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2.0 Purpose 

The purpose of this guideline is to investigate STAAD.foundation 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 trapezoidal fashion 
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4.2 Data Input and Load Pane  

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 too 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.   

4.5 Main Navigator Pane 

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 a 

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 capability5. 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 seen in 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.  

  

5.0 Design Criteria 

5.1 RESPONSIBILITIES 

5.1.1  

The Department Manager has the overall responsibility of implementing 

this procedure, and only the Department Manager can waive any part of 

this procedure. 

5.1.2  

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. 

5.1.3  

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. 

5.1.4  

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. 

5.1.5  

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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5.1.6  

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. 

5.1.7  

It is the responsibility of the Design Engineer to ensure that the checking 

activity is conducted on the most relevant issue of project 

documentation. 

 

5.2 REQUIREMENTS 

5.2.1  

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. 

5.2.2  

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. 

5.2.3  

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. 

5.2.4  

The Checking Engineer shall request a detailed calculation for 

questionable items that are being engineered without calculations. 

5.2.5  

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

5.2.6  

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

containing multiple calculations. 

 

5.3 PREPARATION OF CALCULATIONS 

5.3.1  

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. 

5.3.2 

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. 

5.3.3  

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. 

5.3.4  

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. 

5.3.5  

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. 

 

5.4 CHECKING OF CALCULATIONS 

5.4.1  

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. 

5.4.2  

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

requirements of section 5.4.1. 

5.4.3  

The Checking Engineer shall review all the assumptions, references, 

sketches and the design criteria to insure a complete overall 

understanding of the design. 

5.4.4  

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 to a major redesign refer to section 5.5.1. 
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5.4.5  

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. 

5.4.6  

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. 

5.4.7  

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

what is being checked. 

5.4.8  

Applicable checklists shall be completed for each set of calculations. 

Check lists are included as Appendix A to this procedure. 

5.4.9  

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. 

5.4.10  

The Checking Engineer shall initial and date each sheet checked. 

5.4.11  

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. 
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5.5 IMPLEMENTATION OF CHECKERS COMMENTS 

5.5.1  

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. 

5.5.2  

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. 

5.5.2  

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. 

5.5.3  

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. 

5.5.4  

The Lead Engineer or Department Manager conducts a random review or 

a second check to ensure (to 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 
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departmental approval process. Copies of calculations are then issued if 

required using the document control procedures relevant to the project. 

 

5.6 CALCULATION FILES AND RECORDS 

5.6.1  

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. 

5.6.2  

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. 

5.6.3  

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. 

 

5.7 APPROVAL 

5.7.1  

Engineering deliverables that have been checked require the appropriate 

approval prior to issue. This approval signifies that the document is "fit 

for issue." 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 
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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. 
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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 

Appendix A …………………………………………………………………Structural 

Calculation Check List 
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Appendix B………………………………………………………… User Tips Manual 
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Appendix C……………………………………………………. Design Procedure 
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Appendix D……………………………………………………………………Isolated 

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.  

Isolated Footing Design Procedure 
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Excel Spreadsheet – Isolated Spread Footing Design 
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Hand Calculations – Isolated Spread Footing 
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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 

 

Isolated Footing 642 
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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 (Bcol) : 0.507ft 

Pedestal 

Include Pedestal? 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 : 150.000lb/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 Soil 

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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Reduction of force due to buoyancy = 0.000kip 

Effect due to adhesion = 0.000kip 

Area from initial length and width, Ao =Lo X Wo = 11.111ft2 Min. 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). qmax = Respective 

Factored Bearing Capacity.  

  

Final Footing Size 

Length (L2) =  8.500 ft Governing Load # 

223 Case : 
Width (W2) =  8.500 ft Governing Load # 

223 Case : 

Depth (D2) =  2.000 ft Governing Load # 

212 Case : 
Depth is governed by Ultimate Load Case 

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

Area (A2) =  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 

 

Load Case  

Pressure at  
corner 1  

( q 1 )   
( kip/ft2)  

Pressure at  
corner 2  

( q 2 )   
kip/ft2)  ( 

Pressure at  
corner 3  

( q 3 )   
( kip/ft2)  

Pressure at  
corner 4  

( q 4 )   
kip/ft2)  ( 

Area of footing  
in uplift (A u )   

( ft 2   ) 

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 Au is 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 4 corners Four Corners 

 

 

  

Check for stability against overturning and sliding 

Load Case   

Pressure at  
corner 1 (q 1 )    

( kip/ft2)  

Pressure at  
corner 2 (q 2 )    

( kip/ft2)  

Pressure at  
corner 3 (q 3 )    

( kip/ft2)  

Pressure at  
corner 4 (q 4 )    

( 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 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
  

80 
 

 

  

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 : 5.209kip 

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 : 3.059kip 

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 

Critical 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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Total Footing Depth, D = 2.000ft 

 Calculated Effective Depth, deff = D - Ccover - 0.5 * db =  1.714ft 

 For rectangular column,  = Bcol
 / D

col
 =  1.049 

Effective depth, deff, increased until 0.75XVc  Punching Shear Force 

Punching Shear Force, Vu = 42.418kip, Load Case # 212 

From ACI Cl.11.12.2.1, bo for column= 8.931ft 

Equation 11-33, Vc1 = 810.025kip 

Equation 11-34, Vc2 = 1348.397kip 

Equation 11-35, Vc3 = 557.493kip 

Punching shear strength, Vc =  0.75 X minimum of (Vc1, Vc2, Vc3) =  418.119kip 
0.75 X Vc > Vu hence, OK 

  

One-Way Shear Check 

Along X Direction 

(Shear Plane Parallel to Global X Axis) 
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 265.299kip 

Distance along X to design for shear,  

2.283ft Dx =  

Check that 0.75 X Vc > Vux where Vux is the shear force for the critical load cases at a distance deff from the 

face of the column caused by bending about the X axis.  

 From above calculations, 0.75 X Vc =  198.974 kip 

 Critical load case for Vux is # 212  12.259 kip 

0.75 X Vc > Vux hence, OK  

  

One-Way Shear Check 

Along Z Direction 

(Shear Plane Parallel to Global Z Axis) 

From ACI Cl.11.3.1.1, V c  = 
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From ACI Cl.11.3.1.1, Vc =  

  265.299 kip 

 Distance along X to design for shear, Dz =   2.271 ft 

Check that 0.75 X Vc > Vuz where Vuz is the shear force for the critical load cases at a distance deff from the 

face of the column caused by bending about the Z axis. 

 From above calculations, 0.75 X Vc =  198.974 kip 

 Critical load case for Vuz is # 212  13.669 kip 

0.75 X Vc > Vuz hence, OK  

  

Design for Flexure about Z Axis 

(For Reinforcement Parallel to X Axis) 

 

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 deff=  1.719 ft 

 Factor  from ACI Cl.10.2.7.3 =  0.850 

From ACI Cl. 10.3.2, 0.02851 

From ACI Cl. 10.3.3, 0.02138 

From ACI Cl. 7.12.2, 0.00169 

 From Ref. 1, Eq. 3.8.4a, constant m =  17.647 

Calculate reinforcement ratio  for critical load case  

Design for flexure about Z axis is  

 performed at the face of the column at   3.984 ft 

a distance, Dx =  

 Ultimate moment,  47.454 kip-ft 

 Nominal moment capacity, Mn =  52.726 

kip-ft 

(Based on effective depth) Required   

0.00025 

 Since ρ≤ ρmin ρmin Governs  

 Area of Steel Required, As =   4.141 in2 

  

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 

 =  

 =  

 =  

=   

( Based on gross depth )  x d eff  / Depth =  0.00021 
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Because the number of bars is rounded up, make sure new reinforcement ratio < ρmax 

 Total reinforcement area, As_total =  Nbar X (Area of one bar) =  4.400 in2 

 deff =  D - Ccover - 0.5 X (dia. of one bar) =  1.719 ft 

 Reinforcement ratio,  =   0.00209 

From ACI Cl.7.6.1, minimum req'd clear distance between bars  

Cd = 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) 

 

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) 

Critical Load Case # 212 

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

#6 @ 10.000in o.c.  

  

Required development length for bars = =2.372 ft 

Available development length for bars, D L   
=   

3.734 ft 

Try bar size  # 6 Area of one bar =  0.440 in 2 

Number of bars required, N bar  =  10 
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Bars parallel to X Direction are placed at bottom  

 Effective Depth deff=  1.656 ft 

 Factor  from ACI Cl.10.2.7.3 =  0.850 

From ACI Cl. 10.3.2, 0.02851 

From ACI Cl. 10.3.3, 0.02138 

From ACI Cl.7.12.2, 0.00170 

 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 column at   3.997 ft 

a distance, Dz =  

 Ultimate moment,   42.880 kip-ft 

 Nominal moment capacity, Mn =  47.645 

kip-ft 

(Based on effective depth) Required   

0.00024 

 Since ρ≤ ρmin ρmin Governs  

 Area of Steel Required, As =   4.161 in2 

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 

 

#6 @ 10.000in o.c.  

  

Required development length for bars = =2.372 ft 

Available development length for bars, D L  =  3.747 ft 

Try bar size  # 6 Area of one bar =  0.440 in 2 

Number of bars required, N bar  =  10 

 =  

 =  

 =  

=   

( Based on gross depth )  x d eff  / Depth =  0.00020 
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Because the number of bars is rounded up, make sure new reinforcement ratio < ρmax 

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

 Reinforcement ratio,  =   0.00217 

From ACI Cl.7.6.1, minimum req'd clear distance between bars  

Cd = 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 to 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 

 

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

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 deff=  1.656 ft 

 Factor  from ACI Cl.10.2.7.3 =  0.850 

From ACI Cl. 10.3.2, 0.02851 

From ACI Cl. 10.3.3, 0.02138 

 =  

 =  

 =  
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From ACI Cl. 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 

  3.997 ft column at a distance, Dx 

=  

 Ultimate moment,  20.366 kip-ft 

 Nominal moment capacity, Mn =  22.629 kip-ft 

(Based on effective depth)  

0.00011 Required  =  

0.00009 

 Since ρmin≤ ρ≤ ρmax OK 

 Area of Steel Required, As =   0.228 in2 

Total reinforcement area, As_total =  Nbar 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 

 

  

Design For Top Reinforcement Parallel to X Axis 

#6 @ 12.000in o.c.  

( Based on gross depth )  x d eff  / Depth =  
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Top reinforcement is calculated based on self weight of footing and soil  

Calculate the flexural reinforcement for Mz. 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 deff=  1.719 ft 

 Factor  from ACI Cl.10.2.7.3 =  0.850 

From ACI Cl. 10.3.2, 0.02851 

From ACI Cl. 10.3.3, 0.02138 

From ACI Cl.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 Z axis is  

performed at the face of the 

  3.984 ft column at a distance, 

Dx =  

 Ultimate moment,  20.239 kip-ft 

 Nominal moment capacity, Mn =  22.488 kip-ft 

(Based on effective depth) 

0.000104 Required  =  

0.000089 

 Since ρmin≤ ρ≤ ρmax OK 

 Area of Steel Required, As =   0.218 in2 

Total reinforcement area, As_total    
=  Nbar X (Area of one bar) =  0.884 in2 

Provided Steel Area / Required Steel Area = 4.048 

  

 =  

 =  

 =  

( Based on gross depth )  x d eff  / Depth =  
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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 

 

 

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 option 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 

analysis is the lack of consideration to negative 

forces when the governing loading is chosen.  

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 

#6 @ 12.000in o.c.  

FIGURE 1: FOOTING GEOMETRY INPUT 

PANE IN STAAD.FOUNDATION 
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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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Appendix E………………………………………………………………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 
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Excel Spreadsheet – Combined Footing 
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Hand Calculations - Combined Footing  
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STAAD.Foundation Output for Combined Footing Design  

COMBINED FOUNDATION DESIGN (ACI 318-05) 

Design For Combined Footing 1 

Result Summary 

  

 

Combined Footing 1 

Input Data 

Footing No.  Left Overhang  
( ft)  

Right Overhang  
( ft)  

Length  
ft)  ( 

Width  
ft)  ( 

Thickness  
( ft)  

2.333 16.208 1.833 1.833 2.000 1 
  

Footing No.  Footing Reinforcement  
Main Steel Top  -   Main Steel Bottom  Secondary Steel Top  Secondary Steel Bottom  

1 4  - # 6 4  - # 7 22  - # 6 16  - # 7 
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Geometry of Footing 

For Column 642  

Column Dimensions 

Column Shape : Rectangular 

Column Length - X (Dcol) : 0.532ft 

Column Width - Z (Bcol) : 0.507ft 

Pedestal 

Include Pedestal? No 

Pedestal Shape : N/A 

Pedestal Height (Ph) : N/A 

Pedestal Length - X (Pl) : 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 (Dcol) : 0.532ft 

Column Width - Z (Bcol) : 0.507ft 

Pedestal 

Include Pedestal? No 

Pedestal Shape : N/A 

Pedestal Height (Ph) : N/A 

Pedestal Length - X (Pl) : 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/ft^2 

Reduction of force due to buoyancy = 0.000kip 

Area from initial length and width, Ao = Lo X Wo = 14.542ft^2 

Min. area required from bearing pressure, Amin = P / qmax = 15.413ft^2 

Note: Amin is an initial estimation.  
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P = Critical Factored Axial Load(without self weight/buoyancy/ qmax = 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 

Area, A : 37.820ft^2 

Length of left overhang, Lleft_overhang : 1.833ft 

Length of right overhang, Lright_overhang : 1.833ft 

Footing self weight : 46.140kip Soi weight on top of footing : 4.474kip 

------------------------------------------------------  
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Calculated Pressures at Four Corners 
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If Au is 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 

 

------------------------------------------------------  

Load Case   
Pressure at  

corner 1 (q 1   ) 
( kip/ft^2)  

Pressure at  
corner 2 (q 2 )   
( kip/ft^2)  

Pressure at  
corner 3 (q 3 )   

( kip/ft^2)  

Pressure at  
corner 4 (q 4 )   
( kip/ft^2)  

Area of footin g  in  
uplift (A u )   

( 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 

Load Case   
Pressure at corner 1  

( q 1 )   
( kip/ft^2)  

Pressure at corner 2  
( q 2 )   

( kip/ft^2)  

Pressure at corner 3  
( q 3 )   

( kip/ft^2)  

Pressure at corner  4 
( q 4 )   

( 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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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,deff = 1.714ft 

For rectangular column,  =  Bcol / Dcol : 1.049 

Considering the particular column  

as interior column, Slab Edge   : 40.0 

Factor  

Effective depth, deff, increased until 0.75*Vc  Punching Shear Force 

Punchng Shear Force, Vu = 17.599kip 

 From ACI Cl.11.12.2.1,  for column  8.931ft 

 Equation 11-33, Vc1  810.025kip 

 Equation 11-34, Vc2 =   1348.397kip 

 Equation 11-35, Vc3 =   557.493kip 

Punching shear strength,Vc= 0.75 x minimum of (Vc1,Vc2,Vc3) = 418.119kip 
0.75 * Vc > Vu hence, OK 

For Column 643  

Critical Load case for Punching Shear Check :  18 

Total Footing Depth, Do = 2.000ft 

Calculated Effective Depth,deff = 1.714ft 

For rectangular column,  =  Bcol / Dcol : 1.049 

Considering the particular column  

as interior column, Slab Edge   : 40.0 

Factor  

Effective depth, deff, increased until 0.75*Vc  Punching Shear Force 
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Punchng Shear Force, Vu = 17.599kip 

 From ACI Cl.11.12.2.1,  for column  8.931ft 

Equation 11-33, Vc1810.025kip 

Equation 11-34, Vc2 = 1348.397kip 

Equation 11-35, Vc3 = 557.493kip 

Punching shear strength,Vc= 0.75 x minimum of (Vc1,Vc2,Vc3) =

 418.119kip 

0.75 * Vc > Vu hence, OK 

------------------------------------------------------  

Check for One-Way Shear 

  

Shear Plane Parallel to Foundation Width  

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

Critical Shear force,Vu For the critical load case: 12.632kip 
Point of occurance of Vu Critical one-way shear position: 12.396ft 

From ACI Cl.11.3.1.1, Vc =   72.827kip 

0.75 x Vc = 54.620kip 

Since 0.75 * Vc > Vu hence, OK 
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Shear Plane Parallel to Foundation Length  

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

Critical Shear force,Vu For the critical load case: 0.000kip 
Point of occurance of Vu Critical one-way shear position: 3.134ft 

From ACI Cl.11.3.1.1, Vc =   0.000kip 

0.75 x Vc = 0.000kip 

Since 0.75 * Vc > Vu hence, OK 

------------------------------------------------------  

Design of flexure 

Bottom Reinforcement 

Critical load case : 23 

Required Effective Depth : 1.641ft 

, from ACI Cl.10.2.7.3 = 0.8500 

From ACI Cl. 10.3.2,  0.02851 

From ACI Cl. 10.3.3,  0.02138 

From ACI Cl. 7.12.2,  0.00180 

Modular Ratio,m17.6471 

Ultimate Moment : 12.785kip-ft 
Point of occurrence of the ultimate moment along the 

length of footing : 
8.019ft 

Nominal Moment Capacity : 14.205kip-ft 
Required  (based on effective depth) : 0.0022  x deff / Depth (based on gross depth) :  0.0018 Area of 

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

Top Reinforcement 

Critical load case : 18 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

Required Effective Depth : 1.656ft 

, from ACI Cl.10.2.7.3 = 0.8500 

From ACI Cl. 10.3.2,  0.02851 

From ACI Cl. 10.3.3,  0.02138 

From ACI Cl. 7.12.2,  0.00180 

Modular Ratio,m17.6471 

Ultimate Moment : 53.143kip-ft 
Point of occurrence of the ultimate moment along the 

length of footing : 
8.189ft 

Nominal Moment Capacity : 59.048kip-ft 
Required  (based on effective depth):  0.0022  x deff / Depth (based on gross depth) :  0.0018 

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

Distribution Reinforcement  

Critical 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  (based on effective depth): 0.0022  x deff / Depth (based on gross depth) :  0.0018 

Area of distribution steel required, As =  * 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 

reinforcement): 
Provided Reinforcement 

 8.402 in2 

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 

in 

#7 @ 11in o.c.    



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

Distribution bar no. (Bottom): #7 
 

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

13.464 in 

#7 @ 13in o.c.    

Distribution bar no.(Top): #6 
 

Spacing of distribution bars(Top) :  
Based on spacing reinforcement increment; provided reinforcement is 

9.921 in 

#6 @ 9in o.c.    

------------------------------------------------------  

Print Calculation Sheet  

 

Combined Footing Design Optimization 

When considering the optimization 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 a 

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 

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.    

FIGURE 3: COMBINED FOOTING CALCULATION SHEET 
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Appendix F…………………………………………………………………………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 
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Excel Spreadsheet – Strap Footing 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

 



Engineering Standard-STAAD.foundation User Tips Manual and Deliverable 
-------------------------------------------------------------------------------------------------------------------------------- 

  

 

   
 

Hand Calculations – Strap Footing 
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STAAD.Foundation Output for Strap Foundation Design 
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Strap Footing Design Optimization 

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. 


