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Abstract

Using software analysis for structural design is becoming more prevalent across the industry due
to increasing technological resources. This project served as an investigation of foundation
design alternatives and the feasibility of STAAD.foundation as a design aid for engineers at
Stantec Consulting Ltd. Both design optimization and accuracy were tested against hand
calculations in accordance with ACI 318-05 and ASCE 7-05 in order to identify the proficiencies
and shortcomings of the software which were documented in a user tips manual.
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Capstone Design Statement

According to the principles developed by the Accreditation Board for Engineering and
Technology (ABET), students must demonstrate knowledge and skills acquired in earlier
coursework through a capstone design experience. A capstone design experience must
incorporate engineering principles and realistic design constraints. This Major Qualifying Project
(MQP) incorporated the following six design constraints:

Economic

One of the six design constraints of the project is economics. Designing a structure for economic
efficiency necessitates a greater amount of detail than would be required when designing for
structural integrity alone. The amounts and types of material, as well as the ease of construction
must all be considered, while still providing enough structural support strength. For this project,
economic efficiency was designed by completing multiple foundation designs and providing a
ranking based on design and construction costs. These designs were then evaluated by
completing a cost estimate for the amount of steel rebar and concrete included in the design, as
well as determining if the shape or size of the foundation will require a greater amount of site
work and construction man-hours. The cost estimates for reinforcement and concrete were
quoted from the 2013 National Construction Estimator.

Ethical

The designs for this project were consistent with the code of ethics set forth by the American
Society of Civil Engineers (ASCE). The designs meet the requirements of the ASCE’s
fundamental principles and fundamental canons. The ASCE’s fundamental cannons are as
follows:*

1. Engineers shall hold paramount the safety, health and welfare of the public and shall
strive to comply with the principles of sustainable development in the performance of
their professional duties.

Engineers shall perform services only in areas of their competence.

Engineers shall issue public statements only in an objective and truthful manner.

4. Engineers shall act in professional matters for each employer or client as faithful agents
or trustees, and shall avoid conflicts of interest.

5. Engineers shall build their professional reputation on the merit of their services and shall
not compete unfairly with others.

6. Engineers shall act in such a manner as to uphold and enhance the honor, integrity, and
dignity of the engineering profession and shall act with zero-tolerance for bribery, fraud,
and corruption.

7. Engineers shall continue their professional development throughout their careers, and
shall provide opportunities for the professional development of those engineers under
their supervision.

wmn

! American Society of Civil Engineers. Guidance on Licensing and Ethical Responsibilities for Civil Engineers. Web.
<http://www.asce.org/uploadedFiles/Education_and_Careers/Licensure/Content_Pieces/licensing-ethics-brochure.pdf>.



Health and Safety

Foundation designs were conscientiously designed keeping the well-being of those constructing
the design and the future users of the facility in mind. The designs comply with the requirements
of the governing regulatory codes and with pertinent industry standards. All the foundation
designs were created considering the code standards laid out in ACI 318-05, the 14™ edition of
AISC, and ASCE Standards: 9-1, 9-2, 9-3.

Constructability

The project created the foundation designs with the feasibility of construction in mind. This
included considering the effective use of resources, labor, construction duration, and structure
maintenance. It is important to consider the constructability of designs in the field. Producing
designs that are too complicated or that expect unreasonable precision can lead to costly delays
in the field and wasted resources.

Social

Since the project team worked in a professional environment during the length of the project, the
social design constraint was addressed during our time at Stantec. A major aspect of completing
the project was learning how to adapt to and be productive in a professional environment.
Completing this constraint included meeting the expectations of a professional workplace. These
requirements included adopting acceptable work attire and manners, adhering to Stantec’s
established schedule and hours, and integrating with fellow coworkers and managers.
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Professional Licensure Statement

Obtaining a professional license as a civil engineer means that the applicant has accepted and
understands the technical and ethical obligations of the profession.? Reliance on engineers who
have obtained a professional ensures that engineering projects protect the health, safety, and
welfare of the public. Each state has specific requirements for an individual to become a
licensed professional engineer (P.E.). The National Council of Examiners for Engineering and
Surveying (NCEES) is one prominent organization that oversees the licensing requirements for
each state.

Requirements to Obtain a License

Although licensing requirements may very slightly from state to state, the general process
remains fairly consistent throughout the United States. Listed below are the reguirements to
obtain a professional license according to the American Society of Civil Engineers:

1. Graduating from an ABET accredited engineering program or an ABET accredited
engineering technology program in some states.

2. Passing the national Fundamentals of Engineering (F.E.) exam offered by the National
Council of Examiners for Engineering and Surveying (NCEES).

3. Obtaining four year (or three years past a masters degree in some states) of acceptable
engineering experience with increasing levels of responsibility under the guidance of one
or more licensed engineers.

4. Submitting a detailed application documenting among other things, a progressing
increase in responsible professional experience and including both professional and
character references.

5. Passing the Principles of Engineering (P.E.) exam offered by NCEES. Some states have
an additional exam offered by the state board that convers its principles of conduct and
ethics.

Importance of licensure to the profession, to the individual, and to the public

There are many reasons that civil engineering students and graduates should aspire to become
licensed engineers. Having a professional license expands the knowledge of the profession,
fulfills an ethical responsibility to the engineer’s community and enhances the engineer’s career.
Since the majority of civil engineering work is done in close proximity to the public it is an
engineer’s responsibility to ensure the safety of the community. Professional licensure means
that the engineer has a thorough understanding of fundamental engineering principles and has
acquired engineering experience and judgment under the guidance of a professional engineer. A
license legally enables an engineer to take personal responsibility for any technical work they
complete.

According to the seventh fundamental ethical cannon laid out by the American Society of Civil
Engineers (ASCE), “Engineers shall continue their professional development throughout their
careers, and shall provide opportunities for the professional development of those engineers

2 American Society of Civil Engineers. Guidance on Licensing and Ethical Responsibilities for Civil Engineers. Web.
<http://www.asce.org/uploadedFiles/Education_and_Careers/Licensure/Content_Pieces/licensing-ethics-brochure.pdf>.
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Ibid.
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under their supervision”. Becoming a professional engineer satisfies this requirement in several
ways. A young engineer aspiring to be licensed needs to complete several years under the
guidance of a professional engineer. This increases the professional development of the younger
engineer and allows the professional engineer in charge to pass along their knowledge. Passing
down engineering knowledge is not only crucial to expanding the development of a younger
engineers but it is also vial to the progress of the profession as a whole.

Relationship between this MQP and professional practice

The MQP is directly integrated with professional practice; both in its execution and end goal.
This project was completed in Stantec Consulting Ltd.’s Boston office with direct supervision
from several professional engineers. It required team members to consistently work in a
professional environment under the guidance of experienced engineers. Spending time in the
Stantec office helped each member of the team develop professionally and technically. Our
project also helped develop a sense of professionalism. The team needed to consider how our
project could be incorporated in the office workflow and the best method to present our findings
to Stantec engineers.
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Executive Summary

Purpose and Scope of Document

The Power Group at Stantec has previously worked with several different foundation software
programs. The company was interested in the investigation of STAAD.foundation in order to
determine range of applicability and reliability within the software package. By engaging in a
parametric study of STAAD.foundation, it was possible to determine the reliability of the
software and identify any potential limitations. In order to quantify the effectiveness and
reliability of STAAD.foundation, foundation types were designed through hand calculations and
then verified through the STAAD.foundation program. These foundation designs were then
analyzed considering engineering principles and realistic design constraints. Specifically, the
team considered direct cost of materials, labor, and equipment, design code compliance, health
and safety regulations and aspects of constructability.

Three documents were created in order to complete the project. A deliverable to the company
was created with the use of Microsoft Word and PowerPoint. To create the deliverable for
Stantec, a standard operations was provided by them and followed until completion. The team
met and worked with Ryan Hill (EIT) to ensure that the deliverable was up to standard with the
company. The deliverable contains a table of contents, a purpose, an applicable codes and
standards section, definitions, design criteria, and an appendix. The purpose defines the needs
and specifics of the project. The deliverable will be printed and then compiled into a binder so
that Stantec has a hard copy of it. In the appendix of the deliverable, the user can see the User
Tip Manual, all of the hand calculations, and spread sheets of each specific foundation design
used to verify the validity of STAAD.foundation. The deliverable can be used by any employee
in the office that will be new to or using STAAD.foundation.

Tutorial videos and examples provided by the software were explored to best develop a user
manual that can show a designer how to create and analyze specific foundations depending on
the project's need. Essentially, should Stantec hire a new employee, this user manual would
provide them with enough information to learn the fundamentals of the program. The user tips
manual outlines proper methodology to use and setup various foundations and is in the form of a
Microsoft PowerPoint. The PowerPoint has a table of contents which acts as chapters for each
foundation design, limits and optimizations within the program section, importing and exporting
within the program, and a tips and tricks section.

Methods
The objectives of this project are as follows:

1. Evaluate the reliability of STAAD.foundation and identify any software limitations
2. Consider design alternatives for various foundation types using a predefined rubric
3. Develop a user tips manual for use by Stantec Consulting Ltd. Engineers



To accomplish the project objectives, the team created design alternatives through hand
calculations and by utilizing STAAD.foundation. The foundation types that were designed
included isolated spread footings, combined footings, strap footings and mat foundations. For
each foundation type, three models were created that could then be used for STAAD.foundation
evaluation and consideration of design alternatives.

Results and Conclusions

Objective 1

A comparison of the hand-calculated designs with those produced by STAAD.foundation reveals
that while STAAD offers the potential for a streamlined foundation design process, it does have
several important flaws. The hand calculated designs in almost every instance produced a similar
set of dimensions as those of the foundations STAAD designed. The most noticeable error within
the dimensioning of the STAAD produced designs occurred within the combined footing, where
STAAD suggested dimensions that would have been quite difficult to construct. Other errors
seen within the results occur with regard to the reinforcement design and the analysis of shear
forces. In several cases, STAAD was found to have produced a design in which the
reinforcement would be spaced greater than the maximum 7.5 inches, or would require too large
a number of bars with too wide a spacing, effectively moving reinforcement outside of the
boundaries of the foundation. The analysis of shear within the program proved inaccurate as
well. STAAD.foundation completed its analysis of the foundation not from the largest possible
load case, but rather from the largest positive value computed. In the event that the design
produced a significantly larger negative shear force than the selected positive shear force, the
foundation would fail.

While STAAD.foundation is certainly a useful tool, designs which are produced exclusively
within the software should be compared to a design which has been manually calculated. In
addition to this, design constraints should be determined ahead of time based upon the users
engineering judgment. While the program will design to the minimum constraints, a proper
foundation design will come not from using exclusively the minimums, but rather from careful
consideration of all of the variables within the structure and the site. Tools such as this act as
design aids and supplements to the process, but should not be considered replacements to the
traditional methods of structural design.

Objective 2

To determine the most appropriate design, there must be consideration of ethical standards,
health and safety, cost, and constructability. In order to evaluate the three design alternatives a
grading rubric was created. While the rubric does not determine the best design, it does offer the
engineer an evaluation of the twelve foundation designs. All of the foundations were designed in
accordance with the ASCE code of Ethics and Ethical Cannons as well as being designed in
accordance with the various governing codes. In terms of cost estimation, the pricing of materials
was considered for each design and is represented in the spreadsheets as either green (cheapest),
yellow (middle) or red (most expensive). The overall cheapest design is that of the second
combined footing design, whereas the most expensive is the third mat design. For
constructability, all of the designs once again offer varying degrees of difficulty. While the mat
foundation requires the smallest amount of formwork setups, it also does cover the largest
amount of area.



The results obtained from the rubric offer a number of positive and negative factors for each of
the designs as well as confirming that the design has met the required standards. These serve as a
tool for analyzing each foundation design individually, as well as in comparison to the other
designs within the type of foundation and the project as a whole. As the rubric does not propose
any one design in particular, the engineers must decide for themselves what the overall best
design would be, based upon the known constraints within the site, budget, and timeline.

Objective 3

The creation of a user tips manual serves as a guide for future users of STAAD.foundation. It
offers insight into the import and export of STAAD files, as well as detailing the steps required
to begin a design within the program. The user tips manual also covers the various areas of the
program that we found lacking, such as the analysis of shear, the use of minimum design
constraints, and reinforcement. While not all of these errors were solved, they are potential
problems that can appear within the design and should be considered when using
STAAD.foundation.
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1.0 Introduction

By verifying the applicability and reliability of software used within a company, it is possible to
gain financial benefits, facilitate communication across different departments, and ensure the
effective use of company resources. It is important to determine whether software applications
utilized by company employees are encouraging streamlined workflow by functioning to their
intended standard. Letting discontinuities or inaccuracies creep into the intricate framework of
structural design and construction projects can lead to wasted resources and delayed schedules.
Having unreliable software applications can increase the frequency of reworks, the possibility of
safety hazards, and the amount of wasted materials.

1.1 Project Need

The Power Group at Stantec has previously worked with several different foundation software
programs. The company was interested in the investigation of STAAD.foundation in order to
determine range of applicability and reliability within the software package. By engaging in a
parametric study of STAAD.foundation, it was possible to determine the reliability of the
software and identify any potential limitations. This involved the use of STAAD.pro in order to
construct a structural steel model and perform the necessary structural analysis. Once the
reaction forces from STAAD.pro were computed, they were applied to design various foundation
types. In order to quantify the effectiveness and reliability of STAAD.foundation, foundation
types were designed through hand calculations and then verified through the STAAD.foundation
program.

1.2 Design Approach

To verify the applicability and reliability of STAAD.foundation, reaction forces from a
STAAD.pro structural frame model was obtained. Reaction forces and loadings obtained from
the structural analysis in STAAD.pro were then input into STAAD.foundation. The team
inputted the design criteria for each type of foundation into STAAD.foundation. These selected
foundation types were also designed through hand calculations to verify the results from the
program. This comparison allowed for the analysis of software and design limitations inherent
in STAAD.foundation. This project focused on the design of isolated spread footings, combined
footings, strap footings and mat foundations. Once the verifications were documented, a User
Tips Manual was created for use by Stantec Consulting Ltd.. The foundation designs were then
analyzed considering several design criteria, specifically: direct labor, material and equipment
costs, compliance with health and safety regulations, adherence to design codes and
constructability.



2.0 Background

2.1 Stantec Consulting Ltd.

Stantec Consulting was founded in 1954 in Edmonton, Canada by Dr. Don Stanley as a civil and
environmental engineering firm working primarily on water and sewage projects in rural
Canadian towns. Within the first decade, the company grew to a size of thirty employees and was
awarded its first major structural project: the redesign of the Peace River Bridge on the Alaska
Highway. Today Stantec is one of the largest design firms in the world, with over 14,000
employees in over 230 different offices specializing in architecture, landscape architecture, and
engineering

2.1.1 Company Structure

Stantec is divided into several project areas within the fields of architecture, civil engineering
and landscape architecture, mechanical engineering, and chemical engineering. Within the
framework of Stantec’s corporate Structure, these sub areas are known as Business Centers, or
“BC’s.” These BC’s often have sub groups within them, which collaborate on projects related to
their fields, allowing Stantec to better allocate resources, and better manage the flow of money
from clients to sub-contractors.

2.1.2 Power Engineering Group at Stantec

The power group at Stantec in Boston, Massachusetts was added to their firm in early 2014, The
group came to Stantec after many years with Shaw Power and Stone & Webster. The power
group designs and engineers projects involving heat, power, turbines, and air quality control. The
group looks at traditional resources such as gas and coal, as well as renewable energy resources
including wind and solar power. The power projects include the repurposing of old power plants
to be more economically efficient. The power group is growing on both the East and West Coast
of the United States, allowing Stantec to access a broader clientele.

2.2 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.

* Smith, Allson. "Stantec Adds Power Engineering Team in Boston, Massachusetts.” Stantec Media Relations. n. page. Web. 6
Mar. 2015. <http://www.stantec.com/about-us/news/2014/stanatec-adds-power-engineering-team-in-boston-massachusetts.html



2.2.1 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 distribute the load over a
larger area. Spread footings are the most common type of foundation due to its low cost and
quick construction. They are built in different shapes and sizes to accommodate each project's

scenario. The shape of the footing is generally a rectangular.

Determination of soil pressures, shear forces, and bending
moments then need to be established to determine design
capability’. 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.

Isolated Spread Footings

Isolated Spread 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
must be established to determine the design capability. If
the soil has a higher bearing capacity, then the isolated
spread footing is sufficient for the design.

Combined Footings
Combined Footings receive loading from more than one

Isolated foating

A dngle spread looting Supportingd
freestanding cobmn or pe.

COLUMNS

COMBINED
FOOTING

£
COLUMN
- Al =
A - |
- ~
N2
NP COLUMN FOOTING
rd d
\\( -
< STRAP BEAM
\\
ECCENTRICALLY LOADED
COLUMN FOOTING Fowec

FIGURE 1: [A] ISOLATED SPREAD FOOTING,
[B] CoMBINED FOOTING, [C] STRAP FOOTING
Taken from: http://eu.lib.kmutt.ac.th

® Tabsh, Sami W and Abdul Raouf AJ-Shawa. "Effect of Spread Footing Flexibility on Structural Response.” Structural Design

and Construction 2005, 10 ed.: 109-114. Web.



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 established to
determine design capability. Combined footings are most commonly designed with a rectangular
or trapezoidal geometry.

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 needs to be established to
determine design capability.

2.2.2 Mat Foundations

Mat foundations, also known as raft foundations, are a type of foundation that is considered
when using a spread foundation would not be economical or reasonable. Mats are considerably
larger than spread footings and generally encompass the entire footprint of a building. This type
of foundation can be considered economical for a variety of reasons, mostly depending on size

and soil condition. If a spread footing is
being considered and covers more than a
third of the footprint, a mat may be
considered as a more appropriate
alternative.  Additionally, a mat can be
used when dealing with erratic soil
conditions because the mechanics of the

mat

A thick, slabliks footing of reinforced
concrete supparting 2 number of columns or
an entire bullding.

ribbed mat
i i i A mat foundatlon relnforced by a grid of
foundatn_)r_\ will _succesgfully bridge bty
irregularities and differential settlements
throughout a site. Location of the water
table is another consideration for using a
cellular mat

mat foundation. If the foundation is
located below the depth of the water table,
mat foundations are beneficial due to
monolithic  properties and ease of

A composite structure of reinforced
concrete slabs and basement walls serving
as a mat foyndation.

waterproofing.  Depending on design, FIGURE 2: VARIOUS MAT FOUNDATION DESIGNS
differential structural loads can cause Taken from: http://eu.lib.kmutt.ac.th

irregular loading on the footing, in which case, a mat foundation would be beneficial because it
is able to compensate for irregular loading. Although mats are able to withstand irregular loads



due to both superstructure bearing and soil conditions, piles or shafts may be necessary in order
to fully support the mat foundation.’

When considering the design analysis of a mat foundation, it can be considered as rigid or non-
rigid. The traditional method to evaluate the design of this type of foundation was to consider it
a rigid structure. Using this approach, a high width-to-thickness ratio is generally observed.
Furthermore, using this type of analysis yields less reliable estimates of shear, deformations and
moments because there is no consideration to redistribution of the bearing pressure throughout
the mat. ’

The more developed and accurate way to analyze the design of a mat is using the non-rigid
method. Using this analysis, the interaction between the mat and the underlying soil is assumed
to be a “bed of springs.” With this assumption, deformations can be calculated locally
throughout the mat, rather than calculating one deformation for the entire foundation, which is
unreasonable under the conditions that a mat foundation is selected. By considering both
flexural deflections and corresponding soil bearing pressure redistribution, non-rigid analysis
yields results that are more appropriate.®

2.3 STAAD.pro

STAAD.pro is a software application that assists professional engineers in the design of steel,
concrete, timber, aluminum, and cold form steel structures with a user-friendly interface,
optimized design and analysis capabilities. It is a product of Bentley Systems, a software
company that specializes in, “comprehensive software solutions for the infrastructure lifecy(:le”.9
The software allows the user to create three-dimensional models of nearly any type of structure,
featuring flexible modeling supporting over 70 international codes and over 20 U.S. codes.
Three-dimensional model, as opposed to two-dimensional drawings, allow for heightened
awareness of interferences within the design. By combining mechanical, electrical, and
plumbing systems within a single model, the software allows for integration of structural
elements. Additionally, analysis and design features, such as nuclear certification, are included
within the software package. The interoperability of the software package allows for data
exchange across several different programs. A notable component of STAAD software packages
is the ability to link models to external project databases. Several different aspects of the model,
such as mechanical and plumbing components, can be imported from third party resources such
as AutoCAD. Along with structural analysis and interference reports, STAAD is able to produce
virtual walkthroughs of the models.™

® Coduto, D.P. Foundation Design: Principles and Pracitices. Upper Saddle River, New Jersey: Prentice-Hall, 2001. Print.
7 Ibid.

¢ Ibid.

® Bentley: Sustaining Infrastructure. 2014. Web. <http://www.bentley.com/en-US/>.

10 Bentley. STAAD.pro. n.d. Web. 10 December 2014. <http://www.bentley.com/en-US/Products/STAAD.pro/>.



Case Study in STAAD.pro

An example of a project that benefitted from the use of STAAD.pro was the design and
construction of the Evergreen Community Power Plant in Reading, Pennsylvania. The project
was contracted by ESI Inc. of Tennessee, and the engineers on the project had no previous
experience using STAAD or Bentley software products. The difficulties associated with this
project were attributed to size constraints and complexity of the project. Additionally, the
customer was adamant on the use of three-dimensional modeling to ensure that proper operation
and size could be achieved within the provided space.

The project team for the power plant consisted of 19 engineers, including structural, mechanical,
electrical, and instrumentation engineers who were able to input their components of the design
into the model. The engineers were able to review the model while 3D specialists
simultaneously performed detailed modeling for the plant. The project was streamlined by
utilizing STAAD’s integration tools. Two and three-dimensional models from the vendors,
which were created in third party applications, could be imported into the STAAD model.
Interference reports were also generated using this model, opposed to two-dimensional
interpretation.  These reports identified major cost saving interferences between different
engineering components before construction. Overall, the implementation and use of STAAD
saved ESI Inc. about two months on the design schedule.™

2.4 STAAD.foundation

STAAD.foundation is used to design and model various types of complex and simple foundation
systems. It is also a product of Bentley Systems. STAAD.foundation is designed to handle
common foundations, such as isolated spread footings and pile caps. It can also tackle
foundation designs for larger and more complex projects. According to Bentley Systems,
“efficient design and documentation is realized through its plant specific design tools, multiple
design codes with U.S. and metric bar sizes, design optimization and automatic drawing
generation”.*® Application of STAAD.foundation can potentially benefit users of STAAD.pro
due to the streamlined workflow between the two programs. STAAD.foundation can efficiently
input geometry, loads and reactions from STAAD.pro and then effectively produce a foundation
design.®® While STAAD.foundation can be used cohesively with STAAD.pro and other building
information modeling software, it can also be utilized as a standalone program.

2.4.1 STAAD.foundation Program Theory

STAAD.foundation allows the user the ability to model complex or simple footings, and these
include: isolated spread footings, pile caps, strip footings, mat foundations, and octagonal

1 Bentley.Company. Bentley Helps Jump-Start 3K Design Services for Green Power Plant. June 2009.
<http://ftp2.bentley.com/dist/collateral/docs/case_studies/CS_ESI_Green-Power-Plant.pdf>.

12 :
Ibid.
13 Bentley Systems. STAAD.foundation - User Manual. Research Engineers International, 2009. 1-2



footin%s.“ The program designs these various foundation types in accordance with ACI 318-05
code.

2.4.2 Foundation Design in STAAD.foundation

Isolated Spread Footings and Strip Footings

In the design of isolated spread footings and strip footings, STAAD.foundation uses parameters
concerning soil bearing capacity, shear and flexural strength of footing, and compressive and
flexural strength of pedestal.® Depending on the bearing resistance of the soil and structure, the
loading on a footing plan is determined. The footing thickness is determined by considering
shear and bending capacity. The shear consideration includes punching shear and one-way
shear.

Mat Foundation

STAAD.foundation relies on finite element method (FEM) and slab-on-elastic-subgrade
principles to analyze and design mat foundations.’® When applying a load to a plate or mat
foundation, there is more than one direction for the load to traverse the plate. Using the finite
element method, a plate can be subdivided into smaller sections in order to obtain deflection
information.™

2.4.3 Case Study in STAAD.foundation

Apollo Tyres Limited is India’s largest automotive tire manufacturer, and is currently in the
process of building a new plant on a 126-acre plot.?’ The project will include 30 buildings and a
build area of approximately 167,226 square meters. The project included some difficult
challenges, specifically the large size of the entire structure and the need to accommodate heavy
loads. The consulting and engineering firm of Aswathanarayana and Eswara was awarded the
contract for the project and utilized STAAD.pro and STAAD.foundation in the design.?* The
foundation design included 120 support positions and over 50 load combinations. Due to the
complexity of the project, STAAD.foundation was able to streamline the design and analysis
process. It allowed engineers to sort through massive amounts of data very effectively. By using
STAAD.foundation software, the firm was able to save 50% to 60% in design time and saved 12
to 15% in materials.?> The firm also saved approximately 80 hours of work per month over the
course of a six-month project period.?

14 Bentley Systems. STAAD.foundation - User Manual. Research Engineers International, 2009. 2-19
15 H
Ibid.
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3.0 Methodology
The objectives of this project are as follows:

1. Evaluate the reliability of STAAD.foundation and identify any software limitations
2. Consider design alternatives for various foundation types using a predefined rubric
3. Develop a user tips manual for use by Stantec Consulting Ltd. Engineers

3.1 Investigation of Foundation Designs

During the first week at Stantec Consulting Ltd.’s Boston office, the team met with our project
supervisors. The team had separate meetings with our main supervisor, Greg Cuetara, from the
Scarborough, Maine office, and with Dennis Keough, and Ryan Hill, from the Boston,
Massachusetts office. During these meetings the project scope and project proposal were further
defined. A copy of the proposal developed by Stantec Consulting Ltd. can be found in Appendix
B.

During the initial meeting, Greg Cuetara also
provided the team with a STAAD.pro structural
steel frame model to be used for the foundation
designs. The reference structure was originally
designed as a portion of a Providence Landfill
Gas to Energy Project completed by Stantec
Consulting Ltd. in Johnston, Rhode Island.
The reference structure can be seen in Figure 3.
Having the reference structure allowed the
team to plan which types of foundation were to
be designed. It was also possible to define
necessary parameters to aid in the design of the
foundations.  These parameters included:
location of the structure, foundation geometry,
the structure’s purpose, etc. Defining the
reference structure and these parameters was FIGURE 3: RENDERED DRAWING OF STAAD.PRO REFERENCE
the initial step in determining the loading and forces present in the foundation system. After
using the analysis feature in STAAD.pro, the team had definitive design loadings and reaction
forces for each of the connection points.




Having defined the type and function of the reference structure, the team made general
assumptions for a range of other necessary parameters. These assumptions included information
about the geotechnical condition in the area and various soil parameters. These can be seen in
Table 1. For the design calculations the material properties to be determined included: strength
of concrete, yield strength of steel, maximum and minimum bar size, clear cover values, and
initial thickness. Soil parameters that were considered include soil types, unit weight of soil, and
soil bearing capacity.

TABLE 1. DESIGN PARAMETERS

Design Parameters
Concrete and Reinforcement Cover and Soil
Unit weight of concrete ¥. 130 pef]|Clear cover valies C 3 m
Strength of concrete £, 4 ksi|Unit weight of soi 1. 120 pcf]
Yield strength of steel f. 60 ksi|Soil bearing capacity q. 3000 psf]
Minimum bar spacing - in |Depth of soil above footing 12 i
Maximum bar spacing - i
Minimum bar size #
Maximum bar Size #
Geometry Design Parameters
Minitmum length Loax ft |Coefficient of friction p 0.5
Maximum length Losin ft |Factor of safety against sliding FS 1.3
Minimum width B ft |Factor of safety against overturning |FS 1.3
Maximum width Benin ft
Minimum thickness e fi
Maximum thickness the - 1t
*Blank parameiers indiceaie variable assumptions

Designing Foundations through Hand Calculations

In order to create an efficient system for running multiple hand calculations, Excel Spreadsheets
were developed for isolated footings, combined footings, strap footings and mat foundations.
The design process used for the foundation designs can be seen in Flowchart 1. Excel
Spreadsheets allows the user to change the design parameters and produce an accurate
foundation design. Each of the Excel Spreadsheets were set up following the foundation design
procedure shown in Flowchart 1. The different sheet within the Excel Spreadsheet follow the
headings of defining assumptions, preliminary design based on service load, structural analysis
and design checks and reinforcement design. In order to verify the accuracy of the Excel
Spreadsheets, manual calculations were also computed for a trial design and then compared to
the spreadsheet output. Any variations between the two design methods was then compared and
corrected. The team implemented a specific methodology for producing these hand calculations.
One team member would create an Excel Spreadsheet for a specific foundation design, and once
complete another team member would work through a hand calculated example while verifying
the spreadsheet outputs. These calculations were then reviewed and approved by the other
members of the team.
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DEFINE PRELIMINARY STRUCTURAL
ASSUMPTIONS »DESIGN BASED ON > ANALYSIS
SERVICE LOADS
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Isolated Spread Footing Design

Isolated footings were designed in accordance ASCE 7-05 code and ACI 318-05. The design
procedure to develop the isolated spread footing designs can be seen in Flowchart 2. For more
information on isolated spread footing design calculations, a sample of the Excel Spreadsheet
can be seen in Appendix D and the hand verifications can be reviewed in Appendix F.

Isolated Spread Footing Design

Assumptions Service Load Design

} }

R

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

-Concrete/Soil Unit
Weights

i

Calculate
effectivebearing
capacity
(qetr= Qun - We — Ws)

Calculate soil
pressure (W) on the
footing based on

assumed depth

[

Calculate effective
soil bearing capacuz/
(qetr=Aun - We = Wy

f

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

capacity

e s

Calculatefooting
Calculatefactored i ;
axial loading on the section dimensions

: based on required
footing area

i

CalculateNet Upward
pressure (qn) by
divding factored load

——

Calculatethe shape
parameter based on

the section

by area of concrete dimensions

]

Minimumrequired
reinforcement and
choose trial bar size

h

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

Ne o/

Checks and
Reinforcement
Design

|

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

Calculate ®Vc based on
AC131

CHECK: ®#Ve=Vu

Increase footing
dimensions and
recalculate

Check one way shear

[ Calculate ®Vc ]

[ Calculate Vu ]

A 4

CHECK: ®Vc=Vu

I

Calculate required d
& verify chosen size

is acceptable

Increase footing
dimensions and
recalculate

Check sliding limits

Check overturning

Assume factor
of safe
(FS=1.5)

disturbing
force

Determine the

Calculate
overturning
oment based on
forces acting on
the footing

Calculate the
resisting moment
based on axial
load and concrete
weight

Calculate
necessary
resisting
force

alculate necessary

footing dimensions
—increase size if

necessary

%

[ 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
ACI1318-05

l

[ Compute steel spacing ]

FLOWCHART 2: DESIGN OF ISOLATED SPREAD FOOTINGS
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Combined Footing Design
Combined footings were designed in accordance ASCE 7-05 code and ACI 318-05. The design

procedure to develop the combined footing designs can be seen in Flowchart 3. For more
information on combined footing design calculations, a sample of the Excel Spreadsheet can be
seen in Appendix G and the hand verifications can be reviewed in Appendix .

Combined Footing Design

Checks and
Assumptions Service Load Design Structural Analysis Reinforcement
Desian

N N
Create moment and
shear diagrams

Determine the ultimate punching (two way)

-Water Table Depth
shear based on calculated parameters

Calculateconcrete
pressure (W,) on the
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-Depth of Footing

-Soil Bearing
Capacity

‘ Calculate ®Vc based on ACI 318-05

-Concrete/Soil Unit Calculate facored

Weights footing pressure
Calculate effective
(gett=Auit - We —
" alculate maximum
Calculate soil

pressure (W) on the
footing based on
assumed depth

shear at an effective
depth from the
column face

s
l AN
o
Calculate effective

soil bearing capacity
(gefr=Quit - We —

Ws)
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rea (Areq) based on
Axial loading and
effective bearing
capacity

T

Calculate maximum

ositive and negative

loment in the footing

N

Calculate factored
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footing

i
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Upward pressure

(gn) by divding
ffactored load by area
of concrete

Calculate footing
section dimensions
based on required

area

Calculatethe shape
parameter based on
the section
dimensions

/

i

Minimumrequired
reinforcement and
choose trial bar size

h

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

|

Check one way shear
Calculate Vu

Calculate required d
& verify chosen size
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Increase footing
dimensions and
recalculate

Calculate ®Vc

A4

CHECK: ®Vc=Vu

YES

Increase footing
dimensions and
recalculate

Design Reinforcement

Transverse Longitudinal
Reinforcement Design Reinforcement Design

Calculate maximum
moment
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FLoOWCHART 3: DESIGN OF COMBINED FOOTINGS
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Strap Footing Design

Strap footings were designed in accordance ASCE 7-05 code and ACI 318-05. The design
procedure to develop the strap footing designs can be seen in Flowchart 4. For more information
on strap footing design calculations, a sample of the Excel Spreadsheet can be seem in Appendix

J and the hand verifications can be reviewed in Appendix L.

Strapped Footing Design

Assumplions

Service Load Design

Checks and

StapDesign Reinforcement Design

r

-Allowable Soil \
Bearing Capacity

-Unit Weight of Soil

-Unit Weight of
Concrete

-Depth of Footing
-Thickness of Footing

-Depth of Soil Above
Footing
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-Width of Footing
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(dae=d-cover-1)
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v

=
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—
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\_l_/
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footing
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eccentric moment by
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Calculate factored
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ecoentric moment by
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Draw ShearMoment
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moment
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Bar Size

Determine area of
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Flexure and max
moment

Select Spacing and
Bar Size

Select footing
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Areq

Calculate shape
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footing dimensions

FLOWCHART 4: STRAPPED FOOTING DESIGN
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Mat Foundation Design

Mat foundations were designed in accordance ASCE 7-05 code and ACI 318-05. The design
procedure to develop the mat foundation designs can be seen in Flowchart 5. For more
information on mat foundation design calculations, a sample of the Excel Spreadsheet can be
seem in Appendix M and the hand verifications can be reviewed in Appendix O.

Mat Design - Rigid Method
Checks and
Assumptions Service Load Design Structural Analysis Reinforcement
Design
. ] — 1
<Water Table Depth ™y,  (“Acquire downward "} (" Create Sw.ear and Check Two Way
forces acting of Moment diagrams Shear
-Ultimate Soll foundation due 1o based on a strip of
Beanng Capacity \_column loadings ) | thefooting ) ¢
Calculate ¢pVe
-Soll Unit Weight ~ N
& i Calculate the sum of Calculate Factored i
-Concrete Uni i
Walght the downward forces Footing Pressure [ Check gVe = Vu ]
\. A ° ‘ J/ ;
-Distance from
s N \
Column edge 1o the C;ﬁ:?;sote Calculale Maximum
edge of the fooling eccentricity in both Sheard:-xelpet:eclwe
\_ _directions R 0 i )
(" “\
/Calculam the mat Y\ [caiculate Maximum
dimensions based on Moments in the Uhsoicane way ]
column size, footing shear

eccentricity. and
distance from column

1o footing edge

Calculate the
minimum depth and
effective depth of the

\ Mat J

Calculate the soil
contact pressure and
average pressure
based on moments of
hertia

N

Calculate Vu

Check Ve = Vu

YES |

-

Calculate p values

Determme required
area of steel

p

Select Bar size,
number of bars, and

spacing

|
|
|
)

FLOWCHART 5: MAT FOUNDATION DESIGN
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Designing Foundations using STAAD.foundation

To begin a design in STAAD.foundation, the team created a Project to hold all the pertinent
information about the foundation design. This information included the physical aspects of the
foundation and data about the reference structure.?* Setting up the general parameters, structural
geometry, and structural analysis of a project in STAAD.foundation can be either done through
the input of data manually or imported from STAAD.pro. Manually inputting the project
information involved entering support coordinates, defining structural loads, specifying design
constraints, and entering design parameters.?® Importing structural geometry and analysis results
from STAAD.pro into STAAD.foundation created a streamlined design process. Integrating the
two programs allowed the foundation design to be seamlessly combined with analysis of forces
and moments in the superstructure. To take advantage of this streamlined process, the team
imported the structural analysis of the reference structure from STAAD.pro into
STAAD.foundation.

The design and analysis of a project in STAAD.foundation varies depending on the intended
type of foundation project. The specifics of this project’s structural geometry, foundation type,
and support reactions were based off the reference structure provided by Stantec Infrastructure
Ltd. The team’s efforts were focused on designing and analyzing STAAD.foundation for
isolated spread footings, combined footings, strap footings and mat foundations.

Creating Foundation Models

In order to address the project’s first two objectives, several different models for foundation type
were created. Each of these models was designed to satisfy the structural and loading
requirements of the reference structure. For the various models, individual parameters were
changed to develop final designs. The team created three models for each foundation type:
isolated footings, combined footings, strap footings and mat foundations.

3.2 Completion of Project Objectives

3.2.1 Evaluate the reliability of STAAD.foundation and identify any software limitations

The investigation into foundation designs was used to evaluate the reliability of
STAAD foundation’s outputs and identify any potential software design limitations. The
STAAD.foundation design outputs for isolated spread footings can be seen in Appendix E,
combined footings in Appendix H, strap footings in Appendix K and mat foundations in
Appendix N. After establishing the design parameters for three separate models of each
foundation type, this criterion was imputed into STAAD.foundation and into the team’s verified
Excel Spreadsheets. Having the design specifications for each foundation type calculated by both
sources allowed the team to compare differences in the outputs. The final design specifications

2 Bentley Systems. STAAD.foundation - User Manual. Research Engineers International, 2009. 2-20.
25 1hi
Ibid.
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calculated from these sources was then recorded and compiled. When comparing the
STAAD.foundation and hand calculated results, the team specifically focused on the overall
dimensions of the foundation and the spacing and design of the reinforcement. The methodology
used to create foundation designs and then compare STAAD.foundation outputs with hand
calculations can be seen in Flowchart 6.

| Investigation of STAAD.foundation

Generate Hand
Calculations

[Acquire Loads from STAAD.pro]

Written Hand Create Excel l -
Calculations Spreadsheets [ Import loads to STAAD.foundation ]

v
Create new Project
\ 4
) Determine
Verify Results Assign appropriate
appropriate loads constraints and

assumpnons

STAAD.foundation

v
[Run calculation analysis] Run analysis

Compare

Results

ldentify Shortcomings of STAAD.foundation ]

Troubleshoot Madlly desigo

parameters and

STAAD.foundation constraints

v

[ Rerun analysis and compare results ]

!

[ Synthesize user tips based on results ]

FLOWCHART 6: INVESTIGATION OF STAAD.FOUNDATION

Testing Optimization in STAAD.foundation
In order to validate or discredit the design optimization of STAAD.foundation, several design
alternatives were tested against the program’s automated design results. Design parameters, such
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as footing geometry, rebar spacing and sizing, and soil conditions, for each foundation were
modified and constricted within the program in order to record the effect on the evaluation
process. The outputs were then analyzed to check for proficiency and feasibility against several
failure modes including punching and direct shear, sliding, overturning, and flexure.
Additionally, spacing of the rebar was further investigated to ensure the validity of the program

output.

3.2.2 Consider alternatives for various foundation types using a
design rubric

Using the foundation investigation and the designs created in
STAAD.foundation the individual models were then
compared. The team considered several different design
constraints when comparing the models, including: direct cost
of materials, equipment and labor, ethical standards, health
and safety requirements, and constructability. Every design
constraint was then given a rank based on how well a design
met the design criteria. The team then conducted a side-by-
side evaluation of the designs based on these criteria. The
criteria considered in the design rubric can be seen in Error!
Reference source not found.. Ethical, and health and safety
consraints were considered a obligatory requirement for any
of the foundation models. If the model did not meet ASCE
Code of Ethics and Ethical Cannons, then the design was
considered invalid. Likewise, if the design did not comply
with code standards and could not sustain the loading
requirements of the reference structure, the design was
considered invalid. Economic constraints were considered
based on the construction, equipment, and material costs for
reinforcment and concrete footings. These costs were quoted
from the 2013 National Construction Estimator. The values
used include the unit material cost and labor cost per linear
foot of reinforcement.  The concrete reinforcing bars
considered were ASTM A615 Grade 60 and the cost data
included tie wire and tying costs. The estimates for concrete
foundation costs include material, labor and equipment costs
per cubric foot. The 2013 National Construction Estimator
established these values based on normal weight structural
concrete. The assumed construction costs were based on
4,000 PSI concrete with 3% waste, using a portable 55 KW
120/240 volt generator, two 25" diameter concrete vibrators, a
truck-mounted hydraulic crane with 115’ boom and small

TABLE 2: DESIGN COMPARISON RUBRIC

Design Rubric

Area of reference structure: 201

Final Design Outputs
Thickness [ft]
Total Area [ft”

Volume Concrete [ﬁ’ :

Ethical
Designed according to ASCE Code of Ethics and Ethical Cannons
Health and Safety
Designed according to Code Standards

Meets loading requirements of reference structure
E
Cost of Reinforcement

Cost of Concrete

Total Cost per Footing

Total Cost of Reference Structure Foundation
Constructability

Percentage of structure area

Number of Formwork Setups

Is this foundation typically used in this situation?

TABLE 3: CONCRETE PRICING

NOFMAL WEIGHT STRUCTURAL CONCEETE

Spread Footings | Mat Foundations
per ftg per ft':
Material | $ 389]s 3.89
Labor | § 1115 0.37
Equipment | § 0.30] s 0.10
REINFORCING BAR PRICING
Unit Cost Labor Cost

SIZE = $/Inear ft $/linear ft
3 5 026 % 0.14
4 5 044 ] % 0.21
3 $ 060 % 0.28
6 5 084] % 0.38
7 5 137 % 0.49
] $ 136| % 0.66
9 s 2.72 | & 1.76
10 5 345 | 5 1.94
11 5 4.26 | § 211
14 s 574 | § 3.81
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tools. The specific values can be seen in Table 3. In order to evaluate constructability of the
foundation models, the team considered if the foundation size was resonable in comparision to
the area of the reference structure. This was done by comparing the total area of the foundation
designs to the total area of the reference structure. Each foundation type was given a percentage
of the reference structure that was considered reasonable. The percentage limit for isolated
footings was 20%, combined and strapped footings was 40% and mat foundations was between
100% and 125%. The area of was reference structural equals 201 ft. The comparison rubric
also notes the number of formwork setups required to complete the construction of the
foundations. Having multiple formwork setups requires extra labor and cost to complete the
project. The team also considered if the type of foundation was typically used in similar
situations. If the type of foundation was not considered a viable option for similar design
situtions then it was not considered functional for this reference structure.

3.2.3 Develop a User Tips Manual for Stantec Consulting Ltd. Engineers.

In creating the User Tip Manual, the program STAAD.foundation was thoroughly investigated
through examples and tutorial videos. The program allows the user to design or import a
structure into the software and output a full analysis from the foundation up into the structure if
the program deems it structurally sound. The designer needs to specify which job they are
creating; whether it is a mat, pile, isolated, strap, or combined foundation. Once the job is created
and specified, design parameters for each specific job open up in the main navigator pane on the
left side of STAAD.foundation's main window. The designer then needs to input all of the design
variables for analysis. If the program finds that the inputted variables are not valid, the software
will not output a detailed analysis of the infrastructure's calculations.

Due to the specificity of the program functions, the goal of the User Tips Manual was to provide
Stantec Consulting Ltd. with a resource for the company’s engineers. The User Tips Manual is
designed to be used as a guide for all levels of STAAD.foundation users. It was design to
include information on basic user functions within the program and steps on how to design
various foundation types with in the program. For more advanced STAAD.foundation users the
Tips Manual also was developed with information about program limitations and optimization
techniques. To create the User Tips Manual, Microsoft PowerPoint was used. Through studying
the tutorial videos provided by Bentley, the company who developed STAAD.foundation, an
analysis of all types of foundations, limitations and optimizations, importing and exporting, and
helpful user tricks were compiled to create the PowerPoint. Within the PowerPoint, one can find
an interactive table of contents containing the aforementioned content divided up into individual
chapters. By clicking on the chapter one needs to look at, the PowerPoint will open to the slide
containing the desired chapter. At the end of the chapter a tutorial video is provided that one can
watch if more assistance is needed; there is also a Back to Table of Contents button. Within each
chapter is screenshots from STAAD.foundation and a detailed description of how to create each
foundation job.
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The Gantt chart on below shows how the team divided and accomplished the project work over

the course of a seven week period.
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4.0 Results

4.1 Objective 1 Results [Investigation of STAAD.foundation]

A comparison of the designs produced by STAAD.foundation to that of our hand calculated
foundations was completed for each of the four types of foundations examined. The purpose of
this process was the examination of the reliability of the foundation designs produced by
STAAD.foundation and determine in what areas the program was lacking. The designs that were
hand calculated generally matched the dimensions of the STAAD produced designs, but due to
certain limiting factors within STAAD, sometimes produced oddly shaped designs. In addition to
this, a major error exposed by the results is that of STAAD suggesting reinforcement that would
not fit within the designed footing. Examples of these errors can be seen within the following
table, which details the comparison of the hand calculated designs to that of STAAD.

TABLE 4: RESULTS FROM PROGRAM DESIGNS AND HAND CALCULATED DESIGNS

Reinforcement Design
Isolated Footing Foundation Dimensions
Location Longtitudinal Transverse
Thickness | Width | Length | Area Size | Spacing Size | Spacing
Model | Variable Parameter -
ft ft ft ft # in # in
c1 Footing Thickness | Hand Cale 3 7 7 49  |Bottom 16 | #7 5
STAAD 2 85 8.5 72.25 |Top 11 #6 12 10 #6 10
Bottom 11 #6 12 10 #6 10
Reinforcement Design
Combined Footing Foundation Dimensions
Location Longtitudinal Transverse
Thickness | Width | Length | Area Size | Spacing Size | Spacing
Model [Variable Parameter =
ft ft ft ft” # in # in
- . Hand Calc 2 2 15 30 |Bottom 16 #3 12 5 #5 5
Cl Footing Thickness
STAAD 2 2.33 16.208 | 37.76 |Top 22 #6 11 4 #6 9
Bottom 16 #7 13 4 #7 11
Strap Footing Design Alternatives
Design | Footing1 Footing1 Footing 2 Footing 2 Strap Strap
Dimension | Reinforcement Dimension Reinforcement Dimensions | Reinforcement
Hand | 4'x4’x2’ 4#7 @12” O.C. | 4'x4’x2’ 447 @8” O.C. 8.875'x3'x2’ | 3#9 @12” O.C.
Calc (both directions) (both directions) (flexure)
STAAD | 4'x4'x2’ 586 @7" O.C. 2.75"%2.75"x3’ 3#8 @12"” O.C. 8.875'x3'x3" | 489 @9” O.C.
(both directions) (both directions) (flexure)
Reinforcement Design
Mat Footing Foundation Dimensions
Location Longtitudinal Transverse
Thickness | Width | Length | Area Size | Spacing Size | Spacing
Model jVariable Parameter v
ft ft ft ft # in # in
i g Hand Calc 1 15 16 240 JBottom 20 #14 7 24 #14 7k
M1 Footing Thickness
STAAD 1 16 16 256
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4.2 Objective 2 Results [Evaluation of Design Alternatives]

The comparison of design alternatives involved the consideration of the three design alternatives
for each foundation type. The goal of this design rubric is to highlight several realistic design
constraints and compare how each alternative affects the design feasibility. The design rubric
does not necessarily determine the best design alternative, but instead helps the designer evaluate
the advantages and disadvantages of each design model.

[solated Spread Footing

When designing the three isolated spread footing models the thickness of the footing and the
overall area of the footing was varied. The final designs for the three isolated spread footing
models can be seen below in Table 5.

TABLE 5: ISOLATED SPREAD FOOTING DESIGNS

Foundation Dimensions Reinforcement Design
Model |Variable Parameter —
Depth | Width | Length | Area| Number Hize Spacing
ft ft | f 4 in
Il Footing Thickness 3 7 7 49 16 #7 5.00
2 Footing Thickness 2 1 7 49 16 =7 5.00
3 Footing Area 4 9 9 81 27 =7 5.00

These models were then evaluated according to the design criteria rubric. This included
consideration of ethical standards, health and safety, cost estimates and constructability. The
rubric with the isolated spread footing models can be seen below in Table 6.
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TABLE 6: DESIGN RUBRIC - ISOLATED SPREAD FOOTINGS

\ \ Isolated Spread Footing
Design Rubric I I 13
Final Design Outputs
Thickness [fi] 3 2 4
Total Area [ft] 49 49 81
Volume concrete [ﬁ:':: 147 98 34
Ethical
Designed according to ASCE Code of Ethics and Ethical Cannons Yes Yes Yes
Health and Safety
Designed according to Code Standards Yes Yes Yes
Meets loading requirements of reference structure Yes Yes Yes
Economic
Cost of Eemforcement| 541664 41664 | 500308
Cost of Concrete] 577981 531987 | 5171878
Total Cost per Footing] 5119645 | 583631 | 52.622.72
Total Cost of Reference Structure Foundation| 5473379 | 5374605 (51040088
Constructability
Percentage of structure areal 24.38% 2438% | 4031%
Number of Formwotk Setups 4
Is this foundation typically used in this situation” Yes Yes Yes

Combined Footing

When designing the three combined footing models the thickness of the footing was varied
between one and two feet. The final designs for the three combined footing models can be seen

below in Table 7.

TABLE 7: COMBINED FOOTING DESIGNS

Foundation Dimensions Reinforcement Design
Modell Variable Parameter Longitudinal direction | T ransverse Direction
Thickness | Width | Length | Area Size | Spacing Size | Spacing
f f | & | # in # in
C1 | Footing Thickness 2 2 15 30 |18] =3 12 50 %5 5.00
C2 | Footing Thuckness 1 2 15 30 | 15] =5 12 6| =7 4.00
C3 | Footing Thickness 1.5 2 15 30 16| =3 12 6| %5 4.00
These models were then evaluated according to the design criteria rubric. This included

consideration of ethical standards, health and safety, cost estimates and constructability. The
rubric with the combined footing models can be seen below in Table 8.
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TABLE 8: DESIGN RUBRIC - COMBINED FOOTING

. , Combined Footing
Dezign Rubric c1 - 3
Final Design Outputs
Thickness [ft] 2 1 1.3
Total Area [ft7] 30 30 30
Volume concrete [ﬁ:‘ 60 30 45
Ethical
Designed according to ASCE Code of Ethics and Ethical Cannons|  Yes Yes Yes
Health and Safety
Designed according to Code Standards| Yes Yes Yes
hleets loading requirements of reference structure|  Yes Yes Yes
Economic
Cost of Remforcement| 580160 | 541832 | 5441.13
Cost of Concrete] 531829 | 513814 | 5238.72
Total Cost perFooting| 51, 219.80 | 557746 | 5670.90
Total Cost of Beference Structure Foundation| S2.438.78 | S1.15493 | 51.359.79
Constructability
Percentage of structure area| 14.93% 1493% 1495%
Number of Formwork Setups 2 2 2
Is this foundation typically used in this situation?] Yes Yes Yes

Strap Footing

When designing the three strapped footing models the reinforcement design, foundation depth
and foundation dimensions were varied. The final designs for the three strapped footing models
can be seen below in Table 9.

TABLE 9: STRAPPED FOOTING DESIGNS

Model | Footing 1 Dimension | Footing 1 Reinforcement | Footing 2 Dimension | Footing 2 Eeinforcement | Strap Dimensions | Strap Reinforcement
427 @127 0.C. (both 427 @87 0.C
s1 Lad'xl . (bo Lxdxl ——— 8875 %3 328 @127 0.C. (flexure)
directions) (both directions)
326 @77 0.C. (both 328 @127 0C.
82 3°x353 S (o 275075 x% u —— 8875 %33 420 @9 O.C. (flexure)
directions) (both directions)
=T @1 326 @127 0.0,
83 3°x3'5%° - @,1_ DC (both %373 u — 8875 x3 =Y 5=1@77 Q.C. (flexure)
directions) (bath directions)

These models were then evaluated according to the design criteria rubric.
consideration of ethical standards, health and safety, cost estimates and constructability. The
rubric with the strap footing models can be seen below in Table 10

This included
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TABLE 10: DESIGN RUBRIC - STRAP FOOTING

. . Strap Footing

Design Rubric 31 %2 a3

Final Design Outputs
Thickness [ft] 2 3 3

Total Area [t 59 43 45

Volume concrete [ft| 117 130 107
Ethical

Designed according to ASCE Code of Ethics and Ethical Cannons| Ves Yes Yes
Health and Safety

Designed according to Code Standards| Ves Yes Yes

MMeets loading requirements of reference structure|  Yes Yes Yes
Economic

Cost of Reinforcement| 523832 | 5231.72 | 513798

Cost of Concrete] 362190 | 568731 | $368.04

Total Cost per Footing] 586031 | S212.02 | 5706.92

Total Cost of Reference Structure Foundation| $1,720.62 [S1.838.04 | 51.413.84

Constructability
Percentage of structure areal 29.17% | 21.49% | 2221%
Number of Formwork Setups 2 2 2
Is this foundation typically used in this situation?] Yes Yes Yes

Mat Foundation

When designing the three mat foundation models the reinforcement design, foundation depth and
foundation dimensions were varied. The final designs for the three mat foundation models can
be seen below in Table 11.

TABLE 11: MAT FOUNDATION DESIGNS

. . . Reinforcement Design
Foundation Dimensions
. Longitudinal direction | Transverse Direction
Model| Variable Parameter
Thickness | Width | Length | Area Size| Spacing Size | Spacing
ft | & | & # | in # | in
M1 Reinforcement 1 16 15 240 20 |#14 7 24 %14 7
M2 | Footing Thickness 1.5 16 15 | 240 24 | #8 7 25 | #8 7
M3 Dimensions 1 155 135 | 240) 19 |=14 7 21 [#14 7

These models were then evaluated according to the design criteria rubric. This included
consideration of ethical standards, health and safety, cost estimates and constructability. The
rubric with the mat foundation models can be seen below in Table 12.
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TABLE 12: DESIGN RUBRIC - MAT FOUNDATION

. . Mat Foundations
Design Rubric AL 2 AL
Final Design Qutputs| TEST TEST TEST
Thickness [fi] 1 1.3 1
Total Area [ft°] 240 240 24025
Volume concrete [ft°]] 240 360 24025
Ethical
Designed according to ASCE Code of Ethics and Ethical Cannons Yes Yes Yes
Health and Safety
Designed according to Code Standards|  Yes Yes Yes
Meets loading requirements of reference structure]  Yes Yes Yes
Economic
Cost of Eeinforcement| 583448 | 5168720 | 51,153320
Cost of Concrete| 5104649 | 5156973 | 51,047 .58
Total Cost per Footing] 51.880.97 | 55.236.83 | 52.200.78
Total Cost of Reference Structure Foundation| S1.E8007 | 8325693 | S2.200.78
Constructahility
Percentage of stucture areal 119.42% | 119.42% | 119.55%
Number of Formwork Setups 1 1 1
Is this foundation typically used in this situation?] Yes Yeas Yes

4.3 Objective 3 Results [Creation of User Tips Manual]

To create the user tip manual, STAAD.foundation was looked at in great detail. Tutorial videos
and examples provided by the software were explored to best develop a user manual that can
show a designer how to create and analyze specific foundations depending on the project's need.
Essentially, should Stantec hire a new employee, this user manual would provide them with
enough information to learn the fundamentals of the program. The user tips manual outlines
proper methodology to use and setup various foundations and is in the form of a Microsoft
PowerPoint. The PowerPoint has a table of contents which acts as chapters for each foundation
design, limits and optimizations within the program section, importing and exporting within the
program, and a tips and tricks section.

Within the program, it was found that the output solves for the minimum constraints inputted by
the designer. Although this is more cost effective, the designer needs to make sure the
appropriate checks are made before the final design is completed. STAAD.foundation software
does not use the absolute value of forces. It does not pick the largest shear force and does not
consider negative answers. It was found that when importing from STAAD.pro into
STAAD.foundation that the designer will be asked to rename all jobs in order to assign loading
to the job. When exporting STAAD.foundation output into Microsoft Excel, the export is exact
other than having to widen the columns to view the equations and output in the spreadsheet.
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There were also errors discovered in the sizing and spacing of reinforcement. While the program
tended to offer a reasonable amount of reinforcement, there were several designs of
reinforcement that would lead to cracking of the foundation, or to reinforcement that would not
fit within the dimensions of the foundation.
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5.0 Deliverable

To create the deliverable for Stantec, a standard operations was provided by them and followed
until completion. The team met and worked with Ryan Hill (EIT) to ensure that the deliverable
was up to standard with the company. The deliverable contains a table of contents, a purpose,
applicable codes and standards section, definitions, design criteria, and an appendix. The purpose
defines the needs and specifics of the project. The deliverable will be printed and then compiled
into a binder so that Stantec has a hard copy of it. In the appendix of the deliverable, the user can
see the User Tip Manual, all of the hand calculations, and spread sheets of each specific
foundation design used to verify the validity of STAAD.foundation, and examples of automated
design outputs generated by the software. These outputs were used for comparison checks to
hand calculations and helped provide a basis for analysis of feasibility and accuracy of the
software as a design aid. Furthermore, the deliverable will include tips for optimization of the
designs through parameter manipulation within the software. The deliverable can be used by any
employee in the office that will be new to or using STAAD.foundation. The deliverable is
included as a supporting document to this MQP project.
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6.0 Conclusions

6.1 Objective 1 Conclusions [Investigation of STAAD.foundation]
in order to verify the automated calculations run within

Several steps were taken

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. For each type of foundation a comparison of the outputs
from the Excel spreadsheets and STAAD.foundation was conducted. The limitation found for

each foundation type are discussed below.

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 4. 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
difference for this case, it may become an issue in
which there is a more severe difference in the forces.

Data Input Pane

Footing Geometry

| Design Type

Caiculate Dimensio ;J

Minimum Length(Fl)

40 |in

| Minimum Width(Fw)

Minimum Thickness(Ft)

Maximum Length(Fl)

40 [in
12
500

| Maximum Width(Fw)

500

| Maximum Thickness(Ft)

43

| Plan Dimension Inc.

| Thickness Increment

| Offset X direction(Oxd)

| Offset Z direction(Ozd)

~N
SEBEBEEBEBEEE

Length/Width Ratio

Set as Default

';ql

\

l

ELEVATION

=l —=lololNn

HELM

Fww

FIGURE 4: FOOTING GEOMETRY INPUT PANE
IN STAAD.FOUNDATION
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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.

Combined Footing Design Optimization
When considering the optimization of a combined

. . R R Data Input Pane o X
footing through design analysis in _
. A A L ; Foofing Geometry -
STAAD.foundation, several similarities in Design Type Calculate Dimension = 4
- - oy Fixed Left over han No
feasibility and reliability that were observed for | [Ficamgntsverneng No
Fixed Width No

and isolated footing are also noted for the isolated | [ummum Lemover nengiengm |

Minimum Right over hang length 1

design. These parameters that generally need | Sismim s :

m

B

constraining include footing thickness, rebar | JEEEERIEEEES o
spacing and sizing, and the width of the footing. | |Hsimum Wi L

Maximum Thickness

More specific to a combined footing would be  [Lesshinerement 2
consideration to the minimum overhang, which is |~ .
highlighted to the right in Figure 5. 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

3|35

one foot and an over more feasible footing size . Ir u
was generated by the design analysis. — T R— ! E" w
e [ pom=sr E
0zd
Another notable issue when reviewing the design i j“ -
- - r e 4 ] l
sheet was the designation of an alpha value when — '
calculating the factored allowable shear. The ELEVATION H o pLAN

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

FIGURE 5: FOOTING GEOMETRY INPUT PANE

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 6 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.
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Critical load case : 18
Required Effective Depth : 1.656ft
lai, from ACI C1.10.2.7.3 = 0.8500

&7

| -—
R G Tar] T 0.02851

From ACI Cl. 10.3.2, Fbal

FIGURE 6: COMBINED FOOTING CALCULATION SHEET

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 was 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.

Mat Foundation

Validation of mat foundation designs proved to be more complicated than previous models due
to the complexity of loads applied to the concrete and analysis process. In the hand calculation,
the rigid method was used to create design alternatives, whereas computer analysis uses the finite
method in order to create a more accurate, in depth representation of the forces across the mat.
However, by comparing our results with the STAAD.foundation calculation sheet, it appears that
the program is using reasonable dimensions and reinforcement when producing a design. A
notable issue that may occur is spacing of reinforcement, which has been noted in other designs
produced by the program. There is a tendency for the program’s automated analysis to provide
spacing beyond the maximum bound, providing a design alternative with reinforcement which
exceeds the length of the foundation.

6.2 Objective 2 Conclusions [Evaluation of Design Alternatives]

Each foundation model designed by the team was rated according to the design criteria rubric.
Since the majority of the foundation models were feasible designs, and each foundation type has
its advantages and disadvantages, the design comparison was not intended to establish the top
ranking design. Instead, this rubric was intended to establish a side by side comparison for
realistic design constraints that might be considered by a professional engineer.

The design rubric included ranking the designs based on ethical standards, health and safety, cost
estimates and constructability. Each of the models designed is capable of sustaining the loads
from the reference structure. Therefore, each isolated footing, combined footing, strap footing
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and mat foundation models meets the requirements for health and safety and also complies with
relevant building codes. The team compared the material, labor and equipment cost to find the
design with the optimal economic price. This comparison was done to find the most cost
effective design for each type of foundation. The most economic designs from each foundation
were then compared to determine the lowest cost design from all the design models. The most
economic design for isolated footings was model 12, costing $3746.05. The most economic
design for combined footings was model C2, costing $1154.93. The most economic design for
strap footings was S3, costing $1413.84 and the most economic design for mat foundations was
model M1, costing $1880.97. Out of these designs, model C2 for combined footing was the
most cost effective design. For constructability criteria, the team considered the total area of the
foundation in comparison to the reference structure, the number of formwork required to
construct the foundation, and if the foundation type is suitable for project situation. All of the
isolated footing models were above the limit of 20%. This means that these isolated foundation
design take up a large percentage of the total reference structure, making them an unrealistic
design. Each of the combined footings and strapped footings have an area of less than the limit
of 50% the reference structure area. The models for the mat foundation each have an area
between the required limits of 100% to 120% of the reference structure. This makes combined
footings, strap footings and mat foundations variable options for the foundation design.

6.3 Objective 3 Conclusions [Creation of User Tips Manual]

The User Tips Manual and Stantec Deliverable provides the firm with viable information on
STAAD.foundation. In the User Tips Manual, a table of contents is provided. Here, the designer
can find tips on how to design specific foundations such as mat, spread, and isolated footings.
The user can click the chapter needed to design the foundation and follow the detailed steps
specified in the manual. By comparing hand calculations to the software's output, limits and
optimizations that were found in the program are also specified in the deliverable. Stantec
employees will be able to use this manual as a guide when first learning how to use
STAAD.foundation. This guide will be most beneficial to Structural Engineers who will most
likely be using this software for structural analysis.

It was found that STAAD.foundation's output designs for the minimum structure required.
Although this is more cost effective, it is not necessarily the best design choice as different
loadings and more logical design alternatives can be used. Therefore, always follow up with
calculations alongside the program's output. The program also limits reinforcement bar spacing
between six and twelve inches. Therefore, STAAD.foundation needs to implement more realistic
constraints. The program also limits itself by not using absolute values of shear stress; meaning
the program does not choose the largest shear, whether negative or not, when analyzing the
design. Reinforcement of the foundations poses an additional problem by designing in such a
way that the steel bars are spaced far enough apart so they either will not satisfy cracking
requirements, or will actually be located outside of the boundaries of the structure.
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The User Tips Manual provides useful information about importing and exporting other Building
Information Modeling and Microsoft Excel to and from STAAD.foundation. It was found that
when importing into STAAD.foundation, the designer will need to rename the description of
every load brought into the program. If the analysis is not completed, STAAD.foundation's
output will automatically fail. To export STAAD.foundation's output successfully into Excel, the
designer will need to choose the "Detail Output"” option to get a better formatted shear, punching,
sliding, and overturning spreadsheet. Copying and pasting the output into Excel will also work,
however, the width of the columns in Excel will need to be adjusted.

The User Tips Manual and Deliverable also include helpful tips and tricks within
STAAD.foundation. This includes creating line, quadrilateral, point, and circular pressure
loading to different points on a mat foundation. Also, how to remove certain shapes from the mat
foundation, should you need to, is specified within this chapter.

6.4 Project Limitations

There were several limitations encountered by the team throughout the course of this project.
The most restricting being the limited time to complete the project. Since the team had just a
few weeks to complete the project, it was necessary to focus the team’s efforts on a few specific
foundations types. STAAD.foundation has the capability to design more foundation designs than
what could be included in the project scope. This investigation focused on isolated footings,
combined footings, strap footings and mat foundations.  Any future inquiries into
STAAD.foundation should further analyze piles and pile caps, octagonal footings, and
rotating/reciprocating machine foundations.
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8.0 Appendices

Appendix A: Team Information Sheet

Location: Stantec office, located in Boston, MA

WPI Students: Dominick Bossalini (CE '15), Paul Buchanan (CE '15), Margaret
Freed (CE '15), Dylan Heinricher (CE '15)

Stantec Project Advisors: Greg Cuetara (Senior Structural Engineer), Dennis
Keough (Senior Engineering Consultant - Power Team), Ryan Hill (Structural EIT -
Power Team)

WPI Advisors and Co-Directors: Leonard Albano (CE Professor), Frederick Hart
(CEE Professor)

Sponsor: Stantec

Optimization of Foundation Design Using STAAD.foundation Software

The Power Group at
Stantec has previously
worked with several
different foundation
software programs. The
company is interested in
the investigation of
STAAD.foundation in
order to determine range
of applicability and
reliability within the
software package. By
engaging in a parametric
study of STAAD.foundation, it will be possible to determine the reliability
of the software and identify any potential limitations. This involves the use
of STAAD.pro in order to construct a structural steel model and perform
the necessary structural analysis. Once the reaction forces from STAAD.pro
are computed, they will be applied to design various foundation types. In
order to quantify the effectiveness and reliability of STAAD.foundation,
foundation types are designed through hand calculations and then verified
through the STAAD.foundation program.
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Appendix B: Stantec Consulting Ltd. Project Overview

@ Stantec

WPI Copstone Project
Spring 2015

Stantec is an engineering and architectural firm mainly located in the United States and
Canada. There are currently over 14,000 employees broken down into many sectors such as
transportation, environmental services, industrial and power, and building services.

Stantec’s industrial and power sector is looking for a way to streamline the way they design their
foundations. Currently Stantec structural engineers in the power and industrial sector use
software caolled Staad pro to design and code check a variety of different structures ranging
from o simple pipe support to structures containing hundreds of tons of steel. Typically after a
structural model has been completed, Stantec engineers review their results from the Staad.pro
analysis and take Its reactions to design foundations, footings, or pile caps elther by hand or
using some other plece software depending on the size of the structure being anclysed, This
approach has been proven to be not very efficient and Stantec Is looking 1o simpiify this process
and hopes utilizing Stacd Foundation for thelr projects will help achieve this.

Many of Stantec's engineers have yet to learn how to use Staad Foundation since its analysis
and results have not been verlfled by Stantec personnel nor does a step-by-step instruction
manual axist for staff fraining.

Objective: Verify Staad Foundation analysis and develop step-by-step Instructions for exporting o
Staad.pre medel into Staad Foundation and designing the foundation. This step-by-step
instruction manual will be used to train Stantec engineers on how to use and frust Staad
Foundation for their own designs.

Tasks to be completed:

1.) Leam basic Staad.pro skilis to develop several small structural models to be used o
verify Staad Foundation analysis, Each structure created will be founded on different
styles of foundations Including a concrete slab or mat foundation, combined or
spread footings, and pile cops. Use load combinations from ASCE7-10 or IBC 2012
and Include both vertical and horizontal loads in your analysis.

2.) Export reactions from the Staad.pro models created, import them into Staad
Foundation and develop preliminary foundation sizes for each structure.

3.) Use Staad foundation to check and resize foundations as necessary for stabllity
including bearing, overtumning. and sliding. Use 5 ksf as an allowable bearing pressure
capaciy and proper factors of safety.

4.) Develop stability calculations using MathCAD to show that foundations checks in
Staad Foundation are being executed properly. Make sure to be detaled and use
plenty sketches in your analysis.

5.) Use Staad Foundation to check and size foundation reinforcing. Check foundation
for bending, one-way and two-way shear.
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@ Stantec

6.) Develop concrete strength calculations using MathCAD to show that reinforcing in
Staad Foundation Is being completed comectly.

7.) Once Staad Foundation results have been verified, use a Staad.pro model provided
by Stantec to design a skab or mat foundation using Staod Foundation. Your design
will be compared to the actual designed foundation. Stantec will provide further
details design criteria when this step is reached.

8.) Provide detailed step-by-step instructions for exporting a Stoad pro model info Stoad
Foundation and show how to set up parameters in Staad Foundation so it will analyse
the foundation for both stability and strength. These step-by-step instructions will be
used by Stantec engineers to design their foundations in the future. Make sure to use
plenty of screenshofts as port of this instruction packoge.

For questions regarding any of the tasks to be completed, please contact any of the Stantec

staff listed below.
Contact Information:

Dennis Keough, PE

Senior Engineering Consultant
226 Causeway Street 6™ Floor
Boston. MA 02114

Dennis K tec
617-654-6087

Greg Cuetara, Pt

Senior Structural Engineer

482 Payne Road

Scarborough, ME 04074
207-887-3432 '

Steve Patry, PE

Structural Engineering Manager
482 Payne Read

Scarborough, ME 04074

207-887-3403
Kevin Merrill, PE
Structural Engineer

482 Payne Road
Scarborough, ME 0407
1

A .C
207-887-3465
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Appendix C: Load Cases from STAAD.pro Reference Structure

Spread Footing Design

DATE: 282015 DESIGH & 1
PASS! YES CHELK! DH
Data Input
1.0 Load Combinations
Mode Combinathon F, F, F;
542 ]
1 DEAD LOAD: 010 B.631 0.036
20 WIND N-5 0.038 5.06% 14932
21 WIND 5N 0.038 5.06% 1932
22 WIND E-W 3.312 BASE 0.021
23 WIND W-E 3.312 E. 456 0.021
100 DL 0.101 B.E3l 0.036
110D+ W N-5 0.063 3.562 1896
111 D+ W 5N 0.138 13.701 1.968
112 D+ WE-W 3413 17.DET 0.057
113D+ W W-E 3.212 0176 0.014
12006 DL+ W N-5 0.023 0.10% 14911
121 06 DL + W 5N 0.098 10.24E 1.953
122 0.6 DL + W E-WW 3373 13635 0.043
12306 DL+ W 'W-E 3252 3277 u]
200 1.4 DL 0.141 12 DB 0.05
01200+ 1.6 W N-5 0.08 2247 31049
COMTROLS 2 112300+ 16 W 5N 0181 1E 465 3134
CONTROLS X CONTROLE Y 2121 2DL+ 16 W E-W 5.42 23.BBS 0.a7d
21312 DL+ 16 W W-E 5179 3171 0004
23009 DL+ 1.6 W M-5 003 0.343 31058
227 0900+ 1.6 W 5N 0151 15879 3133
272 09 DL+ 16 W E-\W 535 21 258 0,066
223 05D0L+ 16W W-E 5.209 L.761 0002
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613 ]
1 DEAD LOAD 0.1 8631 0.036
20 WIND N-5 0.038 5.06% 14932
21 WIND 5N 0.03a 5.065 1932
22 WIND E-W 3312 B A5G 0021
23 WIND 'W-E 3312 B 456 0021
100 DL 01 B.G31 0.036
110 D+ W N-5 0138 13701 1.968
111 D+ W 5N 0.063 3562 1897
112D+ WE-W 3413 17 DET 0.057
112D+ WW-E 3.212 0176 o014
1200.6 DL+ W N-5 0.098 10.248 1953
121 0.6 DL + W 5N 0.023 0.10% 1911
12206 DL+ WE-W 3373 13635 0043
173 0.6 DL + W W-E 33252 3.277 0
20014 DL 0.141 12.0E4 0.05
COMTROLS 2 2101200+ 1.6W N-5 0.181 1E 465 3.134
2111200 + 1.6W 5N 0.06 2.247 3.049
CONTROLS X CONTROLE ¥ 212 1 2DL+ 16 W E-W 5.42 23 EET 0077
#131.2D0L+ 1.6 W W-E 5179 3172 0.009
2200900 + 1.6'W N-5 0.151 13879 3.143
210900+ 1.6W5SN 0.0z 0.343 3.059
222090L+16WE-W £.39 21208 0.066
223090L+16WW-E 5.209 5.76L 0.002
671 |
1 DEAD LOAD 01 8633 0.036
20 WIND N-5 0.037 o7 1932
21 WIND 5-M 0.0a7 5.07 1932
22 WIND E-W 3312 EASE 0021
23 WIND W-E 3312 BASE 0021
100 DL 01 E.533 0.036
110 D+ W N-5 0.063 3.563 1.895
111D+ WEN 0,138 13,702 1,967
112D+ WE-W 3211 0.177 00is
113 D+ W W-E 3412 17.0EE 0.057
120 0.6 DL+ W N-5 0.023 0.11 1911
12106 DL+ W SN 0.098 10,245 14953
12206 DL+ W E-W 3351 3.I76 0
123 0.6 DL + W W-E 3372 13.635 0.043
20014 DL 0.141 12.0BE 0.05
2101.2 DL+ 1.6 W N-5 0.061 1.24E 3048
COMTRDLS 2 21112 0L+ 1.6 W 5N 0.18 1E4T1 3134
21212D0L+16WE-W 5.178 .17 0.009
COMTROLS X CONTROLS ¥ 2131.2DL+16W W-E 5419 23 BER 0.077
20059D0L+ 1.6 W N-5 0031 0D.342 3.059
22105D0L+1.6WSN 0.15 15.8BEL 3.123
222090L+16WEW 5.208 5.76 0.002
223 09DL+ 1.6 W W-E 5.389 21.75B 0.066
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672 |
1 DEAD LOAD 0101 B.633 0.035

20'WIND M-5 0,037 507 14932

21 WIND 50 0.087 5.07 14932

22 WIND E-W 332 BA5E 0021

23 WIND W-E ;2 BASE 0.021

100 DL 0.101 B.633 0.036

110 D+ W N-5 0138 13.702 1968

111 D+ W SN 0.063 3.563 1.896

112D+ WE-W 3.1 0177 0014

113D+ WW-E 3412 17 DEE 0.057

12006 0L+ WHN-5 0.098 10.249 1953

121 D6 DL+ W 5N 0.023 0.1l 1511

122 0.6 DL+ W E-W 3.251 3.276 0

123 0.6 DL + W W-E 3372 13635 0.043

200 1.4 DL 0.141 12 DEG 0.05

COMTROLE I 2101200+ 16W N-5 018 1E 471 3134
2111200+ 16W 5N 0.061 1.748 304B

2121 20L+16WE-W 5.178 317 0.009

CONTROLS X CONTROLS ¥ 213 1200+ 1.6 WW-E 5419 23 BER 0037
200900+ 1.6 W N-5 015 15.BE1 3123

2210900+ 16W 5N 0.031 0.342 3058

23209 DL+ 1.6 W E-W 5208 5.76 0.002

223090L+16WW-E 5.389 21.28% 0.0656

1.1 Summary - Controlling Forces

Node fl fy i
542 5.42 23 887 3,134
643 5.42 23 887 3.134
671 sa1s|  238e8 3.134
672 sa1s]  238E8 3,134
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Appendix D: Excel Spreadsheet — Isolated Spread Footing Models

Model: 11

Spread Footing Design

DATE: ! D15 DESIGHM #:
IF‘ASS: YES CHECK:!
Foating
Length 7 ft
Width Tt
Thickness 3 ft
Depth to base 3 ft
Column 5Spacing 0 ft
Pedestal PEDESTAL NOT USED
Height of
Length omn
Width ot
Reinfarcement
Size L
Mumiber 16
Spacing 5in
Reinforcement Bottom Reinforcement Onily
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Spread Footing Design

DATE: 2/6/2015 DESIGN #: 1
PASS: YES LCHELK: UH
CHECKS:
1.0 Load & Sizing
Check 1: KAy
Chetk 2: OEAY!
Check 3: DOEAY!
1.1 Shear
Chedk 1: OEAY!
Chetk 2: OEAY!
1.2 Overturming
Chetk 1: oEAY!
1.3 Sliging
Chech 1: OEAY!
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Spread Footing Design

DATE: 2/6/2015 DESIGN 1= 1
PASS: YES CHECK: OH
Data
1.0 Loads
Axial Load 238387 kip Downward Loading
Factored 28 6544 Downward Loading LRFD
1.1 Material Properties
fig A000] psi Concrete Compressive Strength
fy 60| ksi Steel Yoeld Strength
A 1 Mormal Weight Concrete
Wi 150 | pcf Density of Concrete
T 120 pcf Unit Weight of Soil
K 05 Coefficent of Friction

1.2 Allowwable Soll-Bearing Pressure

o T

e a5sg

1.3 Type of Footing

[l

Type Shallow

Footing Dimensions
2.0 Determine Control Footing Area*

Area l 7
LENgth, s 26 ft
Length Reqd 6.813
Length Side 1 7|ft
Lergth Side 2 ol i
Area Used ag mt

Thickness of Footing & Pedestal - Uplift Check

3.0 Initial Data
Lo n
1 aln
Do ofn

Allowable Soil Pressure

Effective Soil Pratsurs

Depth 1o base of Faating

Shallow of Desp Footing

Minimum length of side Req'd from Areal
Largest Reg'd Length from Checks

Wlinimum thickness Hand Calced
Selecred thickness
Depth below water to top footing
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624 pof

PS..

187.2 Ibs
8.17 kst
1101
0ft

Unit weight of Water

Factor of Safety for Uplift

Lplife Presiure

Uplift force

Factored Uplift Force [1.Z0L) LRFD

3.1 Pedestal Size (Assumed-Can equal zero unbess unde rground)

Traneverse Width of Fedsasal
Longtitwdinal Width of Pedestal
Height of Pedestal
‘Wieight of soil above footing

Strength Reduction Factor in Tension
Iin. Shrinkage & Temp. Reinf.

Applied Moment

Bin n
By ft
Plgee fit
Wi 0 kips
Rebar
4.0 Material
= 0.g
Minshrink] 000ME [xbxh
4.1 Loads
n 05850
M, = 1947 fr-kips [ by
4.2 Relnforcding
La-.-zrs|Bn'tmm Reinforcement Onby
Cower 3lin
Width jin
As, B.650 in
sy 91175 in’
Fou 0.003 ksi
W 5. 14E-05
1] 0000003
s, 0010 ind
. 2.1175 in’
s ___#1]
n 15.196
S 5.2 in
Check Spacing in
Check: OEAY!

Clear Cover - All Sides

Areg of 5reel 1
Area of Steel 2

Area of 512 3

Minimum Area of Steel

Size of Steel Reinfordng

Mumber of Bars used to achieve Asmin
Number of Bars used

Maximim Allawable Spacing

Spacing<Smax
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4.3 Rebar Provided

d= 3256 in
Asib,= 1.44 in’

4.4 Moment Design
a= 212in

oMn = 204 14 ft-kips /b,
CHECK: Moment Design Acceptable

4.5 Minkmum Reinforcement Requirements

Reinf Yes Reinf Prov'd 1/3 Greater than Req'd
A 0.7g in Temp. & Shrinkage Steel
N in’ Flexural

AS 1Dy pove 1.44 in®

AS /By reqrs 0.78 in’
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Spread Fooling Shear Check

DATE: 2/6/2015 DESIGMN &: 1
P ASS! YES CHECK: OH
Data Inpaut
1.0 Loading
Col,, 0.15 kips Column Weight
L — 28 _B444 kips Factored Loads (LRFD)
Mety 0.589 ksf Met Upward Pressure
1.1 Reinforcement
Size 0875 in Bar Size
Cowver 300 in Cover Depth
d 3256 in Reinforcement Depth
1.2 Critical Section
s in Column Side
o 42 5625 in Critical Section
L] 3547 ft Critical Section
by 170,25 in
Shear
2.0 5Shear & Footing Thickness
p Shape Parameter
Wu 21.44 kips
= 0.85
as 40 Select Column Location
dy 0.390 inch Acceptable depth fram 2 \Way Shear
a, 0306 inch Acceptable depth from 2 \Way Shear
dy 0.586 inch Acceptable depth from 2 Way Shear
CHECK CHECK: OKAY?
2.1 One Way Shear
dy 0370 fr Arceptable Depth from 1 Way Shear
W 1.5 kips
CHECK L - 0.169 inch
CHECK: OEAY!

2.2 Bending Moment

Bygrie 3083 1t
Mzeng 10.6 k-ft
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Spread Fooling Overnuining Chedk

DATE: 2/6/2015 DESIGM i 1
PASS: YES CHECK: OH
Owverturning

1.0 Initial Conditions

L
u
Load, .,

Fhgaemuming

3134
05
45,937
15

1.1 Owverturming Calculations

H'\
I,
I i

3.402

kip

kip

k-ft

160,780 k-f

Check:

17.101

DEAY!

Gowverning Load Case

Governing Moment
Resisting Morment
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Spread Foating Sliding Check

DATE: 2/6/2015 DESIGH #:
PASS: YES CHECK: DH
DATA INFUT
1.0 Forces
D e 5.42 kips Disturbing Force (x-shear)
FS i Factor of Safety - Sliding
Anidlyigag 23.887 kips Axial Dowrward Force
’ 05 Coefficent of Friction
Wt 0.15 kips Seif Weight
1.1 Sliding Calculations
(S 8.13 kips
- 46416 Area of footing - Minimum
BN g 6813
CHECK Doz 7 Selected length of foating
CHECK: OKAY!
Reinforcement Reference
ASTM STANDARD REINFORCING BARS
— Nﬂmlr.ﬁl Dia. Namm.:l Area r-jlnrr'lnal
] [in‘} Weight [Ib/ft)
#3 0375 011 0376
44 0.5 0.2 0.668
H5 0625 031 1043
#6 075 044 1502
H7 DETS 0.6 2044
HB 1 079 267
#9 1274 1 34
210 127 117 4,303
#11 1.41 156 5313
#14 1653 125 7.65
218 2357 4 13.6
Hi&
Tog & Bottom Reinforcement T&B 2

Bottom Reinforcement Onby Bott
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Model: 12

DATE:
PASS:

2/28/2015

YES

Isolated Footing

DESIGN #:

CHECK:

DCB

DATE:
PASS:

Footing

Length

Width
Thickness
Depth to base

Column Spacing

Pedestal

7ft
7t
2ft
2 ft
0 ft

PEDESTAL NOT USED

Height
Length
Width

Reinforcement

0 ft
0 ft
0 ft

Size
Number
Spacing

Reinforcement

2/28/2015
YES

#7
16

5in

Bottom Reinforcement Only

Isolated Footing
DESIGM #:
CHECK:

DCB

CHECKS:

1.0

11

1.2

1.3

Load & Sizing
Check 1:
Check 2:
Check 3:

Shear

Check 1:
Check 2:

Cverturning

Check 1:

Sliding

Check 1:

OKAY!
OKAY!
OKAY!

OKAY!
OKAY!

OKAY!

OKAY!

NODE: 642
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solated Footing

D ATE: 2/28/2015 DESIGM #: Z
P ASSE: YES CHECK: DCE
Daa
10 Loads
2zl Load 23.BET kip Dovwenw'ard Loading
Factored 2E6544 Downward Loading LR FD

1.1 mMaterial Properties

fic A000(ps

T, 50| ks
A |

W 150|pcf
T 120|pcf
i 0.5

1.2 allowshle soil-Beanng Pressure

Qom 3700

1.3 Type of Footing

S

Type Shallow

Footing Dimen sion s
2.0 Determine Control Footing Area*

areal g ft’
Length, 2.5t
Length Regd 5513
Length Side 1 7|ft
Length Side 2 7|5t
&res Used ag ft’

Thickness of Footing & Pedestal - Uplift Check

3.0 Initial Data
- ft
t 2[ft
D o|ft
Vo g2.4 pcf

Concrete Compressive Strength
stesl Yield strength

Rormal weight Concrete
Density of Concrete

Unit weizht of Soi

coefficient of Friction

Allowable 50il Pressure
Effective Soil Pressure

Depth to baze of Footing
Shallow or Desp Faoting

ninimum length of side Reg'd from Areal

Largest Reg'd Length from Checks

rinimuem thickness Hand Caloed
Selected thickness

Depth below water to top footing
Unit weizght of Water
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FS; Factor of Safety for Uphft

u 124.8 |bs Uplift Pressune
P 5.12 k=f Uplift force
FP.. 7.34 Factored Uplift Force [1.20L) LRFD
hy oft

3.1 pedestal Size |[Assumed-Can equal zero wnless undergrownd }

B ft Transverze Width of Pedesta
B ft Longti tuding| width of Pedesta
b D|ft Heizht of Pedestal
Wi 0 kips wwieizht of soil above footing
Rehar
4.0 Material
.= 09 Strength Reduction Factor in Tension
hAnshrink 0.0018 |xbxh Min. Shrinkage & Temp. Reinf.
4.1 Loads
g DSESD
M. = 1947 ft - kips f b Appled Moment
4.2 Reinfortng
Layers| Bottomn Reinfor cement Oinly
Coover 3in Clear Cover- all sides
Width 12[in
Az, 545z in’ Area of Steel 1
s, c s in’ Area of Steel 2
R QUDOT k=i
W 129604
p LELEEE FLE]
Be, ooi7in’ Area of Steel 3
Az 57575 in nEnimum Anea of Stes
5':9 ize of Steel Reinfording
n D538 Number of Bars used to achieve Asmin
r_,-« Number of Bars wsed
fo— 5.2in g mum Alkow able Spacing
Check 5pa{'rg|:|'r
Check: oK AY! Epacing=Emax

4.3 Rebar Provided



d= 2056 in
1

44 Moment Dedgn

a= 212 in
Thin= 12838 ft - kips /b
CHECK : Moment Design Acceptable

4.5 Minimum Reinforcement Requirements

Ranf Yasg

LT 0.52 in
By e -r!
A5 1 By g ot 1.44 in®
A5 § By peeyo 0.52 in’

Reinf. Prov'd 1/3 Greater than Req'd

Temp. & Shrinkage Steel
Flexursl
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isolated Footing

DATE: 228 2015 DESIGN #: 2
PASE: YES CHECK: DLE
Data Input
1.0 Loading
col,. 045 kips Column Weight
| 2E.B444 kips Factored Loads (LR FDY)
Net, 0582 ks Nt Upaward Pressure
1.1 Reinforce ment
Sre 0ETS in Barsize
Cover 3.00 in Cover Depth
d 20565 in Reinfarcement Depth
1.2 Critical section
o+ 305625 in Critical Section
o+ 2547 ft Critical section
b, 127 25 in
Shear
2,0 Shear & Footing Thickness
Wi 2503 kips
P 0.ES
o= a0 select Column Location
d, 0535 inch Aoceptable depth from 2 Way Shear
d, 0566 inch Acceptable depth from 2 Way Shear
d, 0252 inch Acceptable depth from 2 Way Shear
CHECK CHECK: ORAY!
2.1 One'Wway Shear
d, 1370 ft Acceptable Depth from 1 Way shear
v 5.5 kips
CHECK I 0525 inch
CHECK: CHCAY!
2.2 Bending Moment
Bymige 3083 ft
[ P 135 k-ft
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solated Footing

D ATE: 2f2E/2015 DESIGHM # 2
P ASSE: YES CHECK: DCE
Owerturning
1.0 Initial Conditions
W, 3.134 kip Eoverning Load Case
iy 0.5
Lo 3t 3ESET kip
FEowammg 15
1.1 Overtu ming Caloul ations
I, E32&E k-ft Gowverning hMoment
L 135.055 k-ft Resizting Moment
I ot 21547
Check: OKAY!
Eolated Footing
DVATE: 2I2E/2015 DESIGHM # 2
P ASE: YES CHECK: DCE
DETA INPUT
10 Forces
OF e 5.42 kips Distur bing Foros (x-shear)
Foiseg Factor of safety - Siding
Aiakssy 23BET kips Azl Dowmward Foroe
i 0.5 Coeffidient of Friction
Wi 0.15 kips =i Wisight
1.1 shding Caloul ations
oo B.13 kips
I:uz,,=rl 45415 #&rea of footing - hininmwm
i sy 5513
CHECK buisy 7 Selected lengthof footing
CHECK: oK AY!
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Model: I3

Isolated Footing

DATE: 2/28/2015 DESIGM #: 2
PASS: YES CHECK: DCB

Footing

Length 9 ft

Width 9 ft

Thickness 4 ft

Depth to base 1ft

Column Spacing 0 ft

Pedestal PEDESTAL NOT USED

Height 0 ft

Length 0 ft

Width 0 ft

Reinforcement

Size #7

MNumber 7

Spacing 3in

Reinforcement Bottom Reinforcement Only

Isolated Footing

DATE: 2/28/2015 DESIGN #: 2
PASS: YES CHECK: DCB
CHECKS:

1.0 Load & Sizing
Check 1:
Check 2:
Check 3:

1.1 Shear

Check 1:
Check 2:

1.2 Owerturning

Check 1:

1.3 Sliding

Check 1:

OKAY!
OKAY!
OKAY!

OKAY!
OKAY!

OKAY!

OKAY!

NODE: 642
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Eolated Footing

DATE: 2I2E{ 2015 DESIGM # 2
PASE: YES CHECK: DCE
Data
10 Loads
izl Load 23.BET kip Dowinw ard Loading
Factored ZEGE4 Dowenvw ard Loading LR FD

1.1 mMaterizl Properties

fie A000|ps
Tl S0(k=
h 1

WL 150(pcf
120|pcf
m 0.5

1.2 Allowable Soil-Beanng Pressure

g 3850

1.3 Type of Footing

L ik

Type Shallow

Footing Dimensons

2.0 Determine Control Footing Area*

Areai 5 ft’
Length, . 25 ft
Length Repd 5E13
Length Side 1 o|ft
Length Sde 2 a|ft’
&red Uzed 81 ft’

Thickness of Footing & Pedestal - Upkft Check

3.0 Initial Data
- ft
t 4ft
D 0|ft
T 62.4 pcf

Concrete Compressve Strensth
Stes] Yield Strength

wormal Weight Concrete
Density of Conorete

Unit Weight of Soi

Coeffidient of Friction

Allowable Sofl Pressune
Effective S0l Pressure

Cepth to base of Footing
shallow or Desp Footing

nAinirnwm length of side Reg'd from Aresl

Largest Reg'd Length from Checks

nAinirnwm thickness Hand Caloed
Selected thickness

Cepth below water to top footing
Unit weight of Water
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FSJ Factor of Safaty for Uplft

u 248.5 lbs Uplift Pressure
F. 20,22 kst Uplift force
FP. 24.26 Factored Uplift Foroe (1.20L) LRFD
h 3 ft

3.1 Pedestal Sze (Assumed-Can equal e unless undergrownd )

B ft Transverze Width of Pedests
B ft Longtitedinagl Width of Pedesta
bies ft Height of Pedesta
Wasi 259,16 kips wieight of soil above footing
Rebar
4.0 Material
.= 0.9 Strength Reduction Factor in Tension
hAinshrink 00018 |xbxh Min. Shrinkage & Temp. Reinf.
41 Loads
g 03538
M. = 2855 ft - kip=/ b Apphied hMoment
4.2 Reinfordng
Layers| Bottom Reinfor cement Cnly
Coner 3in Clear Cover- Al Sides
Width 12(in
s, 15218 in’ AreaofSteel 1
s, 160425 in’ Areaofsteel 2
R 0001 k=i
W 29105
] 0LO0D0 02
B, 0003 in’ Area of steel 3
as_ 16,0425 in" nMinimum Area of Stee
5':9 =ize of steel Reinforcing
n 25738 Mumber of Bars used to achieve Asmin
r_,__~ Mumber of Bars vsed
Sma 3523075223 in iaximum Alioweable Spacing
Check Spa{'rg'r
check: OKAY! Spacing<Emax

4.3 Rebar Provided



44 Moment Desgn

= 353 in
©hin= 45222 ft - kips / b
CHECK : Moment Design Acceptable

4.5 Minimum Reinforcement Reguirements

renf ¥es

Bunda 1.04 in®

Byt -r!
26 ! By oo 240 in”
A5 [ Byyreg 1.04 in"

reinf. Prov'd 1/3 Grester than Reg'd

Temp. & Shrinkage Steel
Flexural
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lsolated Footing

DATE: 2f28/2015 DESKz M #: 2
PASE: YES CHECK: CCE
Data Input
1.0 Loading
col,. 015 kips Column Weight
| 2E.5444 kips Factored Loads (LR FD)
= 0356 ksf Wet Upward Pressure
1.1 Reinforce ment
Sze 0BT in Barsize
Cover 3.00 in Cowver Depth
d 4456 in Reinforcement Depth
1.2 Critical section
o+ 54 5625 in Critical Section
c+d 4547 ft Critical Section
b 21825 in
Ehear
2.0 Shear & Footing Thickness
; Shape Parameter
Wi 2148 kips
P 0.E5
o a0 Eelect Column Location
d, 0305 inch Acceptable depth from 2 WayShear
d; 0224 inch Acceptable depth from 2 Way Shear
d, 0458 inch Aoceptable depth from 2 Way Shear
CHECK CHECK: OAY!
2.1 OneWay Shear
d, 0370 fit Aoceptable Depth from 1 Way Shear
v, 12 kips
CHECK ' I 0.102 inch
CHECK: OKAY!
2.2 Bending Moment
Banmige 4083 ft
| 267 k-ft
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Eolated Footing

DATE: 2/28/2015 DESIGM 4 2
PASE: YES CHECK: DCE
Crverturning
10 Initial Conditions
v, 3.134 kip Zoverning Load Case
m 0.5
Lo 3t o T2ZAET kip
FEowmg 1.5
1.1 Overtuming Caloul ati ons
. 12535 k-ft Gowverning kdoment
ML 326.192 k-ft Resisting Moment
Bt 25020
Check: OKAY!
Eolated Footing
D ATE: 2f2B/2015 DESIGN # 2
PASS: YES CHECK: DCB
DATA INPUT
1.0 Fores
OF amer 5.42 kips Dizturbing Foroe (s-zhear)
Fohieg Factor of Zafety - Siding
2ialsy 23EET kips Axial Downwand Rorce
i 0.5 Coefficient of Friction
Wig 0.15 kips eif Wizight
1.1 shding Caloulations
Fot e E.13 kips
bz,.:,, 45418 #rea of footing - Minimuem
bemin sy §E13
CHECK buisy ] selected length of footing
CHECK: O aY!
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Appendix E: STAAD.foundation -Isolated Spread Footing

Isolated Footing Design{ACI 318-05)

Design For Isolsted Footing 542

Design Faor Isolated Footing 643

Design Faor Isolated Footing 671

Design For Isolsted Footing 572

Festing M. Growip 10 Finirlabion Geometry
- - Length Wit Thickness
[H 1 B.5D0R B.500F 2.000f
Fosoling No. Footing Reinforeement Peslesial Reinforcement
- Bottom Reinforcement{M,) | Bottom ReinforcementiM,) | Top ReirforcementiM,} | Top ReinforcementiM,) | Main Stedd | Trans Steal
542 11- #5 11- 26 10- 26 10 - 35 /A& /A
Footing Ho. Group 1D Foundation Geometry
- - Length Wit Thicknes
543 z B.500% B.500 0007
Footing No. Footing Reinforcement Pesdestal Rednforcement
- Bt RalffanamantiM: Bt P.&Ir‘ﬂ'mmﬂh'q TEE Faelr‘ﬁr.umﬂml_.l%‘ T Pt (M) | Maim Sheed | Trang Shesl
543 11-#% 11-26 10- 25 10-#5 /A /A
Fesoting No, Growip 10 Feurclation Gearmelry
- - Length Wit Thickness
671 3 B.500%: B.500R 2.000R
[Fcilifig M. FLr:d.iQ R&In‘ﬁbrw Peslesial Relnforcement
- Bottom RenforcementM.) | Bottom ReinforcementiM,) | Top Reinforcement(M,) | Top ReinforcementyM,) | Main Sted | Trans Stesl
671 11-#6 11-26 10- 26 10- 25 WA N/A
Footing Ho. Growp 1D Foundation Geometry
- - Length Wit Thickness
672 4 B.500% B.500 000k
Footing No. Footing Reinforcement Perlestal Rednforoement
- Bodtoen ResnforcementiM,) | Babtom BeirforcermentM,) | Top Reirforcerment(M,) | Top Beirfrosment{M,) | Main Sted | Trans Stesl
672 11- #5 11- 26 10- 26 10 - #5 /A /A

Isolated Footing 642
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i
e

Prdesial §

Faorting Width

Covlumn Width
|
|
|
|
|
I
|
1

Pedastal f Columi Langth

Footimg Lergth

ELAN

Input Values
Foofing Geomteary

Diesign Type =

Footing Thidmess (Ft) :
Footing Length - X (A) &
Footing Width - Z (Fw) :
Eccentricity along ¥ (Oxd) :
Eccentricity along Z (Ozd) :

Calculzte Dimension
24.000in

40.000in

40.000in

0.000in

0.000in

Column_Dimensions

Column Shape :
Column Length - X (D) =
Colurmn Width - Z (B =

Rectangular
L5324t
0507

Pedestal
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Include Pedestal?
Pedestal Shape =
Pedestal Height: (Ph)
Pedestal Length - X (P} =
Pedestal Width - Z (Pw) =

Mo
Nf&
Nf&
Nf&
Nf&

Desion Parameters

Unit Weight of Concrete :
Strength of Conarete

Yield Strength of Steel :
Minimum Bar Size :

Maximum Bar Size !

Top Footing Minimum Bar Size :
Top Footing Maximumn Bar Size :
Pedestzl Minimum Bar Size :
Pedestal Maximum Bar Size :
Minirmum Bar Spacing !
Maxirmum Bar Spacing :
Pedestal Clear Cover [P, CL) :
Bottom Footing Clear Cower (F. CL) &

Soil Pr

Sail Type :

Unit Weight :

Sail Bearing Capacity :

Sail Baaring Capacity Type:
Sail Surchange :

Depth of Soil abowve Footing &
Type of Depth &

Undrained Shear Strength :

Bzaring Capacity Input Method

150. 00003
4.,000ksi
G0L000ks
#6

#10

£6

£10

6

#10
3.000n
1.2.000in
3.000n
3.000n

Cohesionless Sail
120.0000k/f3
4,000kip 2

Met Bearing Capacity

0.000kipfin2
0.000in
Fed Top
0.000kipfin2

o q 3

Coefficient of Friction
Factor of Safety Against Sliding
Factor of Safety Against Overtuming

+ 0500
i+ 1500
1 1500

Fxed Bearing Capacity

Global Settings

Top Reinforcement Option @ Always caloulate based on s&lf weight
Concrete Design Option @ Gross Pressure
Top Reinforcement Factor : 1.000
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Design Calculations

Initial Length (Ls} = 3.333ft
Inidal Width (W) = 3.333f

Load Combination/s- Service Stress Level

Load Load Sail Self
Combination Load Combination Tite Combination]| Bearing Weight
Mumbser Factor Factor Factor
110 D+ W N-5 L.00 1.00 1.00
111 D+ W SN 1.00 1.00 1.00
112 O+ W E-W 1.00 1.00 1.00
113 D+ W 'W-E 1.00 1.00 1.00
120 0.&6DL+"W N-5 1.00 1.00 100
121 0.6 DL+ W 5N 1.00 1.00 1.00
12 0.6 DL + W E-W 1.00 1.00 1.00
13 0.6 DL +WW-E L.00 1.00 1.00
200 140L 1.00 1.00 1.00
210 1.2DL + L6WN-5 1.00 1.00 1.00
211 1.2DL + L6EWS-N 1.00 1.00 1.00
212 12D0L + LEWE-W 1.00 1.00 1.00
13 1200 + LEWW-E 1.00 1.00 1.00
220 0.90L + 1L6WN-S 1.00 1.00 1.00
221 0.90L + 1.6 WS-N 1.00 1.00 1.00
e 09 DL + L6W E-W 1.00 1.00 1.00
i 0900 + LEWW-E 1.00 1.00 1.00
Load Combination/ s- Strength Level
Load Lasd Sail Salf
Combination Load Combination Title Combination]| Bearing Weight
Numb-er Factor Factor Factor
110 D+ W N-5 1.00 1.00 1.00
111 D+ W SN 1.00 1.00 1.00
112 O+ W E-W 1.00 1.00 1.00
113 O + W W-E 1.00 1.00 1.00
120 0.6DL -+ W N-5 1.00 1.00 1.00
121 D.6DL+ W5SN 1.00 1.00 1.00
17 06 DL + W E-W 1.00 1.00 1.00
13 0.6 DL+ WW-E 1.00 1.00 1.00
200 1.4D0L 1.00 1.00 1.00
0 L2 DL+ LEW N-5 1.00 1.00 1.00
21 1300 + L6WSN 1.00 1.00 1.00
212 1.2DL + LEWE-W 1.00 1.00 1.00
213 1.2D0L + LEWW-E 1.00 1.00 1.00
220 0900 + 1.6 WH-S 1.00 1.00 1.00
221 0900 + 1.6 WS-N 1.00 1.00 1.00
132 0.9 0L + L6WE-W 1.00 1.00 1.00
e | 09 D0L + L6EW'W-E 1.00 1.00 1.00

63



Applied Loads - Service Stress Level
L b:_ial Shu:ur X Shu_urI HDITl:rl't X Hnr_rlmt z
(kip} {kip) [kig) (Kip-ft) {kip-ft}
110 31562 ~0.063 1596 10.000 0,000
111 13701 -0.138 -1.968 10,000 0,000
112 i7.087 -3.413 -0.057 10.000 0,000
113 0176 3.212 0014 10.000 0,000
120 0.109 -0.023 1.911 10.000 0,000
121 10.248 -0.038 -1.953 10,000 0,000
122 13.635 -3.373 0043 10.000 0,000
123 L2477 3.252 -0.000 10.000 0,000
00 12,084 -0.141 -0.050 10,000 0,000
210 2247 ~0.060 3.045 10.000 0,000
211 18.469 -0.181 -3.134 10.000 0,000
212 23.B87 -5.420 0.077 10.000 0,000
213 -3.171 5.179 -0.009 0.000 0,000
20 -0.343 -0.030 3.059 10.000 0,000
21 15.679 -0.151 -3.123 10.000 0,000
22 21.298 -5.390 -0.066 10,000 0,000
k| -5.761 5.3 0.002 10.000 0,000
Applied Loads - Strength Level
LC .i.n:ial Shu.ar): Slmflr z Hor.rlznt): Hnr.ru:nt k4
{kig) (kip) (kip) (kip-ft} (kip-ft}
110 3.562 -0.063 1.8596 0000 0,000
111 13.701 -0L138 -1.568 10,000 0,000
112 17.087 -1.413 057 10.000 0,000
113 0176 3.212 0014 0000 0,000
120 0109 -0L023 1911 0.000 0,000
121 10.248 ~[U05E -1.853 10,000 0,000
122 13.635 -1373 L3 10000 0,000
123 -3.277 3.352 1000 10,000 0,000
200 12.084 -0L141 050 10,000 0,000
210 2.247 ~0L060 3049 0.000 0,000
211 18.469 -0.1E1 -3.134 0000 0,000
213 23.887 -5.430 077 10000 0,000
213 -3.171 5.179 ~lun0s 10000 0,000
220 -0.343 -0.030 3.059 10000 0,000
2 15879 0151 -11F 10,000 0,000
23 21.798 -5.300 LDGE 10000 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 initid length and width, A =L, X W, = 111115
Min, area required from bearing pressure, A =P | Quas = 6.420f

MNote: A, is an initial estimation.
P = Critical Factored Axial Load(without self weight/buoyancy/ soil .
Jmax = Respective Factored Bearing Capacity.



Length (La} = 8500 ft Governing Load  # 223
Case 1

Width (W) = 8,500 f Governing Load & 223
Case s

Depth (D) = 2000 f Governing Load & 212

Final Footing Size

Degth is governed by Ulimate Load Case
[Service chieck is parformed with footing thickness requirements from concrete chedk)

Case !

Area (Ag) = 72.250 fi!
Final Soil Height = 0.000 f
Footing Seif Weight = 21675 kip
Gross Soil Bearing Capacity 4.24kip/ft2
Soil Weight On Top OF .
Footing = 0.000 kip
Bressures gt Four Comers
Pleass note that pressures values displayed in tables below are caloulated after dividing by soil bearing factor
X
1 2
z HE R
-------- ERRGw
Iy
4 3
Pressure at | Pressure at | Pressure at | Pressureat | p.._ of footing
Load Casa corner 1 corner 2 corner 3 comer 4 in uplift (A.)
(kip/ft2) (kipfft2) (kip/ft2) (kip/fft2)
12 0.7380 0.5262 0.5232 0.7350 0.000
211 0.6204 0.6133 10,4909 04579 0,000
12 0.7380 0.5262 0.5232 0.7350 0.000
2 0.7380 0.5262 0.5232 0.7350 0.000

If A, 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 comers,

Pressure at Pressure at Pressure at Pressure at
comer 1 (qa) corner 2 (qa) corner 3 (qs) corner 4 (qe)
Load Case (kip/ft2) (kip/fft2) (kip/ft2) (kip/ft2)
212 0.7380 05262 0.5232 0.7350
211 06204 0.6133 0.4509 04979
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212 0.7380 0.5262 0.5232 0.7350
212 0.7380 0.5262 0.5232 0.7350
otMm
v Siliding Force
R
Frictional Force
- Factor of safety against sliding Faﬂmﬂiﬁfﬁrﬂ;}ainﬂ
Load | pjong x- | Along Z- About X- | AboutZ-
€as2 | Direction | Direction | ®e*#" | nietion | Direction
110 | 200897 | 6654 £.650 28.778 853.812
11 | 127962 | s9%0 8.968 38,206 543.837
112 | 5679 | 341470 | sers | 1asn246 | 243
113 | 3402 | 7er114 | 3402 | 3234734 14.457
120 | 481893 | s701 5,700 24228 | 2048.044
121 | 162840 | s 8.161 34728 632.069
122 | 5235 | 415080 | 523¢ | 17eenw0 | 22248
123 | 2829 |esri3ems| 2829 | 2962804m:2 | 1202
00 | 119945 | 339092 | 11307 | 1441139 | soomes
210 | 13839 | 393 3923 16.674 843.157
211 | 1080 | sa40s 6394 27.220 471.412
12 | a3 | 297480 | a2z | 1264119 17.862
23 | 1786 | w5797 | 1786 | 449s.se 7.532
20 | 3396 | 3485 3.486 14.518 1504.333
21 | 124518 | s012 £.005 25.551 529.192
222 | 3986 | 325028 | 3986 | 1385194 16.941
23 | 1527 |smass | 157 | vmaes | eam

Critical Load Case for Sliding along ¥-Direction 1 223
Gowerning Disturbing Force ¢ 5.20%kip
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Gowermning Restoring Force @

Minimum Sliding Ratio for the Critical Load Case :
Critical Load Case for Owertuming about X-Direction :
Goveming Creertuming Moment: :

Goveming Resisting Moment: :

Minimum Overturming Ratio for the Critical Load Case :

7.957kip
1.527

220
&.11%kip-ft
90.662kip-ft
14.818

Critical Load Case for Sliding along Z-Direction :
Gowerning Disturbing Foree

Goweming Restoring Force @

Minimum Sliding Ratio for the Critical Load Case :
Critical Load Case for Overturning about Z-Direction :
Goveming Overtuming Moment :

Goveming Resisting Moment:

73
-10.418kip-F

¢ 67.635kip-fr

Minimum Overturning Ratio for the Critical Load Case 1 6,492

Cirection :
Governing Disturbing Force @ 5.209kip
Govemning Restoring Force @ 7.957kip
Minimum Sliding Ratio for the Critical Load Case 1 1.527

Development length skipped as column reinforcement is not specified in input {Cobumn Dimnesion Task Pane)

Zhear Calqulation
Bunching Shear Check
r- X :!i.f*z
i
Lhn (Perimeter)
PLAN
Total Footing Depth, D = 2,000t
Caloulated Effective Depth, der = D - Coseer - 0.5 * th = 1.714ft
For rectangular column, Fe_ Bou/ Deu= 1.04%

Effective depth, den, increased until 0.75%Ve £ Punching Shear Force
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Punching Shear Force, Vu = 42.418kip, Load Case # 212

From ACT CL11,12.2.1, by for column= Lot |Bogy+ Doyt 2o dge = 8.931F
4 ]

Equation 11-33. Ve = [2* E] SR IELN & .,lli'i‘l'jl “Fp = 810.025kip

(ag=d )
Equation 11-34, V3 = ——+2feax [Tan 0= 1348.397kp

wooB g
Equation 11-35, V3 = At wd e q'lm:l = Fpl = S57.492kip
Punching shear strength, Ve = 0,75 X minimum of (Vz, Via Via) = 418.119kip
0,75 X V. = V, hence, OK

Dne-Way Shear Check

Along X Direction

(=
r’”
z

et O,y
[ o
PLAN '
From ACT O1.10.3.1.1, Ve = Tx Lxdgpe (I0xF, = 265.295kip
Distance aleng X o design for shear, D5l D~ s+ O~ 23036

D =

Check that 0,75 X Ve = Vi where Vi, is the shear force for the oitical load cases at a distance der from the face of the
column caused by bending about the X axis,

From above caloulations, 0755V = 198.974 kip
Critical boad casa for Vi is # 212 Fone = Vire] T, = 12.28% kip
0.75 X V. = Vx hence, OK
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PLAMN

From ACI CL11.3.1.1, Ve =

Do W dgpn f:nmarp'- 265.299 kip

Distance along X to design for shear, Dy = 055 (LEBew ~dy+O0n= 2271 &

Check that 0.75 X V. > Ve where V; is the shear force for the oritical load cases at a distance der from the face of the
column caused by bending about the Z axis,

From above calculations, 075XV = 198.974 kip
Critical load case for Vi is # 212 Vo = Vi zey, = 13.66% kip
0,75 XV, = Vig hencs, OK

Desian for Flexure about 7 Axis

(For Reinforcement Parallel to X Axis)

BLAN

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 (Sth 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

Bars parallel to X Direction are placed at bottom
Effactive Depth der= L7158 fr

Factor 1 from ACTI CL10.27.3 = QB30
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=

1

FromAQ CL 1032, Pri= " PUT Yo 002851

From ACI Cl, 10.3.3, Paier _ 07T pyy = 0.02138

From ACI CL. 7.12.2, Pmin = 0.0016%

From Ref. 1, Eg. 3.8.4a, constamt m = v 17.647

(nz_': » F"]
Calculate reinforcement ratio P for critical load case
Deesign for flexure about Z axis is
parformed at the face of the column at D5mLt0FwDgy + Oy = 31984 f
a dStdI'HZE_. Dy =
Uktimate moment, oy rzly” 47,454 kip-ft
M
Mominal moment capacity, Ma = - £2.726 kip-ft
Y]
. ) 1
{Based on effective depth) Reqmredf' i L zxm.—r": - 0.00025
= [F? w B ﬂ.ﬂ- )
(Based on gross depth)P x dey / Depth = 0.00021
Since = Prsin Dwin Govermns
P W dgp = 4,141 in2

Arza of Steel Required, A =

Selected bar Size = #6
Minimum spacing allowed {Smin) = = 3.000in
Selected spacing (S} = 10.583in

Smint= 5 <= Sma and selected bar size « selected maximum bar size...

The reinforcement is accepted.
According to ACT 318 Cause Mo- 10.6.4
Max spacing for Cracking Consideration = 7.500in

Waming:Caloulated spacing is more than maximum spacing cosidening cracking condftion, Modify spacing

manually if cracking consideration is necessary.

Based on spacing reinforcement increment; provided reinforcement is

76 @ 10.000in o.c.
Ty w
Required development length for bars = m = =2372 ft
Awailable dE'\'El-I:meI"lt Iength for bars, Dy 05 (L - Dapg) - ~Cogmar = 3734 k&
Trybarsize #6 Arcaofonebar=  0.440 in2
A
Mumber of bars required, Mee = ﬁ' 10
[

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

Total reinforcement area, A i = Mba: ¥ (Area of one bar) =

4400 in2
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derr = D - Ceover - 0.5 ¥ [dia. of one bar) = 1.719 ft

ﬁ:-_:nm
Reinforcement ratio, P = (e %) - 0.00209

From ACT €1.7.6.1, minimum reg'd dear distance between bars
Cy = max (Diamieter of one bar, 1.0° (25.4mm), Min. User Spacing) = 3.000in
Prowided Steel Area | Required Stesl Ares = 1.062

Check to see if width is sufficient to accomodate bars

Design for Flexwre about X axis

(For Reinforcement Parallel to Z Axis)

o

PLAN

Calculate the flexural reinforcement along the Z direction of the footing, Find the area of stesl required, A, as per Sedion 3.8

of Reinforced Concrete Design (Sth ed.) by Salmon and Wang (Ref. 1)
Critical Load Casa # 212
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 der= 165 F
Factor ! from ACICL10.27.3 = 0.850
for

From AT CL 103.2, Prate 05 Pks Frfresy)” et

From ACI €, 10,3.3, Pae= 075 = Py = 0.02138

From ACT C1.7.12.2, Pris - 0.00170

From Ref. 1, Eg. 3.8.4a, constant m = Ty 17.647

|:nss »F, ]

Calculate reinforcement ratio P for critical load case

Deesign for fAexure about X axis is

performed at the face of the column at 0FwLE 05mBpy+ 0y = 1.897 &
a distance, Oy =
Ultimate moment, | g, 42.880 kip-ft
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Mominal moment capacity, My, = ? - 47.645 kip-ft

I
(Based on effective depth) Required P ix 1- [1-Zxms——2 |- pooo2e
. 5y
(Based oni gross depth)P x der [ Depth = 0.00020
Since P= Prsin Pmin Goverms
P W dygp= 4,161 in2

Area of Steel Required, A& =
Selected Bar Size = #6
Minimum spacing allowed (Smin) = 3.000in
Selected spacing (3} = 10.533in
Smin<= 5 <= Sy and sebected bar size « selected maxinmum bar size...
The reinforcement is accepted.
According to ACT 318 Clause Mo- 10.6.4
Max spacing for Cracking Consideration = 7.500in
Waming:Caloulated spacing is more than maximum spacing cosidaring cracking condition, Modify spading

manually if cracking considersbion is necessary.

Based on spacing reinforcement incremient; provided reinforcement is

| #6 @ 10.000in o.c.
) by
Reguired development length for bars = W = =2372 ft
L hu J1,
Awailable development length for bars, Dy = 0Em (L= Do) ~Cogmar = 3747 R
Try bar size #8 Areaof onebar = 0440 in2
A
MNumber of bars required, Ny = L 10
P

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

Total reinforcement arsa, & jow = Mpar ¥ (Area of one bar) = 4,400 in2
e = D - Coeer - 1.5 X [dia, of one bar) = 1656 ft
. B ‘6‘5_“-1-&] _
Reirforcement ratio, P = g = ) 0.00217

From ACI €1.7.6.1, minimum req'd dear distance between bars
4 = max (Diameter of one bar, 1.0 (25.4mm, Min. User Spacing]) = 3.000in
Provided Steel Area [ Required Stesl 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.

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



Deesign For Top Reinforcement Parallel to 7 Axis

r*]{

Z

PLAN

Top reinforcement is caloulated based on salf weight of footing and soil
Calculate the flexural reinforcement for M. Find the area of steel required
The strength values of sheel and concrete used in the formulae are in ksi

Bars parallel to X Direction are placed at bottom

Effective Degth dur= 165 f
Factor 1 from ACTCL10.2.7.3 = D850
0Eswfly = F, = = -

From ACT Cl. 10.3.3, Poal = 1P T g [.02851

From A&CT Cl, 10.3.3, Pee= = 0T Py = 0.02138

From ACI Cl. 7.12.3, Pminn 000000

From Ref. 1, Eg. 3.8.4a, constant m = Br 17.647

[n:as »E, ]

Calculate reinforcement ratic 0 for critical load case

Diesign for flesure about X axis is
performed at the face of the 0EaLE0SmDag+ Oy = 3997 ft
column at a distanice, D, =

Ultimate moment, M‘ul::D\! - 20,366 kip-ft
Mominal moment capacity, M, = ? - 22,629 kip-ft
M
[Based on effectvedepth) 1|1 - || o2sme— = |-
. 3 0.00021
Required P= = {F? . W a.ﬂ':l
[Based on gross depth)™x dey [ Depth =  0.00009
Since Prins P= Prax oK
Area of Steel Required, & = Pt W dygy = 0.228 in2
Total reinfoncement area, A o = Miwr X [Area of one bar) = 0.884 in2

Prowided Steel Area [ Required Steel Area = 3875
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Selected bar Size = #5
Minimum spacing allowed (Sme) = 3.000in
Saleched spacing () = 12.000in
Smins= 5 <= Smay and selected bar size < salected madmum bar size...
The reinforcement is acoepted.
According to ACT 318 Clause Mo- 10,64
Max spacing for Cracking Consideration = 7.500in
Warmning:Caloulated spacing is more than maximum spacing cosidering cracking condition. Modify spading
manually if cracking consideration is necessary.

Baszed on spacing reinforcement incremient; provided reinforcement is

o6 @ 12.000in ouc.

PLAM

Top reinforcement is caloulated based on self weight of footing and soil
Calculate the flexural reinforcement for M;. Find the area of steel required
The stremgth values of steel and concrete used in the formulae are in ksi

Bars parallel to X Direction are placed at bottom

Effactive Depth dur= 1719 f
Factor By from ACT CL10.2.7.3 = 0.E50
Dz F. =

From ACI L 1032, Poal = "& < FieFo = [-[regy o285t

From ACICl, 10.3.3, Pre= = 0T & Py = 0.02138

From ACT C1.7.12.2, Prin = 0L00000

From Ref. 1, Bg. 3.8.4a, constant m = For . 17.647

[uzs =F, ]

Calculate reinforcement ratio P for critical load case



Diesign for flesure about Z axis is
performed at the face of the

column at a distance, Dy =

Ukimate moment,

Mominal moment capacity, M, =

{Based on effective depth)
Reguired P =

Simce

Area of Stesl Required, A =
Total reinforcement area, A el

DExLE05 D g+ gy =

M'Hl x=D, "
M,

LU

M
1alh- I-Exna—n_| -
= [F._‘,.cw.ca.,,':l

(Basad on gross depth )P x dey / Depth =

e P P
Pt Wt b=

Mes X (Area of one bar) =

Prowided Steel Area [ Required Stesl Area = 4.048

Salected bar Size = #5
Minimum spacing allowed (Sme) = 3.000in
Selected spacing (S} = 12.000in
Smn<= 5 <= S and salected bar size < selected madmum bar size...
The reinforcement: is accepted,
According to ACT 318 Jause No- 10,6.4
Max spacing for Cracking Consideration = 7.500in

Wamning:Caloulatad spacing is more than maximum spacing cosidering cracking condition. Modify spading

manually if cracking consideration is necessary.

3584

20239 kipft

12.488 kipft

0.000104

0000053
oK
0218 in2

0.884 in2

Based on spacing reinforcement increment; provided reinforcement is

26 @ 12.000in o.c.
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Appendix F: Hand Calculated - Isolated Spread Footing

@ Stantec

IsoLaTED FOOTING DESIGN - FLHL
T ASSUME SOUARE FOOTINGT
D COVERNING LOAO GASE T120 LA0L™ LW (E-w)

Fo= S0 K Glomn weant = 15 16] 6 (G Fe) = 150 (b

= 1R300k =1
= 0"k e
8358 aiE
|| |
s '
BUISEEE A
\"“M
Sepn) b plirte
—»fh @ 1o

ASSUME - FoOTing DEPTH=%
~» ToP 0¢ FooTinNeG @ XROUND LEVEL
® SOIL BEARING (APACITY, Que = 4 ksF
~* 150 (ol 663 onCrete
B From stael (Alomn 40 tdae of Fishing

%18y (i < e

Qs Yuy = We = 4= 4T = 3.55 klfE

Piin = 10 »W)( 10 *6) = 256 in% = R St

HGP FOUNDATIIN DESIanN - ISOLATED FOOMINGT
STAADR . FON RevereEnce ' FOOTING $#\WML

Datgras ty DJH Cresibud o
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@ Stantec

Areq = Posal - 23.381 - (1% 4% = dmr’m;

qese e |
b= &% = Lu0 #t —>roundt up to 3! fu‘r{ trtaour| pmm#-ar
NET Orwaed PRESSORE P | (b= o W scdmg}

FACTOR €0 LOMO . DL * 1.2 (213,811 *-150) ?.K L
On® Dt . 18.84E | QKR ||
REEyERERETIEENRENN
MINIMUM RECNFORCE ME AT
ey # (qm')‘(‘a«m' = 1056 {n‘i |
17 3‘$-lt W
R win - Qbh 3| oo:t bh 2 0oL ) ¢ S m"- ('h'lnkaqt)

.| ﬂ‘ q.‘] s db 4 o‘-\s a1 (. ln" ‘

DEPTH OF R EINEIELE MENT (|

Zo\"-;lhé autr + . Sdy 4 Ru-3 ,.5( sasdD4 dzisee 1]

ebiutoé! '?.:ur;{{"r? ! ?_44':1 - '&‘L-S‘uw: r'lll.su.
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@ Stantec

w218 =05 (0.5

L il oy 3 (¥ b = 3{H095 (W4){3L.56) s E.b5 snl
72 T a7 T 0 O O G

Ac = 5,4 -

¥ Almin s 200000 = 200(8) (1. SU)_ - 301 mE p tputms
Ly | 0. 000 .
WS
Po = RS [R1.080 8 fle .='.ts[ 000{.3:,3(9000) - L01% 8"
L LR(R000 - £y (10000 €51000 »#4 6653
Qmons V5Pp = ,213%
Povny = - 00V K > Peale =D qu&rfu

S|l = 2 (ver) o ¥M=-L . 557 =g 5pacmz
(n-1y IRT

Catgma ty L i by
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@ Stantec
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@ Stantec
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@ Stantec
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Appendix G: Excel Spreadsheet — Combined Footing Models
Design Procedure - Combined Footings

ServiceL oad Desien

1 Determine the size of combined footing
Calenlated the required lensth of footing. The length of the foolins is twice the distance from the edze
footing of the =xtenar column to the resultant of colunmn loads
30 Caleslate the width of footing. The required area of footing is the total column load divided by
" allowablz nat soil beanng pressure. The width of footing is the required footing area dividad nry the
Structural Analysis

40 Perform structural analysis to datermine moment and shear in various sections of the footins

20

300 Caleplate factored footing pressure
60 Calevlate maxrmm shear atan effactive depth fom the fee of column

T Calevlate maxinmm positive and negative moment in the focting. Maxinmm positive moment occurs at
face of column. Maximuem Nagative moment oeewrs between two columme at zero-shear
Reinforeed Conerete Desion
30 Checl punchine shear and dirset shear
S0 Desipn longitndinal minforcements
100 Design transverse reinforcements
110 Design column dowsals

Model: C1
Drasizn Checles
Punching 2hear Strenzth oV O
Ponchins Shear Strenzth ov, OF
Shear strength of concrate for footing section o¥. |[OE
. . - Col A O
Beanng capacity of concrate at colunm base P =
= CEPREE ColB |OK
Combined Foolings - Sarvics Loed Desien
~ . Live Lozd| B, O[Eige 5= 1754167
“d“”’;’: Nod Dezd Lozd|B,, | B80T |Kie ; A _
o Tol|F, | z3.887 K 1
Cotmn B: Mot Live Load| P OfEips
T Dezd Lozd|D | 2158587 [Kis A B b=1
N To=l|P- | e |Kie
Fesulent| R 47 774 | Kigs
Digtanc= Batwesn Columns| = 12542 |/ L
Allowahls Soil Prassurs | g 3000 |pdf ’ L=15
Distance from colemn A to edge of footing|m 1)it
LCepth of ol zbove ibotng 12 |inches
Uit weight o =ail|y, 120|pd A R E
Lepth of foling 24 |inches Mk 47T Mk
Thit weight of conor=ba| v. 150 |pdf 1 6170833 {I70E3
Service Load Dedm
Locztionof re sultznt from A|n G|it W W
Length of Footing|L 15|it
Weight of Footing| 4 300 (psf
T e i T LTI IR
Net sodl bearing capacity| q 580 (pf
Baquirad fooling zraal 4 19|f72
Remired width of footing| b, b5}
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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
diagrams are situation

A R B dependent
29 & 573288 29k
L1 62708333 |5.270833
TTNTTTTTTTTTINTTTT T Tou=3susn
L2 10.5 200 03
1 P
13
|
SHEAR DIAGRAM Fz
F.4
PAj-210 -.7B1TE3
3.30 -0 0
A
MOMENT
DIAGRAM T .
-2
-7a

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|or. 188 7\ pei CE
Ched: punching shear ©ir mhmm B
Berimeter of punching shesr|b 177 |inche=
Punching shear sz |V g Q7 |pe
Punchinz Shers Stensh|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 DCecizion
Epedns 450 |inche= CE
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Model: C2

Design Checks

Punching Shear Strength| ov, |[OK
Punching Shear Strength| ov, |[OK
Shear strength of concrete for footing section| oV, |OK
Combined Footings - Service Load Design
c N Live Load|Pp 0|Kips S = 12354167
olumn A
P 2 i
Node 642 Dead Load|Pin | 23.887 K.Eps
Total|Pir| 23.887|Kips
Column B Live Load|Py 0|Kips
) : p
1 23 ; =2
Node 643 Dead Load|P,p, | 23.887 Ki.ps A B b
Total|Por | 23.887|Kips
Resultant|R | 47.774|Kips
Distance Between Columns|s 12.542|f L | y
Allowable Soil Pressure|q, 3000|psf ’ L=15 v
Distance from column A to edge of footing|m 1|ft
Depth of soil above footing 12|inches
Unit weight of soil|y, 120|pcf A R B
Depth of footing 12|inches 24k 47.774 24k
Unit weight of concrete|y.: 150|pcf L 1 6.270833 670833
Service Load Design
Location of resultant from Aln 6|ft
Length of Footing|L 15)ft
Weight of Footing|gz 150|psf
Weight of soil above footing|q, 120|psf TT"T‘TT‘T’T‘TTTT’T‘TTT‘T’T‘T
Net soil bearing capacity|q. 2730|psf
Required footing area|A, 18|ft"2
Required width of footing|b.., 2|ft
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Combined Footings - Structural Analvsis

Depth|C, 2|ft
Column Size Width(C_, 2|ft
Areal Al 4|ft"2
Factored Column Loads Column 2Py 28.66 ]p.'::l]_‘.':-S
Column B (P 28.66 | kips
Location of Rezultant from column A (R 4 T\t
Factored footing pressure per linear foot of footing| Ok 3.8 |t
Shear Diagram
Point 1|V 210 |kips
Point 3| Vi 19.3 |kips
Point 4|V -1.8|kips
Moment Diagram
Distance from inside face of column A to peak moment | X 5.5|ft
Point 1| My, -21|ft-kips
Point 2 My -78.8|ft-kips
Point 3| My -30.3 | fi-kips
Point 4| My | 0.401|fi-kips

NOTE: Shear and moment
diagrams are situation

A R B dependent
29k 573288 20k
L1 62708333 |5.270833
TTATITTTTTTTIOTTTT T Tou=ss2s2
L2 105 200 05
Li =] 1
19
|
SHEAR DIAGRAM P2
F4
F1)-21.0 -17EIT133
3.50 30 0
s
MOMENT
DIAGRAM I .
-2
-Ta

Design Cods
ACT318-03
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Coabinad Footines - Feinforcement Dezsien

Comprzssive Strensth of Concrsts & 28 das|f. 4=
Tield Srensth of reber|f Tk
shess ratio|o 075
Ched: punching shear ©ir coluimm A
Azzume reinforcemants s = §lbers
Bar Dizmaier|di 075 [fnche
e 3linchee
Efatie dapth|(d aT|#
Faciored fDoling prasswrs | Q. 121 |peit™2
Berimater of punching sheer (b, 5 [inchas
Bunrhing shesr stess |V, 118 |pei
Punching Shes Stensth|ov, 188 7 | CE
Ched: punching shear Hr whnm B
Berimater of punching sheer (b 129 |inches
Bunrhing shesr sresz |V o 140 |
Punching Sher Stensth|ov, 188 7 |pei CE
Ched: Direct Shear
Mambnum Sheet |V e JEE
Diistanes from zeroshesr tomax sheee| K 1054167 |
Diiredt shear atthe critical ssction |V, 1ED e
Shexr strengfh of concrste for footing sedion oV, 4805080 |Hpe [u: 8
M ainmm P osit e Negaty e renforcement in lonsitudinal direction
Mzmimum Posithe hMoment | M. TRE [feidps
Required width of fiooting | by Al i
Nloment rabio| oy o9
Az depthaf Stress block|z 22 |inchae
i JERg =
gz 155 [fnche
Elr 141 5 |ddos
R E 173 |inche
Comraress(z 034 |inches
Agsz of 322 (A, 236 "2
Fainforem =nt ratiolo 001181
Minimum Beinforcament Batio| D 001588
Adfated Arsz of Sl A, 314 |2
Allerzble Spadne|S 1587 |inchas
Chooss Bar: Sizels 5 Memzl
Mumber 5 Cecizion
Tpedns 124 [inchas |OK
Detarnnine remforcement i transerse diredion
Dhstrance from face of ooluman fofopting edes|f 05 |i
Far 1ftzaction 1)
Factorsd mamentat facs of cohenn AL ERA] i
Azzem= "2z 01 |inch=
[0 B2 [rice
Az {15 [inchee
5T 87 [HHps
Tz 015 [inchas
Finzl "2" |2 015 [inche
Arsz gpesl for 1itsedion| A, Q103907 |#n°2
Rainforcanent Eatio|p LIS
hinimumn ReinfrcanentFatio| p, Q00140
Adfusted Arsz of Szel|A, 305
Chooes Bar: Bizs|= T Klzmaz]
Tumber ] Cecizion
Epedns 350 [fnches CE
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Model: C3

Design Checks
Punching Shear Strength| ¢v, |[OK
Punching Shear Strength| oqv, |[OK
Shear strength of concrete for footing section| oV, |OK
Combined Footings - Service Load Design
c N Live Load|P,; 0|Kips 8§ =12.54167
olumn A
P 2 i
Node 642 Dead Load|Pn | 23.887 K.Eps
Total|Pyr | 23.887|Kips
c B Live Load(Py 0|Kips
olumn B: -
| 23 £
Node 643 Dead Load|P,y | 23.887 Ki.ps A B
Total|Pyr | 23.887|Kips
Resultant|R | 47.774|Kips
Distance Between Columns|s 12.542|fi L |
Allowable Soil Pressure|g, 3000|psf ’ L=13 ’
Distance from column A to edge of footing|m 1ft
Depth of soil above footing 12|inches
Unit weight of soil|y, 120|pef A R B
Depth of footing 18|inches 24 k 47.774 24 k
Unit weight of concrete|y.: 150(pef " 1 6270833 670833
Service Load Design
Location of resultant from Aln 6|ft
Length of Footing|L 15|t
Weight of Footing|qr 225|psf
Weight of soil above footing|q, 120|psf T"PT\TT\TT\TT\TT\TT\T?TT\T
Net soil bearing capacity|q. 2655|psf
Required footing area|A 18|fi"2
Required width of footing|beg 2|ft
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Combined Footings - Structural Analysis

Depth|Cy 2|ft
Column 8ize Width |C. 2|t
ArealA, 4|2
Factorsd Column Loads Column A|P., 2866 L‘:.lps.
Column B [P, 28.66 | kips
Location of Resultant from column A |Rens 7|1t
Factorzd footing pressure per linear foot of footing | Qs ER 1A
Shear Diagram
Point 1|V -21.0|kips
Point 3| Vi 19.3 | kips
Point 4 Vi -1.8|kip=
Moment Diagram
Distance from inside face of column A to peak moment [X 5.5|ft
Point 1My -21| ft-kips
Point 2| M -78.8|ft-kips
Point 3| My -30.3| fi-kips
Point 4|y | 0.401|ft-kips

NOTE: Shear and moment

diagrams are situation

A R B dependent
20 & 573288 29k
L1 £.2708333 [5.270833
TTATATTTTTTTINTTTTT Tae-ssus
) 105 200 05
1 P3
13
|
SHEAR DIAGRAM Pz
F4
Fil-210 -1 7EITE
5.30 an| o
A
MOMENT
DIAGRAM I B
=21
.73

Deszipn Code
ACT 31805
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Coenbinad Footings - Beinforc=ment Dezien

Compressive Srensth of Concrete & 18 daps|f. A=
Tighd Srength of reber|f i |i=
shear ratiofo 075
Ched: punching shear Hir colunm A
Azzume reinforcen st ae: = i =
Bar Dizmneier|d 075 [inches
S| 3linches
Efedie dapth|d 12|&
Faciored footing preswrs|q, 121 [Hpa ™2
Berinater of punching shear| b, 100 5|inche
Punching gheer srazz| Vo, 20 |pei
Punching Sher Stensth|or. 188 Tpsi Lu::a
Ched: punching shear fir mhmm B
Perimeter of punchine shear|h 153 |inch=
Punrhing ghesr sazs |V g 47 |pei
Punching Sher Stensth|or. 188 7)pei Lu: s
Ched: Direct Shear
Mamimuemn Sheer|V o 123 (=
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Strip Footing Design Page 2 of 12

Geometry of Footing
For Column 642

Col Di .
Colurnn Shape : Rectarguiar

Colsmn Length - X (D) 0.533
Column Width - 7 (Be) ¢ 05077

Bedestal

Include Pedestal? Mo
Pedectal Shape @ M/A
Pedestal Height (Ph) @ NjA
Pedestal Length - X (P1) 1 N/A
Pedestal Width - Z (Pw) @ N/A

E dricit
Codumn Offset in Transverse Directhon @ 0.0004%
For Column 643

Column Dimensions

Colimn Shape : Rectanguiar
Colsmn Length - X (D) 0.5321
Column Width - 7 (Be) @ 05077

Bedestal

Include Pedestal? No
Pedestal Shape @ M/A
Pedestal Height (Ph) @ NjA
Pedestal Length - X (PT) : NfA
Pedestal Width - Z (Pw) : H/A

Eccenticit

Cindurrn Offset in Transverse Direction @ 0,000

Length of left overmang ¢ 1.000M
Length of right overhang ¢ 1.000M
15 the length of left overhang feed? No
I the length of right overhang Med? No
Mindmum widith of Tooking (Woj : 1.000M
Manimum Thickness of footing (Do) @ 2.000M
Masimum Width of Footing (We) : 10,000
Masimusm Thickness of Footing (Do) @ 5.000f
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Strip Footing Design Page 3 of 12

Maximum Length of Footing (Lo) : 300.000Mt
Length Increment : 2.000in
Depth Increment :  2.000in

Footing Clear Cover : 3.000in
Unit Weight of soil = 120.000i/13
Soil Bearing Capacity : 4.000kip/n2
Soil Bearing Capadity Type: Net Bearing Capacity
Sail Surcharge : 0.000kip/in2
Degth of Sol above Footing : 12.000in
Type of Depth : Fixed Top

Unit Weight of Concrete : 0.610%ig/M3
Compressive Strength of Concrete @ 4.000ksi
Yield Strength of Steed :  60.000ksi
Minimum Bar Size : #7
Maximum Bar Sze : #14
Minimum Pedestal Bar Sze : #3
Maximum Pedestal Bar Sze : #10

Maximum Bar Spacing : 18.000in

Desion Calculas
: .

Gross Soil Bearing Capacity = 4.36kip/ft"2
Reduction of force due to buoyancy = 0.000kip

Area from initial length and width, As = Lo X W, = 14.542ft"2
Min. area required from bearing pressure, An = P/ Guax = 15.413ft"2

Note: Aqs is an initial estimation.
P = Critical Factored Axdal Load(without self weight/buoyancy)
Geax = Respective Factored Bearing Capacity.
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Strip Footing Design Page 4 of 12
Final footing dimensions are:
Length of footing, L : 16.208ft
Width of footing, W : 2.333ft
Depth of footing, Do : 2.000f
Area, A : 3782062
Lemgth of left overhang, Lk sehang @ 1.8336t
Length of right overhangl, Lagy_setang ¢ 1.8336t
Footing self weight : 46.140kip
Soi weight on top of footing : 4.474kip
Losd o tood | so | ser
Combination) Load Combination Title Combination| Bearing | Weight
Number Factor Factor Factor
110 D+ W NS 1.00 100 1.00
111 O+ W E-N 1.00 1.00 1.00
112 D+ 'WE-W 1.00 1.00 1.00
11% O+ W W-E 100 1.00 1.00
120 0E DL + W NS 1.00 1.00 1.00
1 06 DL + W 5N 1.00 1.00 1.00
132 0.6 DL + 'W E- 1.00 1.00 1.00
135 06 DL + W W-E 100 1.00 1.00
i i] 14 DL 1.00 1.00 1.00
210 1.20L + 1LEWNS 1.00 100 1.00
1 1200+ 1.6'W SN 1.00 1.00 1.00
21 1.20L + 1L.6W EW 1.00 100 1.00
k] 1200+ 1LEWW-E 1.00 1.00 1.00
arai] 09 DL+ 1.EW NS 1.00 100 1.00
i | 0.5 DL+ 1.6'WEN 1.00 1.00 1.00
] 0.5 0L + 1.6'WEW 1.00 1.00 1.00
X 0% DL + 1.6'WW-E 1.00 1.00 1.00
Lond . [ T
Combination| Load Combination Title Combinstion| Bearing | Weight
Mumber Factor Factor Factor
110 D+ W NS 1.00 100 1.00
111 O+ W E-N 1.00 1.00 1.00
112 D+ 'WE-W 1.00 1.00 1.00
1% O+ W W-E 1.00 1.00 1.00
120 0E DL + W NS 1.00 1.00 1.00
1 06 DL + W 5N 1.00 1.00 1.00
12 0.6 DL + 'W E-W 1.00 1.00 1.00
135 06 DL + W W-E 100 1.00 1.00
i i] 14 DL 1.00 1.00 1.00
210 1.20L + 1LEWNS 1.00 100 1.00
1 1200+ 1.6'W SN 1.00 1.00 1.00
21 1.20L + 1L.6W EW 1.00 100 1.00
%y 1200+ 1L6WW-E 1.00 1.00 1.00
arai] 09 DL+ 1.EW NS 1.00 100 1.00
i | 0.5 DL+ 1.6'WEN 1.00 1.00 1.00
s 0.9 0L + 1.6'W E-W 1.00 100 1.00
y 0.5 0L + 1.6 WW-E 1.00 1.00 1.00
file://C-\Program Files (x26)\Bentley'\Staad Foundation Advanced TCaleXsl\Combined =ml ~ 3/3/2015

112



Strip Footing Deesign
Applied Loads - Service Stress Level
LE Ax_i.al Shear X Shear I Momet X Moment Z
(kip) (idp) [kip) (kip-ft) [kip-t)

Column Mumber : 643
110 3562 .06 1.B56 0.000 0000
11 1334 -.138 -1.068 0. 000 Jili i
112 17.087 -31.413 0057 0.000 0000
11% 0176 12 -0.014 0.000 0000
1 01085 {023 1.511 0.000 0000
121 10.248 {058 -1.95% 0.000 0050
132 1635 -1.373 =0L0E 0.000 0000
13 -3277 j L] -0 0.000 0050
i i 12084 .141 0050 0.000 i i
210 2247 {060 3.045 0.000 0000
211 18468 181 -3.1%4 0.000 i i
212 ik 5420 -Quarr 0.000 (il i
213 -1171 E1M Riliic] 0.000 i i
20 1343 -0.030 3.085 0.000 0000
i | 15879 0151 R b | {0,000 (il i}
2 Z1.298 -5.350 0066 0.000 0000
frrd -B.7E1 5208 0002 0.000 0000

Column Mumber : 643
110 13704 -.138 1.568 {0,000 0000
111 3562 .06 -1.897 0.000 0000
112 17.087 -3.41% oS 0.000 0000
113 0176 1212 0024 0.000 0000
1x0 10.248 {058 1.953 0.000 0000
1 0109 .03 -1.911 0.000 0000
122 13635 437 043 0.000 0.000
15 -1277 3282 0.000 0.000 0000
200 12084 -0.141 0.050 0.000 0000
210 18469 .181 1134 0.000 0000
211 2.247 {0060 -3.049 0.000 0000
12 3ea7 -L.420 0.oF7 0.000 (il i i}
213 -1.172 517 0.005% 0.000 0000
i) 15,879 .151 111 {0,000 0000
i) 0343 -0.030 -3.059 0.000 (il i
pr) 21 298 -5.350 0.0 0.000 0000
i | -5, 761 5208 =00 0.000 0000

Applied Loads - Strength Level
Le Aac_i.al Shear X Shear I Momest X Moment Z
{kip) () (kip) {kip-ft) [kip-ft)

Column Mumber : 642
110 352 LDET 1.856 0.000 0.000
111 13701 .18 -1 968 0.000 0000
112 17.087 -3.413% -0L057 0.000 0050
1% 0176 1212 0014 0.000 0000
120 0108 02 1.511 0.000 0000
11 10.248 058 -1.95% 0.000 (il i i}
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Strip Footing Deesign Page 6 of 12
122 13,635 -1.373 0043 0.000 il ]
13 -1.277 3282 0000 0.000 0000
200 12.084 0.141 -0L050 0.000 QU000
210 2247 0. 060 3049 0.000 QD00
i 18.465 0,181 -3.1%4 0.000 [l ]
12 23,887 -5.420 0077 0.000 QuDod
pak] -317 517 0L 0.000 [l ]
20 0343 0,030 1.05% 0.000 QL00d
21 1587 0.181 -39 0.000 [l ]
e 1298 -5.350 -0L066 0.000 il ]
i | -5.761 5209 0.002 0.000 0000
Column Mumber : 543
110 13701 -.138 1.568 0.000 0000
111 3.562 -.063 -1.857 0.000 QL00d
112 17.087 -3.413 0.05F 0.000 0000
113 0176 112 0004 0.000 i)
12 10.248 -{.05& 1.583 0.000 0000
121 0.109 0.023 -1.911 0.000 QL00d
12 13635 -3.373 0.043 0.000 0000
123 -3277 31282 0,000 0.000 QL00d
200 12084 .14 0.050 0.000 0000
210 18.469 0,181 1134 0.000 QU000
211 2247 0. 060 ] 0.000 QD00
12 3,887 5420 0.0r? 0.000 i)
k] -3.172 5179 0.00% 0.000 QL00d
i) 15879 .151 113 0.000 0000
21 0343 0,030 -3.055 0.000 [N ]
2 Z1.298 -5.350 0,066 0.000 0000
m -5.7EL 528 0L 0.000 i)
Caloylared Preccyres gt Fowr Corpers
= X
F]
- |
3
Pressune at Pressure at Pressure at Pressure st Ar=a of footing in
Load Case comer 1(g:) corner 2 (g:) comer 3 () cormer 4 (g4) uplift [A.)
(kdp/ it~ 2) (ldp/ft~2) (dp/ 2} (lip/ e~ 2) (=q. )
21 15700 073 n.ER1 10356 onon
210 07355 L9700 3.m56 oLBm oLnoo
212 11373 LI 40757 40757 0Ln00
212 11373 L1I73 40757 40757 0000
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Strip Footing Design

If A, is zerg, there is no uplift and no pressure adjustment is necessary. Otherwise, to

Page 7 of 12

account for uplift, areas of negative pressure will be set to zero and the pressure will be
redistributed to remaining comers,

Summary of Adjusted Pres

res gt Four Comers

Presiung &t oomer 1 Pressune &t odmer 2 PresSore &t comer 3 Préstne &t oormer
Load Case (q:) {az) {qa) (54}
[dpy e~ 2) (ldp/fe~2) (kp/ft~2) {kdp e~ 2)
1 LST00 LT B0 1msE
o k-] 29700 1m56 1YLl
Hz 1073 L1073 40757 ALTET
nz 1073 L7 40757 4.0757
Check for sabiliy againss sliding
Load Carit S?Ej;rﬁ S:':i‘:;]‘! R::::nt Sl:;?-::?-nnfw Featho X Reatho 2 HE'H:E:M
(kip}) (kip)
10 0z0 1864 3pEa Z86EE BLT2E TAZ 7484
11 030 -31864 3850 H6EE BT TAM 7484
1z .06 ~1L.000 EEE e x 5154 LT 54
1] 6424 ~{.000 B 2104 3413 WA 3413
120 Q12 1864 1856 ERE A5 6710 6.706
121 o1z -31864 1B 54506 PALE: ] 6710 E.706
122 £.745 0L000 ET45 L AT WA ARG
123 E504 1000 E50M 15,162 1EME WA 1045
00 0281 ~1L.000 s LAY 11762 LT 11 762
L] QML 6183 6187 30D 12554 4864 4,860
1 041 -6.183 6187 30070 124564 4864 4.860
2 -10B41 L000 A0LEAL A0EEI kv WA 1TTR
3 10358 ~1.000 10,358 19246 LE58 1B, 720 1.H58
220 L1 6353 G185 7558 154.767 A5 4527
m LB -6.183 6185 75 154,767 45X 4527
72 -10.780 L000 10,780 WA 3E0L WA 160
m 10413 ~1L.000 10419 17.175 1648 WA LE6E
Check for stabilite againet gvertuming [Momente orinted soainet Local axis)
Load Case Hm::]x ”m}‘ — Mt £ Rt X Rustio 2
! (kdp-it) (kip-ft)
110 0436 71551 HIETS 581242 192131 BT
111 0436 71952 HIETS 581242 1592131 BT
112 14,789 0000 103 405 16356 B5az WA
113 -13.918 0.o0 B34S L RE ] A554 AREIIZ. 000
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Strip Footing Design

Page § of 12

120 o261 715851 758D 525 383 205,358 730
1 0261 L9853 TEELS 525 383 289,388 7300
122 1615 -0.000 95349 662336 6524 3160 967
123 -14.052 oo 55889 388,337 1966 G T
200 0610 oo 91731 637,200 150 445 ATSLEZ 136
210 o5z U513 87703 609,222 167816 5392
21 o5z 115173 87.703 609327 167816 5392
212 11488 -0.000 119371 228,500 5078 ALEIS ML
213 -1 nom 56.135 389,935 FE 6746337
220 [E= 115132 BLEGL 567,352 208.340 PE
m o 115133 BLEE1 567,352 208,340 4537
2 1357 -0.000 13229 786,539 a848 ST 606
m -5M oo 50083 37985 FEST) ETI0TED
Calculations of Footing Thidoness
Footing thickness is calculated based on the ultimate load cases
Chieck for Punching Shear
For Columf 642
Critical Load case for Punching Shear Check : 18
Total Footing Degth, Dy = 2.000ft
Calculzted Effective Depth,des = 1.714f

For rectangular cobumn, F: = Bu / Dot 2 1.040

Considering the particular column

as interior columin, Slab Edge iy 00

Fasctor

Effective depih, de, Increased until 0.75%, £ Punching Shear Force
Punchng Shear Force, Wu = 17.599ip
Fromm ACT (01.11.12.2.1, ™ for columin B.931ft
g ——
Equation 11-33, Ve [—"' B, [ b dype U SES = gy paCkip
'."'! v §
Equation 11-34, Vg = |=—+2|rac Frn ca- 1348.397ip
Equation 11-35, Vs = asn adypes e - 557.493kp
Punching shear strength,V.= 0.75 x minimum of (Va.VaVea) = 418.11%ip

For Column 643
Critical Load case for Punching Shear Check : 18

0.75 * W = W, hence, OK
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Strip Footing Design Page 9 of 12

Total Footing Depth, Dy = 2.000ft

Calculated Effective Depth,des = 1.714ft

For rectangular column, ©: = Bus / Do ¢ 1.049
Considering the particular column
as interior column, Slab Edge . 40.0
Factor

Effective depth, des, increased until 0.75*V, = Punching Shear Force
Punchng Shear Force, Vu = 17.59%ip
From ACI C1.11.12.2.1, “2for column 8.931ft
oo ) [——=
Equation 11-33, Ver [3' s | <t A= Ji0=5" = g10 025kip

Equation 11-34, Vg = I “’bc

<

n‘l caeTan cd- 1348.397kip

Equation 11-35, Vs = Qs 4 dyps ."nn‘ F'- 557.493%p

Punching shear strength,V.= 0.75 x minimum of (Va,Va.Va) = 418.11%ip
0.75 * V. >V, hence, OK

/
¥
¢

Sty |

.4-|"

Shear Plane Parallel to Foundation Width
Critical load case for maximum shear force along the length of footing: 18

Critical Shear force,V, For the critical boad case: 12.632kip

Point of occurance of V, Critical one-way shear position: 12.396ft

From ACI CL11.3.1.1, V, = 2y W ey LN 4F, - 72.827%ip
0.75 x V. = 54.620kip

Since 0.75 * V. > V,, hence, OK
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Strip Footing Design Page 10 of 12

Shear Plane Parallel to Foundation Length
Critical boad case for maximum shear force along the width of footing :

Critical Shear force, ¥, For the critical koad case: 0.000kip
Point of occurance of Wy Critical one-way shear pasition: 3134k
From ACTCL113.11, Vi = B e O] - 0.000kip

0.75 x Ve = 0.DDDKip
Since 0,75 * Ve = Wy hence, OK

Design of flexure:

Critical load case : 23
Required Effective Depth : 1.641f
¥, from ACI C1.10.2.7.3 = 0.8500
From ACI Ol 10.3.2, ¥t i (R ’m‘[ 0L0ZE51
From ACI CL. 10.3.3, Frx 0T b~ (02138

i il i
From ACI €L 7.12.2, Viin uﬁ.owls o 0 WI"_F- 0.00180

Fy

Modular Ratio,m [" " 'F 7 T 17T
Ultimate Moment : 12.785kip-ft
Paint of ocourence of the ulimate moment 8.009ft
along the length of footing :
Mominal Moment Capacdity : 14.205kip-ft
Required » (based on effective depth) = 0.0022
P x dey / Depth (based on gross depth) : 0.0018
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Strip Footing Design

Page 11 of 12
Hrea of main steel required, A = 2 * W * 1.240in2
deff :

Tog Reif :
Critical load cass : 18
Requined Effective Depth : 1.656ft
F, from ACT 01.10.2.7.3 = 0.8500
From ACI CL. 10.3.2, b ety =% F ;-;.;'.r+1":_| 0.02851
From ACI CL 10.3.3, Mee ATrew™ (02138
From ACLCL 7.12.2, P ""’-:“““-“ﬂ.l:-“““ 'F 0.00180
.r,'i
Modular Ratio,m m' 17.6471
Ultimate Moment : 53.143kip-f
Paint of occurrence of the ulkimate moment B.185ft
along the length of footing :
Mominal Moment Capadity : 59.048kip-ft
Required * (basad on effective depth): 0.0022
P x der [ Depth (based on gross depth) : 0.0018
Area of main steel required, A = " * W * deff : 1.210in2
Distribution Reinforcement
Critical load cass : 212
Critical Moment for distribution stee] = 159307 kip-
Maminal moment Capacity 17.7008 kip-1
Point of occurance of the oitical moment along length: 1.4200 fe
Required " (based on effective depth): 0.0022
0% denr | Depth (based on gross depth) : 0.0018
Area of distribution steel required, fs = # * L * deff 8.402 in2
EEE i E d'Er'h m‘gz ra‘um- :gﬁm
Moment: at column face : 5.0473 kipd
Provided Area for distribution steel abong Z[Top reinforcement]: B8.402 in2
Provided Rein

Main bar no. for top Reinforcement: #6
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Strip Footing Deesign Page 12 of 12

Spacing of top reinforcement. bar : 11.000 in
Based on spacing reinforcement increment; provided reinforcement is

l #6 B 11in 6.

Main bar no. for bottorn Reinforcement: #7
Spading of bottom reinforcement: bar 11.000 in

Based on spacing reinforcement increment; provided reinforcement is

| #7 @ Llins.c
Distribution bar no. [Bottom}): #7
Spacing of distribution bars {Bottom): 13.464 in

Based on spacing reinforcement increment; provided reinforcement is

I &7 & L3in 0.
Distribution bar no.(Top)k #6
Spacing of distribution bars{Top) 9.921 in

Based on spacing reinforcement increment; provided reinforcement is

I #6 @ Sin o.c.

Print Cailculation Eheet
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Appendix I: Hand Calculation - Combined Footing Design

@Stantec
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@ Stantec
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@ Stantec
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@ Stantec

ek, Foe FLEUEE
Mp= ar ,u-in. boeLi94.8" d = 4"
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@ Stantec
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Appendix J: Excel Spreadsheet - Strapped Footing Models

Model: S1
Strap Footing Design
DATE: 26,2015 DESIGM #: 1
PASS: YES CHECK: DH
Footing MNode G42

Length 4ft

Width 4 ft

Thickness 2 ft

Depth to base 3ft

Size #7

Number 4

Spacing 12 in

Footing MNode 643

Length 3 ft

Width 3ft

Thickness 2 ft

Depth to base 3 ft

Size #7

Mumber 4

Spacing & in

Strap Design

Width 3 ft

Thickness 2 ft

Size #9

Mumber 3

Spacing 12 in
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Strap Footing Design

DATE: 2/6/2015 DESIGM #: 1
PASS: YES CHECK: DH
CHECKS:
1.0 Node 1
Check 1: OEAY!
1.1 MNode 2
Check 1: OEAY!
1.2 Strap
Check 1: OEAY!
Check 2: OEAY!
1.3 MNode 1 Reinforcement
Check 1: OEAY!
Check 2: OEAY!
Check 3: OEAY!
1.4 Mode 2 Reinforcement
Check 1: OEAY!
Check 2: OEAY!
Check 3: OEAY!
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Strap Footing Design

DATE: 2/6/2015 DESIGHN #: 1
PASS: YES CHECK: DH
Data
1.0 Loads
Nodes: .
Load 1 213 BET

Load 2 23.887

1.1 Material Properties

f'c 4000| psi Concrete Compressive Strength
f, 60| k=i Steel Yield Strength

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

Qust 4000 | psf

1.2 Initial Assumptions & Structure Information

b 4 ft Assumed Width of Footing

d 3 ft Depth to Base of Footing

t 2 ft Thickness of Footing

Dzgmeronting 1ft Distance from Column to Footing Edge
D rocies 150.5 in Distance Between Modes

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

2 1 Eccentricity
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Strap Footing Design

DATE: 2/6/2015 DESIGH #: 1
PASS: YES CHECK: DH
1.0 Node 1

M 23.B87 fr-kip Moment

v 2.07 kip Shear

Ry 25.96 kip Reaction at Node 1

OJas 35B0 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 4t Length of Side 2

LR 16 ft* Area of Footing

CHECK: OKAY!

2.0 Factored Node 1

Fys 28.66 kip

M 28.00

W 2.48

Strap Footing Design
DATE: 2/8/2015 DESIGN #: 1
PASS: YES CHECK: DH
1.0 MNode 2

il 23 BET ft-kip Moment

v 2.07 kip Shear

R 2596 kip Reaction at Node 1

Oaer 3580 Ib Net Soil Bearing Capacity

Casr 358 kip Met Soil Bearing Capacity

- 7.25 Required Area of Footing

Side 1 3|ft Length of Side 1

Side 2 3|ft Length of Side 2

Arers g ft* Area of Footing

CHECK: OKAY!

L1

2.0 Factored Node 2

Py 28.66 kip
M 23.66
v 2.48
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Strap Footing Design
DATE: 2/6/2015 DESIGHN #: 1
PASS: YES CHECK: DH

1.0 Factored Upward Pressures

qnl 7.79
qn2 B73

1.2 Diagram & Shear Forces

+P1 1428
-P1 -14.3%
p2 248
P3 248
+P4 1557
-P4 -13.0%

1.3 X-Distances

X1 1 83(ft
x2 1.84(ft
X3 0.33(ft
X4 B BYS|ft
¥5 15)ft
»6 15|ft
1.4 Moments
Mu 13.062675
Mu -26.176703
Mu -25.7660916
Mu -3.7253372
Mu 0 B17B157
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Strap Footing Design

DATE: 21612015 DESIGN 1 1
PASS: YES CHECK: OH

1.0 Initial Data

SIra Pyism 3| ft

LY =] 4 2(ft

STra Pooyer 3|in Clear Cover

I 20361 in Effective Depth
1.1 One Way Shear

Vu 15.57

i 0.75

$Ve 3476905 b

$Vc 377 kip

1/2 dVc 17.38 kip

CHECK:  OKAY! What is the check here?

1.2 Flexure

:

MWu 26.18

a 2in Assumed

T 1B.03 kip

a 0.15 in

By 1in

17.57 kip

As 0.29 in’

p 0.0004

Periin 0.002333

AS 244332 in®

As 244332 in’

Size Size of Steel Reinforzing

n 244 MNumber of Bars used to achieve Asmin

Plared MNumber of Bars used

Snas 12 in Masimum Allow able Spacing

Spacing in

Check: OKAY!

Spacing< Smax
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Straip Footi ng Design
DATE: 2762015 DESIGN &:
PASS: YES CHECK: CH

[

L0 Mode 612

Cowver l:l in

d. 0 in
c+d 0 in
b, 120 in
195 kit
F, 2885 kip

L1 Two Way Shear

@ Sl ot Colhumin Location
Wu 1650 kp
i 305954308 b
v B05.54308 kip

CHECK: OHAY!

1.2 One Way Shear

Wu 1438 kip
b

bW 227683599 b
i 227 B8 kp

CHECK: OKAY!

1.3 Flexure - Longtitudinal

b Qs

Mu 2618 kip-ft
Rn 0018 kfin’
Rn 1818 Ib/fin®

1.4 Reinforcement

B 1 Shape Paremeter
P 000002
P 010335
Poa 010251531
P 00018
Pacs 00018
AE 1728
Sizem Size of Stesl Reinforcing
n LER MNumiber of Bars weed tozchi=we Asmin
n— I:I MNumibesr of Bars ussd
Boma 24 in® Arez of Stas
- 140
Spading n
Check: OEAY!
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Stra p Footin g D= sign

DATE: Z/5/z01s DESIGN & 1
PASE: YES CHEDK: DH
1.0 Node 643
cover [ 3
O 20 in
=2 30 in
b 120 in
- 281 kft®
Fy 2E56 kip
1.1 TwoWay Shear

1z

L3

14

a SslectCaolumn Location

Vi 1048 kip

v BO2543.08 kip

e BDS 54308 In
CHECK: OKAY!

one Way Shear

Vi 1557 kip

>

b 22768399 b

v 22768 kip
CHECK: Okay!

Flexure - Longti tudinal

b

hu 2618 kip-ft
Rn 0018 kin®
RN 1818 Iin®
Reinforcement
B 1 Shape Paremeter
t] 00003
Pa 0.03
Prmax 0.0251531
(. 0.OD1E
gz 0.OD1E
Az L 1386
SE= Spe of Steel Reinforcing
n i ] K ber of Bars used to achiene Asmin
g B Br off Bairs wsed
B 24 in’ Arems of Sime
5 .. 10 in
Spacing in
Ohedic OEAN!
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Model: S2

Strap Footing Design

DATE: 2/6/2015 DESIGN #: 1
PASS: YES CHECK: DH
Footing MNode 642
Length 3 ft
Width 3 ft
Thickness 3 ft
Depth to base 3 ft
Size #0
Number 5
Spacing 7in
Footing MNode 643

Length 275 ft
Width 2.75 ft
Thickness 3 ft
Depth to base 3 ft
Size #8
Number 3
Spacing 12 in
Strap Design

Width 3 ft
Thickness 3ft
Size #9
Mumber 4
Spacing 9in
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Strap Footing Design

DATE: 2/6/2015 DESIGM #: 1
PASS: YES CHECK: DH
CHECKS:
1.0 Mode 1
Check 1. ORAY!
1.1 Mode 2
Check 1. ORAY!
1.2 Strap
Check 1. ORAY!
Check 2: OEAY!
1.3 Mode 1 Reinforcement
Check 1: OEAY!
Check 2: ORAY!
Check 3: OEAY!
1.4 MNode 2 Reinforcement
Check 1: OEAY!
Check 2: ORAY!
Check 3: OEAY!
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Strap Footing Design

DATE: 2/6/2015 DESIGN #:
PASS: YES CHECK:
Data
1.0 Loads
Nodes: .
Load 1 23 887

Load 2 213.B8B7

1.1 Material Properties

f'c 4000 | psi
T, B0 |(ksi

Wic 150| pcf
T 120| pcf
Tl 05

Qust 4000 | psf

1.2 Initial Assumptions & Structure Information

b 4 ft
d 3 ft
t 3 ft
Deszeraotie I 1.Iﬁ:
Dnoses 150.5 in
Dieections 1385 in
ColWidth 10 in
2 1t

Concrete Compressive Strength
Steel Yield Strength
Density of Concrete
Unit Weight of Soil

Coefficient of Friction

Assumed Width of Footing

Depth to Base of Footing

Thickness of Footing

Distance from Column to Footing Edge
Distance Between Nodes

Distance Between Reactions

Width of Column

Eccentricity
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Strap Footing Design

DATE: 2/6f2015 DESIGN #: 1
PASS: YES CHECK: OH
1.0 Node 1

[l 23 BBY fr-kip Moment

v 207 kip Shear

R, 2596 kip Reaction at Node 1

O 3550 Ib MNet Soil Bearing Capacity

s 8 3.55 kip MNet Soil Bearing Capacity

Asega 7.31 ft Required Area of Footing

Side 1 3|ft Length of Side 1

Side 2 3|ft Length of Side 2

J— g ft* Area of Footing

CHECK: OKAY!

2.0 Factored Node 1

Fyy 28.66 kip

M 28.66

v 2.48

Strap Footing Design
DATE: 2/6/2015 DESIGN #: 1
PASS: YES CHECK: DH
1.0 Node 2

| 23 BBT ft-kip Moment

v 207 kip Shear

R: 2596 kip Reaction at Node 1

Qe 3550 Ib MNet Soil Bearing Capacity

Qe 355 kip MNet Soil Bearing Capacity

Aszeg 7.31 ft° Required Area of Footing

Side 1 2.75|ft Length of Side 1

Side 2 2.75|ft Length of Side 2

B 7.5625 ft* Area of Footing

-]

CHECK: OKAY!

2.0 Factored Node 2

Fy. 28.66 kip
M 28.66
v 2.48
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Strap Footing Design
DATE: 2/6/2015 DESIGNM #: 1
PASS: YES CHECK: DH

1.0 Factored Upward Pressures

gnl 10.38
qn2 952

1.2 Diagram & Shear Forces

+P1 19.03
-P1 -9.63
P2 248
P3 248
+p4 1557
-P4 -13.09

1.3 X-Distances

x1 183|ft
X2 1B4|ft
®3 0.33|ft
& B.R75|ft
®5 15|t
{3 15(ft
1.4 Moments
MWu 17 4189
Mu -26.176703
MWu -25.766016
Mu -3.7253372
Mu 0 B178157
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Stra p Footing Design

DATE 2152005 DESIGN #:
PASE: YES CHEOK:
1.0 Initial Data
Strapes 3|t
Strapo..s 3|t
Strape.,-. 3in Clear Cowver
| 32.361 in Eff ective Depth
1.1 One Way Shear
Wu 19.08
t 0.75
i 55260.61 b
e 55.26 kip
1/2 Ve 27.63 kip
CHECK: OKAY! What is the check here?
1.2 Flexure
o
Mu 26.18
E] 2 in Assumed
T 11.13 kip
] 0.09 in
Blazs 1in
T 10.55 kip
Az 0.18 in®
B 0.000157
P 0.003333
As_, 388332 In°
As 3.88332 in”
Size Size of Stee | Reinfording
) 3B Numiber of Bars wesd to schisw fsmin
My I:I Numiber of Bars used
- 10 i Mlaimm Allowa bie S ding
e

Check:

OHAY! 3 pmcing s max
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Strap Footing Design

CATE: 25 2013 CESHGN 5 1
PASE: YES OHEDK - DH
1.0 Node a2

cowr [

il oo 32 in

c+d 42 in

brg 158 in

4. 348 WA

Fy 2B55 kip

1.1 Two Way Shear

=

W -13.73 kip
b 1575285 Ib
i 1875285 kip

CHECK: OKAY!

1.2 One Way Shear

ur 063 kip
¢

v 51001214 b
it 510001 kip

Select Colurmn Location

CHECK: OKAY!

1.3 Flexure - Lon gtitwdinal

& | 02

hu 2518 kip-ft
RN 0008 kfin®
RN 947 Ibfin’

1.4 Reinforcement

B 1

] DLDDD2

Pe 00335

P e 0025153

B e QLDDLE
Bz QLDDLE
B 20736
Size | -]

n 471
L | :-|
L. 22 in’
. Taim
Spacing | ."l".

Cheacic O !

=Shape Paremeter

Sipe of Sheel Reinfonding
M iy ey off (B wesed ho ach e A
W i = o [Beairs wesed

Bureaof S

140



Strap Footing D esign

DATE: 25,2003 DESI GN & 1
PASE VES CHECK: DH
1.0 Node 643
O 32 in
c+d 42 in
by 165 in
g- 346 kift’
F, 2ES5 kip
1.1 Two Way Shear
a Select Column Location
v -13.74 kip
e 18752851 kip
i 1975.2651 In
CHECK: OKAY!
1.2 One Way Shear
Wi 1557 kip
b
i 51001214 Ib
e 510001 kip
CHECK: OKAY!
1.3 Flerure - Longtitudinal

14

¢

Mu 2618 kip-ft
Rn 0.009 kfin®
RN 247 Ibyfin’
Reinforcement
B 1 EShape Paremeter
i] 0.0002
Pe 003
P 00251531
Pmie 0.001E
Dms 0.001E
A5 1.000E
Sire Sire of Steel Reinforcing
n z41 Kumber of Bars used to achiewe Asmin
L — Wby iy e off B murs s
o 237 in? Ares of Stes
Eep 125 in
Spacing in
Thclc DEAY!
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Model: S3

Strap Footing Design

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

Length 3ft
Width 3 ft
Thickness 2ft
Depth to base 3 ft
Size #0
Number 3
Spacing 12 in
Strap Design

Width 3 ft
Thickness 2 ft
Size #7
Number 5
Spacing 7in
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Strap Footing Design

DATE: 2/6/2015 DESIGM #: 1
PASS: YES CHECK: DH
CHECKS:
1.0 Mode 1
Check 1. ORAY!
1.1 Mode 2
Check 1. ORAY!
1.2 Strap
Check 1. ORAY!
Check 2: OEAY!
1.3 Mode 1 Reinforcement
Check 1: OEAY!
Check 2: ORAY!
Check 3: OEAY!
1.4 Mode 2 Reinforcement
Check 1: OEAY!
Check 2: ORAY!
Check 3: OEAY!
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Strap Footing Design

DATE: 2/6/2015 DESIGHN #: 1
PASS: YES CHECK: DH
Data
1.0 Loads
Nodes: .
Load 1 213 BET

Load 2 23.887

1.1 Material Properties

f'c 4000| psi Concrete Compressive Strength
f, 60| k=i Steel Yield Strength

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

Qust 4000 | psf

1.2 Initial Assumptions & Structure Information

b 4 ft Assumed Width of Footing

d 3 ft Depth to Base of Footing

t I ZIIﬁ: Thickness of Footing

Dzgmeronting 05 ft Distance from Column to Footing Edge
D rocies 150.5 in Distance Between Modes

Dienctions 1445 in Distance Between Reactions
ColWidth 10 in Width of Column

2 1.5 Eccentricity
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Strap Footing Design

DATE: 2/6/2015 DESIGN #:
PASS: YES CHECK:
1.0 Node 1
M 11,9435 fr-kip Moment
v 0.99 kip Shear
Ry 24 88 kip Reaction at Node 1
Qe 3580 Ib MNet Soil Bearing Capacity
s 3.58 kip Net Soil Bearing Capacity
Aoy 6.95 fr° Required Area of Footing
Side 1 3|ft Length of Side 1
Side 2 3|ft Length of Side 2
[Lr—- gl Area of Footing
CHECK: OKAY!
2.0 Factored MNode 1
Fy: 28.66 kip
M 14.33
W 1.19
Strap Footing Design
DATE: 2/6/2015 DESIGMN #:
PASS: YES CHECK:
1.0 MNode 2
M 118435 ft-kip Moment
v 0.99 kip Shear
Rz 24 BE kip Eeaction at Node 1
as 3580 Ib Met Soil Bearing Capacity
as 3.58 kip Met Soil Bearing Capacity
L 6.95 ft’ Required Area of Footing
Side 1 3ft Length of Side 1
Side 2 3ft Length of Side 2
Arrrg g ft* Area of Footing
CHECK: OKAY!
2.0 Factored Mode 2
Fy: 28.66 kip
M 14.33
v 1.19
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Strap Footing Design
DATE: 2/6/2015 DESIGM #: 1
PASS: YES CHECK: oH

1.0 Factored Upward Pressures

gnl 0.95
qna 9.16

1.2 Diagram & Shear Forces

+P1 13.27
-P1 -15.40
P2 119
P3 119
+P4 I 12.93]

| |
-P4 -13.74

1.3 X-Distances

X1 183|ft
%2 1B4|ft
X3 0.33|ft
w4 B.B7S|ft
X5 15(ft
KE 1.5(ft
1.4 Moments
Mlu 12.140878
Mlu -12. 544859
Mlu -12.348504
Mlu -1.785326
Mlu 10.302819

146



Strap Footing Desgn

DATE: 252015 DESIGN #: 1
PASS: YES CHE K- bH
L0 Initial Dat
Strapaes 3| ft
Strapo. s 2|t
Srap.o.. 3|in Clear Cover
[ — 20,5625 in Effective Depth
L1 OneWay Shear
2
Wu 1453
) 0.75
dc 3511314 b
e 3511 kip
12 Ve 1756 kip
CHECK: OHAY! ‘What is the check here?
12 Flexure
¢
Iviu 1254
] 2 in Assumed
T 8.55 kip
] 007 in
Blos 1in
T 8.34 kip
A 0.14 in’
P 00018771
B Q0333333
P, 24575 in®
A 24675 in’
e Size of Steel Rzinfording
n 411 Number of Bars wsedto achieve Asmin
oy I:l MNumiber of Bars wesd
S 7.5 in M simum Allowabde Spacing
Spacing Tlin
Cheecke: DEAY! Spm cingge Sman
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Strap Footing Design

DATE: /52013 DESIGN & 1
PASE: VES CHECK: o
1.0 Mode 642
] 20 in
c+d 30 in
b 120 in
e 332 kit
Fy 2886 kip
1.1 Two Way Shear

1.z

13

14

ZSelect Column Location

-

T 753 kip
i B08543.08 Ib
v BD2.5430E kip

CHECK: oK AY!

One Way Shear
Wi 1540 kip
®
e 22768322 Ib
e 22758 kip

CHECK: DK AY!
Flexure - Longtitudinal
®
Mu 1254 kip-ft
R ootz kfint
R 1152 Ibfin’
Reinforcement
B 1 EShape Paremeter
i} 0.0002
o 0.0335
P 00251531
P Q.D01E
B Q.D01E
B 1296
Sire Sipe of SeelReinforcing
n 15 Wuminer of Bars usad to achiene Asmin
Pl Wumier of Bars used
B LEin’ Ares of Stes
Srm 13.0in
Spacing i

f DRAY!
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Strap Footing D esign

DATE: /52013 DESIGN & 1
PASS: WES CHECE: o
1.0 MNode 643
d 20 in
c+d 30 in
b 120 in
q- 305 kfft®
F, 2855 kip
1.1 Two Way Shear
a Sedact Column Locaton
v 258 kip
e BOE5A3.08 kip
4}'."{ B9 5430E In
CHECK: OKAY!
1.2 One Way Shear
v 1493 kip
¢
i 22788328 |b
i 22768 kip
CHECK: OKAY!
1.3 Flexure - Longtitudinal
$
Mu 1254 kip-ft
Rn 0012 kfin'
RN 1152 Ibjin®
1.4 Reinforcement
B 1 Shape Paremseter
p 0. D002
D 0u03
P 00251531
D 0.001E
D D0.00LE
e 13755

Sire of SEelReinforcing

Kaminer of B ars used to achise Gomin

i

Mrurmni e of Bars used
. 2
L. 132 in Ares of Tpes

Z-m 13 in

in
b
l-h.
i
5

Thsclic DEAY!
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Appendix K: STAAD.foundation - Strapped Footing
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Strap Foundation Design Page 1 0of 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 :
Footing Length :

Footing Width :

Max Footing Thickness :
Max Fooling Length :
Max Footing Width :
Eccentricity along X (Oxd) :
Eccentricity along Z (Ozd) :

2.000M
4.000ft
4.000t
120.000in
240.000in
240.000in
0.000in
0.000in

Right Footing Geometry

Footing Thickness :
Footing Length

Footing Width :

Max Footing Thickness :
Max Footing Length :
Max Footing Width :
Eccentricity along X (Oxd) :
Ecrentricity along Z (Ozd) :

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

Concrete and Rebar Properties

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

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

0.150ip/ft3
4.000ksi
60.000ksi
"7

ni4

2.000n
18.000in
2.000in
2.000in

file://C:\Program Files (x86)\Bentley\Staad Foundation Advanced 7\CalcXsI\StrapUS xml 3/312015

r

151



Strap Foundation Design

Soil Properties
Unit Weight : 120.0001b/ftS
Soil Baaring Capacity : 4.000kipift2
Soil Bearing Capacity Type: Net Bearing Capacity

Soil Surcharge @ 0.000kip/in2
Depth of Soi above Footing @ 12.000in

Depth of Water Table : 120,000t

Other Parameters

Footing Plan Increment @ 1.000in
Footing Thidkness Increment @ 1.000in
Bearn Depth @ 24.000in
Beam Width : 36.000in
Coeffident of Friction : 0.500
Factor of Saflety Against Siding : 1.500
Factor of Safety Against Overturming @ 1.500

Page 2 of 24

Load Combination/s- Service Stress Level

Load ﬁ:rn:l:::aum' Load Combination Tite
110 D+ W N-5
111 D+ WSHN
112 D+ W E-W
113 D+ W W-E
120 06 DL + W N-5
121 06 DL + W S-N
122 0.6 DL + W E-W
193 0.6 DL + W W-E
00 1.4D0L
210 LZDL+ 1.6W N-5
211 1200 + 1.6'W SN
212 1.2 DL+ 1.6'W E-W
213 1.2DL+ 1.6WW-E
220 09 DL+ 1.6W N5
231 09 DL+ 1.6'W 5N
233 0.9 DL + 1.6'W E-W
273 0.9 DL+ 1.6WW-E
Load Combination/s- Strength Level
Load ﬁz:‘:t::aum' Load Combination Tite
110 D+ W N-5
111 D+W5N
112 D+ W E-W

file://C:\Program Files (x86)\Bentley'Staad Foundation Advanced T\CaleXs[\StraplUS xml
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Strap Foundation Design Page 3 of 24

113 D+ W W-E

120 0.6 DL + W N-5

121 06 DL + W SN

122 0.6 DL + W E-W

123 0.6 DL + W W-E

200 1.4DL

210 L2DL + L6EW NS

211 1200+ 1.6W SN

212 1.2DL+ 1.6WEW

213 1.2DL+ 1.6 WW-E

220 0ODL + 16W NS

221 09DL + L6EWSN

222 0.90L+ 1.6W EW

223 0.9 DL + 1.56'W W-E

Footing 642
Applied Loads - Service Stress Level
LE .ﬁ.x.idl Shl:.dr.}( SJIE.dr. 4 HU‘I-rIdIIl X Ml.ll.rldlll..z
(kip) (kip) {kip) (lip-Tt) (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 3212 0,014 0000 0.000
120 0.109 0023 1.911 0.000 0.000
121 10248 -0.098 -1.953 0,000 0.000
122 13.635 -3.373 0,043 0,000 0.000
123 -3.277 3252 -0.000 0000 0.000
200 12.084 -0.141 -0.050 0.000 0.000
210 2.247 <0060 3.040 0,000 0.000
211 18.469 <0.181 -3.134 0,000 0.000
212 23,887 5420 0077 0.000 0.000
213 -3.171 5179 00039 0.000 0.000
220 1343 -0.030 3.059 0,000 0.000
221 15.879 -0.151 -3.123 0.000 0.000
222 21.208 -5.390 0066 0000 0.000
213 -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 Mo |.r|n=||l. 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 0.10% 0.0 1.811 0.000 0.000
121 10.248 -0.088 -1.953 0.000 0.000
file://C:\Program Files (x86)\Bentley'Staad Foundation Advanced T\CaleXs[\StraplUS xml 3/312015
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Strap Foundation Design Page 4 of 24
122 13.635 -3.373 -0.043 0,000 0.000
123 -3.277 3252 -0.000 0000 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 18469 -0.1E1 -3.134 0,000 0.000
212 3887 -5.430 -0.077 0,000 0.000
213 -3.171 5.170 -0.009 0.000 0.000
220 -0.343 -0.030 3.058 0,000 0.000
221 15.679 -0.151 =341 D000 0.000
222 21.798 -5.300 -0.086 0,000 0.000
223 -5.761 52009 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 13.701 0.138 1.968 0.000 0.000
111 3.562 -0.063 -1.B97 0.000 0.000
112 17 087 -3.413 0.057 0,000 0.000
113 0.176 3212 0.014 0000 0.000
120 10. 248 <0098 1.953 0.000 0.000
121 0.109 -0.023 -1.911 0000 0.000
172 13.635 3373 0.043 0,000 0.000
13 -3277 3.252 0,000 0000 0.000
200 12.084 -0.141 0.050 0000 0.000
210 18.469 -0.181 3134 0.000 0.000
211 2.297 -0.060 -3.049 0,000 0.000
212 23.BE7 -5.420 0.077 0000 0.000
213 -3.172 5179 0.009 0.000 0.000
220 15.87% -0.151 3153 0.000 0.000
221 0343 -0.030 -3.059 0,000 0.000
23 21,208 -5.390 0.066 0000 0.000
| 5761 5.209 0002 0.000 0.000
Applied Loads - Strength Level
LC .IIJ.J:.id.l Shu.dr X Shl:Iar z Hur_m:nl'. X Mul.rllilll..z
(kip) (kip) { keiipy ) { kip-E) (kip-ft)
110 13.701 40,138 1.068 0.0 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 0176 32 0014 D000 0.000
120 10.24E -0.0%8 1.953 0.000 0.000
121 0109 -0.035 -1.911 0,000 0.000
122 13.635 -3.373 0.043 0.000 0.000
123 -3.277 3252 0000 0000 0.000
200 12,084 0,141 0,050 0.0 0.000
file://C:\Program Files (x86)\Bentley'Staad Foundation Advanced T\CaleXs[\StraplUS xml 3/312015
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Strap Foundation Design Page 5 of 24
210 18,460 -0.1E1 3.134 0000 0.000
211 2.247 -0.060 -3.049 0000 0.000
212 23.687 -5.420 0.077 0.000 0.000
213 -3.172 5.179 0.009 0.000 0060
220 15870 40.151 3.123 0000 0.000
221 -0.343 -0.030 -3.059 0000 0.000
222 21.298 -5.390 0.066 0.000 0.000
) -5.761 5.209 -0.002 0.000 0,000
Footing 642
Design Calculations
Eooting Size
Initial Length (L) = 4.00ft
Initial Width (W) = 4.00d
Gross Soll Bearing Capacity = 4.24kipft~2
Reduction of force due to buoyancy = -0.00kip
Effect due o adhesion = 0.00kip
Min. area required from bearing pressure, A = P/ Qe = 6766
Area from initial length and width, A = L, * W, = 1500
Final E -
Length (L} = 867 Governing Load Case : ¥
Width ['I'I't} = 833 i Governing Load Case : N2
Depth (D) = 200 ft Governing Load Case : ¥
Area (Ay) = 7om
E t ars;
—
J 1 2
2 —‘
" -'1'.' I
4 3
Pressure at | Pressure at | Pressure at | Pressure at Area of
corner 1 corner 2 cormer 3 comer 4 fD-O_ting in
Load Case (a,) {a,) {a,) (a,) uplift (A}
(kip/fe~2) J§ (kip/ft~2) | (kip/fe~2) | (kip/ft~2) (R2)
file://C-\Program Files (x26)'\Bentley'Staad Foundation Advanced T\CaleXsl\StrapUS =xml 37372015



Strap Foundation Design
212 0.7309 0.5270 0.5239 0.7278 0.0000
211 0.6184 0.6116 04878 04546 00, e e e
212 0.7309 0.5270 0.5239 0.7278 0, (e e e
212 0.7209 0.5270 0.5239 0.7278 0.0000

I A is 22, there is no upift and no pressure adjustment i necessary.

Page 6 of 24

Othenwise, to acoount for uplift, areas of negative pressure will be set o zero and the pressure will be redistributed to remaining CoMmers.

Pressure at Pressure at Pressure at Pressure at
corner 1 (q,] comer 2 (g,) cormer 3 (qy) | comer 4 (q,)
Load Case (kip/ft~2) (kip/ft~2) (kip/fc™2) (kip/ft~2)
212 0.7309 0.5270 0.5239 0.7278
211 0.6184 0.6116 0.4878 0.4946
212 0.7309 0.5270 0.5239 0.7278
212 0.7309 0.5270 0.5239 0.7278
Adjust Tooting size if necessary.
Che r 3
OoTM ‘,-:"“\,‘
slilding Farce
—
Frictional Farca
ELEVATION
Factor of safet inst slidi Factor of safety
- actor of safety against sliding against overturning
Load
Along X- | Along Z- About X- | About Z-
Chi::a Direction | Direction Resultant Direction | Direction
110 200,831 6.651 6.648 27.714 870,266
111 177.931 8.988 B.965 37.448 554,370
112 L.678 341.3% S&T7 1422484 24.603

file://C-\Program Files (x26)'\Bentley'Staad Foundation Advanced T\CaleXsl\StrapUS =xml
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Strap Foundation Design Page 7 of 24

113 3.400 760,824 3.400 3170.0%8 14.735
120 4B81.708 L.698 5698 23.744 20B7.403
121 162.797 8.169 B8.159 34.038 T05.455
122 5233 414,963 5233 1719013 22678
123 2.827 69682422 2.827 200343423 12.252
200 115.915 339,008 113.051 1412533 | 519.632
210 136.321 3.922 3521 16.342 859.350
211 110.857 6.403 6393 26.681 480,556
212 4.202 297.385 4,202 1239.106 1B.209
213 1.786 1057.520 1.786 4406335 7737
220 353.822 3.485 3.485 14.521 1533.230
221 124,488 6011 6.004 25.M45 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 Govemning Fachor Of Safety For Owverturning And Sliding - ¥ Direction

Critical Load Case for Sliding along X-Direction : 223

Governing Disturbing Force = 5_200kp

Governing Restoring Force © 7.953kip

Minimum Sliding Ratio for e Critical Load Case @ 1.527
Crithcal Load Case for Overtuirming about X-Direction @ 220
Goverming Overtuming Moment © &.110kip-ft
Gowerning Resisting Moment @ B8.849kip-ft
Minimaurm Overturning Ratio for the Critical Load Case @ 14,521

Critical Load Case And The Governing Factor Of Safety For Overturning And Sliding - 7 Diredtion
Critical Load Case for Sliding along Z-Direction : 230
Governing Disturting Fore = 3.055%p
Gowerning Restoring Force © 10.662kip
Minirmum Sliding Ratio for Bwe Critical Load Case @ 3.485
Critical Load Case for Overturning about Z-Direction : 223
Goverming Overtuming Moment : -10.418kip-ft
Governing Resisting Moment : 68.925kip-t
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 Siding along Resultant Direction @ 223

Gowerning Disturbing Force @ 5. 200kip
Goweming Restoring Force @ 7.953kip
Minimum Shding Ratio for the Critical Load Case : 1.527

Chear Caloulati
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Strap Foundation Design Page 8 of 24

Punching Shear Check

l_. X d,,,/f

N b, {Perimeter)

PLAN
Total Footing Depth, D = 2.00ft
Calculated Effective Depth, gy = D- Coper- 10 = 1790
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, by, for pier= T BT X T 15.170
s g
Equation 11-33, V, = |2 | |k ey JrocsE! - 1484.88%p
N b )
Cie sl
W\ 11-34, Va = ( :“ [l .’] > W% ‘;lf__ % h" % € - l“‘.}m
Equation 11-35, V, = dvk 7z dgx J'gx(_»r-n' . 989,92kip
Punching shear strength, V, = 0.75 * minimum of (V, Vo, V) = 742.44%p
0.75'v‘>v“hence,0'(

One-Way Shear Check
Along X Direction
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Strap Foundation Design Page O of 24

»X
Z
Ao Oy
.o
PLAN )
From MIQIIZLL V. = . i oo 1L|I1||| 2k - 2B5.55kip

Distance along 7 1o design for ghear, D, = 15« (Lo F ) +dg+ 20, - 1580

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, = 1417 kip
Critical load case for W, s # 212 L P 396 kip

0.75 * V, > V), hence, 0K

Along 7 Direction

¥ GOy
r.
Z
| D, 1
| PLAM
From ACTCL113.11, V, = :xﬁ.-,tﬁwm_ WS Kp
Distance song X to design for shoas, 0, = RIS SR I ¥ O 138 M

Check that 0.75 * ¥, = ¥, whene ¥ 5 the shear force for the oritical bad cases at a distance d from the faoe of the pier caused by
bending about the T ads.
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Strap Foundation Design Page 10 of 24

From abowve calculations, 075* vV = 20397  kp
Critical load case for Vis # 212 Tz = Vg, - 542 kip
0TS * N, = W g hence, OK

Diesign for Flexure about Z axis

— e X

;

z

Caiculate the flesoural reinforcement along the X direction of the footing. Find the area of steal required, A, 35 per Saction 3.8 of Reinforced
Concrebe Design (5th ed.) by Salmon and Wang (Ref. 1)

Critical Load Case & 212

The: strength values of stesd and concrele wsed in the fommulae are in ksi

. z
Factor ' from ACTCL10.27.3 for F.' 4 ksi, 0.85
N ' + _
From ACT C. 10.3.2, Flrd = 025 Ty = G -] 0.02851
From ACT O 1033, 7= IR 0.02138
From ACT O, 7122, Fuin = 0.00174
From Ref. 1, Eq. 3.8.4a, constant m = Ty 17.65
ﬁ -
lograz. |
Calculate reinforcement ratio | for critical oad case
Deesign Tor flescure about 7 axds ks performed at the ol =7
face of the pier at a distance, O, = B L 13 f
Litimate moment, e 1914 kiph
B
Nominal moment capacity, M, = T“_ 21.77  lipht
! ) H,
Required F = ;"‘l'}""""-—-.x- 0.00009
. [ Fox ¥ cdy
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Strap Foundation Design Page 11 of 24

Since A T oK

Area of Stesl mm,%: Fo W n Ay 418 inZ2

Find suitable bar arrangement bebween minimum and maximum rebar sizes

Mvailable development length for bars, D, = 0Fnil Togl Toppem 1wE i
Try bar size Mrea of one bar = 060 in2
Mumbesr of bars required, Ny, = . 7

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

Total reinforcement area, & o, = Nyge * (Area of one bar) = 420 in2?
d,= D-C,,. - 0.5 (dia. of one bar) = 180 ft
r- ot 0.00155
Reinforcement ratio, " = P X

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 Fesure about X axis

ru}'i

L] »

PLAMN

Calculate the fMexural reinforcement along the 2 direction of the footing. Find the area of shesl required, A, a5 per Section 3.8 of Relnforced
Concrete Design (5th ed.) by Salmen and Wang (Ref. 1)

Critical Load Case & 212

Thez strength values of Sesd and concrete wsed in the fommulae are in ksl

i -
Factor - from ACT CL10.273 forFS = 4k, 0.85
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Strap Foundation Design Page 12 of 24

From ACICL. 10.3.2, Fbel = 0E5 . | T, m - 0.02851

From ACT 0. 1033, ™= PEe = 0.02138

From ACT 0.7.12.2, Fuin = 0.00173

From Ref. 1, Eq. 3.8.4, constant m = Ty 17.65
I_xu:s: R

c

Calculate reinforcement ratio " for critical load case

Design for flesure about X axis i performed at the

il Ciny Coy=
face of the pier at a distance, O, = Pl bonsg oy 317
Litimnate: mdmenl, nl, - 14,43 m
b
Nominal moment capacity, M, = T“_ 16.02  kip-ft
! - H,
Required P = ;"‘l'}""""-—-.x- 0.00007
_ (E,evm ooy
Snce M, » p o= Mo 0K
Area of Steel Required, A, = b R A 4,37 N2

Find suitable bar arrangement bebween minimum and maximum rebar sizes

Available development length for bars, D) = Wew o 1 v, - 36,00 i
Try bar size Mrea of one bar = 0.79  in2
Numibes of bars reguired, N, = B &

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

Total reindorcement area, & o = Mg * (e of cne bar) = 474 n2
dr = D - Coppee - 0.5 * (. of cne bar) = 172 R
P Jatetz 0.00219
Reinforcement matia, P = P— '

From ACT C1.7.6.1, minimum reqd dear distance between bars
C,; = 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
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Strap Foundation Design Page 13 of 24
Footing Size
Initial Length (L) = 3.00ft
Initial Whdth (W) = 3.00d
Gross Soil Bearing Capacity = 4.24kpft~2
Reduction of force due to buoyancy = -0.00kip
Effect due to adhesion = 0.00kip
Min. area required from bearing pressure, A, = P/ Qo = 6271
Area from initial length and width, A = L, * W, = g0
Final Footing Size
Length (L) = 858 it Gowerning Load Case : ' Jrri]
Width ['I'I'I} = 833 Governing Load Case : N2
Depih (D) = 200 Gowerning Load Case : #25
Area (Ay) = 7153 M
Pressures at Four Comers
— . x
l 1 2
2 R
RS S _'-,: v
4 3
Pressure at | Pressure at | Pressure at | Pressure at Area of
Load C corner 1 corner 2 corner 3 cormer 4 fD*:l.til'lg in
oad Lass (a,) (a,) {9,) (q,) uplift (A}
{kip/ft"2) (kip/ft™2) (kip/fc™2) (kip/f™2) {ﬁz}
212 0.7278 0.5239 05270 0.7309 100, (oo e
212 0.7278 0.5239 05270 0.7309 00, IOee e
210 0.4946 0.4878 06116 06184 LR ]
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 (g,) corner 3 (g4) comer 4 (q,)
Load Case (kip/ft~2) (kip/ft~2) (kip/ft™2) (kip/fft~2)
212 0.7278 0.5239 0.5270 0.7209
212 0.7278 0.5239 0.5270 0.7209
210 0.45946 0.4878 0.6116 0.6184
212 0.7278 0.5239 0.5270 0.7309
Adjuist footing size if necessary.
Chedk for stability against overtuning and sliding
oM
¥ Siliding Force
-
Frictional Force
ELEVATION
- Factor of safety against slidin Factor of safety
B =ty ag 9 against overturming
IE':'ad Along X- | Along Z- Resultant About X- | Abour Z-
rj'je Direction | Direction esultant | Direction | Direction
110 127.210 8.935 B.913 E iy L5942
111 199.282 6.596 6.593 27.484 855,252
112 5647 339.563 5646 1414.847 24.236
113 3.368 To7.443 3.368 3156013 14,454
120 161.769 8.116 B.106 33.816 694, 258
121 477.541 5644 5643 23.516 2049.445
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 295971 4,182 1233.211 17.852
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Strap Foundation Design

Page 15 of 24

213 1.765 1058.048 1.765 4408.533 7.577
220 123.823 5.977 5.970 24,905 531.406
221 350.729 3.451 3451 14,379 1505.214
222 3.966 324.161 3.966 1350.669 17.021
223 1.507 3896.915 1.507 16237.147 6.466

Governing Disturbing Fonce -
Governing Restoring Force

Minirmum Sliding Ratio for e Critical Load Case @
Crithical Load Case for Overturming about X-Direction :
Governing Overtuming Moment :

Govaming Resisting Moment :

Minimurm Overturning Ratio for the Critical Load Case :

5.200p
7.840kip
1.507

m
-5.110kip-1t
87 .961kip-ft
14379

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 Force ©

Governing Restoring Fore

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

Governing Resisting Moment :

Miniimum Overturning Ratio for the Critical Load Case :

221

Critical Load Case for Shding along Resultant Direction : 223
Gowerning Disturbing Force @ 5.20%ip
Goveming Restoring Force @ 7 540Kip

Minimum Siding Ratio for the Critical Load Case @ 1.507

chear Calculation
Punching Shear Check
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Strap Foundation Design Page 16 of 24

- b, (Perimeter)

PLAN
Total Footing Depth, D = 2.00f
Calculated Effective Depth, d_ = D-C_, -10= L79M
For rectangular pier, 't = Byl Doy = 100

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

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

Froem ACT C.11.12.2.1, hnfbl' pier= 2 'E__l.l r,_n. 12w dnl"l - 15174
L S
Equakion 11-33, Vi, = :_I'_l kg JINELE) - 1484.88kp
- =
el
Equakion 11-34, Vi, = | N A 1664. 374
| s, by
Eqution 1-35, Viy = NP I S 289.924p
Punching shear strength, ¥, = 0.75 * minimum of (V_,, V,, V) = T42.44kip
0.75* V_ > ¥, hence, OK
One-Way Shear Chec

Along X Direction
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Strap Foundation Design Page 17 of 24

»X
Z
Ao Oy
.o
PLAN )
From MIQIIZLL V. = . i oo 1L|I1||| 2k - 2B5.55kip

Distance along 7 1o design for ghear, D, = 15« (Lo F ) +dg+ 20, - 1580

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, = 1417 kip
Critical load case for W, s # 212 L P 396 kip

0.75 * V, > V), hence, 0K

Along 7 Direction

¥ GOy
r.
Z
| D, 1
| PLAM
From ACTCL113.11, V, = :xﬁ.-,tﬁwm_ WS Kp
Distance song X to design for shoas, 0, = RIS SR I ¥ O 636 M

Check that 0.75 * ¥, = ¥, whene ¥ 5 the shear force for the oritical bad cases at a distance d from the faoe of the pier caused by
bending about the T ads.

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

167



Strap Foundation Design Page 18 of 24

From abowve calculations, 075* vV = 20397  kp
Critical load case for Vis # 212 Tz = Vg, - 542 kip
0TS * N, = W g hence, OK

Diesign for Flexure about Z axis

— e X

;

z

Caiculate the flesoural reinforcement along the X direction of the footing. Find the area of steal required, A, 35 per Saction 3.8 of Reinforced
Concrebe Design (5th ed.) by Salmon and Wang (Ref. 1)

Critical Load Case & 212

The: strength values of stesd and concrele wsed in the fommulae are in ksi

. z
Factor ' from ACTCL10.27.3 for F.' 4 ksi, 0.85
N ' + _
From ACT C. 10.3.2, Flrd = 025 Ty = G -] 0.02851
From ACT O 1033, 7= IR 0.02138
From ACT O, 7122, Fuin = 0.00174
From Ref. 1, Eq. 3.8.4a, constant m = Ty 17.65
ﬁ -
lograz. |
Calculate reinforcement ratio | for critical oad case
Deesign Tor flescure about 7 axds ks performed at the ol =7
face of the pier at a distance, O, = B L 13 f
Litimate moment, e 1914 kiph
B
Nominal moment capacity, M, = T“_ 21.77  lipht
! ) H,
Required F = ;"‘l'}""""-—-.x- 0.00009
. [ Fox ¥ cdy
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Strap Foundation Design Page 19 of 24

Since A T oK

Area of Stesl mm,%: Fo W n Ay 418 inZ2

Find suitable bar arrangement bebween minimum and maximum rebar sizes

Mvailable development length for bars, D, = 0Fnil Togl Toppem 1wE i
Try bar size Mrea of one bar = 060 in2
Mumbesr of bars required, Ny, = . 7

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

Total reinforcement area, & o, = Nyge * (Area of one bar) = 420 in2?
d,= D-C,,. - 0.5 (dia. of one bar) = 180 ft
r- ot 0.00155
Reinforcement ratio, " = P X

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 Fesure about X axis

ru}'i

L] »

PLAMN

Calculate the fMexural reinforcement along the 2 direction of the footing. Find the area of shesl required, A, a5 per Section 3.8 of Relnforced
Concrete Design (5th ed.) by Salmen and Wang (Ref. 1)

Critical Load Case & 212

Thez strength values of Sesd and concrete wsed in the fommulae are in ksl

i -
Factor - from ACT CL10.273 forFS = 4k, 0.85
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Strap Foundation Design Page 20 of 24

From ACICL. 10.3.2, Fbel = 0E5 . | T, m - 0.02851

From ACT 0. 1033, ™= PEe = 0.02138

From ACT 0.7.12.2, Fuin = 0.00173

From Ref. 1, Eq. 3.8.4, constant m = Ty 17.65
I_xu:s: R

c

Calculate reinforcement ratio " for critical load case

Design for flesure about X axis i performed at the

il Ciny Coy=
face of the pier at a distance, O, = Pl bonsg oy 317
Litimnate: mdmenl, nl, - 14,43 m
b
Nominal moment capacity, M, = T“_ 16.02  kip-ft
! - H,
Required P = ;"‘l'}""""-—-.x- 0.00007
_ (E,evm ooy
Snce M, » p o= Mo 0K
Area of Steel Required, A, = b R A 4,37 N2

Find suitable bar arrangement bebween minimum and maximum rebar sizes

Available development length for bars, D) = Wew o 1 v, - 36,00 i
Try bar size Mrea of one bar = 0.79  in2
Numibes of bars reguired, N, = B &

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

Total reindorcement area, & o = Mg * (e of cne bar) = 474 n2
dr = D - Coppee - 0.5 * (. of cne bar) = 172 R
P Jatetz 0.00219
Reinforcement matia, P = P— '

From ACT C1.7.6.1, minimum reqd dear distance between bars
C,; = 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 318-05
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Strap Foundation Design
Analysis Results
Eending Moment Results
Maximum Sagging Maximum Hogging
Lond Case Maomeant Moment
211 0.00kip-ft 6.2 7kip-ft
Design Calculations
Optimization of Beam Size
Basic Design Data
h s mad W — s 1 — A an —
{ACT 1027.3) e = UL = ] =085
denia N =
a — 1 1= =0.0033
(ACT105.1) L)
Pl A3 !I'-L— =0.0285
(ACIBS.43) M AT :
Fzan 072 pp =0.0214
(ACIB103.3) ks :
Modular ratio, m ﬁ =17.6471
Moment Strength Calculation
Moment reduction factor, T = 09
Modulas of elasticity, E, = 20000 ksi
Strain in concrete at extreme compression fiber, = = 0.003
Yield strain of main =,
o ¥ e = 0.0021
resnforcement, ¥ E:
Effective depth, Dy D Cevey, 03D ., Dog.... = 171700
Distance from extreme 3
fiber ko neutral n, = = LO167M
ats at balanced condition, C ke Eg
Depth of equivalent
rectanguiar stress blodk at [riq, = D.BG4 MY
balanced condition, A,
Depth of equivalent
rectanguiar stress blodk at .
masimum ratio of kension Ay = 0.64820
reinfproement, Ao
Moment strength at balanced =
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Strap Foundation Design Page 22 of 24

condition, M, | W A i 0] 1194.27p

Checking of Beam Size

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

Check For Sagging Mament

Obkzined from

Maximum sagging moment, My, o a ; = (.00kip-ft
i Mo sng
Ll!nntesmrqmrﬂi,nm_ T = 0.00kip-ft
,
mdm&: wn 3 = 0.0000kipy ft~2
et

= 1.0000  is greater than zero, it s ok

Chech For Hogging Moment

Obtained from

Haximum hogging mement, My, . anclysis = 6.27kip-it
m_h
Latimate hogging moment, M, . = % = 6.96kpft
My,
Coafficient of resistance, Ru = 2 = D.7866kpft~2
WD
11
I_EEE = 09958 s greater than zero, it is ok
Check For Shear
Maximum shear force, Vo, Dhlaianr::gnm = 0.00kip
Shear reduction factor + =075
Litimate shear forca, V), Vo [ ¥ = 0.00kip
Mominal shear strength of concrete, V, R W 97.33kip
1"11.|._ 4:""":
Shear force to be resisted by stirmups, v, R —— 0.0Dkip
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Strap Foundation Design

Maximum shear force that can be resisted a.-\l'fc',w,p o

by stirrups, V, .. 389.33%kip

Since V isless than V, ., itis ok

Page 23 of 24

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

Final depth of beam, D = 2,00t
Final width of beam, W = 3.00ft
Final moment capacity of the section, M_ = 1194.27kip-t

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

Design For Bottom Reinforcement

% of steel s . _'L..t..j.- |-'.n.§ 0.0033
required, "1 o ™ P fy.] ;

Area of steel v
required, A rec WLE 2472
Area of steel

used, A, , no. of bars used x area of 1 bar 2.60in2

~ m'-
Moment capadity I PH LAy, pypm P - 878y w:;'-l 242.63kip-nt

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

Design For Top Reinforcement

% of stee o 11 fes
Im"m. 1 I'y

required, 754 0.0033
m t e Wl 24702

A:::t no. of bars used x area of 1 bar 2.40in2
Moment capacty mzm- . -...-m::"“r 078 .:l] 247.83Kip-t

Barno. used =4
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Strap Foundation Design Page 24 of 24

MHumber of bars required = 12
Number of reinforcement layess = 1

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

Design For Shear Reinforcement

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

Spadng cakculated from [45ab g )

il - 10,55
boundary condition, Sp

.

Minimum stirup spacing, 1 ,._ﬁ 773
5P ¥
{cannot be ran) 1= Vi Tyt | T
Bar no. used =3
Print Calculation Sheet |
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Appendix L: Hand Calculations - Strapped Footing

@ Stantec
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Appendix M: Excel Spreadsheet - Mat Foundation Models

Model: M1
Mat Design

DATE: 212412015 DESIGHM #: 1
PASS: YES CHECK: DH

Footing

Length 15 ft

Width 16 ft

Thickness 1t

Reinforcement (X-Direction)

Size #14

Mumber 20

Spacing 71in

Cover 3in

Reinforcement (Y-Direction)

Size #14

Mumber 24

Spacing 7in

Cover 3in

Mat Design

DATE: 202402015 DESIGN #: 1
PASS: YES CHECK: DH
CHECKS:

1.0 Foundation Dimensions

Check 1: OKAY!
Check 2: OKAY!

1.1 Shear & Foundation Thickness

Check 1: OKAY!
Check 2: OKAY!
Check 3: OKAY!
Check 4: OKAY!
Check 5: OKAY!

1.2 Reinforcement Design

Check 1: OKAY!
Check 2: OKAY!
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Mat Design

DATE: 2/24/2015 DESHGHM #
PASS: YES CHECK:
L0 Loads
il 23.887 kp
0z 23.887 kip
o2 23.888 kp
o4 23.838 kp
QO 85.55 kip
L1 Structure Dimensions
DOrnpeoi e 141 84 in ¥ Dristarse behwwen midpoint of cobemns
Dmpointy 15050 in ¥ Diistansc Detwesn midpoint of colum s
Drmpei e 1182 #Diistarce betwesn midpoint of cokuTrs
Dmpointy 1254 & W Dristance between midpoint of columns
ColB 283|ft Lergrtn of CoLimn bae
ColL Q83| Lergh of Coimn base
Col Area 0ES f° Breact ColaTn bax

12

2.0

21

N

Material Propertdes

quit 4000| Ib/f
Ve 120 Ib/ft*
Wi 150 Ib/ft*
fir 4000 psi
fy B0,000 psi
Sze Calculations X Direction

i 551 f

& 000

! col f
bmin 14565 f

wet [ Bt

Mim Distance trom columen 1o footin g edee

Wizt ol Soi

Wisightoff Connete

Miimirre bergrtinof side off mat

Lisrgrin of sicke off iart sbecter

CHECK: ORAYY

Size Calculations ¥ Direction
¥ 627 ft
= Q00 ft
¥ B27 f
hmin 1537 &

SR -

Miimirre bergrtinof side off mat

Lisrgrin of sicke off iart sbecter

CHECK: ORAYY

Area,, 24g #°

Totail Anes off thes et
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Mat Design
DATE: 224 /2013 DESIGM #: 1
PASS: ¥ES CHECK: CH

1.0 Mat Thickness

qc 0.398 k/fta
CHECK: OKAY!

Iy 5120 ft
Iy 4500 ft°
¢ 0.ES
B 1 Temzz Twamziz
al 1|ft Fazemct sl tRickecaa 3 1 minfcr roeforcod
bo 733 ez whkowut Porim:
bo EE in
e 157E.222
dmin 4635501 in S Caloclated Sepd® of ooeerele
dused 1[ft nclosicd e o
deff in
OKAY! Sazd s ime
'lrL: 2B.66 hp Faccrcd SEoar Morce
1.1 Pressure on Footing
qn 358 kip/ft
quit 127 f°
Waoid 35E kfft
YVl 22.97 kit
Wy 2648 k

boger §2.215

1.2 W = Vu Check [Two Way)

v, 1532 kip
P, 111E kip
i 10EE kip

CHECK: OKAY!
1.3 Two Way Shear

Y 2121135 kip
CHECK: Ok AY!

1.4 One Way Shear

v 2029 kip
i 1331 kip
CHECK: OKAY!
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Mixt Desiign

DATE: T4 s DESIGH 5 1
PASE: YES CHECEK: DH
10 Dotsmput
= 1zl Omie foot witle strip anahzsd
- o0s

11 Cmbcwiations - X Dinsction

Diistze 1550 1t
Wil 270 ki
Bollm TE.57 ket
ML, 5757 Wit
ML 21442 Wip-in
. 1.21 kipfin®
o 141z 37 B
P [F-EE-EY

oragdy 0.0zzz32

Wi -a

dm Q9
wWirStnrk Qoxs |xbxh

(== 3
= =13
r 13300
_— =
3. RIIWERI &
T Isacrg 7|
Lo aErrl

17 Calculxtions ¥ Direction

Diistar, 1775 1t
Vuocol, 5.20 ko
Bilkm iy .47 Eprit
W, TO.43 Wit
B i E4N.ES wien
=y 1.47 Kipfin~
i 1455 05 Bin”
2 0035
pregdy OLOENE4E
Wi - w

dm o3

(== 3
Sx =15
o rr s
_— 2
S SOEEIEIEEIZ -
[+ 1] Tzazg ?lr
ks L]

Distarce column mid-pt. 10 footing edze )

S E ofuchon Facior = Toeaos

Mir. SiTinkcage & Tamp. R

dcar Cover - Al I
Tz ol e Yoty (See st

SeomBor of Sar st o adbc e Aame

Sumier of Bara ol

Ve o= Alcwatlc Soazeg
Toizziz: Soms g

b= S Tl o

Distarce column mid-pt. 10 footing edze {y)

T gl B Fofuclior Reclcr = Toraoe
Min. S inkages & Tamp. R

Faca o el med! &l g r il lomg

Tz by ]
Sumier of Rary wvsd T ecbeve R
SumBor of Sary sl

Waxmam Allcwalle Szecrg
Telmrizz Loz eg

e T
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Model: M2

Mat Design

DATE: Zizdiz015 DESIGN #: 1
PASS: YES CHECK: DH

Footing

Length 155 ft

Width 155 ft

Thickness 1t

Reinforcement (X-Direction)

Size #14

Mumber 19

Spacing 7in

Cover 3in

Reinforcement (Y-Direction)

Size #14

Mumber 23

Spacing 7in

Cover 3in

Mat Design

DATE: 2i2diz2015 DESIGHM #: 1
PASS: YES CHECK: DH
CHECKS:

1.0 Foundation Dimensions

Check 1:
Check 2:

OKAY!
OKAY!

1.1 Shear & Foundation Thickness

OKAY!
OKAY!

Check 1:
Check 2:
Check 3: OKAY!
Check 4: OKAY!
Check 5: OKAY!

1.2 Reinforcement Design

Check 1: OKAY!
Check 2: OKAY!
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Mat Design

DATE: 2/24/2015 DESIGH &
PASS:  YES CHECK:
10 Loads

a1 23.897 kip

Qz 23.857 kip

a3 23.888 kip

a4 23.892 kip

a 95.55 kip

1.1 Structure Dimensions

Dmpointe 14184 in
D'mpointy 150,50 n
D'mpoint: 1182 #
Dmpointy 1254
ColB 0.83|f
Cal L 0.83|&
Col Area 089 #*

e

1.2 Materal Properties

quit 4000 I8/t
Ws 120/ Iby'ft?
W 150 Ib/ft*
fir 4000 psi
fir 50,000 pd

2.0 Size Calculations X Direction

% 551 it
E, 000 ft
" 55l f
bmin 14.65 ft

bused [ 155|f

3 Dristamon Dt mmicdpoirt of columres
W [Dristamos Detwemn midpoint of oo Lmrs
X Diistarse betwsan midpoint of columns

¥ Dristros b micipoirt of oo Lemrs

Length of Column bese

Lergstini o Colkumn base
Aremof Co e base

i Distamos i m ool bo footing sdee

Wit of Sai

Wit of Comomete

Wi i of side of mat
Lyt o siche off et seber e

CHECK: OHAY!

2.1 Size Calculations Y Directdon

7 B.27 ft
By 000 f
¥ E27 f
hmin 15.37 ft

hused 15.5(#t

i Engih off side of mat
Lt o side off hiat sebe e

CHECK: OHAY!

Ared,,. 240,25, ft°

Total foems off fr= bint
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Mat Design
DATE: zizafams DESIGN #: 1
P ASE: YE CHECK: CH

1.0 mat Thickness

gc 0398 Ktz
CHECK:  OKAY!

b 4810005 ft'
AB10005
i 0BS5S
B 1 SEape Mmmmclor
d 1)t Aapsered il Bideme 1. 1 12 mie foe el oo d
i) 733 ft Beak ol Tl
b EE in ez sl Fesmeter
b 157ES22
dmin 4635501 in
dused 1)t
deff 7307 in
CHECK: oK AY! foazzaime
Vg 2ZBEE kip acicesd SRcar fom

1.1 Pressure on Footing

qn 370 kp/ft
quit 131 ff
Wiz 370 kit
Vul 21E6 kit
VI, 2641 k
B E022E

1.2 Ve = Vu check [Two Way)
iy 153.2 lap
ez 111 .8 lap
iy 108.E lap

CHECK: oK AY!
1.3 Two Way Shear

WL 20.57083 kip
CHECK: ok AY!

1.4 OneWay Shear
W 2024 kp

iy 128.9 lap
CHECK: oK AY!
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DATE: a2 s CESIGN 5 i
PASE: YE OHECK: CH
2.0 Deavtsi bmap wrt
B i 1Z i 1On o0 twide stip an shyped
o oS

11 Cabomlbations - X Direction

Dty 1240 ®
Vol 521 Ep
I, Z135

LT 5158
i TIAZ
Rr, 1=4
Rnb 134430
2 Q007
pregdy 00207435

Winara

B a3
WirSnrk QOoME xbxh

LE e

Far LRI

e 3m
Sac =14
J =
Pl =
S Dr
Tk Tomzeg Te
[ T8 L]

17 Caboulbations ¥ Dirscion

Diist,, 1475 #t
Viucol, 347 Ep
Nl TIAS et
LLT TLTL et
i ZTLES Woein
Rr, 11 Epfin’
Angn 131335 b/
o ooEs

pinegdy 007202
Winara

&= 03

WirSnrk QOME xbxh

LE e

o L
Zaz 3
- =
C =
I, ZENIEEI
Tk Tomzeg Te
Crmk: L]

it o= oo i miit-pt o ooting sdme i)

oyt e dcloe fader in Temie
BN, Shriniage & Terp. Reent

ClearCoer- Al BEo

Tac o ool e foory (doculc)
S re! San wad i e Same
Mmoo San wac

wuromum AloweSc Soeorg

ikt o= op b miic-pt to Footing sdee i)

oyt e dcloe fader in Temie
BN, Shriniage & Terp. Reent

Eemp e Tlmel e 2 e el =g
ClearCoer- Al BEo

ez o sl erfoory (ck o)
Sumic Sary ol o ecMises Aamir
Mmoo San wac

wuromum AloweSc Soeorg
dzziz: Tomsrg
Tow 2

189



Model:

DATE:
PASS:

M3

Mat Design

222015

YES

DESIGN #:
CHECK:

DH

DATE:
PASS:

Footing

Length 15 ft
Width 16 ft
Thickness 15 ft

Reinforcement (X-Direction)

Size #E
Mumber 24
Spacing 7in
Cover 3in

Reinforcement (Y-Direction)

Size #E
Mumber 25
Spacing 7in
Cover 3in

Mat Design

22442015
YES

DESIGN #:
CHECK:

1
DH

CHECKS:
1.0

1.1

1.2

Foundation Dimensions

Check 1: OKAY!
Check 2: OKAY!

Shear & Foundation Thickness

Check 1: OKAY!
Check 2: OKAY!
Check 3: OKAY!
Check 4: OKAY!
Check 5: OKAY!

Reinforcement Design

Check 1: OKAY!
Check 2: OKAY!
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Mat Design

DATE: 2/24/2015 DESIGN &
PASS: YES CHECK:
1.0 Loads

a1 23.887 kip

0z 23.287 kip

a3 23.882 kp

04 23.232 kp

a 9555 kip

1.1 Structure Dimensions

Crmipeoi i
Crrmpeoi ity
Crrmpeoi iz
Drmpeoi ity

Col B
Col L
Col Area
Col cov

14184 in
15050 n
1182 &
1254 f

Q83|
Q83|

1.2 Material Properties

quit
Ve

W
fic

fy

4000| by’
120| Ibyrt’
150| Ibyft’
4000 ps
60,000 pd

2.0 Size Calculations X Direction

?!Jh =i

591 it
Qo0
5591
1465

[ =t

CHECK: OHAN!

2.1 Size Calculations Y Direction

¥

=N

"
hmin
hused

Ares,,.

627
Qo0
627
1537
ft

CHECK: OHAY!

240 £

B Distarice batween midpoint of colen e
¥ D tanos Detvween micpoint of ool
X Distanos betwsan midpoaint of colmrs

¥ Dis tance between midpaint of columrs

Lesrgetin of Column Dxse

Lerggtin of Column bzse

Az off Cobamn Dess

Win Diistance e colm nibo footing sdge

Wizt of Soi

Weight of Concrete

Wi g ih of side ofmat
Lewgetinolf side of Mat seiecied

Minieream g ih of side ofmat

Lengtiof site of Mat sekcisd

Total fums off T et
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Mat Design

DATE: Zfza oo DESIGN #: 1
PASE: YES CHECK: DH
1.0 Mat Thickness
qc 0.388 k/ffta
CHECK: OKAY!
Ix 5120 i’
Iy 4500 ft°
i 0BS5S
El 1 TFazc Taramsior
d 1|ft Fagemat imiml tRickecaa 2 1 minfer ronforead
bo 733
bo EE in
:1}'-"{ 157E.222
dmin Simimm Caloslatcd dcp® of conorelc
dused
deff
CHECK: OKAY! Bazd same
Vi, 2555 kip
1.1 Pressure on Footing

12

13

14

qn 358 kip/ft
quit 127 f°
Wi 358 kfft
Wl 2257 kTt
W, 2448 k
b o5

W = vu Check [Two Way)

v, 4335 kip
v, 3552 kip
hiCa 2890 kip

CHECK: OKAY!
Two Way Shear

Vi 14.3322 kip
CHECK:  OKAY!

one Way Shear
v 1829 kip
i o 255.0 kip

CHECK: oK AY!
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Miat Design
DATE kL] DESKGN &
PALE YES CHECK:

10 Dats input

=) 1z[m One foot widle strip analyzed
P a3

11 Calcmlations - X Dinsction

Distn 13301t Distance coblamn mid-pt. o footing edge (1)
Wincioky 70 kip

Byt g ZL.597 ot

Wi 57.57 ig-ft

ML in 214,42 kip-in

&, .32 kigfin®

Fnm 33474 Wfin

B Q0ES

pinegd x 0LO0SE 22

Wt
Sem k] TR Mofiction Macior in Tomaoe
Wirlkork  QONE  |xDxR Min. SiTnkags & Tamg. Rt
Le T ]

rory (Sdocabic

Somior of Bary o o acbcws Aame

" i 2 HomEe o mara s
I liEITEN ® Waxmum Blewate Szacrg
Tk Lzaz g bl Loizzizk Loan o
[ L] Tow s e

17 Calculations ¥ Direction

Diist, 1735 it Distarce colem e mid-pt. i footing sdee |y
Wiacial, 520 ko
Bytlmod ZT.4T Wit
B, TOLAN gt
Ml i E4%.33 wi-in
- .40 kigfin*
Rl zza.z7 =
B, oo
pregdy 0007101
Wira -
dw (k] TrmeglE TeEeTee tazizeE Temwee
wirstnrk QOE |xbxhk ML St hkage & Teamp. R
LA L)

iz e
Sx =2
r 2302 Mooy of Bary ccd| i ek v Aamie
i = o o Sara e
L 7T B e
Tk Soasg ?lr St Soeorg
e Lz | Toms gt e
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Appendix N: STAAD.foundation - Mat Foundation
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Isolated Footing Design Page 1 of 8
DESIGN OF MAT FOUNDATION
Mat Foundation Design(ACI 318-05)
Job Details
Job Mame: Mat Foundation Design
Included . e —
Support X () ¥ () Z(m)
1 66.917 LK) 50.000
2 66.917 LK) 62.542
3 78.737 LK) 50.000
4 78.737 0,000 62.542
Load Details
Load Case No 110: D + W N-5
Frimary Primary
Serviceability Factor 1,000
Design Fact
Sell Weight Factor 1000
Reactions
R Fa Fy Fz M My Mz
NODE NO (kg (kg (kg (kip-ft (kip-ft) (kip-ft)
42 -0.063 -3.562 1.896 0.000 0.000 0.000
43 0,138 -13.701 1.968 0.000 0.000 0.000
671 0.063 -3.563 1.896 0.000 0.000 0.000
672 0.138 -13.702 1.968 0.000 0.000 0.000
Load Case No 111: D+ W S-N
Frimary Primary
Serviceability Factor 1,000
e 1,000
Sell Weight Factor 1000
Reactions
R Fa Fy Fz M ™ Mz
NILE bo) (kip) (kip) (kip) {kip-t {kip-t) {kip-t)
42 0,138 -13.701 -1.968 0.000 0.000 0.000
43 -0.063 -3.562 -1.8597 0.000 0.000 0.000
671 0.138 -13.702 -1.967 0.000 0.000 0.000
672 0.063 -3.563 -1.596 0.000 0.000 0.000
pad Case No 112: D + W E-W
Primary Pri'm,ary
Serviceability Factor 1,000
file:/C:\Program Files (x26)\Bentley'\Staad Foundation Advanced TWCalcXs'MatFoundatio . 3/3/2015
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Isolated Footing Design Page 2 of 8
Reactions
NODE NO Fu ¥ ; J Me
kip) kip) kip) kip-ft kip-ft kip-ft
42 -3.413 -17.087 0,057 0.000 0.000 0.000
643 -3.413 -17.087 0.057 0.000 0.000 0.000
671 -3.211 0.177 -0.014 0.000 0.000 0.000
672 -3.211 0.177 0.014 0.000 0.000 0.000
Load Casa No 113: D+ WW-E
Primary Primary
Sapviceabiliby Factor 1,000
Degign Fackor 1.000
Salf Weight Factor 1,000
Reactions
NODE 1 - ! = ) y e
kip) kip) kip) kip-it kip-it kip-it
42 3.212 0.176 -0.014 0.000 0.000 0.000
43 3.212 0,176 0.014 0.000 0.000 0.000
671 3.412 -17.088 0,057 0.000 0.000 0.000
672 3.412 -17.088 0.057 0.000 0.000 0.000
Load Case No 120: 0.6 DL + W N-5
Primary Primaqr
Serviceability Fact
Degigin F
Sell Weight Fact
Reactions
HODE MO kip) kip) L||-'. kip-ft kip-ft h|.1l-".
B42 0.023 0.109 1.5911 0.000 0.000 0.000
43 0,098 -10.248 1.953 0.000 0.000 0.000
671 0.023 -0.110 1.511 0.000 0.000 0.000
672 0.0598 -10.249 1.553 0.000 0.000 0.000
Load Case No 121: 0.6 DL + W 5-N
Primary Primary
Servipeability Factor 1,000
Design Factor 1.000
Salf
Reactions
MODE NGO - - e
ki) ki ki) kip-it kip-it kip-it
B42 -0.098 -10.248 -1.953 0.000 0.000 0.000
43 0,023 0.109 -1.911 0.000 0.000 0.000
671 0.0598 -10.249 -1.953 0.000 0.000 0.000
672 0.023 -0.110 -1.911 0.000 0.000 0.000
Load Case No 122: 0.6 DL + W E-W
Primary Primary
file://C-\Program Files (x26)'\Bentley'Staad Foundation Advanced T\CaleXsl\MatFoundatio . 3/3/20135
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Isolated Footing Design Page 3 of 8
Serviceability Factor 1000
Degign Fackor 1.000
Sell Weight Factor 1,000
Reactions
- - - Fz - m Mz
RODE X ki) ki) ki) kip-it kip-it kip-it
42 -3.373 -13.635 0,043 0.000 0.000 0.000
43 -3.373 -13.635 0.043 0.000 0.000 0.000
671 -3.251 3.276 -0.000 0.000 0.000 0.000
672 -3.251 3.276 0.000 0.000 0.000 0.000
Load Case No 123: 0.6 DL + W W-E
Primary Primaqr
Servipeability Factor 1,000
aign Factor 1,000
1,000
Reactions
—— Fa ¥ Fz e v Mz
e ki) ki) ki) Kip-it Kip-it Kip-it
42 3.252 3.277 0000 0.000 0.000 0.000
43 3.252 3.277 0.000 0.000 0.000 0.000
671 3.372 -13.635 0,043 0.000 0.000 0.000
672 3.372 -13.635 0.043 0.000 0.000 0.000
Load Case No 200: 1.4 DL
Primary Primary
Sarviceability Factor 1,000
Design Factk
Sl Waight F
Reactions
—— o o Fz . " Mz
T kip) kip) kip) kip-it kip-it kip-it
B42 0,141 -12.084 -0.050 0.000 0.000 0.000
43 -0.141 -12.084 0.050 0.000 0.000 0.000
671 0.141 -12.086 0050 0.000 0.000 0.000
672 0.141 -12.086 0.050 0.000 0.000 0.000
Load Case No 2102 1.2 DL + 1.6 W N-5
Primary Primary
Serviceability Factor 1.000
Design Fachor  1.000
el Weight Factor 1,000
Reactions
WHDE D) kip) kip) kip) kip-ft kip-ft kip-ft
42 -0.060 -2.247 3.049 0.000 0.000 0.000
643 -0.181 -18.469 3.134 0.000 0.000 0.000
671 0.061 -2.248 3.048 0.000 0.000 0.000
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Isolated Footing Design Page 4 of 8
672 |  o.as0 -18.471 3134 |  o.000 0.000 0.000
d Case No 211: 1.2 DL + 1.6 W 5N
Primary Primary
Sapviceability Facior 1,000
Reactions
— By By Fz . - Mz
TR kip) kip) kip) kip-it kip-it kip-it
B42 -0.181 -18.469 -3.134 0.000 0.000 0.000
43 0060 -2.247 -3.049 0.000 0.000 0.000
671 0.180 -18.471 -3.134 0.000 0.000 0.000
672 0.061 -2.248 -3.048 0.000 0.000 0.000
Load Case No 212: 1.2 DL + L6 W EW
Primary Primary
Serviceability Factor 1,000
tor 1,000
1,000
Reactions
FP—— e Bt Fz . " Mz
NIDE N kip) kip) kip) kip-ft kip-ft kip-ft
42 5420 -23.887 -0.077 0.000 0.000 0.000
643 5420 -23.887 0.077 0.000 0.000 0.000
671 5178 3.170 0.0 0.000 0.000 0.000
672 5178 3.170 0.009 0.000 0.000 0.000
iCese No 213: 1.2 DL + L6 W W-E
Primary F'rim,aqr
Serviceability Factor 1,000
Design Factor  1.000
Selil Weight Factor 1,000
Reactions
" » Fx y Fz . ¥ Mz
e ki) ki) ki) kip-it kip-it kip-it
42 5.179 3.171 0009 0.000 0.000 0.000
43 5.179 3.172 0.009 0.000 0.000 0.000
671 5419 -23.888 -0.077 0.000 0.000 0.000
672 5.419 -23.888 0.077 0.000 0.000 0.000
d Case No 220: 0.9 DL + 1.6 W N-5
Primary Primary
Servipeability Factor 1,000
Design Fackor  1.000
Salil Weight Factor 1,000
Reactions
WO WD) Fa W Fz M My Mz
PR kig] kig] kig] Kip-it Kip-it Kip-it
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Isolated Footing Design Page 5 of 8
42 0,030 0.343 3.059 0.000 0.000 0.000
643 -0.151 -15.879 3.123 0.000 0.000 0.000
671 0.031 0.342 3.059 0.000 0.000 0.000
672 0.150 -15.881 3.123 0.000 0.000 0.000

Load Case No 221: 0.9 DL + 1.6 W 5-N
Primary Primary
Sapviceabiliby Factor 1,000
Degign Fackor 1.000
Seif Weight Factor 1,000
Reactions
- o - Fz ; o Mz
RODE K kip) kip) kip) kip-it kip-it kip-it
42 -0.151 -15.879 -3.123 0.000 0.000 0.000
43 0,030 0.343 -3.059 0.000 0.000 0.000
671 0.150 -15.881 -3.123 0.000 0.000 0.000
672 0.031 0.342 -3.059 0.000 0.000 0.000
Load Case No 222: 0.9 DL + L6 W EW
Primary Primaqr
Servipeability Factor 1,000
Design Factor 1,000
Salil Weight Factor 1,000
Reactions
MEITE M) F o Fz » = e
HODE MO kip) kip) kip) kip-ft kip-ft kip-ft
B42 5390 -21.298 -0.066 0.000 0.000 0.000
43 5390 -21.298 0.066 0.000 0.000 0.000
671 5. 208 5.760 0.002 0.000 0.000 0.000
672 -5.208 5.760 -0.002 0.000 0.000 0.000
Load Case No 223: 0.9 DL + 1.6 W W-E
Primary Primary
Servipeability Factor 1,000
Design Fachor 1,000
Salil Weight Factor  1.000
Reactions
e kip) kip) kip) kip-it kip-it kip-it
B42 5.209 5.761 0.002 0.000 0.000 0.000
43 5.209 5.761 -0.002 0.000 0.000 0.000
671 5.389 -21.298 -0.066 0.000 0.000 0.000
672 5.389 -21.299 0.066 0.000 0.000 0.000
-'\—H.i'.u Thickness{ft Material
Boundary 1000 Concrete
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Isolated Footing Design Page 6 of 8
Soil Details
Boiindary Subgrade Modulus Soil Hesght Abowe: Mat Soil Density Applied Load due o Soi
Boundary 0.083kip/inZ/in 0.000F: 120.00006/ 73 0.000kip/ "2
Mat Dimension
Boundary Name : AutoGens72
Naode No W Coor(it ¥ Cii 1) Z Coonit
17 78.471 0.000 62.288
1B 79.003 0.000 62.288
19 79.003 0.000 62.795
20 78.471 0.000 62.795
Boundary Mame : AutoGenb7 1
Niode No X Coor(it ¥ Cioor 1) Z Coonit
13 78.471 0.000 49.747
14 79.003 0.000 49.747
15 79.003 0.000 50.253
16 78.471 0.000 50.253
Boursdary Mame : AutoGenbd3
Node No X Coor(it ¥ Cosoi 1) I Coon it
9 66.651 0.000 62.288
10 67.183 0.000 62.288
11 67.183 0.000 62.795
12 66.651 0.000 62.795
Boundary Mame : AutoGenbd2
Noda No X Coor(ft ¥ Cio 1) I Coon(it
5 66.651 0.000 49.747
1 67.183 0.000 49.747
7 67.183 0.000 50.253
a8 66.651 0.000 50.253
Boursdary Name : Boundary
MNode No X Coor(it ¥ Cioor ) Z Coon(it
[ 21 £5.000 0.000 48.500
22 81.000 0.000 48.500
23 81.000 0.000 64.500
24 65.000 0.000 64.500
Analysis Results
Node Displacement Summary Table
Node . . e . - : -
- ks Load Case DY) D) O
Rad Fa Rad
Max Dx 1 110 000000 -0.00048 0.00000 00002 0.00000 0 Do
Max Dy 2 22 0.00000 §491223.33333]| 0.00000 0.00039 0.00000 | 30701.46094
Max Dz 1 110 0.00000 -0.00048 0.00000 0, 0002 0.00000 0, Do
Max Rx BO 220 000000 0.02018 0.00000 0.001% 0.00000 0, Do
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Isolated Footing Design Page Tof 8
Max Ry 1 110 000000 -0.00048 0.00000 0, 0002 0.00000 10, Do
Max Rz 1 222 0.0DD00 0,033 0.00000 -0.00055 0.00000 | 30701.46094
Min Dx 1 110 000000 -0.00048 0.00000 0. 0002 0.00000 0, Do
Min Dy 2 213 0,000 -0.04 166 0.00000 -0.00111 0.00000 -758.62750
Min Dz 1 110 000000 -0.00048 0.00000 0, 0002 0.00000 0, Do
Min Rox 93 21 000000 0.04 246 0.00000 -0.00392 0.00000 0.00012
Min Ry 1 110 0.00000 -0.00048 0.00000 0, 0002 0.00000 0, Do
Min Rz 1 223 0.00000 J437388.33333] 0.00000 0 Do 0.00000 27336.77148

Plate Stress Summary Table
. I:_-::: =i Sy 5 5
= kipft2 kip'2) kipfft2) it 2 kipyft? kip-fiit kip-iit kip-fiit
Max SO 16 223 30.46750 | 16.07704 § 0.000OD | 0.00000 | 0.00000 |-79.24924 | 5.B1375 | 34.77990
M SOY 15 223 | -20.0500% | 25.10551 | 0.00000 § 0.00000 | 0.00000 | 2.20863 | 1.B7493 | 9.56435
Mao 5X 1 110 0.0335%3 | 0.04299 J 0.OOOOOD | 0.00000 | 0.00000 | O.048% | 0.07778 | -0.04659
Max SY 1 110 0.033%3 | 0.04299 ] 0.0OOODD | 0.00000 | 0.00000 | O.048% | 0.07778 | -0.04659
Max S 1 110 0.03393 0.04299 | 0.00000 § 0.00000 | 0.00000 § 004896 | 007778 | -D.04659
Max MX 16 222 )-32.23732 ) -17.96679 | 0.00000 § 0.00000 | 0.0000Q § 90.12712 | -6.22540 |-38.91974
Max MY 16 223 30.46750 | 16.07704 | 0.00000 | 0.00000 | 0.00000 |-79.24924 | 5.B1375 | 3477990
Max MXY 16 223 30.46750 | 16.07704 J 0.00000 | 0.00000 | 0.00000 |-79.24924 | 5.B1375 | 34.77990
Min SQX 16 222 )-32.23732 ) -17.96579 | 0.00000 § 0.00000 | 0.00000 § 90.12712 | -6.225%40 |-38.91974
Min SQY 15 222 24.B9568 | -27.57301 § 0.00000 | 0.00000 | 0.00000 ] -1.38497 | -1.53560 | -10.38084
Min 5X 1 110 0.0335%3 | 0.04299 J 0.OOOOOD | 0.00000 | 0.00000 | O.048% | 0.07778 | -0.04659
Min SY 1 110 0.033%3 | 0.04299 ] 0.0OOODD | 0.00000 | 0.00000 | O.048% | 0.07778 | -0.04659
Miin SXY 1 110 0.0335%3 | 0.04299 ] 0.000ODOD | 0.00000 | 0.00000 | 0.048% | 0.07778 | -0.04659
Min MX 16 223 30.46750 | 16.07704 § 0.OQOOD | 0.00000 | 0.00000 |-79.24924| 5.B137% | 3477990
Min MY 248 213 -2.02148 | 0.03779 ] 0.00000 | 0.00000 | 0.00000 | 0.95577 | -6.58576 | -0.04113
Min MY 16 222 )-31.23732 ) -17.96579 | 0.00000 § 0.00000 | 0.00000 § 90.12712 | -6.225%40 §-38.91974
Base Pressure Summary for Service Load conditions
: i * - o ot Base Pregoure
e oot oot Z-Cioor(ft) Load Case iy
kipifE2)
Il A e
Base 2 B1.000 0.000 48,500 213 59991
Pressune
i i
Base 11 72.000 0.000 48,500 110 0.00000
Pressune
Contact Area
. Area z #rea out of of Totl
I Conkact( ft2 REE] onitact{ ft2) Ares
110 253, 50000 99.02344 2.50000 0.97656
111 237 92.57813 15, (00 742188
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Isolated Footing Design Page 8 of 8
112 78.00000 3046875 178.00000 69.5312%
113 94.50000 36.91406 161.50000 6308554
120 82.00000 32.03125 174.00000 6796875
121 62.00000 24.21875 194.00000 75.78125%
122 8. 00000 3.12500 24800000 96, 57500
123 B. D000 3.12500 248.00000 96, 57500
200 256.00000 1060, D000 0.00000 0.00000
210 153, 5000 59.560594 102.50000 40, 03506
211 128.50000 E0.19521 127.50000 49,8465
212 B.00000 3.12500 248.00000 96, 87500
213 B DD 3.12500 248.00000 96, 87500
220 62.00000 2421875 15400000 75. 78125
221 40.50000 15.82021 215.50000 B4, 17965
222 5. WD 3.12500 248.00000 96, 87500
223 B.00000 3.12500 248.00000 96, 87500
Print Calculation Sheet |
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Appendix O: Hand Calculation - Mat Foundation
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Appendix P: User Tips Manual - Stantec Consulting Ltd.
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USER INTERFACE

FOUNDATION LOADING IN STAAD.FOUNDATION

EMEN

NATYONS [SEsance ann |
87 OF SAFETY WITHIN 3
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STAAD rou
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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
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DESIGN PARAMETERS

SPecIries

DESIGN PARAMETERS

FOOTING GEOMETRY

B .

ffarve
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DESIGN PARAMETERS

SUDING AND OVERTURNING

Srecines:

CLUATION

MAIN NAVIGATOR PANE

DESIGN PARAMETERS

ISOLATED FoOmNG
FOUNDATION HAS
CALLED "}

PARAMETERS
ACTIVE I
FOUNDATI

DesiGN PARAMETERS
INCLUDE:

~CONCRETE AND REBAR
ERAND SOOI

SLipme ann OverTy

~FOOTING AND GEOMETRY

~SLIDING AND OVERTUR

-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
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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

215



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
COVER & SOI1L

LRAR Crner

OoF N
BEARMNG CAPAIITY
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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 TIWO BSOLATED
FOUNDAT IR | INNE 0 EY 4L BEAM T
KEAM DOFS NOT TOUCH THESAN BRNEATHIT Iy
1D I TRAMGFER W | NDIATIRAL
FURCE FROW ONE THOET 70 THE UTHEX
S AP FOOYING 1S MOkE EFCTIVE
IMEBINFD POOTING BRAL HEEF )5 1058
INCRETE ) BF UsED
* BICN3Y CREATING TWO IOLATED
FOOTINGS.
-
-» Coxcx "Loans & PucToss” TO OFEN THE
DEOP NENY
> Cucx "Creats Now Loao Casz
> Cucx "Cavaats Loan Congaarion”

THT DROF NDNO

ISATE A STRAP FOOTING
"Cazars mon ST ?

HOWTO! "RAP FOOTING IN

UnNDz: N NAVCATOR! U
> Cuce'DescN’ Strap Focting Detign

> Cuckyss' Strap Footing Designd ACI 318-05)
*  TeE CACULATON SHEET 2AMND GA

DRAWING ARE NOW AVAILAZIE. Sreo Footing 1
Mrap ung i
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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

COMHINED FOOTIN
PARALLEL DR FERPENDICILAR TO
OTHER

> T THE TWD YOU WANT AND THEN
SELECT “CREATE FROM 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
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HOW TO DESIGN A PILE CAP FOUNDATION IN STAAD.FOUNDATION

"I"""""'I"" » {

L —

CE ALL 1SOLATED ROOTING D ) NS HAVE BEEN CREATEDR ANDALL LOAD CASES ARE APPLIED,
THE PILE CAP DESIGN CAN BECIN

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

FOUNDATION
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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

SLAR DESGN TIOCKNESS

BGRADE MOoDULUS
SOIL PROPERTY
BEan SECTIONAL PROFERTY

PILE SPRING VLD ES
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MATFOUNDATION JOB

Pl llfr J\‘ c‘r‘\.'x’ ’,\.C:' r

SPECIFIES:

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

“-WiDTH oF BEam

MAT FOUNDATIONJIOS

MILE LAYON

SreomEs:

-Pue Posmon Tase

OBV 0N

.‘ » & Fow Spacrg

-RECTANGULAR Prs
ARANGEMENT WizASD

-CloumAs Pue ARSANGEMENT
Wizasp
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MAT FOUNDATION
JOB

SEMNERATION
Sercomss:

-ADD MesumG Ricrons

~MESHING Sene At et ng0n

* iy "

S

MAT FOUNDATION

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
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Importing and Exporting
with STAAD.foundation

STAAD.PRO -> STAAD.FOUNDATION
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Introduction

By verifying the applicability and reliability of software used within a company, it is possible to
gain financial benefits, facilifate commmnication across different departments, and ensure the
effective use of company resources. It is important to determine whether software applications
utilized by company employees are encouraging streamlined workflow by funchioning to their
intended standard. Lefting discontinuities or inaccuracies creep into the intricate framework of
structural design and construction projects can lead to wasted resources and delayed schedules.
Having unreliable software applications can increase the frequency of reworks, the possibility of
safety hazards, and the amount of wasted materials.

Project Need

The Power Group at Stantec has previously worked with several different foundation software
programs. The company is inferested in the investigation of STAAD foumdation in order fo
determine range of applicability and reliability within the software package. By engaging in a
parametric study of STAAD foundation, it will be possible to determine the reliability of the
software and identify any pofenfial imitations. This involves the use of STAAD pro m order fo
construct a structural steel model and perform the necessary structural analysis. Once the reaction
forces from STAAD pro have been computed, they can be applied to design various foundation
tvpes. In order to quantify the effectiveness and reliability of STAAD foundation, foundation
tyvpes will be designed through hand calculations and then verified through the STAAD foundation

program.

Design Approach

To wverify the applicability and reliability of STAAD foumdation, reaction forces from a
STAAD pro structural frame model will be obtained. A preliminary foundation type will then be
constructed m STAAD foundation to begin the design process. Reaction forces and loadings
obfained from the structural analvsis in STAAD pro will then be input into STAAD foundation
and the program will design the foundation to meet the specifications of the sitwation. The team
will also design the selected foundation types by hand fo verify the results from
STAAD foundation. This comparison will allow for the analysis of software and design
limitations inherent in STAAD foundation. Once the verifications have been documented, a User
Tips Manual will be created for use by Stantec.
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Background

Stantec Consulting

History

Stantec Consulting was founded 1n 1954 1n Edmonton, Canada by Dr. Don Stanley as a civil and
environmental engineering firm working primarily on water and sewage projects in miral Canadian
towns. Within the first decade, the company grew to a size of thirty emplovees and was awarded
its first major structural project: the redesign of the Peace River Bridge on the Alaska Highway.
Today Stantec is one of the largest design firms in the world, with over 14,000 emplovees in over
230 different offices specializing in architecture, landscape architecture, and engineering.

Company Structure

Stantec is divided info several project areas within the fields of architecture, civil engineering and
landscape architecture, mechanical engineering, and chemical engineering. Within the framework
of Stantec’s corporate Structure, these sub areas are known as Business Centers, or “BC s These
BC’s often have sub groups within them, which collaborate on projects related to their fields,
allowing Stantec to better allocate resources, and befter manage the flow of money from clients to
sub-confractors.

Power Engineering Group at Stantec

The power group at Stantec in Boston, Massachusetts was added to their firm in early 2014'. The
group came to Stantec after many vears with Shaw Power and Stone & Webster. The power group
designs and engineers projects involving heat, power, furbines, and air quality control. The group
looks at traditional resources such as gas and coal, as well as renewable energy resources including
wind and solar power. The power projects include the repurposing of old power plants to be more
economically efficient. The power group is growing on both the East and West Coast of the United
States, allowing Stantec to access a broader clientele.

Foundation Designs

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 caleulated. There are several different types
of design loads including: nommal loads, shear loads, moment loads. and torsion loads. Where
weather is applicable, the bottom of the foundation must be constructed below the frost line fo
prevent cracking from freeze-thaw cycles.

1 hstpewww . stamtec. comy/abous-us/news/ 2014/ stanatec-ad ds-power-en gineering-leam-in-boston-massachusetts hmml
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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-nise buildings where the soil
conditions are exceptional and can bear the load Individual colummns of the building are
constructed on top of the spread foofing 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 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 fo
determine design capability’. 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.
Piles and Pile Caps
Piles L

The use of piles is one of the oldest forms of foundations, = A e :
dating back at least as far the Roman Fmpire. Piles are o '
designed to transfer applied loads of the structure above LT,
through the upper portion of the soil and deep into the F e ,[, ! [
soil below. Typically, piles are used where the soil hasa | < -~ > !
low bearing capacity in the upper strata, but a F .
significantly stronger bearing capacity at greater depths.
Piles can provide an economically viable alternafive to
other types of foundations in soils with this type of
geologic profile as excavation to the firm strata can prove Fisure 1: A TymicaL PiLe Cap DESIGN

to be both expensive and difficult * A typical pile cap design can be seen in Error! Reference
source not found..

WALL

?r».

-

There are two types of piles, end beaning piles and skin friction piles. An end bearing pile is driven
through the weak upper strata of the soil down to bedrock, densely packed gravel, or another

! Tabsh, Sami W and Abdul Raouf AT-Shews. "Effact of Spread Footing Flexibility on Stmuctural Responsa " Sructural Design
and Construction 2005, 10 ed.- 109-114. Web.

! Curtin, W. ., Shaw, Gerry, and Parkinson, Gary. Structural Foundation Designers' Manual Chichester, GBR: John Wilay &
Soms, 2008. ProCuest ebrary. Web. 15 December 2014.
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suitably strong material, in order to achieve ifs load bearing capacity. A skin friction pile supports
the load above by using the friction between the buried section of the pile and the surrounding soil
to keep the foundation in place and provide an adequate factor of safety for the load of the structure.
Often foundations will use both of these types of piles to ensure support for the structure above.

In many instances. it 1s impossible to sif a structure directly onto the piles, which support it. This
can be for several reasons, but occurs most often because piles are rarely in the exact position
defined on in the design drawings. During the process of driving the piles into the ground. they
can wander from their intended position or angle; although this is acceptable. the piles nmst not be
off their horizontal posifion by more than =75 mum. When a pile is not placed accurately, the
columns supported by the pile will not only apply direct stresses to the pile, but will also exert a
bending forcing on the pile. Pile caps are also used when it 1s necessary to distribute the force from
a heavily loaded column over an entire pile group.*

Pile Caps

A pile czp 15 the structural element of a foundation that connects the column with multiple deep
foundations. When using pile foundations, the piles are almost always placed in groups so that
multiple piles will support a single column. In order to distribute the load from the column to all
of the piles, a pile cap is nsed. Nommally these are constructed of reinforced concrete, but a pile
cap can also be a large slab of rock or a treated timber mat.

To account for the potential wandering of the piles or other deep foundation below, the pile cap is
designed to protrude between 100 and 150 muillimeters away from the outer face of the piles,
although the centroid of the pile cap should remain above the centroid of the pile. The design of a
pile cap mmst satisfy punching shear near the individual piles and shafts® and therefore the depth
of the pile cap must be adequate to account for this high shear force ® This effective depth st be
at least 12 inches with a minimum thickness of 18 inches.’

Mat Foundations

Mat foundafions, also known as raft foundations, are a type of foundafion that are considered when
using a spread foundation would not be economiical or reasonable. Mats are considerably larger
than spread footings and generally encompass the entire footprint of a building. This type of
foundation can be considered economical for a variety of reasons, mostly depending on size and
soil condition. If a spread footing 15 being considered and covers more than a third of the footprint,
a mat may be considered as a more appropriate alternative. Additionally, a mat can be used when
dealing with erratic soil conditions because the mechanics of the foundation will successfully

* Curtin, W. ., Shaw, Gerry, snd Parkinson, Gary. Stuctursl Foundation Designers' Manual. Chichaster, GBE: Tohn Wiley &
Soms, 2008. Pro(uest ebrary. Web. 15 Decamber 2014,

*4CT15S

& Curtin, W. G., Shaw, Gerry, and Parkinson, Gary. Stuctural Foundation Desizners' Mannal Chichester, GBE.: John Wilsy &
Soms, 2008. ProQuest ebrary. Web. 15 December 2014.
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bridge irregularities and differential settlements throughout a site. Location of the water table is
another consideration for using a mat foundation. If the foundation is located below the depth of
the water table, mat foundations are beneficial due to monolithic properties and ease of
waterproofing. Depending on design, differenfial structural loads can cause irregular loading on
the footing. in which case, a mat foundation would be beneficial because 1t is able to compensate
for irregular loading. Although mats are able to withstand irregular loads due to both
superstructure bearing and soil conditions, piles or shafts may be necessary in order to fully support
the mat foundation ®

When considering the design analysis of a mat foundation, it can be considered as rigid or non-
rigid. The traditional method to evaluate the design of this type of foundation was to consider it a
rigid structure. Using this approach, a high width-to-thickness ratio is generally observed.
Furthermore, using this type of analysis yields less reliable estimates of shear, deformations and
moments because there is no consideration to redistribution of the bearing pressure throughout the
mat.

The more developed and accurate way to analyze the design of a mat is using the non-rigid method.
Using this analvsis, the interaction between the mat and the underlving soil is assumed to be a “bed
of springs.” With this assumption, deformations can be calculated locally throughout the mat,
rather than caleulating one deformation for the entire foundation, which is unreasonable under the
conditions that a mat foundation is selected. By considering both flexural deflections and
corresponding soil bearing pressure redistribution. non-rigid analysis yields results that are more
appropriate.'°

STAAD pro

STAAD pro 15 a software application that assists professional engineers in the design of steel,
concrete, timber. alumimum, and cold form steel structures with a user-friendly interface,
optimized design and analysis capabilities. It is a product of Bentley Systems, a software company
that specializes in. “comprehensive software solutions for the infrastructure lifecycle™!! The
software allows the user to create three-dimensional models of nearly any type of structure,
featuring flexible modeling supporting over 70 infernational codes and over 20 TS, codes. Three-
dimensional model, as opposed to two-dimensional drawings, allow for heightened awareness of
inferferences within the design By combining mechanical, electrical, and plumbing systems
within a single model. the software allows for integration of structural elements. Additionally,
analvsis and design features. such as nuclear certification, are included within the soffware
package. The interoperability of the software package allows for data exchange across several
different programs. A notable component of STAAD software packages is the ability to link

* Coduto, D.P. Foundation Design: Princinles and Pracitices. Upper Saddle River, New Jersey: Prentice-Hall, 2001 Print.
¥ Thid.

10 Thid

" Benrigy: Sustaining Iyfrasiruciure. 2014, Web. <htip:/www bendey.com/en-US/>,
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models to external project databases. Several different aspects of the model, such as mechanical
and plumbing components, can be imported from third party resources such as AutoCAD. Along
with stroctural analysis and interference reports, STAAT is able to produce virtual walkthroughs
of the models 1

Case Study in STAAD pro

An example of a project that benefitted from the vse of STAAD pro was the design and
construction of the Evergreen Commumnity Power Plant in Reading, Pennsylvania. The project was
contracted by ESI Inc. of Tennessee. and the engineers on the project had no previous experience
using STAAD or Bentley software products. The difficulties associated with this project were
aftributed to size constraints and complexity of the project. Additionally. the customer was
adamant on the use of three-dimensional modeling to ensure that proper operation and size could
be achieved within the provided space.

The project team for the power plant consisted of 19 engineers, including structural, mechanical,
electrical, and instrumentation engineers who were able to mput their components of the design
into the model. The engineers were able to review the model while 3D specialists simultaneously
performed detailed modeling for the plant. The project was streamlined by utilizing STAATY's
integration fools. Two and three-dimensional models from the vendors, which were created in
third party applications, could be imported into the STAAD model. Interference reports were also
generated using this model, opposed to two-dimensional interpretation. These reports identified
major cost saving interferences between different engineering components before construction.
Orerall, the implementation and vse of STAAD saved ESI Inc. about two months on the design
schedule

STAAD foundation

STAAD foundation 1s a used to design and model various types of complex and simple foundation
systems. It 15 also a product of Bentley Svystems. STAAD foundation is designed fo handle
common foundations, such as isolated spread footings and pile caps. It can also tackle foundation
designs for larger and more complex projects. According to Bentley Systems, “efficient design
and documentation is realized through its plant specific design tools, multiple design codes with
US. and metric bar sizes. design optimization and automatic drawing generation™.'* Using
STAAD foundation can potentially benefit nsers of STAAD pro due to the streamlined workflow
between the two programs. STAAD foundation can efficiently input geometry, loads and reactions
from STAAD pro and then effectively produce a foundation design.’” While STAAD foundation
can be used cohesively with STAAD pro, if can also be ufilized as a standalone program.

12 Bendey. STAAD pro. nd. Wab. 10 Decamber 2014. <hitp.'wow. bentley. com'en-US Products' STAAD pra/=.
* Benfley. Company. Bentley Help: Jump-Start 3K Design Services for Green Power Planr. Tune 2008
<hitp./fip2 bentley com/dist'collateral'docs/case_smdies/'CS_ESI Green-Power-Plant pdf-

4 Thid

¥ Bentley Systems. STAAD foundation - User Manual. Fesearch Enginesrs International, 2008, 1-2
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STAAD foundation Program Theory

STAAD foundation allows the user the ability to model complex or simple footings these include;
isolated spread footings. pile caps, strip footings, mat foundations, and octagonal footings.!® The
program designs these various foundation types in accordance with ACI 318-05 code. V7

Foundation Design in STAAD foundation

Isolated Spread Footings and Strip Footings

In the design of isolated spread footings and strip footings, STAAD foundation uses parameters
concerning soil bearing capacity, shear and flexural strength of footing, compressive and flexural
strength of pedestal ' Depending on the bearing resistance of the soil and structure. loading a
footmng plan is determined. The footing thickness is determined by considering shear and bending
capacity. The shear consideration includes punching shear, and one-way shear **

Piles and Pile Caps

According to the STAAD foumdation — User’s Manual the program outputs for pile cap design
include; required quantity, lavout and geometry of the pile cap based on shear and bending strength
requirements at critical sections of the footing *° In order to determine the proper pile arrangement
and design the program user can input bearing. uplift and later capacity, and desired diameter,
spacing and edge distance. In the design of pile caps, STAAD foundation considers the required
shear and bending components at applicable critical sections. !

Mat Foundation

STAAD foundation relies on finite element method (FEM) and slab-on-elastic-subgrade principles
to analyze and design mat foundations ** When applying a load to a plate or mat foundation, there
15 more than one direction for the load to fransverse the plate. Using the finite element method, a
plate can be subdivided into smaller sections in order to obtain deflection information **

Case Study in STAAD foundation

Apollo Tyres Limited: STAAD foumdation Provides Comprehensive Foundation Design

Apollo Tyres Limited in India’s largest automotive tire manufacturer, and is currently in the
process of building a new plant on a 126-acre plot.** The project will include 30 buildings and a
build area of approximately 167220 square meters. The project included some difficult

16 Bendey Systems. STAAD foundarion - User Wanual Fesearch Engineers International, 20040, 2-19

17 Thid.

18 Thid.

1% Bentley Systems. STAAD foundarion - User Wanual. Fesearch Enginesrs International, 2009, 2-4-2-23

0 Thid.

A Thid.

2 Thid.

= Thid.

® dpallo Tyres Limited. 2010, <hrrp.//fip2 bentlay com/dist'collateral/docs/case_smdies/C5_Apollo-Tyres pdf-
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challenges, specifically the large size of the entire structure and need to accommodate heavy loads.
The consulting and engineering firm of Aswathanarayvana and Eswara was awarded the confract
for the project and utilized STAAD pro. and STAAD foundation in the design of the project
The foundation design included 120 support positions and over 30 load combinations. Due to the
complexity of the project, STAAD foumdarion was able to streamline the design and analysis
process. It allowed engineers to sort through massive amounts of data very effectively. By using
STAAD foundation software, the firm was able to save 0% to 60% in design time and saved 12
to 15% in materials*® The firm also saved approximately 80 hours of work per month over the
course of a six-month project period *’

* Thid.
6 Thid
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Methodology

In order to evaluate the reliability and stability of STAAD pro and STAAD foundation. several
design alternatives will be created. The foundation will compare the transparency of the Building
Information Modeling software between STAAD pro and design and analysis process within
STAAD foundation. Hand calculations will be performed in order to verify the accuracy of the
software's analysis capabilities. The three main objectives for this project include:

Objective 1: Define scope of the project
Objective 2: Evaluate various foundation designs obtained from STAAD. fonndation
Objective 3: Create user tips manual for engineers at Stantec Consulting Ltd.

Objective 1: Define Scope of the Project

Task 1: Define reference structures and loadings

In order to begin designing various foundation types. it will first be necessary to establish the main
reference structure. Determining the reference structure narrows down the scope of the project by
directing the focus onfo a particular set of design structures. Optimally, this reference structure
will be based off of recommendations by Stantec. Once the reference structure 1s defermined, it
will be possible to define necessary parameters to aid in the design of the foundations. These
parameters inchude: location of the structure, foundation geometry, the structure’s purpose, etc.
Defining the reference structure and these parameters is the initial step in defermining the loading
and forces present in the foundation system.

Task 2: Define range of parameters and other variables

Having defined the type and function of the reference structure, a range of other parameters needs
to be established. These parameters include information about the intended use of materials along
with a range of so1l paramefers. For the design calculations, material properties to be determined
include: strength of concrete, yield strength of steel maxinmum and minimum bar size, clear cover
values, and initial thickness. Soil parameters to consider include soil types. unit weight of soil,
and soil bearing capacity.

Task 3: Design structural frame model and perform structural analysis in STAAD pro

Once the reference structure and the range of parameters has been defined. the structural frame
model can be designed and structural analysis completed in STAAD pro. STAAD pro provides
design analvsis for linear static, P-Delta, nonlinear, and several tvpes of dynamic analvses. Further
review of these various types of design analyses can be found in Appendix A, Corresponding data,
such as load and statics check information can be included and printed within the report.

10
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Objective 2: Evaluate vanious foundation designs obtained from STAAD foundation

Task 4: Input project parameters and calculated reaction forces into STAAD foundation and
generate foundation model

When starting a design in STAAD foumdarion, the user first creates a Project to hold all the
pertinent information about the foundation design. This includes the physical information about
the foundation and data about the structure that the foundation will support.”® Sefting up the
general parameters, structural geometry, and structural analvsis of a project in STAAD foundation
can be either done through the input of data manually or imported from STAAD pro. Manually
inputting the project information involves entering support coordinates, defining structural loads,
specifying design constraints, and entering design parameters.” Importing structural geometry
and analysis results from STAADpro into STAAD foundatfion creates a streamlined design
process. Integrating the two programs allows the foundation design to be seamlessly combined
with analysis of forces and moments in the superstmucture. To take advantage of this streamlined
process, this project will import the structural analysis from STAAD pro into STAAD foundation.

The design and analysis of a project in STAAD foundation varies depending on the intended tvpe
of foundation project. The specifics of this project’s structural geometry, foundation type, and
support reaction have not vet been determuned. Therefore, a brief overview of the design and
analysis process in STAAD foundation for isolated footings. strip footings, mat foundations and
pile caps will be discussed.

Isolated footing Design:3
-Define design paramefers: concrete and rebar, cover and soil, footing geometry, sliding
and overmming, and design

Mat Foundation Design:

-Create grid and define the mat boundary

-Create a mesh
In order to evaluate the reliability and continuity of STAAD pro and STAAD foundation. several
design alternatives will be created. These alternatives will be designed and analvzed within
STAAD foundation, using loading results exporied from STAAD pro.  Additionally, hand
calculations will be performed in order to verify the accuracy of the softwares’ analysis capabilifies.

-Define soil properties
-Analyze the slab

* Bentley Systems. STAAD foundarion - User Wanual. Fesearch Enginesrs International, 2008, 2-20.
B Thid
* Thid.
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Slab design:3!
-Generate moment envelope
-Design the slab
-Create reinforcement zone for reinforcement lavout

Pile Cap Design:*
-Enter pile data: vertical, lateral and uplift pile capacities for each support, pile diameter,
spacing, and distance of the edge from the corner piles
-Enter pile cap design parameters: strength of concrete, yield strength of steel, maximum
and minimmum bar size, clear cover values, and initial thickness
-Perform pile cap analysis and view results

Strip Footing Design:*
-Input strip footing design parameters: unit weight of concrefe, minimum and maxinmm
bar spacing and size, strength of concrete, yield strength of steel, clear cover values, unit
weight of soil, and soil bearing capacity

Task 5: Develop foundation model through application of hand calculations

The design of foundations throungh hand calculations will be completed in accordance with the
various design procedures, as described in Appendix B. These hand calculations will use the same
input parameters as were used in the development of foundations in STAAD foundation and will
be generated within MathCAD. Additionally, loading and force specifications pertaining fo
calculations will be determined in accordance with specifications and standards defined by the
client's needs.

Task 6: Analyze reliability of STAAD foundation and identify any shortcomings in the software
In order to properly determine the reliability of STAAD foundation. we plan to complete various
structural designs with STAAD pro and then import them into STAAD foundation to initiate the
analvsis of the software. Within STAAD foundation: isolated footings, mat foundations, slab
design. pile caps, and strip footings will be analyzed. Once this has been completed. the results
generated by the program will be compared to the calculations that the team has completed by
hand to check for any potential errors or variafions made by the program. The program will be
examined by comparing the results and formulas on the STAAD foundation Calculation Sheet to
hand calculations and will be checked for output forces, moment resultants, shear stresses, and
flexure.

 Bendey Svstems. STAAD foundarion - User Wanual. Fesearch Enginesrs International, 2009, 3-56.
* Thid, 3-72
* Thid, 3-85
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Objective 3: Create user tips manual for engineers at Stantec Consulting Ltd.

Task 7: Summarize the overall efficiency of STAAD foundation

We will be looking at different types of foundations mthm STAAD foundation to determine the
overall effectiveness and accuracy of the program's design. We will be able to determine the

efficiency of the foundation through the design process. From the output of the program. we will

be able to determine the foundations shear forces, bending moments, and rigidity of the foundation

for the structure. Using the outputs from the program and comparing them to our hand calculations

will allow us to see potential deficiencies in the program.

Task &: Develop step-by-step user fips manual that can be utilized by Stantec engineers

Based upon trials that will be lmdatgonﬂ il C—Te:tm__ a database for user tips will be developed.
Through exploring the program and designing foundations based off of structures, we will be able
to find techniques that are easier for users. This user tips manual will include information on how
to export a STAAD pro model into STAAD foundation and step-by-step instructions on how to
set up parameters in STAAD foundation. In order to alert Stanfec engineers of any issues in
STAAD foundation, the user tips manual will also highlight any limitations or inaccuracies.
Creating a user tips manual will help Stantec emplovees understand and trust designs computed
by STAAD foundation.

Deliverables
This project will produce a report detailing our study on STAAD foundation, which will act as

both a summation of our time with Stanfec Consulting and as a summation of all of the
deliverables created. Additional deliverables will include multiple foundation designs and
analvses that were calculated by hand, as well as the companion caleulations and analvses that
were produced by STAAD foumdation. These designs will be compiled to show the various
design alternatives and will include information relating to the viability of the designs. An
addiftional user tips manual and analysis of STAAD foundation will be produced to provide
Stantec with an overview of the capabilities of STAAD foundation, as well as to provide future
users with a svnopsis of any potential errors or shortcuts.
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Schedule
A proposed schedule for the project can be seen in Figure 2. The Gantt chart relates the project
objectives and tasks to a timeframe spanning between Jamuary 15, 2015 and March 5, 2015,
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Compare STAAD foundation designs 1o hand cakuleted designs
Analyze r2liahility and identify ary shomromings in the softwane
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FIGURE 2: STANTEC STRUCTURAL GROUP GANTT CHART
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Capstone Design Statement

Capstone Design

The Accreditation Board for Engineering and Technology (ABET) must demonstrate knowledge
and skills acquired in earlier coursework through a capstone design experience. A capstone design
experience must incorporate engineering principles and realistic design constraints. This Major
Chnalifying Project (MQP) will incorporate the following five design constraints:

Economic: When designing various foundation types. economic constraints will be considered in
order to create designs that are cost effective and vse economical materials.

Environmental: The designs for various foundations will consider environmental impact.
Constructability: The project will be designed with the feasibility of construction in mind. This
includes considering effective use of resources, labor, construction time, and maintenance.
Ethical: The designs will be developed to comply with the principles set forth by ACT Standards
and the American Society of Civil Engineers (ASCE).

Health and safetv: Foundation designs will be conscientionsly designed keeping the well-being
of those constructing the design and the future vsers in mind. The designs will meet the
requirements of the governing regulatory codes and comply with the pertinent industry standards.
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Appendices
Appendix A: STAAD pro program overview
Linear Elastic Analysis

The command to mun a linear analysis is shown in Figure 3. If any part of the analysis
command shown is missing, it will not be performed. Furthermore, these additional reporis can
be generated if analvses are necessary for different phases of the design.

PERFORM ANALYSIS (PRINT { LOAD DATA | STATICS CHECK
| STATICS LOAD | BOTH | ALL})

FiGure 3: 5Tamic Anavysis CommMAND LINE

This command directs the program to check whether all necessary information is provided,
form the joint stiffness matrix, check the stability of the structure, solve simultaneons equations,
and compute the member forces and displacements. Additionally, STAAD allows multiple
analyses to be run at once, wlich allows for optimized design and simultaneous attainment for

load-dependent structures.

P-Delta Analysis

The software package allows for several options for the P-Delta analysis, differing based
on the desired effects to the structure. Different effects include small and large delta, large delta
only, or analysis including stress-stiffening effect on the KG matnx. In order to attain a proper
analvsis, three fo thirty iterations should be specified in the command. Furthermore, global
buckling can occur during this analysis, in which case the results should be neglected. An example
of command base on small and large delta effects can be seen below in Figure 4.

PDELTA ANALYSIS

PDELTA 5 ANALYSIS

PDELTA ANALYS5IS CONVERGE

PDELTA ANALYSIS CONVERGE 5

PDELTA 28 ANALYSIS SMALLDELTA PRINT STATICS CHECK

Ficure 4: P-DELTA ANarysis Coaniann Live
Buckling Analysis
This command directs the soffware package to perform analysis that includes solving for
the static case, reforming global joint stiffness matrix fo include the Kg matric terms, and solving
simultaneous equations for displacements. If the loads must be in opposite directions, the program
will automatically stop iteration after the one iteration. Addifionally. convergence will occur if
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two successive iterations are within 0.1% of each other. An example of the buckling analysis
command can be seen below in Figure 3.

FERFORM BUCKLING ANALYSLS MAKSTEPS 15 -
PRINT LOAD DATA

FIcURE 5: BUCELING ANALYSIS CoMMAND LINE

Direct Analysis
This type of analvsis will reflect the secondary effects of a combination of load cases that

are defined as repeat loads and reference loads. Furthermore, the analysis will solve simultaneous
equations for displacements. reform the global joint stiffness matrix and repeat vntil the iterations
converge. An example of a command for this analysis can be seen below in Figure 6.

PERFORM DIRECT ANALYSIS { {LRFD or ASD} TAUTOL 1 DISPtol f2
ITERDIRECT i3 (REDUCEDEI i4) (PDiter i5) PRINT print-options)

print-options = { LOAD DATA | STATICS CHECK | STATICS LOAD
| BOTH I ALLY}

FiGuRE 6: DRECT ANaLYsIs CommanD LINE
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Appendix B: Foundation Hand Calculations

Isolated spread footings
Compute the footing-plan dimensions Bx L.

For a square footing B X B:fﬁ

For a rectangular footing B x L = %

Q is the critical load combination

Convert the allowable soil pressure fo an ultimate value for use in USD,
Find the “ultimate” bearing qr=—"
Make sure qo<
Calculate the allowable two-way action shear stress
For a square footing, check for diagonal tension:
Vall = 40V(f'c)
For a rectangular footing, check for wide beam shear:

Vall < 20V(f'c)

Find the effective footing depth
For the case of a square column
= qlﬂ' qﬂ . z_ e qI:I _
d? (Ve + 1]+ d(lf’c+?)u (B2 —w)g=0

For the case of a round column (a = diameter)

a2 (Ve + ‘%’) +d(ve+ %)a— (BL - AN,)%= 0
Compute the required steel for bending and use the same amount each way for square footings. Use
the effective d to the intersection of the two bar lavers for square footings if d = 12 mm. Ford = 12
in. and for rectangular footings use the actual d for the two directions. The bending moment 1s
computed at the critical section (face). Check the steel ratio verses minimum and maxinmim steel

ratios.

(=]

_qlL

(el
Mu T = ﬁdsf}r[d —E}
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Compute the column bearmg and use dowels for beanng if the allowable bearing stress is exceaded.
Mininmm dowels must always be provided. If dowels are required, the length nmst be adequate for
compression bond.

As = ﬂ'ﬂﬂs(‘qcolj
Draw a defailed design based off the information vou found above.

Piles and Pile Caps
The size of a pile cap is dependent upon the spacing of the piles below and the soil type. The first

step 15 to assume a pile type and material based on economic need and site conditions. Following
this, the vltimate bearing capacity of a single pile should be calculated to determine the design pile
capacity, obtained from the application of a factor of safety. Once the ultimate bearing pressure of
a pile is found, the number of piles needed to support the load can be determined. To space the
piles, the center-to-center distance between them is assumed to be between 2.5d to 3.0d. Spacing,
however, should be kept as small as possible, unless the site has heavy obstruction, to keep from
increasing the cost of the individual pile cap ™

Ultimate bearing Capacity is found using the equation:
Quit = Qp + Qf
Where:

;- =Ultimate bearing capacity of pile
Q, =Theoretical bearing capacity for tip of foundation
@7 =Theoretical bearing capacity due to shaft friction

Mat foundations
Evaluating a design for a mat foundation is similar to the process of evaluating a shallow

foundation. however, additional factors such as the coefficient of subgrade reaction, are accounted
for. The equation for evaluating the coefficient of subgrade reaction is calculated as follows:

k.g-:

|

Where:

* Rajapakse, Ruwan. Pile Design and Construction Rules of Thumb. 2008,
<htip./'app knovel com'hotink toc/id: kpPDCE T2 ‘pile-des ign~consmmction pile-des izn-constmction =,
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k. = coef ficient of subgrade reaction
q = bearing pressure
4 = settlement

Seftlement is calculated using the equations as discussed for shallow foundations. Additionally,
the coefficient of subgrade reaction can be recalculated based on the defined zones of the mats.

Since the inferaction between the mat and the underlying soil is treated as field of springs. the sum
of the spring forces must equal the applied structural load plus the weight of the mat as shown
below:

YP+Wr—up = [ qdA = [ 6k dA.
Where:
ug = pore water pressure along base of the mat
g = bearing pressure between the mat at soil
A = mat soil contact area

§ = settlement at a point on the mat
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