to base 3 ft

Column Spacing 0 ft

Pedestal PEDESTAL NOT LISED

Height ofr

Length ofn

Width of

Reinforcement

Size w7

Humber 16

Spacing 5in

Renforcement Bottom Reinforcement Only
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Spread Footing Design

DATE: 2/8/2015 DESIGH #: 1
PSS! YES CHECK:! OH
CHECKS:
1.0 Load & Sizing
MODE: I ﬁaul
Check 1: OKAY!
Chietk 2: DEAY!
Check 3: OKAY!
1.1 Shear
Check 1: DEAY!
Chieck 2: DEAY!

1.2 Owerturning

Chieek 1t DKAY
1.3 sliding
Check 1: DKAY:
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Spread Footing Design

DATE: 2/6/2015 DESIGN #: 1
PASS: YES CHECK: OH
Darta
1.0 Loads
Axial Load 23887 kip Downward Loading
Factored 28 6644 Downward Loading LRFD
1.1 Material Praperties
fig 4000 ps1 Concrete Compressive Strength
f G0 ksi Steel Yield Strength
A 1 Mormal Weight Concrete
W 150 pecf Density of Concrete
T 120| pct Unit Weight of Sl
W 0.5 Coefficient of Friction

1.2 Allowable Soil-Bearing Pressure

S I

e 1550

1.3 Type of Footing

¢ I

Type Shallow

Footing Dimensions
2.0 Determine Control Footing Arca™

Area 1 T
LENgt s mes 16 #
Length Reqd 6.813
Length Side 1 7|ft
Length Side 2 bl i
Area Used 4o nd

Thickness of Footing & Pedestal - Uplift Check

3.0 Initial Data
{ i
L 3fm
D ot

Bllowable Soil Pressure

Effective Soil Pragsurs

Depth 10 base of Faoting
Shallow or Desg Footing

Minimum length of side Req'd from Areal

Largest Req'd Length from Checks

Klimimum thickness Hand Caleed
Selected thickness
Depth below water to top footing
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Tr 624 pct
ol 11

u 187.2 Tts
I 817 ks
PR, 1101
Ml 0t

Unit weight of Water

Factor of Safety for Uplifs

Uplift Pressure

Uplift force

Factored Uplift Force [L.20L) LRFD

3.1 Pedestal Size (Assumed-Can equal zero unbess undergrownd )

By, ft Transverse Width of Pedestal
By ft Longtitudinal Width of Padestal
Ngeg ft Height of Pedestal
Wi 0 kips ‘Weight of soil above footing
Rebar
4.0 Material
= 0o Strength Reduction Factor in Tension
MinShrink] 00018 |xbxh Iin. Shrinkage & Temp. Reinf.
4.1 Loads
an 0.5850
M,= 19.47 f-kips / by, Applied Moment
4.2 Relnforcing
Lmrslmrrm Reinforcemeant Onby |
Cover, 3| in Clear Cover - All Sades
Width 12]in
s, 8.550 in° Area of Steel 1
sy 91175 in® Area of Steel 2
Ru 0,003 ksi
W 5.14E-05
o 0.000003
ALy 0.010 in’ Area of Steel 3
Ay 8.1175 in’ nlinimum Area of Steel
S‘-lze Size of Steel Reinfordng
n 15.1596 Number of Bars used to achiewe Asmin
ﬁu.e Number of Bars used
- 5.2 in Maximurm Allowable Spacing
Check Sﬂaclng- in
Check: OEAYE Spacng<Smax
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4.3 Rebar Provided

d= 3256 in
Asib,= 1.44 in°

4.4 Moment Design
a= 212 in

OMn = 204 14 n-xps /b,
CHECK: Moment Design Acceptable

4.5 Minkmum Reinforcement Requirements

Reint Yes Reinf Prov'd 1/3 Greater than Req'd
A 0.78 in’ Temp. & Shrinkage Steel
A, in’ Flexural
AS I Dy ooy 1.44 in*
AS Dy ros 0.78 in*
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Spread Footing Shear Check
DATE: 2/6/2015 DESIGM #: 1
PASS: YES CHECK:! DH
Data Inpast
1.0 Loading
Col,, 0.15 kips Column Welght
L — 28 B444 kips Factored Loads (LAFD)
Met, 0.589 ksf Met Upward Pressure
1.1 Reinforcement
Size 0875 in Bar Size
Cover 3.00 in Cover Depth
d 32.56 in Reinforcement Depth
1.2 Critical Section
s in Column Side
e 425625 in Critical Section
oed 3547 fr Critical Section
by, 170,25 in
Shear
2.0 Shear & Footing Thickness
B Shape Parameter
Wu 21.44 kips
& 0.85
s 40 Select Colurmn Location
d, 0.390 inch Acceptabde depth from 2 Way Shear
d, 0306 inch Acceptabde depth from 2 Way Shear
dy 0.586 inch Acceptabde depth from 2 Way Shear
CHECK CHECK: OKaY!?
2.1 One Way Shear
d. 0.370 ft Acceptabde Depth from 1 ‘Way Shear
Y 15 kips
CHECK L S—— 0.169 inch
CHECK: OKAY!

2.7 Bending Moment

B 3083 ft
Wggera 196 k-ft
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Spread Footing Overturning Chedk

DATE: 2/6f2015 DESIGH #: 1
PASS: YES CHECK: OH
Cverturming

1.0 Initial Conditions

Wy 3134 kip
u 05
Load, ., 45.537 kip
FSguemuming 15

1.1 Owerturning Calculations

I, 9407 k-ft
K. 160,780 k-h
M 17.101

Check: OEAY!

Governing Load Case

Gaverning Moment

Resisting Morment
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Spread Footing Siding Check
DATE: 2.|'E-I|'2EIJ.5 FESIGN &
PASS: YES CHELK: OH
DATA INPUT
1.0 Forces
1 - 5.42 kips Disturbing Force (x-shear)
FSgiir Factor of Safety - Sliding
Anidlyigag 23,887 kips Axial Dowrward Force
n 05 Coefficent of Friction
W 0.15 kips Sedl Weight
1.1 Sliding Caloulations
Fipgeee 8.13 kips
bipor: 45.416 Area of footing - Minimum
B g 5.813
CHECK Boiing T Sedected length of footing
CHECK: oKay!
Reinforceme nt Reference

ASTM STANDARD REINFORCING BARS
— Nufnlvall Dia. Nﬂmujh:I Area r-jlnrr'lnal
] [in‘} Weight [Ib/ft)
#3 0375 011 0376
Ba 05 0.2 0.668
H5 D625 031 1043
#6 075 044 1502
a7 DETS 0.6 2044
HEB 1 ors 287
#9 1274 1 34
£10 1.27 127 4.303
11 141 156 5.313
#14 1653 125 765
£18 2357 4 136
Nia
Tog & Bottom Reinforcement T&B 2

Bottom Reinforcement Onby Bott
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Hand Calculations - Isolated Spread Footing

@ Stantec

IS0 B TED FOOTINGr IDESIGN « # LHL
2 ASSUMIE SOUARE FOOTINGT
D COVERNING LOAO GASE T120 LA0L™ LW (E-w)

F= 5910 K (lomn weiant = 25 tel f (G Fe) = 150 (b

= 13,830k =1
P%: |°|\r‘y. ——
el
' <
| et} 3 - :
h-u".: ‘[ s ! \ I
-i«no : : / ' dg],,
: | I 2
UASTES . \ |1
ot \ : crdig i
Spm) b plerte |
_.’® @ e 1o

ASSUME —» FooTing DEpTH=D'
~» ToP 0C F00TinNG @ XROUND LENEL
B SOIL BEARING (APACITY, Que = 4 ksF
~* 50 (ol F63 onCrete
B From stael (dlorn 40 tdge of  Foshing

5B BRI - e

Qe Yoy~ We = 4= 4 = 3.55 kil HeE
P = 10 «W)( 10 *L) = 256 in® =\ fet
HGP FOUNDATIIN DESIan - ISOLATED FOOTINGT

STAADR . FON RefereEnce ' FOOTINGT $#\WL

Datgras ty DJH C e o oy
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@ Stantec

Areq = Posial = Eﬂ).!!'l - (1% f+* = dovtrns
3

Jeee
b= G = L w0 ¥ —>round up Yo 31, for betataue pormwar
LLLLLLL =ttt i
NET UPWARO PRESIURE ! (=7 a0t Siding))
FacToR €0 LOMO | LDL * 12 (13,811 r.150) = %34 K |

ane e L T8RS H
| | 1AL [ 75 Y0 I .

H'maMUM RerN'Fo_rz_ceé HsiN'r—:
e » () m"i(m). = 71056 in®

ASQ My < % 3"“ ‘(‘
Ay win - oun s 00T bk # 0o (AL ) D et (shtmkagt)

ooy Qﬂ'l c\b 4 -.\‘\5 as b in%
DEPTH BF R EINFIELE MENT (
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@ Stantec

el AL =085 (0.5 ,
-* ﬁ&m”\ s 3 r—‘ b‘ﬁd = 3"‘4060 (‘L‘i\{';l. 50\ = 3 LS unt
R I

B = 5.4~

b Aoyl 200bw@ = 200fW){31 Se)_ - Ul -»%mms

4, 112,000 sants

Po = .gg(m 080 B, fie | = .zs[mw.m(qooo)l - PR S
R0 - Fy) 111000 £ 51000 ~41 055

groax s A50n = ,213%

Conn = - 0ONK > Peaig =D QPuULMNI

Sz L= L(wver) ¢ =6 - S5 =D 19" 590(&«42
(n-1y) 2l

Ll s Ty LT D Ty
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@ Stantec

T WAY SeEAR

11 FRum vl panes.
N L0 O Y 11 lel=1p"
. ' = 3250
3 o 1.{ |
2 *‘.1;\ G = sy
! | k) |
Fl L INL o= #ced) 5 vipiad"
1 10 T | O O I \
{ 1 1) breakauk Srrimeet
EEORENEE Ay = DH
Eni [?*"]J_—'(‘Sﬁ(mm{’sﬁﬂ- My | |
| :dvc-'[ (32, 5\,‘”2}(* 200 '(110-24)(%2. suns) ovuy
00 I > O O O O O I
dic = 4 (Mo (1.24){%5)(9) = a1 |||
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@ Stantec

ONE Wiy SHEAR |

W= a0 (3 L ¢ no] = sy (V)R ) s
4’ 9 [1 1 ] (M ).

d=No | |- [\teVe | .5
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i = 5l B bd |
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@ Stantec

Qué-t‘ucm‘ng
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STAAD.foundation Output for Isolated Footings

Below illustrates and example of a calculation sheet that is produced through the
automated design process within STAAD.foundation.

Isolated Footing Design(ACI 318-05)

Design For Isolated Footing 642

Design For Isolated Footing 643

Design For Isolated Footing 671

Design For Isolated Footing 672

Footing No. Group ID Foundation Geometry
- - Length Width Thickness
642 1 8.500ft 8.500ft 2.000ft
Footing No. Footing Reinforcement Pedestal Reinforcement
- Bottom Reinforcement(M,) | Bottom Reinforcement(M,) | Top Reinforcement(M;) | Top Reinforcement(M,) | Main Steel | Trans Steel
642 11 - #6 11 - #6 10 - #6 10 - #6 N/A N/A
Footing No. Group ID Foundation Geometry
- Length Width Thickness
643 2 8.500ft 8.500ft 2.000ft
Footing No. Footing Reinforcement Pedestal Reinforcement
- Bottom Reinforcement(M,) | Bottom Reinforcement(My) | Top Reinforcement(M;) | Top Reinforcement(M) | Main Steel | Trans Steel
643 11 - #6 11 - #6 10 - #6 10 - #6 N/A N/A
Footing No. Group ID Foundation Geometry
- - Length Width Thickness
671 3 8.500ft 8.500ft 2.000ft
Footing No. Footing Reinforcement Pedestal Reinforcement
- Bottom Reinforcement(M,) | Bottom Reinforcement(M,) | Top Reinforcement(M.) | Top Reinforcement(M,) | Main Steel | Trans Steel
671 11 - #6 11 - #6 10 - #6 10 - #6 N/A N/A
Footing No. Group ID Foundation Geometry
- Length Width Thickness
672 4 8.500ft 8.500ft 2.000ft
Footing No. Footing Reinforcement Pedestal Reinforcement
- Bottom Reinforcement(M,) | Bottom Reinforcement(M,) | Top Reinforcement(M.) | Top Reinforcement(M,) | Main Steel | Trans Steel
672 11 - #6 11 - #6 10 - #6 10 - #6 N/A N/A

Isolated Footing 642
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Pedestal / Column Length
Footing Length
PLAN
Input Values

Footing Geomtery

Design Type : Calculate Dimension
Footing Thickness (Ft) : 24.000in
Footing Length - X (Fl) : 40.000in
Footing Width - Z (Fw) : 40.000in
Eccentricity along X (Oxd) : 0.000in

Eccentricity along Z (Ozd) : 0.000in

Column Dimensions
Column Shape : Rectangular

Column Length - X (Dcol) : 0.532ft
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Column Width - Z (Beo) : 0.507ft

Pedestal

Include Pedestalz No
Pedestal Shape : N/A
Pedestal Height (Ph) : N/A
Pedestal Length - X (Pl) : N/A

Pedestal Width - Z (Pw) : N/A

Design Parameters

Concrete and Rebar Properties

Unit Weight of Concrete : 150.0001b/ft3

Strength of Concrete : 4.000ksi

Yield Strength of Steel : 60.000ksi

Minimum Bar Size : #6

Maximum Bar Size : #18 Top Footing Minimum Bar Size : #6
Top Footing Maximum Bar Size : #18 Pedestal Minimum Bar Size : #6
Pedestal Maximum Bar Size : #18

Minimum Bar Spacing : 6.000in

Maximum Bar Spacing : 12.000in

Pedestal Clear Cover (P, CL) : 3.000in

Bottom Footing Clear Cover (F, CL) : 3.000in

Soil Properties

Soil Type : Cohesionless Soll

Unit Weight : 112.000lb/ft3

Soil Bearing Capacity : 4.000kip/ft2

Soil Bearing Capacity Type: Net Bearing Capacity
Soil Surcharge : 0.000kip/in2

Depth of Soil above Footing : 0.000in

Type of Depth : Fixed Top

Undrained Shear Strength : 0.000kip/in2

Bearing Capacity Input Method: Fixed Bearing Capacity
Sliding and Overturning

Coefficient of Friction : 0.500
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Factor of Safety Against Sliding : 1.500
Factor of Safety Against Overturning : 1.500
Global Settings

Top Reinforcement Option : Always calculate based on self weight Concrete Design Option : Gross
Pressure

Top Reinforcement Factor : 1.000

Design Calculations

Footing Size

Initial Length (Lo) = 3.333ft
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Initial Width (W,) = 3.333ft

Load Combination/s- Service Stress Level
Load Load Soil Self
Combination Load Combination Title Combination] Bearing Weight
Number Factor Factor Factor
110 D + W N-S 1.00 1.00 1.00
111 D+ WS-N 1.00 1.00 1.00
112 D+ WE-W 1.00 1.00 1.00
113 D+ WW-E 1.00 1.00 1.00
120 0.6 DL + W N-S 1.00 1.00 1.00
121 0.6 DL + W S-N 1.00 1.00 1.00
122 0.6 DL + W E-W 1.00 1.00 1.00
123 0.6 DL + W W-E 1.00 1.00 1.00
200 1.4DL 1.00 1.00 1.00
210 1.2DL + 1.6 WN-S 1.00 1.00 1.00
211 1.2DL+ 1.6 W5S-N 1.00 1.00 1.00
212 1.2DL+ 1.6 WE-W 1.00 1.00 1.00
213 1.2DL + 1.6 WW-E 1.00 1.00 1.00
220 0.9DL+ 1.6 WN-S 1.00 1.00 1.00
221 0.9DL+ 1.6 WS-N 1.00 1.00 1.00
222 09DL + 1.6 W E-W 1.00 1.00 1.00
223 09DL + 1.6 WW-E 1.00 1.00 1.00
Load Combination/s- Strength Level
Load Load Soil Self
Combination Load Combination Title Combination| Bearing Weight
Number Factor Factor Factor
110 D + W N-S 1.00 1.00 1.00
111 D+ WS-N 1.00 1.00 1.00
112 D+ WE-W 1.00 1.00 1.00
113 D+ WW-E 1.00 1.00 1.00
120 0.6 DL + W N-S 1.00 1.00 1.00
121 0.6 DL + W S-N 1.00 1.00 1.00
122 0.6 DL + W E-W 1.00 1.00 1.00
123 0.6 DL + W W-E 1.00 1.00 1.00
200 1.4 DL 1.00 1.00 1.00
210 1.2DL + 1.6 WN-S 1.00 1.00 1.00
211 1.2DL+ 1.6 WS-N 1.00 1.00 1.00
212 1.2DL+ 1.6 W E-W 1.00 1.00 1.00
213 1.2DL + 1.6 WW-E 1.00 1.00 1.00
220 0.9DL+ 1.6 WN-S 1.00 1.00 1.00
221 0.9DL+ 1.6 WS-N 1.00 1.00 1.00
222 09DL + 1.6 W E-W 1.00 1.00 1.00
223 09DL + 1.6 WW-E 1.00 1.00 1.00
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Applied Loads - Service Stress Level
LC Ax_ial She_ar X She_ar z Mor_nent X Mor_nent z
(kip) (kip) (kip) (kip-ft) (kip-ft)
110 3.562 -0.063 1.896 0.000 0.000
111 13.701 -0.138 -1.968 0.000 0.000
112 17.087 -3.413 -0.057 0.000 0.000
113 0.176 3.212 -0.014 0.000 0.000
120 0.109 -0.023 1.911 0.000 0.000
121 10.248 -0.098 -1.953 0.000 0.000
122 13.635 -3.373 -0.043 0.000 0.000
123 -3.277 3.252 -0.000 0.000 0.000
200 12.084 -0.141 -0.050 0.000 0.000
210 2.247 -0.060 3.049 0.000 0.000
211 18.469 -0.181 -3.134 0.000 0.000
212 23.887 -5.420 -0.077 0.000 0.000
213 -3.171 5.179 -0.009 0.000 0.000
220 -0.343 -0.030 3.059 0.000 0.000
221 15.879 -0.151 -3.123 0.000 0.000
222 21.298 -5.390 -0.066 0.000 0.000
223 -5.761 5.209 0.002 0.000 0.000
Applied Loads - Strength Level
LC Ax_ial She_ar X She_ar Zz Mor_nent X Mor}'lent Z
(kip) (kip) (kip) (kip-ft) (kip-ft)

110 3.562 -0.063 1.896 0.000 0.000
111 13.701 -0.138 -1.968 0.000 0.000
112 17.087 -3.413 -0.057 0.000 0.000
113 0.176 3.212 -0.014 0.000 0.000
120 0.109 -0.023 1,911 0.000 0.000
121 10.248 -0.098 -1.953 0.000 0.000
122 13.635 -3.373 -0.043 0.000 0.000
123 -3.277 3.252 -0.000 0.000 0.000
200 12.084 -0.141 -0.050 0.000 0.000
210 2.247 -0.060 3.049 0.000 0.000
211 18.469 -0.181 -3.134 0.000 0.000
212 23.887 -5.420 -0.077 0.000 0.000
213 -3.171 5.179 -0.009 0.000 0.000
220 -0.343 -0.030 3.059 0.000 0.000
221 15.879 -0.151 -3.123 0.000 0.000
222 21.298 -5.390 -0.066 0.000 0.000
223 -5.761 5.209 0.002 0.000 0.000

Reduction of force due to buoyancy = 0.000kip

Effect due to adhesion = 0.000kip

Area from initial length and width, Ao =Lo X Wo = 11.111f12Min. area required from bearing pressure, Amin = P / Qmax =

6.445ft2
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Note: Amin is an initial estimation.

P = Critical Factored Axial Load(without self weight/buoyancy/soil). dmax = Respective
Factored Bearing Capacity.

Final Footing Size

Length (L2) = 8.500 ft Governing Load #
223 Case :

Width (W) = 8.500 ft Governing Load #
223 Case :

Depth (D2) = 2.000 ft Governing Load #
212 Cose :

Depth is governed by Ultimate Load Case

(Service check is performed with footing thickness requirements from concrete check)

Area (Az) = 72.250 ft2
Final Soil Height = 0.000 ft
Footing Self Weight = 21.675 kip

Gross Soil Bearing Capacity 4.22kip/ft2

Soil Weight On Top Of

0.000 kip Footing =
Pressures at Four Corners

Please note that pressures values displayed in tables below are calculated after dividing by soil bearing
factor

X
1 || 2
Z ; {
4 TR 3
Pressure at | Pressure at | Pressure at | Pressure at Area of footing
Load Case corner 1 corner 2 corner 3 corner 4 in uplift (Au)
(q1) (q2) (a3) (q4) ()
(kip/ft2) (kip/ft2) (kip/ft2) (kip/ft2)

212 0.7380 0.5262 0.5232 0.7350 0.000
211 0.6204 0.6133 0.4909 0.4979 0.000
212 0.7380 0.5262 0.5232 0.7350 0.000
212 0.7380 0.5262 0.5232 0.7350 0.000
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If Auis zero, there is no uplift and no pressure adjustment is necessary. Otherwise, to account for uplift, areas

of negative pressure will be set o zero and the pressure will be redistributed to remaining corners.

Summary of Adjusted Pressures at 4 corners Four Corners

Pressure at Pressure at Pressure at Pressure at
corner 1 (q1) corner 2 (q2) corner 3 (q3) corner 4 (qa)
Load Case (kip/ft2) (kip/ft2) (kip/ft2) (kip/ft2)
212 0.7380 0.5262 0.5232 0.7350
211 0.6204 0.6133 0.4909 0.4979
212 0.7380 0.5262 0.5232 0.7350
212 0.7380 0.5262 0.5232 0.7350

Check for stability against overturning and sliding
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o™ '/'\

Siliding Force

-«

—_—
Frictional Force

ELEVATION

- Factor of safety against sliding Factor;,t‘);s::t::i/n;gainst
Load Along X- | Along Z- About X- About Z-
c::? Direction | Direction Resultant Direction Direction

110 200.897 6.654 6.650 28.278 853.812
111 127.962 8.990 8.968 38.206 543.837
112 5.679 341.470 5.678 1451.246 24,135
113 3.402 761.114 3.402 3234.734 14.457
120 481.893 5.701 5.700 24.228 2048.044
121 162.840 8.171 8.161 34.728 692.069
122 5.235 415.061 5.234 1764.010 22.248
123 2.829 69713.998 2.829 296284.492 12.022
200 119.945 339.092 113.079 1441.139 509.765
210 198.390 3.923 3.923 16.674 843.157
211 110.920 6.405 6.394 27.220 471.412
212 4.203 297.440 4.202 1264.119 17.862
213 1.786 1057.997 1.786 4496.486 7.592
220 353.961 3.486 3.486 14.818 1504.333
221 124,516 6.012 6.005 25.551 529.192
222 3.986 325.928 3.986 1385.194 16.941
223 1.527 4139.455 1.527 17592.683 6.492

Critical Load Case And The Governing Factor Of Safety For Overturning And Sliding - X
Direction

Critical Load Case for Sliding along X-Direction : 223

Governing Disturbing Force : 5.20%kip

Governing Restoring Force : 7.957kip
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Minimum Sliding Ratio for the Critical Load Case : 1.527
Critical Load Case for Overturning about X-Direction : 220
Governing Overturning Moment : 6.119kip-ft

Governing Resisting Moment : 90.662kip-ft

Minimum Overturning Ratio for the Critical Load Case : 14.818

Critical Load Case And The Governing Factor Of Safety For Overturning And Sliding - Z
Direction

Critical Load Case for Sliding along Z-Direction : 220

Governing Disturbing Force : 3.05%kip

Governing Restoring Force : 10.666kip

Minimum Sliding Ratio for the Critical Load Case : 3.486

Critical Load Case for Overturning about Z-Direction : 223
Governing Overturning Moment : -10.418kip-ft

Governing Resisting Moment : 67.635kip-ft

Minimum Overturning Ratio for the Critical Load Case : 6.492
Crifical Load Case And The Governing Factor Of Safety For Sliding Along Resultant Direction
Critical Load Case for Sliding along Resultant 223 Direction :
Governing Disturbing Force : 5.209kip

Governing Restoring Force : 7.957kip Minimum Sliding Ratio for the Critical Load Case : 1.527

Compression Development Length Check

Development length skipped as column reinforcement is not specified in input (Column Dimnesion Task
Pane)

Shear Calculation

Punching Shear Check
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b, (Perimeter)

)
2

Total Footing Depth, D = 2.000ft

Calculated Effective Depth, deit =D - Ccover- 0.5 * do = 1.714ft

For rectangular column, F=B

col / Dcol = 1.049

Effective depth, der, increased until 0.75XVe £ Punching Shear Force

Punching Shear Force, Vu = 42.418kip, Load Case # 212
From ACI CI.11.12.2.1, bo for column= 8.931ft

Equation 11-33, Va = 810.025kip

Equation 11-34, Ve = 1348.397kip

Equation 11-35, Ves = 557.493kip

Punching shear strength, Vc =
0.75 X Ve > Vy hence, OK

One-Way Shear Check
Along X Direction

(Shear Plane Parallel to Global X Axis)

2x (BCOI + DCDI +2x deﬂ’] =

4 ]
(2+ ﬁ_] xbywdgpx [1000xF, =

C

”
3usxd

1'% +2}xkx\{ixboxd=

N oy ¥

4xbyxdygex [1000xF, =

0.75 X minimum of (Vei1, Ve2, Ves) =

418.119ip
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z
deff+ osz/
Lo
PLAN '
From ACI Cl.11.3.1.1, \ = 25 Lxdygpx 1000 xF! = 265.299Kip
Distance along X to design for shear, 0.5 % (WW2Dgopl = dogr + Oggq =
2.283ft Dx =

Check that 0.75 X Vc > Vux where Vux is the shear force for the critical load cases at a distance dess from the
face of the column caused by bending about the X axis.

From above calculations, 0.75X V¢ = 198.974 kip

Critical load case for Vixis # 212 Yux = Vurlx=Dy = 12259 kip

0.75 X V¢ > Vux hence, OK
One-Way Shear Check

Along Z Direction

(Shear Plane Parallel to Global Z Axis)
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-

N

From ACI CI.11.3.1.1, Vc =

! =
2w W deﬁ-x fIEIEIDxFC = 265.299 kip

Distance along X to design for shear, D; = 05x(L+B

coll = e +0xa= 9977 gt

Check that 0.75 X Vc > Vuz where Vy; is the shear force for the critical load cases at a distance dett from the
face of the column caused by bending about the Z axis.

From above calculations, 0.75 X V¢ = 198.974 kip

v

Critical load case for Vi, is # 212 = Vuzlz=D; = 13,469 kip

0.75 X Ve > Vyz hence, OK

Design for Flexure about Z Axis

(For Reinforcement Parallel to X Axis)

o

Z

PLAN

Calculate the flexural reinforcement along the X direction of the footing. Find the area of steel required, A,
as per Section 3.8

of Reinforced Concrete Design (5th ed.) by Salmon and Wang (Ref. 1)

Critical Load Case # 212
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The strength values of steel and concrete used in the formulae are in ksi

Bars parallel to X Direction are placed at bottom

Effective Depth dei= 1.719 ft
Factor L from ACI C1.1027.3 = . 0.850
From ACI Cl. 10.3.2, 0.02851 Poa 085X By xFe X <@ +F)]
From ACI CI. 10.3.3, 0.02138 P _ 075 % Py =
From ACI Cl. 7.12.2, 0.00169 Pein _
From Ref. 1, Eq. 3.8.4a, constant m = ) Fy . 17.647
Calculate reinforcement ratio e for (u.gsch') ) crifical load case

Design for flexure about Z axis is

05xL+05x D+ Opy=

performed at the face of the column at 3.984 ft
a distance, Dx =

Ulfimate moment, 47.454 kip-ft Myl =p, =

Nominal moment capacity, Mn = E _ 52.726
kip-ft o
(Based on effective depth) Required p 1 M,

— Wl - [1-2xmux 72 =

0.00025 =" (Fy X W x dygf )

Since  P<PEmn  Pmin GOverns (Based on gross depth )P x defr / Depth = 0.00021

Area of Steel Required, As = P W o Bogy = 4141102

Selected bar Size = #6

Minimum spacing allowed (Smin) = = 6.000in

Selected spacing (S) = 10.583in

Smin<= S <= Smax aNd selected bar size < selected maximum bar size...

The reinforcement is accepted.

According to ACI 318 Clause No- 10.6.4 Max spacing for Cracking Consideration = 7.500in

Warning:Calculated spacing is more than maximum spacing cosidering cracking condition. Modify
spacing manually if cracking consideration is necessary.

Based on spacing reinforcement increment; provided reinforcement is
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| #6 @ 10.000in o.c.

3x db X fV
Required development length for bars = 50 % \ x \(f— = =2.372 ft
C
Available development length for bars, D_L 05%(L-Dygt) - ~Coover = 3.734 ft
Try bar size #6 Area of one bar =  0.440 in2
AS
Number of bars required, N bar = Ay = 10

Because the number of bars is rounded up, make sure new reinforcement ratio < Pmax

Total reinforcement area, Astota =  Nbar X (Area of one bar) = 4.400 in2
et = D - Ccover - 0.5 X (dia. of one bar) = 1.719 ft
As_total

(depe x W) 0.00209

Reinforcement ratio, P =
From ACI CI.7.6.1, minimum reqg'd clear distance between bars
Cda = max (Diameter of one bar, 1.0" (25.4mm), Min. User Spacing) = 6.000in
Provided Steel Area / Required Steel Area = 1.062

Check to see if width is sufficient to accomodate bars

Design for Flexure about X axis

(For Reinforcement Parallel to Z Axis)

PLAN

Calculate the flexural reinforcement along the Z direction of the footing. Find the area of steel required, A,
as per Section 3.8

of Reinforced Concrete Design (5th ed.) by Salmon and Wang (Ref. 1)
Crifical Load Case # 212

The strength values of steel and concrete used in the formulae are in ksi
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Bars parallel to X Direction are placed at bottom

Effective Depth de= 1.656 ft

Factor By from ACI C1.10.2.7.3 =

| 87
Pl 085x By xFy %X ==
From ACI Cl. 10.3.2, 0.02851 = © 7 [ x (7 + Fy)]
From ACI CI. 10.3.3, 0.02138 P 075 % Pryg1 =
From ACI Cl.7.12.2, 0.00170 Prnin
From Ref. 1, Eq. 3.8.4a, constant m = Fy
Calculate reinforcement ratio r for (U-Sﬁch')
Design for flexure about X axis is
performed at the face of the column at 0% LT 05 Bogy + Ogg = 3.997
a distance, D; =
) M|, = )
Ultimate moment, 4l x=Dx~ 42,880 kip-ft
M
1
Nominal moment capacity, Mn = o
kip-ft
M
(Based on effective depth) Required pl oy R P e . —
m 2
= (Fy w WA deﬁ' )
0.00024

Since P< Pmin  Pmin GOverns

Area of Steel Required, As = P W X dogr =

Selected Bar Size = #6
Minimum spacing allowed (Smin) = 6.000in

Selected spacing (S) = 10.583in

4.1611n2

Smin<= S <= Smax and selected bar size < selected maximum bar size...

The reinforcement is accepted.

According to ACI 318 Clause No- 10.6.4 Max spacing for Cracking Consideration = 7.500in

Warning:Calculated spacing is more than maximum spacing cosidering cracking condition. Modify

spacing manually if cracking consideration is necessary.

critical load case

ft

(Based on gross depth )P x def / Depth = 0.00020

Based on spacing reinforcement increment; provided reinforcement is

| #6 @ 10.000in o.c.

db x fy

Required development length for bars =
. _ 05x(L-
Available development length for bars, D L =

Try bar size #6

Number of bars required, N bar =

25x>\x\{§

D C

coll " ~Ceover=

Area of one bar =

Ay

fipgy

S =2.372 ft

3.747 ft
0.440 in2

10

47.645
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Because the number of bars is rounded up, make sure new reinforcement ratio < Pmax

Total reinforcement area, As_total = Nbar X (Area of one bar) = 4.400in2
deff = D - Ceover - 1.5 X (dia. of one bar) = 1.656 ft

As_total
( deﬂ- x W1

Reinforcement ratio, P = 0.00217
From ACI Cl.7.6.1, minimum reqg'd clear distance between bars
Ca = max (Diameter of one bar, 1.0" (25.4mm), Min. User Spacing) = 6.000in

Provided Steel Area / Required Steel Area = 1.057

Check to see if width is sufficient o accomodate bars

Bending moment for uplift cases will be calculated based solely on selfweight, soil depth and surcharge
loading.

As the footing size has already been determined based on all servicebility load cases, and design moment
calculation is based on selfweight, soil depth and surcharge only, top reinforcement value for all pure uplift
load cases will be the same.

Design For Top Reinforcement Parallel to Z Axis

o

Z

PLAN

Top reinforcement is calculated based on self weight of footing and soll

Calculate the flexural reinforcement for Mx. Find the area of steel required

The strength values of steel and concrete used in the formulae are in ksi

Bars parallel to X Direction are placed at bottom

Effective Depth deii= 1.656 ft
Factor By from ACI CI.10.2.7.3 = 0.850
p DijBIXle———87 =
hal - -
From ACI CI. 10.3.2, 0.02851 = ¥ [fy x (87 + FY)]
From ACI CI. 10.3.3, 0.02138 P 075 X Ppgg =
Pinin _
FY

(0.85 x FC')
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From ACI CI. 7.12.2, 0.00000

From Ref. 1, Eq. 3.8.4a, constant m = 17.647
Calculate reinforcement ratio ¢ for critical load case
Design for flexure about X axis is

performed at the face of the
05xL+05xD,+ 0=

3.997 ft M _ column at a distance, Dx
= ul2=D, "
. . I
Ultimate moment, 20.366 kip-ft T“ -
Nominal moment capacity, Mn = = 22.629 kip-ft
1 1
(Based on effective depth) ol Bl L R = |
P (F Wxd )
y)( x eff
0.00011 Required =
(Based on gross depth ) x defr / Depth =
0.00009 ‘
Since PminS P Pmax OK
Area of Steel Required, As = P Woc g = 0.228 N2
Total reinforcement area, As_tota = Nbor X (Area of one bar) = 0.884 in2

Provided Steel Area / Required Steel Area = 3.876

Selected bar Size = #6

Minimum spacing allowed (Smin) = 6.000in

Selected spacing (S) = 12.000in

Smin<= S <= Smax aNd selected bar size < selected maximum bar size...

The reinforcement is accepted.

According to ACI 318 Clause No- 10.6.4 Max spacing for Cracking Consideration = 7.500in

Warning:Calculated spacing is more than maximum spacing cosidering cracking condition. Modify
spacing manually if cracking consideration is necessary.

Based on spacing reinforcement increment; provided reinforcement is

| #6 @ 12.000in o.c.

Design For Top Reinforcement Parallel to X Axis
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l—»X

PLAN

Top reinforcement is calculated based on self weight of footing and soil

Calculate the flexural reinforcement for M.. Find the area of steel required

The sfrength values of steel and concrete used in the formulae are in ksi

Bars parallel o X Direction are placed at botfom

Effective Depth desi= 1.719 ft

Factor P1 from ACI C1.10.2.7.3 =
From ACI CI. 10.3.2, 0.02851
From ACI CI. 10.3.3, 0.02138
From ACI CI.7.12.2, 0.00000

From Ref. 1, Eq. 3.8.4a, constant m =
Calculate reinforcement ratio P for critical
Design for flexure about Z axis is

performed at the face of the

05xL+05xD,+0= 3.984

Dx=
Ultimate moment, 20.239 kip-ft
Nominal moment capacity, Mn =
(Based on effective depth)
0.000104 Required =
0.000089
OK

Since Pmin< P Pmax

Area of Steel Required, As =

poeWxdgr=

I 87
Phal 085x Py xF, X e/—F———x= =
= [y x (87 + Fy]]
Pz 0.75 % Pyt =
Pin _
FY

(0.85 x FC')

i
L:»< 1- 1—2:w<m>-<—n2 =
m
(FYxdeeﬁ-)

(Based on gross depth )P x derr / Depth =

021812

Total reinforcement areq, As total

Provided Steel Area / Required Steel Area = 4.048

Noar X (Area of one bar) =

0.850

17.647

load case

ft column at a distance,

22.488 kip-ft

0.884in2
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Selected bar Size = #6
Minimum spacing allowed (Smin) = 6.000in

Selected spacing (S) = 12.000in

Smin<= S <= Smax and selected bar size < selected maximum bar size...

The reinforcement is accepted.

According to ACI 318 Clause No- 10.6.4 Max spacing for Cracking Consideration = 7.500in

Warning:Calculated spacing is more than maximum spacing cosidering cracking condition. Modify

spacing manually if cracking consideration is necessary.

Based on spacing reinforcement increment; provided reinforcement is

| #6 @ 12.000in o.c.

Isolated Footing Design Optimization

Through hand calculations, the design process
and accuracy has been verified for the design
of an isolated footing in STAAD.foundation.
However, through testing the program, it has
been found that the most effective design
alternative is not automatically designed
through the software analysis unless the design
parameters are sufficiently constrained. For
example, the program seems to almost always
design to match the minimum selected
thickness as highlighted to the right in Figure 1.
Also noted in the figure are the length with ratio
and the set as default option. The length with
ratio was kept at 1 throughout our testing in
order to assure the design of square footing.
Additionally, when “No” is chosen for set to
default, the program is supposed to optimize the
design. Although this opfion helped in making
the design more feasible, constraining other
variables such as the reinforcement sizing and
spacing was necessary in order to produce the
most effective design.

Another major issue within the automated

Data Input Pane

Footing Geometry

Design Type

Calculate Dimensio v |

Minimum Length(Fl)

40 in

Minimum Width(Fw)

Minimum Thickness(Ft)

Maximum Length(Fl)

40 in
12
500

Maximum Width(Fw)

500

Maximum Thick (Ft)

48

Plan Dimension Inc.

2

Thickness Increment

Offset X direction(Oxd)

Offset Z direction(0zd)

55|55 |5|5|5|5

Length/Width Ratio

Set as Default

ELEVATION
analysis is the lack of consideration to negative k- e 1- FooTing GEOMETRY
forces when the governing loading is chosen. 5ve 1IN STAAD. EOUNDATION

For example, when the design is analyzed, a
3.059 kip force will govern over a -3.134 kip force. Although this may be a negligible

= —=lojloln
55

HELAN

INPUT
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difference for this case, it may become an issue in which there is a more severe
difference in the forces.

Overall, when using the design analysis for an isolated footing, it is up to the engineer to
constrain the ranges to what he/she finds appropriate. For example, upon completion
of an analysis, the designer may notice a large number of a small sized rebar is used,
which may pose feasibility and constructability issues. For this reason, the designer may
have to further constrain the design parameters in order to achieve a more
economical result.
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APPENAIX E...evvereee ettt eessne e ere e nnes Combined Footing Design Verification

Several steps were taken in order to verify the automated calculations run within
STAAD.foundation. This process was aided by the use of an excel spreadsheet in order
to iterate several designs quickly. The functionality and accuracy of the spreadsheet
was verified against hand calculations. When designing these footings, checks against
sliding, overturning, and direct and punching shear were considered. Examples of this
procedure can be seen below in the following sections.

Combined Footing Design Procedure

Combined Footing Design

Checks and
Assumptions Service Load Design Structural Analysis Reinforcement
Design
7w =N N
~Watar:Table'Depth Create moment and Determine the ultimate punching (two way)
Galculateconcreta shear diagrams shear based on calculated parameters
-Depth of Footing pressure (W;) on the
footing based on
-Soil Bearing assumed depth i
Capacity

-Concrete/Soil Unit

—d

Calculate facored

‘ Calculate ®Vc based on ACI 318-05 ’

Weights footing pressure
Calculate effective
bearing capacity YES
(geft=Auit - We —
) alculate maximum
Calculate soil

shear at an effective
depth from the
columnface )

pressure (Wg) on the
footing based on
assumed depth

Check one way shear

Calculate Vu

S
Calculate effective
soil bearing capacity

Increase footing
dimensions and
recalculate

Calculate ®Ve

]

(qeff= Quit - We — Calculate maximum
Ws) positive and negative
moment in the footing v Calculate required d
R 3 & verify chosen size
CHECK: 0VczVu is acceptable
Calculate
minimumrequired YES
prea (Areq) based on Increase footing
Axial loading and dimensions and
effective bearing recalculate v

capacity

\ / Design Reinforcement
Calculate footing [ Transverse ] Longitudinal
Calculate factored : i : . . " .
axial loading on the section dimensions Reinforcement Design Reinforcement Design

based on required
area

-

Calculatethe shape

footing

P T

Calculate Net
Upward pressure

Calculate maximum
moment

(gn) by divding parameter based on Compute mimimun p
factored load by area the section and area of steel
of concrete dimensions

hoose governing steel
frea in accordance with
ACI 318-05

Compute steel spacing

.
Minimumrequired

reinforcement and
choose trial bar size

——

Calculateeffective
depth of
reinforcement as well
as the break out side
length andperimeter

Re o
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Excel Spreadsheet - Combined Footing

Desizn Checles
Punching Shear Strensth| ov. |OK
Punching Shear Strensth| ov. |OK
Shear strength of conerete for footing sechon oV, |[OK

e - he _ - o ColA CE
Beanng capacity of concrate at eclumn bass B olE oK
Combined Footings - S2rvics Loed Desisn
- . Live Lozd| By O Eips 5= 1234187
“d‘“’;’j Hod Tesd Load|P,, | B85 |Kips A
o Towl|F, | 2286 [Fis
. . Live Lozd( B, O Eips
“‘““‘“’f:: Hags Dzt Lozd|B | 25887 [Kis A B
o Totzl|P | 23887 [Kips
Fesulent| R 47774 | Kigs
Digtance Batween Columns| s 13 542 )it !
Allowabls Soil Prassurs | g 3000 |pdf / L=1
Distance from column A to edee of footing|m 1)it
LCepth of soi zbone botng 12 |inches
Tt waight of soil|y, 120|pd £ E B
Cepth of footing 24 [inches Mk 4774 Mk
Thit weisht of conorsta| v. 150 |pdf p 1 6270833 {170E3
Service Load Desisn ] r—| r1
Locztionof r2 aultznt from A|n b|it W W
Length of Footing|L 15(f
Weight of Footing| & 300 |pf
Weigh @ i bo Botglq, | 12[pd XTI EXE)
Net soil bearing capacity| g 580 (pd
Beguirzd footing area| A 18|62
Faquirsd width of footing| b, gl

(=]
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Combined Footings - Structural Analysis

Depth|Cy 2|ft
Colummn Sizs Width|C. 2|t
Area| A 4|ft"2
Factored Column Loads Column 2P, 2866 Lu:ps,
Column B| P, 28.66|kips
Location of Resultant from column A |Rao s T|ft
Factorzd footing pressure per linsar foot of footing| Q. 38|kt
Shear Diagram
Point 1|V -21.0|kips
Pomnt 3 (Vi 19.3 | kips
Point 4V -1.3 |kips
Moment Diagram
Distance from inside face of column A to peak moment | X 5.5|ft
Pomnt 1|Myy, -21 | fi-kips
Point 2| M -78.8|ft-kips
Point 3 | My -30.3| fi-kips
Point 4|0y | 0.401|ft-kips

NOTE: Shear and moment
dizgrams are situation

A R B dependent
0% 573288 9%
L1 62708333 |5.270833
TTNTTITTTTTTTNTTTT T Tau=3sus2
L2 105 20/ 03
1 P3 1
19
| |
SHEAR DIAGRAM Fe
F4
Fi)-21.0 B a1 o fed
5.50 a| o
r—
MOMENT
DIAGRAM | -
-21
=73

Design Code
ACT 31805
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Coepbinsd Footines - Beinforcem ent Dezien

Compreszive Srensth of Concrete at 28 denslf, 4=
Yisld Brensth of reber|f, =i
sheat ratio|o 075
Ched: punchine shear fir colomm A
Azzum e reinforcemeants as: = G|bers
Bar Dizmeir|d 075 [inches
Coms|C 3|imches
Ef=di= dapth|d 17|#
Faoiored footing pressws|g. . 121 [Hpaft2
Perimatzr of punchingshear| b, 112 5|inches
Punchins sheer shress |V 3E |
Punching Sher Stensth|o 188 7\ pei CE
Ched: punching shear ©ir mhmm B
Berimeter of punching shesr|b 177 |inche=
Punching shear sz |V g Q7 |pe
Puenchinz Sher Stensth|or 188 7)o K
Cheds Drirect Shear
Mlaxinum Shesr| V. 123 |Hpe
Dhistznrs from zeroshear bomax sheer|X 1054147 |
Dired shear at the oritical sacion |V, 152 |4
Ehewr srength of concrebes for footing sedion| gV . 115255 |pe Lu::a
M avimmm Fositi e Negativ e reinforcement i lonsitndinal direction
Mlzximum Poeitive Moment | M. TRE |ftbps
Feequited Wit of footing [, 2a
Mloment ratio|o, o8
Azzems depthof Swess block|z 28 [inches
T 531 [
2|z 085 |inch=
ET 227 |
=z L& |inches
Comvares|a 0B |inche
Arez of szl A, QB8 |2
Rstforement ratio|o o01EL
MEnimum Reinforoamant Ratio] D {241
Adpusted Arsz of B2l A, 117 |im*2
Allowzble Bpedne|E 15 87|inch=
Choces Bar: Sizel= 3 Mzl
Mumber 15 Decizion
Zpedns 1lélnde T
Determine reinforcement i transerse diredion
Dhstrancs from fzce of column ofooling ades|e e i
For 1ftsaction) 1|#
Factored momentat faos of cohmnn ML SR |t
Azmme s |z ol |inchs
T 15 [idge
2|z 006 |nche
ET 15 [iams
Tl 006 |inches
Finzl 27 |z 006 [inche
Agez stes] for 1ftsadion| A, 00 3006 |2
Rawmioroanent Batiolo D017
Minimum Bsinforcament Batio|p.,, LE kAL
Adpsted Arsz of s 125
Chooss Bar: Bime|= 5 Mlzmz]
Mumber 5 Decizion
Epedns 450 |inche= CE
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Hand Calculations - Combined Footing

@ Stantec

Cﬁmbfﬂﬁdmﬁ% I')'H}ﬁn qun (94'7 g(,qs

NabE \vn. - f\ L 93,3k k&

(m.) .

LAy = Sin k| (‘Lﬂ_}

fa = %11y

SRR

NOPE LA —» Fy = RRk @y
| - H; :J"{LO.‘ ?1‘1.3
faizl L[ || Fiel FS."{A L

Npas
l

A ’ ' . ' ’ ' +

(M
vib X

y

18

: wu

\- o
N [ ] |
| | [ |
| - i e . |
|
|
\
| EEELR |
L] | |
| S s 1
-
C
||
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@ Stantec
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@ Stantec
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@ Stantec
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@ Stantec
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STAAD.Foundation Output for Combined Footing Design
COMBINED FOUNDATION DESIGN (ACI 318-05)

Design For Combined Foofting 1

Result Summary

Footing No. Left Overhang Right Overhang Length Width Thickness
(f (ft) (ft) (ft (ft)
1 1.833 1.833 16,208 2.333 2.000
Eooting No Footing Reinforcement
- Main Steel Top Main Steel Bottom Secondary Steel Top Secondary Steel Bottom
1 4 - #6 4-#7 22 - #6 16 - #7

0 i
:l 1 [: i r:
b e nE====f
Column/Pedestal ;:._j__i_: L
Y L Wb
d--t-qn ok e H
g T ! e
T T
= - -
| Vi ! = ! UL L+
§ T ! > &
T t
Al f :
% L J L4 L4 L J L J l w L J L J L J L d w L J L J : Ad L LJ L J L J
s I . P =
! _' 5E
v i [ 2
— Y . . ® . : \. [ ] 'Y [} [ [ e ) : ® & e o []
xlo I M@Eﬁm !
Ol
Length x Breadth Per Plan
ELEVATION
X
Left Overhang Right Overhang
2 13 K v
z I | 1 1
| I
| |
| |
i i =
.5 g
32 T rT z
gl o D R RIS | ST ) RO B e e v o [ TN | R 2
.g E ' : 1 - 1 3
232 :_._[.--.u :_.-I_..J E
8 : ! 5
| i i 2
' .
=== | |
H I I
ccalsessdewe i i
I I
Pedestal / Column Length

Footing Length (Lo)

PLAN

Combined Footing 1

Input Data
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Geometry of Footing

For Column 642

Column Dimensions
Column Shape : Rectangular
Column Length - X (Do) : 0.532ft

Column Width - Z (Beo) : 0.507ft

Pedestal

Include Pedestal? No
Pedestal Shape : N/A
Pedestal Height (Ph) : N/A
Pedestal Length - X (PI) : N/A

Pedestal Width - Z (Pw) : N/A

Eccentricity

Column Offset in Transverse Direction : 0.000ft

For Column 643

Column Dimensions
Column Shape : Rectangular
Column Length - X (Dcal) : 0.532ft

Column Width - Z (Beol) : 0.507ft

Pedestal

Include Pedestalz No
Pedestal Shape : N/A
Pedestal Height (Ph) : N/A
Pedestal Length - X (PI) : N/A

Pedestal Width - Z (Pw) : N/A

Eccentricity

Column Offset in Transverse Direction : 0.000ft

Length of left overhang : 1.000ft
Length of right overhang : 1.000ft
Is the length of left overhang fixed? No

Is the length of right overhang fixed? No
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Minimum width of footing (Wo) : 1.000ft
Minimum Thickness of footing (Do) : 2.000ft
Maximum Width of Footing (Wo) : 10.000ft
Maximum Thickness of Footing (Do) : 5.000ft
Maximum Length of Footing (Lo) : 300.000ft
Length Increment : 2.000in

Depth Increment : 2.000in

Cover and Soil Properties

Pedestal Clear Cover : 2.000in

Footing Clear Cover : 3.000in

Unit Weight of soil : 120.000lb/ft3

Soil Bearing Capacity : 4.000kip/ft2

Soil Bearing Capacity Type: Net Bearing Capacity
Soil Surcharge : 0.000kip/in2

Depth of Soil above Footing : 12.000in

Type of Depth : Fixed Top

Depth of Water Table : 120.000ft

Concrete and Rebar Properties

Unit Weight of Concrete : 0.610kip/ft3

Compressive Strength of Concrete : 4.000ksi

Yield Strength of Steel : 60.000ksi

Minimum Bar Size : #7

Maximum Bar Size : #14 Minimum Pedestal Bar Size : #3
Maximum Pedestal Bar Size : #10

Minimum Bar Spacing : 2.000in

Maximum Bar Spacing : 18.000in

Design Calculations

Footing Size Calculations

Gross Soil Bearing Capacity = 4.36kip/ftA2

Reduction of force due to buoyancy = 0.000kip

Area from initial length and width, Ao = Lo X Wo = 14.542ftA2

Min. area required from bearing pressure, Amin = P / Qmax = 15.413ftA2

Note: Amin is an inifial estimation.
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P = Critical Factored Axial Load(without self weight/buoyancy/ gmex = Respective Factored Bearing Capacity.
Final footing dimensions are:

Length of footing, L : 16.208ft

Width of footing, W : 2.333ft

Depth of footing, Do : 2.000ft

Areq, A : 37.820ftA2

Length of left overhang, Lieft_overhang : 1.833ft

Length of right overhang, Light_overhang : 1.833ft

Footing self weight : 46.140kip Soi weight on top of footing : 4.474kip
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Load Load Soil Self
Combination Load Combination Title Combination| Bearing Weight
Number Factor Factor Factor
110 D + W N-S 1.00 1.00 1.00
111 D+ WS-N 1.00 1.00 1.00
112 D+ WE-W 1.00 1.00 1.00
113 D+ WW-E 1.00 1.00 1.00
120 0.6 DL + W N-S 1.00 1.00 1.00
121 0.6 DL + W S-N 1.00 1.00 1.00
122 0.6 DL + W E-W 1.00 1.00 1.00
123 0.6 DL + WW-E 1.00 1.00 1.00
200 1.4DL 1.00 1.00 1.00
210 1.2DL + 1.6 WN-S 1.00 1.00 1.00
211 1.2DL+ 1.6 WS-N 1.00 1.00 1.00
212 1.2DL+ 1.6 WE-W 1.00 1.00 1.00
213 1.2DL + 1.6 WW-E 1.00 1.00 1.00
220 0.9DL+ 1.6 WN-S 1.00 1.00 1.00
221 0.9DL+ 1.6 WS-N 1.00 1.00 1.00
222 09DL+ 1.6 WE-W 1.00 1.00 1.00
223 0.9DL + 1.6 WW-E 1.00 1.00 1.00
Load Load Soil Self
Combination Load Combination Title Combination| Bearing Weight
Number Factor Factor Factor
110 D + WN-S 1.00 1.00 1.00
111 D+ WS-N 1.00 1.00 1.00
112 D+ WE-W 1.00 1.00 1.00
113 D+ W W-E 1.00 1.00 1.00
120 0.6 DL + W N-S 1.00 1.00 1.00
121 0.6 DL + W S-N 1.00 1.00 1.00
122 0.6 DL + W E-W 1.00 1.00 1.00
123 0.6 DL + W W-E 1.00 1.00 1.00
200 1.4DL 1.00 1.00 1.00
210 1.2DL + 1.6 W N-S 1.00 1.00 1.00
211 1.2DL+ 1.6 WS-N 1.00 1.00 1.00
212 1.2DL+ 1.6 WE-W 1.00 1.00 1.00
213 1.2DL + 1.6 WW-E 1.00 1.00 1.00
220 0.9DL+ 1.6 WN-S 1.00 1.00 1.00
221 09DL+ 1.6 WS-N 1.00 1.00 1.00
222 09DL+ 1.6 WE-W 1.00 1.00 1.00
223 0.9DL + 1.6 WW-E 1.00 1.00 1.00
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Applied Loads - Service Stress Level
LC Ax_ial She_ar X She_ar Z Mor_nent X Mor_'nent Z
(kip) (kip) (kip) (kip-ft) (kip-ft)

Column Number : 642
110 3.562 -0.063 1.896 0.000 0.000
111 13.701 -0.138 -1.968 0.000 0.000
112 17.087 -3.413 -0.057 0.000 0.000
113 0.176 3.212 -0.014 0.000 0.000
120 0.109 -0.023 1.911 0.000 0.000
121 10.248 -0.098 -1.953 0.000 0.000
122 13.635 -3.373 -0.043 0.000 0.000
123 -3.277 3.252 -0.000 0.000 0.000
200 12.084 -0.141 -0.050 0.000 0.000
210 2.247 -0.060 3.049 0.000 0.000
211 18.469 -0.181 -3.134 0.000 0.000
212 23.887 -5.420 -0.077 0.000 0.000
213 -3.171 5.179 -0.009 0.000 0.000
220 -0.343 -0.030 3.059 0.000 0.000
221 15.879 -0.151 -3.123 0.000 0.000
222 21.298 -5.390 -0.066 0.000 0.000
223 -5.761 5.209 0.002 0.000 0.000

Column Number : 643
110 13.701 -0.138 1.968 0.000 0.000
111 3.562 -0.063 -1.897 0.000 0.000
112 17.087 -3.413 0.057 0.000 0.000
113 0.176 3.212 0.014 0.000 0.000
120 10.248 -0.098 1.953 0.000 0.000
121 0.109 -0.023 -1.911 0.000 0.000
122 13.635 -3.373 0.043 0.000 0.000
123 -3.277 3.252 0.000 0.000 0.000
200 12.084 -0.141 0.050 0.000 0.000
210 18.469 -0.181 3.134 0.000 0.000
211 2.247 -0.060 -3.049 0.000 0.000
212 23.887 -5.420 0.077 0.000 0.000
213 -3.172 5.179 0.009 0.000 0.000
220 15.879 -0.151 3.123 0.000 0.000
221 -0.343 -0.030 -3.059 0.000 0.000
222 21.298 -5.390 0.066 0.000 0.000
223 -5.761 5.209 -0.002 0.000 0.000

Applied Loads - Strength Level
LC Ax_ial She_ar X She_ar Z Mor_nent X Mor:nent 4
(kip) (kip) (kip) (kip-ft) (kip-ft)

Column Number : 642
110 3.562 -0.063 1.896 0.000 0.000
111 13.701 -0.138 -1.968 0.000 0.000
112 17.087 -3.413 -0.057 0.000 0.000
113 0.176 3.212 -0.014 0.000 0.000
120 0.109 -0.023 1,911 0.000 0.000
121 10.248 -0.098 -1.953 0.000 0.000
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122 13.635 -3.373 -0.043 0.000 0.000
123 -3.277 3.252 -0.000 0.000 0.000
200 12.084 -0.141 -0.050 0.000 0.000
210 2.247 -0.060 3.049 0.000 0.000
211 18.469 -0.181 -3.134 0.000 0.000
212 23.887 -5.420 -0.077 0.000 0.000
213 -3.171 5.179 -0.009 0.000 0.000
220 -0.343 -0.030 3.059 0.000 0.000
221 15.879 -0.151 -3.123 0.000 0.000
222 21.298 -5.390 -0.066 0.000 0.000
223 -5.761 5.209 0.002 0.000 0.000
Column Number : 643
110 13.701 -0.138 1.968 0.000 0.000
111 3.562 -0.063 -1.897 0.000 0.000
112 17.087 -3.413 0.057 0.000 0.000
113 0.176 3.212 0.014 0.000 0.000
120 10.248 -0.098 1.953 0.000 0.000
121 0.109 -0.023 -1.911 0.000 0.000
122 13.635 -3.373 0.043 0.000 0.000
123 -3.277 3.252 0.000 0.000 0.000
200 12.084 -0.141 0.050 0.000 0.000
210 18.469 -0.181 3.134 0.000 0.000
211 2.247 -0.060 -3.049 0.000 0.000
212 23.887 -5.420 0.077 0.000 0.000
213 -3.172 5.179 0.009 0.000 0.000
220 15.879 -0.151 3.123 0.000 0.000
221 -0.343 -0.030 -3.059 0.000 0.000
222 21.298 -5.390 0.066 0.000 0.000
223 -5.761 5.209 -0.002 0.000 0.000

Calculated Pressures at Four Corners
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X
: 2
z !
l
4 ‘ 3
Pressure at Pressure at Pressure at Pressure at Area of footing in
Load Case corner 1 (q1) corner 2 (q2) corner 3 (g3) corner 4 (¢u) uplift (Au)
(kip/ft~2) (kip/ft~2) (kip/ft~2) (kip/ft~2) (sq. ft)
211 2.9700 0.7365 0.8021 3.0356 0.000
210 0.7365 2,9700 3.0356 0.8021 0.000
212 1.1273 1.1273 4.0757 4.0757 0.000
212 1.1273 1.1273 4.0757 4.0757 0.000

If Auis zero, there is no uplift and no pressure adjustment is necessary. Otherwise, to account for uplift, areas

of negative pressure will be set to zero and the pressure will be redistributed to remaining corners.

Summary of Adjusted Pressures at Four Corners

Pressure at corner 1 Pressure at corner 2 | Pressure at corner 3 Pressure at corner 4
Load Case (q1) (92) (a3) (q4)
(kip/ft~2) (kip/ft~2) (kip/ft~2) (kip/ft~2)
211 2.9700 0.7365 0.8021 3.0356
210 0.7365 2.9700 3.0356 0.8021
212 1.1273 1.1273 4.0757 4.0757
212 1.1273 1.1273 4.0757 4.0757
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Check for stability against sliding

Load Case sr(ulfia':)x sr(':iapr)z Ress:cl;arnt SI:::;:;StI!:?ce Ratio X Ratio Z Re;::li::nt
(kip) (kip)
110 -0.201 3.864 3.869 28.688 142.726 7.424 7.414
111 -0.201 -3.864 3.869 28.688 142.726 7.424 7.414
112 -6.826 -0.000 6.826 35.453 5.194 N/A 5.194
113 6.424 -0.000 6.424 21.924 3.413 N/A 3.413
120 -0.121 3.864 3.866 25.926 214.974 6.710 6.706
121 -0.121 -3.864 3.866 25.926 214.974 6.710 6.706
122 -6.745 0.000 6.745 32.691 4.847 N/A 4.847
123 6.504 -0.000 6.504 19.162 2.946 N/A 2.946
200 -0.281 -0.000 0.281 31.451 111.762 N/A 111.762
210 -0.241 6.183 6.187 30.070 124.664 4.864 4.860
211 -0.241 -6.183 6.187 30.070 124.664 4.864 4.860
212 -10.841 0.000 10.841 40.893 3.772 N/A 3.772
213 10.358 -0.000 10.358 19.246 1.858 187028.728 1.858
220 -0.181 6.183 6.185 27.998 154.767 4.529 4.527
221 -0.181 -6.183 6.185 27.998 154.767 4.529 4.527
222 -10.780 0.000 10.780 38.821 3.601 N/A 3.601
223 10.419 -0.000 10.419 17.175 1.648 N/A 1.648
Check for stability against overturning (Moments printed against Local axis)
Resistin Resistin
Load Case M((:;:inftt)x M((:i‘;?:tt)z Momentg( Momenth Ratio X Ratio Z
(kip-ft) (kip-ft)
110 0.436 -71.951 83.675 581.242 192.131 8.078
111 0.436 71.952 83.675 581.242 192.131 8.078
112 14.789 0.000 103.405 718.296 6.992 N/A
113 -13.918 0.001 63.945 444,188 4.594 426232.000
120 0.261 -71.951 75.619 525.282 289.388 7.301
121 0.261 71.952 75.619 525.282 289.388 7.300
122 14.615 -0.000 95.349 662.336 6.524 3236169.967
123 -14.092 0.001 55.889 388.227 3.966 466048.754
200 0.610 0.001 91.731 637.202 150.449 875162.136
210 0.523 -115.122 87.703 609.222 167.816 5.292
211 0.523 115.123 87.703 609.222 167.816 5.292
212 23.488 -0.000 119.271 828.509 5.078 4180125.941
213 -22.443 0.001 56,135 389.935 2.501 267463.273
220 0.392 -115.122 81.661 567.252 208.340 4.927
221 0.392 115.123 81.661 567.252 208.340 4.927
222 23.357 -0.000 113.229 786.539 4.848 2150476.606
223 -22.574 0.001 50.093 347.965 2.219 267190.760
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Calculations of Footing Thickness

Footing thickness is calculated based on the ultimate load cases
Check for Punching Shear

For Column 642

Critical Load case for Punching Shear Check : 18

Total Footing Depth, Do = 2.000ft

Calculated Effective Depth,defs = 1.714ft

For rectangular column, Fe = Beol / Dcol : 1.049

Considering the particular column

as interior column, Slab Edge “5:400

Factor

Effective depth, des, increased until 0.75*V. £ Punching Shear Force

Punchng Shear Force, Vu = 17.59%kip

From ACI CI.11.12.2.1, Ba for column 8.931ft

4 I
[2+ ﬁ_] by xdggpx [I000xF . =
c

-/(15 x d 3
: +2§x)\><\ff_cxb°xd=
Equation 11-34, Veo= L %o ) 1348.397kip

Equation 11-33, Ve 810.025kip

I
Equation 11-35, Vea = 7P derx JIUOxFs = 557 49340

Punching shear strength,Vc= 0.75 x minimum of (Vc1,Ve2,Ves) =
0.75* V¢ > Vyhence, OK

For Column 643
Critical Load case for Punching Shear Check : 18
Total Footing Depth, Do = 2.000ft

Calculated Effective Depth,dest = 1.714ft
For rectangular column, Fe = Bcol / Dcol : 1.049
Considering the particular column

as interior column, Slab Edge  “s: 40.0
Factor

Effective depth, de, increased until 0.75*V. £ Punching Shear Force

418.119kip
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Punchng Shear Force, Vu = 17.59%9kip

From ACI C1.11.12.2.1, "2 for column  8.931ft
Equation 11-33, Vc1810.025kip
Equation 11-34, Vc2 = 1348.397kip
Equation 11-35, Vez = 557.493kip

Punching shear strength,Vc= 0.75 x minimum of
418.11%kip

0.75*Vc > Vyhence, OK

Check for One-Way Shear

[

7+ L

’
[ o,

{
\

S

c

X

o

I
; ]xboxdeﬁ:x 1000 F ' =

d )
+3£x)\x\[f_cxboxd=

7

|
4xb0xdeﬁ:x IDDDXFC =

SHEAR PLANE

Shear Plane Parallel o Foundation Width

Critical load case for maximum shear force along the length of footing: 18

Critical Shear force,Vy
Point of occurance of Vy

From ACI CI.11.3.1.1, Vc =
0.75 x Ve = 54.620kip

Since 0.75* V¢ > Vyhence, OK

For the crifical load case:
Critical one-way shear position:

IxWx dogx [I000xF, =

72.827kip

(Vcl ,Vc2,Vc3) =

12.632kip
12.396ft
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L

Shear Plane Parallel to Foundation Length

Critical load case for maximum shear force along the width of footing :

Critical Shear force,Vy For the crifical load case: 0.000kip
Point of occurance of Vy Critical one-way shear position: 3.134ft
From ACI CL.11.3.1.1, Ve = Wy JI0 < Fe = g 000kip

0.75 x V¢ = 0.000kip

Since 0.75 * V¢ > Vyhence, OK

Design of flexure
Bottom Reinforcement
Critical load case : 23

Required Effective Depth : 1.641ft

ﬁl, from ACI CI.10.2.7.3 =0.8500
87
085 % By xF,' x ———— =
170 [ % (&7 + ]

From ACI Cl. 10.3.3, Pm= 0.02138 075 % g =

From ACI Cl. 10.3.2, Ped  0.02851

From ACI Cl. 7.12.2, Pin 0.00180 mas{ 00018 5% g 0014 -
\ F,
\ y /
Modular Ratiom17.6471 )

F}’r B

[0.85 * Fc')

Ultimate Moment : 12.785kip-ft

Point of occurrence of the ultimate moment along the 8.019ft
length of footing :

Nominal Moment Capacity : 14.205kip-ft
Required P (based on effective depth) : 0.0022 P x deff / Depth (based on gross depth) :  0.0018 Area of
main steel required, As = P*W * 1.210in2 deff :

Top Reinforcement

Critical load case : 18
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Required Effective Depth : 1.656ft

B, from ACI C1.10.2.7.3 = 0.8500

p
From ACI CI. 10.3.2, "bal  0.02851 ® TEx (27 + FY)]
From ACI CI. 10.3.3, Pmax 0.02138 075 Ppgp =
Piwin ( 60%ksi 3
From ACI CI. 7.12.2, 0.00180 max 0.0018- ,0.0014 | =
i\ F)' /
Modular Ratiom17.6471
F
¥ =
(0.85 x Fc')
Ultimate Moment : 53.143kip-ft
Point of occurrence of the ultimate moment along the 8.189ft
length of footing :
Nominal Moment Capacity : 59.048kip-ft

Required P (based on effective depth): 0.0022 Px deff / Depth (based on gross depth) :  0.0018

Area of main steel required, As = P * W * deff : 1.210in2

Distribution Reinforcement

Crifical load case : 212

Critical Moment for distribution steel : 15.9307 kip-f
Nominal moment Capacity : 17.7008 kip-f
Point of occurance of the critical moment along length: 1.4200 ft

Required F (based on effective depth): 0.0022 Fx deff / Depth (based on gross depth) :  0.0018

Area of distribution steel required, As = P * L * deff : 8.402 in2

Top surface disribution reinforcement

Moment at column face : 9.0473 kip-f
Provided Area for distribution steel along Z(Top 8.402 in2

reinforcement):
Provided Reinforcement

Main bar no. for top Reinforcement: #6
Spacing of top reinforcement bar : 11.000 in

Based on spacing reinforcement increment; provided reinforcement is

#6 @ 11in o.c.

Main bar no. for bottom Reinforcement: #7
Spacing of bottom reinforcement bar:  11.000
Based on spacing reinforcement increment; provided reinforcement is

#7 @ 11in o.c.
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Distribution bar no. (Bottom): #7

Spacing of distribution bars (Bottom): 13.464 in
Based on spacing reinforcement increment; provided reinforcement is

#7 @ 13in o.c.

Distribution bar no.(Top): #6

Spacing of distribution bars(Top) : 9.921 in

Based on spacing reinforcement increment; provided reinforcement is

#6 @ %in o.c.

Print Calculation %hee’r

Combined Footing Design Optimization

When considering the opfimization of a
combined footing through design analysis in
STAAD.foundation, several similarities in
feasibility and reliability that were observed
for and isolated footing are also noted for the
isolated design. These parameters that
generally need constraining include footing
thickness, rebar spacing and sizing, and the
width of the footing. More specific to @
combined footing would be consideration to
the minimum overhang, which is highlighted
to the right in Figure 2. The default for this was
five feet, which was far too larger for the
testing case. In order to obtain a more
reasonable result, the minimum was lowered
to one foot and an over more feasible footing
size was generated by the design analysis.

Another notable issue when reviewing the
design sheet was the designation of an alpha
value when calculating the factored

Data Input Pane

Footing Geometry

Design Type

Calculate Dimension

Fixed Left over hang

No

Fixed Right over hang

No

Fixed Width

No

Minimum Left over hang length

1

Minimum Right over hang length

1

Minimum Width

1

Minimum Thickness

2

Maximum Length

300

Maximum VWidth

10

Maximum Thickness

Length Increment

wafralen

Thicknezs Increment
4 L

T

ELEVATION

m

allowable shear. The designated footing was
designed for an exterior column and the
designated value was chosen for an interior

FIGURE 2: FOOTING GEOMETRY INPUT
PANE
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column. Although this was a negligible factor in this case, for more extreme shears in
place, using a factor of 40 instead of 20 (in this case) could provide an adequate
design where in reality the footing may fail.

Additionally, when verifying the designated governing loading cases for analysis there
are some discrepancies between the hand calculations and STAAD.Foundation output.
Although the calculated shears are similar to the program output, the calculation sheet
references a critical load case that is not defined within the project. This is shown below
in Figure 3, which in this case was load case 18. Although this is a technical issue
opposed to a design concern, it complicates the designer’s ability to address and
pinpoint flaws within the program.

Top Reinforcement

Critical load case : 18

Required Effective Depth : 1.656ft

|31‘ from ACI C1.10.2.7.3 = 0.8500
ol

085 x fy=F, =

From ACI Cl. 10.3.2, Fbal [ 7 +F)] = 0.02851

FIGURE 3: COMBINED FOOTING CALCULATION SHEET
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J-Y o] o1=T g e [ Gl S PP Strap

Footing Design Verification

Several steps were taken in order to verify the automated calculations run within
STAAD.foundation. This process was aided by the use of an excel spreadsheet in order
to iterate several designs quickly. The functionality and accuracy of the spreadsheet
was verified against hand calculations. When designing these footings, checks against
sliding, overturning, and direct and punching shear were considered. Examples of this
procedure can be seen below in the following sections.

Strap Footing Design Procedure

e eeeeeee——
Strapped Footing Design

Checks and

Strap Design |Reintorcement Design

Assumptions Service Load Design

A

-Allowable Soil \
Bearing Capacity

H

Determine ultmate
punching( two way)
shear based on
calculated parameters

Calculate @Vc based
on ACI 318-05

CHECK: ®Vc = Vu

4
C: shear and )
moment across the
Strapped Footing (See
ShearMoment
Diagram)

(Calculate ecc
(e) of the footings
based on assumed
footing width

-Unit Weight of Soil

-Uniit Weight of

Concrete Calculate distance Calculate effective
between reactions

depth
(Dreacions=Deonmns-€) (Jrr=d-cover-1)
\ J

-Thickness of Footing L l

-Depth of Footing

)
Check one way shear
(Vu determined from
shear diagram)

Calculate ©Vc based
on ACI 318-05
[CHECK 120Vcz Vu]

- < [
Determine reaction at

footing
(Ry=Fy+V)

-Depth of Soil Above

2 Calcuiate eccentric
Footing

moment
(M=Fy,"e)

Increase
footing size,
recalculato

Check One Way
Shear

Calculate ®Vc Calculate Ve ]

-

Distance from Column
1o Edge of Footing

“Width of Footing Calculate shear atthe

footing

-Width of Strap (V=Fy,D \

-Amount of clear covtp

Increase
footng size,
recalculate

Increase
tooting size,

T

CHECK:®Ve = Vu

Determine area of

Determine net soil
bearing capacity
(Qon=qu-We-Wy)

steel required from
Flexure and max

etermine area o
steel required from

rec

moment

Select Spacing and
Bar Size

Flexure and max
moment

Select Spacing and
Bar Size

(Calculate the required
area of the footing
(Aaq) based on soil
bearing capacity
(Argq=R1/Gay)

Calculate factored Select footing
column loads on the dimensions based off

footing Aeq

: Calculate factored )

eccentric moment by
multplying factored
column load by e

Calculate shape
parameter based on
footing dimensions

Calculate factored
eccentnic shear by
dividing the factored
ecoentric mement by

D,

\ reacuons

Draw ShearMoment
Diagram
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Excel Spreadsheet - Strap Footing

Strap Footing Design

DATE: 2/6/2015 DESIGM #: 1
PASS: YES CHECK: DH
Footing MNode 642
Length 4ft
Width 4 ft
Thickness 2 ft
Depth to base 3 ft
Size #7
Mumber 4
Spacing 12 in
Footing MNode 643

Length 3 ft
Width 3 ft
Thickness 2 ft
Depth to base 3ft
Size #7
Number 4
Spacing 8 in
Strap Design

Width 3ft
Thickness 2Tt
Size #9
Number 3
Spacing 12 in
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Strap Footing Design
DATE: 2/6/2015 DESIGHN #:
PASS: YES CHECK:

CHECKS:
1.0 Mode 1

Check 1: OKAY!

1.1 Mode 2

Check 1: OKAY!

1.2 Strap

Check 1: OKAY!
Check 2: OKAY!

1.3 Mode 1 Reinforcement

Check 1: OKAY!
Check 2: OKAY!
Check 3: OKAY!

1.4 Node 2 Reinforcement

Check 1: OKAY!
Check 2: OKAY!
Check 3: OKAY!
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Strap Footing Design

DATE: 2/6/2015 DESIGHN #:
PASS: YES CHECK:
Data
1.0 Loads
Nodes: 8
Load 1 23 BT

Load 2 23.887

1.1 Material Properties

f'c 4000 psi Concrete Compressive Strength
f, 60| ksi Steel Yield Strength

Wt 150| pcf Density of Concrete
T 120| pcf Unit Weight of Soil
I 05 Coefficient of Friction

'+ . 4000 | psf

1.2 Initial Assumptions & Structure Information

4] 4 ft Assumed Width of Footing

d 3 ft Depth to Base of Footing

t 2 ft Thickness of Footing

Dzamaroctiog 1ft Distance from Column to Footing Edge
Drocas 1505 in Distance Between Nodes

I 1385 in Distance Between Reactions
ColWidth 10 in Width of Column

= 1 Eccentricity
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Strap Footing Design

DATE: 2/6/2015 DESIGM #: 1
PASS: YES CHECK: DH
1.0 Node 1
M 23.B87 fr-kip Moment
W 207 kip Shear
Ry 25.96 kip Reaction at Node 1
Cas 3580 Ib Net Soil Bearing Capacity
OJas 358 kip Net Soil Bearing Capacity
AT 7.25 ft* Required Area of Footing
Side 1 4|ft Length of Side 1
Side 2 4|ft Length of Side 2
- 16 ft* Area of Footing
CHECK: OKAY!
2.0 Factored Node 1
Fys 28.66 kip
M 28.66
W 2.48
Strap Footing Design
DATE: 2/6/2015 DESIGN #: 1
PASS: YES CHECK: DH
1.0 Mode 2
W 23.B87 fr-kip Moment
v 207 kip Shear
Rz 25.96 kip Reaction at Node 1
Oesr 53580 Ib Net Soil Bearing Capacity
e 3.58 kip Net Soil Bearing Capacity
Azns 7.25 Required Area of Footing
Side 1 3(ft Length of Side 1
Side 2 3|ft Length of Side 2
Ay g ft* Area of Footing

CHECK: OKAY!

2.0 Factored Node 2

Fyz
1
v

28.66 kip
28.66
2.43

I
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DATE:
PASS:

2/6/2015
YES

Strap Footing Design

DESIGM #:
CHECK:

DH

1.0 Factored Upward Pressures

qnl
qn2

779
8.73

1.2 Diagram & Shear Forces

+P1
-P1
P2
P3
+P4
-P4

1.3 X-Distances

X1
X2
X3
x4
x5
b1

1.4 Moments

flu
fu
flu
fu
flu

1428
-14.3%
248
248
1557
-13.0%

183

184

0.33

8.875

15

15

13.062675

-26.176703
-25.7660916
-3.7253372

98178157

ETE T
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Strap Footing Design

DATE: 21612015 DESIGH 4 1
PASS: YES CHECK: OH
1.0 Initial Data
SEra pysien 3|t
1 =] 4 — 2(ft
Strapoy e 3lin Clear Cover
) F— 20361 in Effective Depth

1.1 One Way Shear

Yu 1557
¢ 0.75
$Vc 34768.05 Ib
$Vc 3477 kip
1/2 dVc 17.38 kip
CHECK:  OKAY! What is the check here?
1.2 Flexure

o
MW 26.18
=} 2in Aszumed

18.03 kip
a 0.15 in
Bsmsn 1in

17.57 kip
As 0.29 in®
g 00004
Perin 0.003333
ASmin 244332 in®
As 244332 in®
Size Size of Steel Feinforcing
n .44 Mumber of Bars uzed ta achieve Asmin
Plared MNumber of Bars used
Snas 12 in Masimum Allow able Spacing

Spacing in

Check: OKAY! Spacings Sman
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Straip Footi ng Design
DATE: 262015 DESIGN #:
PASS: YES CHECK: DH

-

L0 Mode 612

Cowver l:l in

d_. 2 in
c+d 0 in
be 120 in
195 kffe
F, 2855 kip

L1 Two Way Shear

x Sale ot Columin Location
Wu 1650 kp
bW 2058543 02 b
i B309.54308 kip

CHECK: OKAY!

1.2 One Way Shear

Wu 1438 kip
®

i 22768355 b
N 227 B8 kp

CHECK: OKAYY

1.3 Flexure - Longtitudinal

b Qs

Mu 2618 kip-ft
Rn 0018 kfin’
Rn 1218 Ib/in’

1.4 Reinforcement

B 1 Shape Paremeter

P 000002

P 00335

P 010251531

P 00018

Paes 00018

Az 1728

Sizem Size of Stesl Reinforcing
r LER Mumiber of Bars weed tozchi=we Agmin
L — I:I Numiber of Bars used
B 24 in’ Ares of Stee

. 140 in

Checlk: OEAY!
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Stra p Footing De sign

DATE: Zis/z00s DESIGN & 1
PASE: VES CHECE: D
1.0 Mode 643
e —
O 20 in
[=2 30 in
b 120 in
g- 2o1 kA
Fy 2E56 kip
1.1 TwoWay Shear
a Salact Column Locaton
Vi 1048 kip
e BOS543.05 kip
hvic BDS 54308 In

CHECK: oxAY!

1.2 One Way Shear

Wi 1557 kip
>

v 227663.99 Ib
i 22768 kip

CHECK: oxAY!

1.3 Flexure - Longtitedinal

¢

Mu 2518 kip-ft
RN 0018 kfn®
RN 1818 Iyfin’

1.4 Reinforcement

B 1 =shape Paremeter

P 00003

(9 003

Dl 0.0251531

D 0LDD1E

Pz 0LDD1E

L 1298

= Sipe of Stes] Reinfoncing
] z15 Mumber of Bars used 1o achisve Asmin
Pl Ko br of [Bars wssd
B 24 in’ Lres of Sme

.. 10 in
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STAAD.Foundation Output for Strap Foundation Design
Strap Foundation Design

Page 1 of 24

Strap Footing Design

Strap Footing Design(ACI 318-05)

Design For Strap Footing 1

Strap Footing 1

Input Parameters

Footing Geometry

Left Footing Geometry
Footing Thickness : 2.000ft
Footing Length : 4.000ft
Footing Width : 4.000ft
Max Footing Thickness :  120.000in
Max Footing Length :  240.000in
Max Footing Width : 240.000in
Eccentricity along X (Oxd) : 0.000in
Eccentricity along Z (Ozd) : 0.000in

Right Footing Geometry

Footing Thickness :
Footing Length :

Footing Width :

Max Footing Thickness :
Max Footing Length :
Max Footing Width :
Eccentricity along X (Oxd) :
Eccentricity along Z (0d) :

2.000Mt
3.000Mt
3.000Mt
120.000in
240.000in
240.000in
0.000in
0.000in

- R —

Unit Weight of Concrete :
Strength of Concrete :
Yield Strength of Steed :

Minimum Bar Size :
Maximum Bar Size :
Minimum Bar Spacing :
Maximum Bar Spadng :
Pedestal Clear Cover (P, (L) :
Footing Clear Cover (F, CL) :

0.150ip/ft3
4.000ksi
60.000ksi
"7

014

2.000in
18.000in
2.000in
2.000in

file://C:\Program Files (x86)\Bentley\Staad Foundation Advanced 7\CalcXsI\StrapUS xml
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Strap Foundation Design Page 2 of 24
Soil Properties
Unit Weight : 120.000ib/3
Soil Bearing Capacity : 4.000kip/ft2
Soil Bearing Capadty Type: Net Bearing Capacity
50d Surcharge @ 0.000KipIn2
Depth of Soil above Fooling @ 12.000in
Depth of Water Table : 12000017
Other Parameters
Fooking Pian Increment @ 1.000in
Footing Thickness Increment @ 1.000in
Beam Depth @ 24.000in
Beam Width @ 36.000in
Coeffident of Friction : 0,500
Factor of Saflety Against Shding : 1.500
Factor of Safety Against Overturming : 1.500
Load Combinations- Service Stress Level
Losd Combination Load Combination Title
M iuiribear
110 D + W N-5
111 D+ WEN
112 D+ W E-W
113 D+ W W-E
120 DB DL + WHN-S
121 0.6 DL + W SN
122 0.6 DL + W E-W
123 0e DL + W W-E
200 1.4 DL
210 1.20L + 1.6 WN-5
211 LZ20L + 1.6 W5SN
212 1.2DL+ 1.6 WEW
213 1.2D0L + 1.6 W W-E
220 D90l + 1.6 WN-5
221 D9 DL + 1.6 W5SN
222 0.90L + 1.6 W E-W
223 0.9 0L + 1.6 W W-E
Load Combination/s- Strength Level
Load Loms¥nation Load Combination Titde
N umiber
130 O+ W N-5
111 O+ W SN
112 D+ W E-W
r file:/'C:\Program Files (x86)'Bentley'\Staad Foundation Advanced TCalcXs[\StrapUS xml 3/3/2015
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Strap Foundation Design Page 3 of 24

113 O+ W W-E

120 0.6 DL + W N-5

121 0E DL + W SN

122 0.6 DL + W E-W

123 0.6 DL + W W-E

200 1.4DL

210 LZDL + 1.6W NS

211 L2ZDL+ 1.6W5SN

212 1.2DL+ 1.6WEW

213 1.2DL+ 1.6WW-E

220 0.9 DL + 1.6W NS

221 OLODL+ 1.6W5SN

222 0.9 0L + 1.6 W E-W

223 0.9 DL + 1.6 WW-E

Footing 642
Applied Loads - Service Stress Level
LE .ﬁ.x.idl Shl:.dr.}( SJIE.d d 4 HU‘I-rIdIIl X Ml.ll.rldlll..z
(kip) (Kip) { kig) (kip=t) (Eip-rt)
110 3.562 -0.063 1.896 0.000 0.000
111 13.701 40.138 -1.968 0.000 0.000
112 17.087 3413 0,057 0,000 0.000
113 0.176 3212 -0.014 0,000 0.000
120 0.109 “0.023 1.911 0000 0.000
121 10248 -0.098 -1.953 0.000 0.000
132 13.635 -3.373 -0.043 0,000 0.000
13 -3277 3252 -0.000 0,000 0.000
200 12.084 -0.141 -0.050 0.000 0.000
210 2.247 -0.060 3.049 0000 0.000
211 18.469 -0.181 -3.134 0.000 0.000
212 23 887 5420 0,077 0,000 0.000
213 -3.171 5.179 -0.009 0,000 0.000
220 0343 -0.030 3.059 0.000 0.000
221 15.87% -0.151 -3.123 0.000 0.000
222 21298 -5.390 1066 0.000 0.000
21 -5.761 5.209 0.002 0,000 0.000
Applied Loads - Strength Level
LC .ﬂ.x.jd.l Shr_'.dr X SI.1I=.ar z H-IJI:IH-_'H'. X Ml.ll.rldlll..z
(kip) (kip) [ kig) [ kip-t) (Eip-rt)

110 3.562 -0.063 1696 0.000 0.000
111 13.701 0.138 -1.968 0.000 0.000
112 17.087 -3.413 -0.057 0.000 0.000
113 0.176 3212 -0.014 0.000 0.000
120 0.109 0.023 1.211 0.000 0.000
121 10.248 -0.0%8 -1.953 0.000 0.000

file://C-\Program Files (x26)'\Bentley'Staad Foundation Advanced T\CaleXsl\StrapUS =xml 37372015



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable

Strap Foundation Design Page 4 of 24
123 13635 -3.373 -0.043 0,000 0.000
123 -3.277 3.252 -0.000 0.000 0.000
200 12.084 -0.141 -0.050 D000 0.000
210 2.247 -0.0&0 3.040 0,000 0.000
211 18,460 -0.1B81 -3.134 0.000 0.000
212 13887 -S40 -0.077 0.000 0.000
213 -3.171 5.179 -0.009 0.000 0.000
220 -0.343 -0.030 3.058 0000 0.000
221 15670 <0.151 =311 0,000 0.000
222 21198 -5.300 -0.086 0.000 0.000
223 -5.761 5209 0,002 0,000 0.000

Footing 643
Applied Loads - Service Stress Level
LC -ﬁ.I.idl Shu.dr.x sllﬁ.d r.Z Hul-rll'_'lll. X MI.II.rIEIIl.z
[kip) (kip) [kip) [kip-t) [ip-T)
110 13701 -0.138 1.968 0.000 0.000
111 3.562 -0.063 -1.897 0.000 0.000
112 17.087 -3.413 0.057 0000 0.000
113 0176 3212 0.014 0,000 0.000
120 10.248 -0.098 1953 0000 0.000
121 0.109 0,023 -1.011 0000 0.000
1272 13.635 -3.373 0043 0.000 0.000
123 -3277 3.252 0.000 0.000 0.000
200 12.084 -0.141 0.050 0,000 0.000
210 18.46% -0.181 3.134 0000 0.000
211 2.247 <0.0s0 -3.049 0.000 0.000
212 23,887 =5.420 0.077 0000 0.000
213 -3.172 5179 0.009 0.000 0.000
220 15.879 -0.151 3143 0,000 0.000
221 0343 -0.030 -3.059 0000 0.000
] 21,2098 -5.390 0.066 0.000 0.000
21 -5.761 5.209 0002 0.000 0.000
Applied Loads - Strength Level
LC .I’.J:.id.l Shu.dr X Shl:.ar z Hur_m:nl‘. X MI.II.rIEIIl.z
(kip) (kip) { keiipy ) { kip-E) (kip-ft)
110 13.701 40,138 1.068 0.0 0.000
111 3.562 -0.0&83 -1.897 0,000 0.000
112 17.087 -3.413 0.057 0.000 0.000
113 0176 3z 0014 D000 0.000
120 10,248 -0.058 1.953 0000 0.000
121 0. 109 -0.033 -1.911 0.000 0.000
122 13.635 -3.373 0043 0.000 0.000
123 -3.277 3.252 0,000 0.000 0.000
200 12.084 -0.141 0,050 D000 0.000
file://C-\Program Files (x26)'\Bentley'Staad Foundation Advanced T\CaleXsl\StrapUS =xml 37372015
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Strap Foundation Design Page 5 of 24
210 18465 -0.181 3.134 0.000 0,000
211 2.247 -0.0&0 -3.049 0000 0.000
212 13887 -S40 0077 0000 0.000
213 -3.172 5.179 0.009 0.000 0.000
220 15679 -0.151 3.123 0.000 0000
221 -0.343 -0.030 -3.059 0.0D00 0.000
222 21198 -5.300 0,066 0000 0.000
223 -5.761 5209 =0.002 0000 0.000
Fogli 4
Design Calculations
Eooting Size
Initial Length (L) = 4.00ft
Initial Width (W) = 4.00d%
{aross Soil Bearing Capacity = 4. 24kipift~2
Reduction of force due to buoyancy = -0.00kip
Effect due o adhesion = 0.00kip
Min. area required from bearing pressure, A = P/, = 67660
Area from initial length and width, A = L, * W, = 1500
Final E -
Length (L) = 86T Governing Load Case : i}
Width ['I'I't} = 833 i Goverming Load Case @ L i
Depth (D) = 200 Governing Load Case : ' ri]
Area (i) = T2;m m
Drec E orc
—h. “
J 1 2
2z —‘ o
o "'11 I
4 3
Pressure at | Pressure at | Pressure at | Pressure at Area of
corner 1 corner 2 corner 3 cormer 4 fD*:l.ting in
Load Case (ay) (a,) (a,) (ay) uplife (A, )
(kip/fc~2) | (kip/ft~2) | (kip/fe*2) | (kipfft™2) (f2)
file://C:\Program Files (x86)\Bentley'Staad Foundation Advanced T\CaleXs[\StraplUS xml 3/312015



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable

Strap Foundation Design
212 0.7309 0.5270 L5239 0.7278 00, e e e
211 06184 0.6116 04878 04545 00, (e e e
212 0.7309 0.5270 0.5239 0.7278 100, (e e e
212 0.7309 0.5270 05239 0.7278 00, (e e e

I A s zeo, Hhere i e uplt and no pressire adjustment & necessary.

Page 6 of 24

Dtheswise, i aconunt for uplift, areas of negative pressure will be set to 2ero and the pressure will be redistributed to remaining oormers.

Pressure at Pressure at Pressure at Pressure at
corner 1 (q,} | comer2(g,) | cormer3(g,) | comer4(q,)
Load Case (kip/ft™2) (kip/ = 2) (kip/ " 2) (kip/ffe~2)
212 0.7309 0.5270 0.5239 0.7278
211 0.6184 0.6116 0.4878 0.4546
212 0.7309 0.5270 0.5239 0.7278
212 0.7309 0.5270 0.5239 0.7278
Adjust Tooking size if necessary.
Che &
oTM ‘.-_”"“\,.
Slilding Force
-
Frictional Force
ELEVATION
Factor of safet inst shidi Factor of safety
- actor of safety against sliding against overtumning
Load
Along X- | Along Z- About X- | About Z-
Chi::a Direction | Direction Resultant Direction | Direction
110 200.831 6.651 6.548 27.714 870,266
111 127.931 8,988 B.965 37.448 554370
112 5.678 341,396 5677 1422484 24.603
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113 3.400 760,824 3.400 3170098 14.735
120 481,708 5698 5,698 23744 | 2087.403
121 162.797 B8.169 B.159 34.038 TO05.455%
122 5.233 414,963 5233 1729.013 22,678
123 2.827 60682422 2.827 250343.423 ) 12.252

200 115.915 339.008 113.051 1412533 | 519.632

210 198.321 3922 3521 16.342 859,390
211 110.857 6.403 6.393 26.681 450,556
212 4,202 297,385 4,202 1235.106 1B.209
213 1.786 1057.520 1786 4406335 7737
220 353.822 3.485 3.485 14.521 1533.230
221 124,488 6.011 6.004 25.045 539.448
222 3.985 325.865 3.985 1357.770 17.270
223 1.527 4137.287 1,527 17238.6597 6.616

Critical Load Case And The Governing Factor Of Safety For Cwverturning And Sliding - ¥ Direction
Critical Load Case for Sliding along X-Direction © 223
Governing Disturbing Force : 5.200kp
Goveming Restoring Force : 7.953kip

Minimum Sliding Ratio for the Critical Load Case @ 1527
Critical Load Case for Overturming about X-Direction : 220
Gowerning Overtuming Moment : 6.110kip-ft
Gowerming Resisting Moment ©  88.849kip-ft
Mindmaim Ovesturriing Ratio for the Critical Load Case @ 14521

Critical Load Case And The Governing Factor Of Safety For Owverturning And Sliding - 7 Diredtion
Critical Load Case for Sliding along Z-Direction © 220
Governing Disturbing Force : 3.05%p
Governing Restoring Force @ 10.662kip
Minirmum Sliding Ratio for e Critical Load Case @ 3.485
Critical Load Case for Overturning about Z-Diredtion : 223
Gowerning Overtuming Moment : -10.418kip-ft
Governing Resisting Moment @ 68.925kip-ft
Minimasm Overturning Ratio for the Critical Load Case @ 6.616

Critical Load Case And The Governing Fackor OF Safety For Sliding Along Resultant Direction

Critical Load Case for Sading along Resultant Dérection @ 223

Gowarming Disturbing Force @ 5. 200kip
Goveming Restoring Force @ 7.953kip
Minimum Shding Ratio for the Criticel Load Case : 1.537

shear Calculation

file://C-\Program Files (x26)'\Bentley'Staad Foundation Advanced T\CaleXsl\StrapUS =xml 37372015
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Punching Shear Check

’—uX gm/f

b ,(Perimeter)

PLAN
Total Footing Depth, D = 2.00ft
Calcutated Effective Depth, dyy = D - Copper - 1.0 = 1791
For rectangular pier, ¢ = Boy /Doy = 1.00

Effective depth, d g, increased until 0.75*V, *  Punching Shear Force

Punching Shear Force, Vu = 19.18kip, Load Case # 212

From ACT (1.11.12.2.1, b, for pier= P N BELLPTR EaE S ) 15170
2 s
Equation 11-33, V; = |2 p | Eaders froc e - 1484.88%p
s il ]
Equation 11-34, V, = [ ;I 1 .’J > hx \"lj,_ wh, xdm- 1664.37kp
Equation 11-35, Vg = vk zdgxs 1IN0V 989.924p
Punching shear strength, V, = 0.75 * minimum of (V,y, Vg, Vo) = 742.44p

Q75‘V‘>Vum“

One-Way Shear Check
Along X Direction

file://C:\Program Files (x86)\Bentley\Staad Foundation Advanced 7\CalcXsl\StrapUS xml 3/312015
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= A
F
derr!:nl
2
PLAN )
From ACTCLILILL V= & i o 1|'1.. 1.k, - 285.55Kp

Distance along Z 1o design for ghear, D, = 15= (LB +dy+ 2L, —  15an

Check that 0.75 * V_ =V, where Vs the shear force for the critical load cases at a distance d g from the
face of the pier caused by bending about the X axis.

From above calculations, 075*V, = 21817 kip
Critical load case for W, 5 # 212 AT 396 kip
0.75* V> V), hence, OK

Along Z Direction
ot Oy

l—-x 1_
Z
P
PLAM
From ACT CL113.LL V. = R et ,1|.EEI]:-c._,_.' - 285.55 kp
Distance akong X o design for shear, O, = (R T - R L 138

Chexk that 0.75 * ¥ = ¥V, where ¥V & the shear force for the critical ioad cases at a distance d g from the face of the pier caused by
bending about the 7 aods.
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From above caloulations, 075 *V, = 20397 kip
Critical load case for v is & 212 oz = arfeony, - 547 kip

0.75 * V> V5 hence, OK

Design for Flexure about Z axis

— =X

!

z

Calcudate the Mexural reinforcement akong the X direction of the footing. Find the arca of sheol requred, A, 35 per Section 3.8 of Reinforced
Concrete Design (5th ed.) by Salmon and Wang (Ref. 1)

Critical Load Case & 212

Thee strength values of Stesd and concrete wsed in the fomulae are in ksl

i -
Factor - from ACT 01.10.27.3 for F.' 4k, 0.85
- LI ki)
From ACT Cl. 10.3.2, Flrd = DES T Pl 0.02851
From ACT 1, 10.3.3, ™ *= P gy - 002138
From ACT O, 7.12.2, Fuin = 0.00174
From Ref. 1, Eq. 3.8.43, constant m = - 17.65
e
=1
logsaz. |
Calculate reinforcement ratio |' for critical oad case
Diesign Tor flexure about Z axds is parformed at the [ =7
face of the pier at a distance, O, = R T 338 M
Litimate mament, pL T 1014 kph
|
Nominal moment capacity, M, = T“_ 21.77  lipht
[ . M,
Required 0 = ;"‘l'}""""-—ﬁ\- 0.00009
. [_F:I.:-c Vi,

file://C:\Program Files (x86)\Bentley'Staad Foundation Advanced T\CaleXs[\StraplUS xml 3/312015
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Since I oK
Area of Steel Required, A; = [ Wedy 418 In2

Find suitable bar arrangement bebween minimum and maximum rebar sizes

Available development length for bars, D) = 02wl Togl Comprrm 3850 in
Try bar size hsea of one bar = 060 in2
Numiber of bars required, N, = T 7

Because the number of bars is rounded up, make sure new reinforcement ratio <

Total reindorcement area, & o = Mg * (e of cne bar) = 420 2
Oy = D - Cppg - 0.5 * (A, of one bar) = 180
Ao pote
Reinforcement ratio, M= ﬁ' 0.00155
LS

From ACT 01.7.6.1, minimum reqd dear distance between bars
1y = max (Diameter of one bar, 1.0% (25.4mm), Min. User Spacing) = 2.000in

Check to see if width is sufficient to accomodate bars

Design for Aesure about X axis

ry}'i

L] »

PLAM

Calcuate the Mexural reinforcament along the 2 direction of the footing. Find the area of stesl reuned, A, 35 per Section 3.8 of Reinforced
Concrete Design (5th ed.) by Salmon and Wang (Ref. 1)

Critical Load Case & 212

Thee strength values of Stesd and concrete wsed in the fomulae are in ksl

i -
Factor - from ACT CL10.27.3 forF ¥ 4k, 0.85
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Strap Foundation Design

kD

P LI - _
From ACTCL. 10.3.2, Fled = BER Ty [ 17 -7d]
From ACT O, 1033, "= PR
From ACI 01.7.12.2, Fuin =
From Ref. 1, Eq. 3.8.43, constant m = Ty
- -
logs-z' 1

e

Calculate reinforcement ratio 1 for critical load case

Design for flesuire about X auds i performed at the 1FuLE 5Ty Coqm

face of the pier at a distance, D, =
Liimnate moment, "o,
l
Nominal moment capacity, M, = T“_
| . M,
Required ¢ = ;“'}""""-—«x-
Snce M, » p o= Mo
Area of Steel Required, A, = P wd pm

Find suitable bar arrangement bebween minimum and maximum rebar sizes

#Aoailable development length for bars, O, = L S LT
Try bar size Area of one bar =
Mumbesr of bars required, Ny, = o

Page 12 of 24

0.02E51

002138

000173
17.65

ER A
14.42 gt

16.02  kap-ft

0.00007

437 InZ

36.00 in

0. in2

Because the Aumber of bars k3 rounded up, make sure new reinforcement mbe <

Total reinforcement area, & ., = Ny, * (Area of one bar) =
O = D - Cppr - 0.5 * (. of one bar) =
3 botz

Reinforcement ratio, P =

lapg = =)

From ACT C1.7.6.1, minimum reqd dear distance between bars

€,y = max (Diameter of one bar, 1.0° (25.4mm), Min. User Spacing) = 2.000in

Check to see if width is sufficient to accomodate bars

Eooting 643

Design Calculations

474 in2
172 ft

0.00219
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Strap Foundation Design Page 13 of 24
Footing Size
Initial Length (L) = 3.00f
Indtial Width [WD}I = 3.00dt
Grogs Soil Bearing Capacity = 4. 24kipfit"2
Reduction of force due to buoyancy = -0.00kip
Effect due o adhesion = 0.00kip
Min. area required from bearing pressure, AL = Pl g = 62710
Area from initial length and width, A = L, * W, = ggon
Final Footing Size
Length (L) = 858 ft Governing Load Case : ' R
Width ['I'I'I} = 833 i Governing Load Case : N2
Depth (D) = 200 it Gowerning Load Case @ ' Qi
Area (Ay) = 7153 m
Pressures at Four Comers
— . x
L :
2 R
——— i e _‘I,: _‘1'_
4 3
Pressure at | Pressure at | Pressure at | Pressure at Area of
Load € corner 1 corner 2 comer 3 comer 4 f':'*:'_til'lg in
oad Lase (a,) (a,) (ay) (a,) uplift (A,)
(kip/ft™2) (kiip/ft~2) (kip/ft~2) (kipfft~2) {1'12}
212 0.7278 0.5239 0.5270 07309 00, Oee N
212 0.7278 0.3239 05270 0.7309 100, 1Oee e
210 0.4946 0.4878 06116 06184 00, 10e8 N
212 0.7278 0.5239 05270 0. 7309 100, (oo e

I A, s 2enn, Hhere i e upift and no pressine adjustment i necessary.

Othenwise, to acoount for uplift, areas of negative pressure will be st to Fero and the pressure will be redestributed 1o FemEInng COMES.
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Strap Foundation Design
Pressure at Pressure at Pressure at Pressure at
corner 1 (q,) comer 2 (q,) comner 3 (q,) comer 4 (q,)
Load Case (kip/ft™2) (kip/ ft=2) (kip/ ™2} (kipffc™2)
212 0.7278 0.5239 0.5270 0.7209
212 0.7278 0.5239 0.5270 0.7209
210 0.45946 0.4878 06116 0.6184
212 0.7278 0.5239 05270 0.7309
Adjust footing size if necessary.
Chedk for stability against overtuming and sliding
oTM
¥ Siliding Farce
-
Frictional Ferce
ELEVATION
. ) ) - Factor of safety
- Factor of safety against sliding against overtuming
IE':'ad Along X- | Along Z- About X- | About Z-
NEDSE Direction | Direction | FeSURaMt | neection | Direction
110 127.210 8.935 B.913 37.227 545,942
111 199.282 6,596 6.593 27.484 855,252
112 5647 339.563 5646 1414.847 24.236
113 3.368 T57.443 3.368 3156.013 14,454
120 161.769 8.116 B.106 33.816 694, 258
121 477.541 G644 5643 23.516 2043.445
122 5.203 412375 5202 1718.229 22.328
123 2.795 N/A 2.795 L17575.720) 11.997
200 119.216 337.265 112,400 1405.271 511.634
210 110.347 6.370 6.360 26.542 473.573
211 196.729 3.85848 3.887 16.199 844,294
212 4.183 295,971 4,182 1233.211 17.5952
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Strap Foundation Design
213 1.765 1058.048 1.765 4408.533 T.577
220 123.823 B.5TT 5.5970 24,505 531406
221 350.729 3.451 3.451 14,379 1505.214
222 3.966 324.161 3.966 1350.669 17.021
223 1.507 3896.915 1.507 16237.147 G466

Page 15 of 24

Governing Disturbing Force :
Governing Restoring Foroe :
Minirmum Sliding Ratio for e Critical Load Case @

Crithcal Load Case for Overturming about X-Direction =
Gowerning Overtuming Moment |

Gowerming Resisting Moment, |

Minimum Owerturning Ratio for the Critical Load Case :

21
-6.110kip-ft
87.981kip-t
14.379

Critical Load Case And The Govemning Fachor Of Safety For Owerturning And Sliding - Z Diredtion

Critical Load Case for Sliding along Z-Direction :
Governing Disturbing Fonce :

Governing Restoring Fore

Minirmum Sliding Ratio for e Critical Load Case @
Critical Load Case for Overturning about Z-Direction :
Governing Overtuming Moment :

Goveming Resisting Moment :

Minimeum Overturning Ratio for tee Critical Load Case :

221

Critical Load Case for Shding along Resultant Direction @ 223
Gowarming Disturbing Force @ 5. 200kip
Goveming Restoring Force : 7 840D

Minimum Shding Ratio for the Critical Load Case @ 1.507

shear Calculation
punching Shear Cher
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Strap Foundation Design Page 16 of 24

- b, (Perimeter)

PLAN
Total Footing Depth, D = 2.00ft
Calculated Effective Depth, d,,, = D-C__-10= 179t
For rectangular pler, v = B! Doy = 100

Effective depth, d_g increased until D.TE*'U': * Punching Shear Force

Punching Shear Force, Vu = 19.18kip, Load Case # 212

From ACT 01.11.12.2.1, b, for pier= T 'Tey Doyt S dypl = AT
L -
Equation 11-33, Vi, = :_I:_-l kg 100G E) - 1484.884p
~ =2
_|"|'_:- i
Equation 11-34, V5 = EEREIER T AT 1664.37kip
Ty
Equation 11-35, ¥, = dokyndgex (1000 - 889,92%p
= 0,75 * minimum Vo, W)= 742 44kip
Punching shear . of (¥, Vi
075 % W, > V, hence, OK
One-Way Shear Chec

Along X Direction
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Strap Foundation Design Page 17 of 24
= A
F
derr!:nl
2
PLAN )
From ACTCLILILL V= & i o 1|'1... .¥) - 28555kp

Distance along Z 1o design for ghear, D, = 15= (LB +dy+ 2L, —  15an

Check that 0.75 * V_ =V, where Vs the shear force for the critical load cases at a distance d g from the
face of the pier caused by bending about the X axis.

From above calculations, 075*V, = 21817 kip
Critical load case for W, 5 # 212 AT 396 kip
0.75* V> V), hence, OK

Along Z Direction
ot Oy

l—-x 1_
Z
P
PLAM
From ACT CL113.LL V. = R et ,1|.EEI]:-c._,_.' - 285.55 kp
Distance akong X o design for shear, O, = (R T - R L 6.96 ft

Chexk that 0.75 * ¥ = ¥V, where ¥V & the shear force for the critical ioad cases at a distance d g from the face of the pier caused by
bending about the 7 aods.
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Strap Foundation Design Page 18 of 24
From above caloulations, 075 *V, = 20397 kip
Critical load case for v is & 212 oz = arfeony, - 547 kip

0.75 * V> V5 hence, OK

Design for Flexure about Z axis

— =X

!

z

Calcudate the Mexural reinforcement akong the X direction of the footing. Find the arca of sheol requred, A, 35 per Section 3.8 of Reinforced
Concrete Design (5th ed.) by Salmon and Wang (Ref. 1)

Critical Load Case & 212

Thee strength values of Stesd and concrete wsed in the fomulae are in ksl

i -
Factor - from ACT 01.10.27.3 for F.' 4k, 0.85
- LI ki)
From ACT Cl. 10.3.2, Flrd = DES T Pl 0.02851
From ACT 1, 10.3.3, ™ *= P gy - 002138
From ACT O, 7.12.2, Fuin = 0.00174
From Ref. 1, Eq. 3.8.43, constant m = - 17.65
e
=1
logsaz. |
Calculate reinforcement ratio |' for critical oad case
Diesign Tor flexure about Z axds is parformed at the [ =7
face of the pier at a distance, O, = R T 338 M
Litimate mament, pL T 1014 kph
|
Nominal moment capacity, M, = T“_ 21.77  lipht
[ . M,
Required 0 = ;"‘l'}""""-—ﬁ\- 0.00009
. [_F:I.:-c Vi,
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Since I oK
Area of Steel Required, A; = [ Wedy 418 In2

Find suitable bar arrangement bebween minimum and maximum rebar sizes

Available development length for bars, D) = 02wl Togl Comprrm 3850 in
Try bar size hsea of one bar = 060 in2
Numiber of bars required, N, = T 7

Because the number of bars is rounded up, make sure new reinforcement ratio <

Total reindorcement area, & o = Mg * (e of cne bar) = 420 2
Oy = D - Cppg - 0.5 * (A, of one bar) = 180
Ao pote
Reinforcement ratio, M= ﬁ' 0.00155
LS

From ACT 01.7.6.1, minimum reqd dear distance between bars
1y = max (Diameter of one bar, 1.0% (25.4mm), Min. User Spacing) = 2.000in

Check to see if width is sufficient to accomodate bars

Design for Aesure about X axis

ry}'i

L] »

PLAM

Calcuate the Mexural reinforcament along the 2 direction of the footing. Find the area of stesl reuned, A, 35 per Section 3.8 of Reinforced
Concrete Design (5th ed.) by Salmon and Wang (Ref. 1)

Critical Load Case & 212

Thee strength values of Stesd and concrete wsed in the fomulae are in ksl

i -
Factor - from ACT CL10.27.3 forF ¥ 4k, 0.85
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kD

P LI - _
From ACTCL. 10.3.2, Fled = BER Ty [ 17 -7d]
From ACT O, 1033, "= PR
From ACI 01.7.12.2, Fuin =
From Ref. 1, Eq. 3.8.43, constant m = Ty
- -
logs-z' 1

e

Calculate reinforcement ratio 1 for critical load case

Design for flesuire about X auds i performed at the 1FuLE 5Ty Coqm

face of the pier at a distance, D, =
Liimnate moment, "o,
l
Nominal moment capacity, M, = T“_
| . M,
Required ¢ = ;“'}""""-—«x-
Snce M, » p o= Mo
Area of Steel Required, A, = P wd pm

Find suitable bar arrangement bebween minimum and maximum rebar sizes

#Aoailable development length for bars, O, = L S LT
Try bar size Area of one bar =
Mumbesr of bars required, Ny, = o

Page 20 of 24

0.02E51

002138

000173
17.65

ER A
14.42 gt

16.02  kap-ft

0.00007

437 InZ

36.00 in

0. in2

Because the Aumber of bars k3 rounded up, make sure new reinforcement mbe <

Total reinforcement area, & ., = Ny, * (Area of one bar) =
O = D - Cppr - 0.5 * (. of one bar) =
3 botz

Reinforcement ratio, P =

lapg = =)

From ACT C1.7.6.1, minimum reqd dear distance between bars

€,y = max (Diameter of one bar, 1.0° (25.4mm), Min. User Spacing) = 2.000in

Check to see if width is sufficient to accomodate bars

Concrete Beam Desian
CODE ACT 31B-05

474 in2
172 ft

0.00219

file://C:\Program Files (x86)\Bentley'Staad Foundation Advanced T\CaleXs[\StraplUS xml 3/312015



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable

Strap Foundation Design
Analysis Results
Eending Moment Resuits
Maximiim Sagging Maximiin Hogging
Load Case Moment Mament
211 0.00kip-ft 6.2 7kip-ft
Design Calculations
Optimization of Beam Size
Basic Design Data
' e mad 05— [T = =
(ACT 10:2.7.3) 0 = DU = 0] 0.85
‘amia N Y -
(ACT 10.5.1) L e 0.0033
Pl A3 !I'-L— =0.0285
(ACIBS.43) M AT :
Fizan 032 py, =0.0214
(ACIB103.3) ke :
Modular ratio, m ﬁ =17.6471
Moment Strength Calculation
Maoment reduction factor, T = 09
Modulas of elasticity, E, = 25000 ksi
Strain in concrete at extreme compression fiber, 2 = 0003
Tield strain of main =
. ¥ nan = 00021
reinforcement, ¥ E:
Effective depth, O D Cevenpyy 03D Dneenn = 171700
Distance from extreme v,
fiber ko neutral n, = = L0167
ats at balanced condition, C kr By
Depth of equivalent
rectanguiar stress blodk at [riq, = D.BG4 MY
balanced condition, A,
Depth of equivalent
stress blodk at .
wm - By = DE4aHT
reinforcement, A
Moment strength at balanced =
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condition, M, e W A, (LR opl|  11M427HpR

Checking of Beam Size

Beam size is optimized o withstand the maximum moment and shaar,

Check For Sagging Moment

Maximum sagging moment, My, .o Dhl;ﬂnml‘run = 0.00kip-ft
. M arz
lentesamngnmﬂ,r‘lm_ — = 0.00kip-ft
M,
Coefficient of resistance, R, = Dl = 0.0000kipy L~ 2
et

= 1.0000  is greater than zero, it S ok

Check For Hogging Moment

Maximum hogging moment, M., .o Dﬂ::;““ = 6.27kp-ft
5Mom_h
Limate: hogging moment, M, = % = 6.96kip-ft
My
Coefficient of resistance, R, = 3 = (.7B6GkIp 2
WD
11
I_EEE =0.9958 s greater than zem, it s ok
Check For Shear
Maximum shear force, V., Mar::g'm = 0.0Dkip
Shear reduction factor + =075
Litimate shear forca, V), Vinase [ ¥ = 0.00kip
Mominal shear strength of concrete, W, ! \."Z. T 97.33kip
L
Shear force to be resisted by stirmups, v, —_— 0.0Dkip
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Maximum shear force that can be resisted s~,\,"t':-w-peﬁ-

by SHTUpS, V, 389.3396kp

Since V. is less than V, . itisok

Since nominal shear strength of concrete is greater than maximum shear force, shear reinforcement is not required.

Final depth of beam, D = 2.00ft
Final width of beam, W = 3.00ft
Final moment capacity of the section, M, = 1194.27kip-t

If M, is less than M__ , the beam is to be designed as a doubly reinforced beam.
It is a singly reinforced beam.
ik <
This is the primary design of reinforcements and it is performed considering the maximum
values of hogging and sagging moments and the maximum shear force.

Design For Bottom Reinforcement

% of stecl mad l.{.)._ |_'.n_i'! 0.0033
required Prq l"“""':n.. 3 = [y(] 4

Area of steel

Prec WD
required, A rec, £33 2.47Tn2
Area of steel
used, A no. of bars used x area of 1 bar 2.60in2

»
Moment capacity I+ 1Ay pupmd P - 0 Ay Lor

}] 242.63kip-t

Barno. used =4
Number of bars required = 13
Number of reinforcement layers = 1

Design For Top Reinforcement

%d”? m |,,;,_.—l~{’ - i‘ =in E} 0.0033
required, "9 R a 'y
m ::l e Ve 24702
":;‘t no. of bars used x area of 1 bar 2.40in2
Moment capacty m}x- o -..:::u__,. 00 Jal :’] 247 .83kip-ft
Barno. used =4
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Mumber of bars required = 12
Number of reinforcement layers = 1

Beam depth is less than 36 inches. Hence side reinforcement is not
ECESEATY.

Design For Shear Reinforcement

If design shear force > 2V, spacing caboulated from boundary condition is reduced by 50%.

Spadng caboulated from Dk _',:l1}
By conditon, S [Py 10.69in
Minimum stirFup spacing, e Jw —
5Pmin w
Required stirrup spading N o l
{cannot be zen) L“'l;\i""“""' [ L

Bar no. used =3

Print Calculation Sheet |
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Unlike previous foundation models, the design analysis for strap footing does not seem
to design in accordance with the minimum defined design constraints. Although some
dimensions of the design seem reasonable, the width of the footings within the design
were too large, regardless of constraining the parameters. After analyzing and the
calculation sheet produced within STAAD.foundation, there has been no conclusion as
to why the designated width is far larger than necessary. For this reason, it is inadvisable
to rely heavily on this design analysis for a strap design.



