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Executive Summary

PROJECT TITLE: The Seattle Building
PROJECT ID: CEEn_CPST_012
PROJECT SPONSOR: American Institute of Steel Construction
TEAM NAME: JJAS Engineering

Most tall buildings use reinforced concrete walls in the core of the building to resist
wind and seismic loads. However, conventional core walls must remain elastic when
subjected to wind loads. This can prevent ductile behavior when subjected to seismic
loads. This project is part of an ongoing research effort at BYU sponsored by the
American Institute of Steel Construction to explore the potential of coupled composite
plate shear walls filled with concrete to allow inelastic wind behavior.

The objective of this project is to produce ductile core wall designs for a 46-story
building located in Seattle, Washington. One design will be produced for a 110-mph
wind. The focus of the project is on the design of the core walls only. The design of the
surrounding gravity frame, the foundation design, and connections and detailing outside
the core wall area are beyond the scope of the project.

Sequential Tasks

1. Determine Dead, Live, and
Wind  loads (“Story
Forces”) for each story

2. Learn how to and design
C-PSW/CF walls

3. Design the coupling beams

Completion
Date

01/30/2022

03/31/2022

04/05/2022

Ongoing Tasks
Prepare design
Documents (deliverables)
● Structural calculations

report
● Revit models of the

core walls
● Core wall modeling

tool

Completion
Date

04/11/2022

Our deliverables are a structural calculations report, structural drawings of the core
walls, and revit models of the core walls.

Page 2 of 31



Table of Contents

Introduction Page 5

Schedule Page 6

Assumptions and Limitations Page 7

Design, Analysis & Results Page 8

Related Issues Page 15

Lessons Learned Page 17

Conclusions and Recommendations Page 17

Appendix A - Additional Figures and Tables Page 18

Appendix B - Resumes Page 28

Page 3 of 31



List of Figures

Figure 1: Ground Level Dimensions Page 8

Figure 2: Floors 1-15 Page 10

Figure 3: Floors 16-30 Page 10

Figure 4: Floors 31-46 Page 11

Figure 5: East-West Interaction Curves Page 11-13

Figure 6: North-South Interaction Curves Page 14

Figure 7: Idealizations Page 21

Figure 8: Final Design Models Page 24-27

List of Tables

Table 1: Dead Loads Page 8

Table 2: Wind Parameters Page 9

Table 3: Wind Forces Page 9

Table 4: Gantt Chart Page 18-19

Table 5: Shear Wall Material Properties Page 20

Table 6: Wind Loads per Story Page 22-23

Page 4 of 31



Introduction

The objective of this project is to produce ductile core wall designs for a 46-story
building located in Seattle, Washington. Dr. Judd has generously made himself available
for meeting with us as much as weekly to provide guidance. Most of the work was done
individually, but we’ve met at least once a week to coordinate.
Our deliverables include:

● Structural calculations report
○ A calculations report for the core walls is the most important part of the

project and is what AISC is requesting. There are three types of walls
depending on their shape. The most basic is the C-Shaped panel, used
primarily the outermost core walls. Then the I-shaped walls, and then the
straight walls coupled together with beams in the center.  Our design
begins with the C-Shaped panels in the North-South direction and then
will transition to the coupled walls in the East-West direction and end
with the design of the coupling beams.

● Structural drawings of the core walls
○ To scale drawings of the core wall designs as a pdf.

● Revit models of the core walls
○ Scaled models in Revit of the structure’s core in three different sections

of the building
See task break-down and completion dates below:

1. Determine dead, live, and wind loads - 01/30/2022
a. Determine Dead Loads

i. List Dead load sources
ii. Determine Dead loads for various floors
iii. Prepare summary/report
iv. Revise as needed

b. Determine Live Loads
c. Determine Wind Loads

i. Determine wind loads for North-South direction
ii. Determine wind loads for East-West direction

2. Learn how-to and design C-PSW/CF walls - 03/31/2022
a. Research and understand how to design the C-PSW/CF walls
b. Design the walls in the North-South direction
c. Design the walls in the East-West direction along with the coupling beams

3. Design the coupling beams - 04/05/2022
a. Design the walls with coupling beams in the East-West direction

4. Prepare design documents - 04/11/2022
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Schedule
We anticipated the project would be completed by March 31st, 2022, but it was

instead completed by April 5th, 2022. We allocated 78 days to determine loads in which
time we were able to successfully determine the dead and live loads per story of the
building. Then, using ASCE 7-16, we were able to determine the wind loads on the
building in both the North-South, and East-West directions at each floor of the building.
We then gave ourselves 24 days to design the walls and coupling beams. This we were
able to accomplish by using a design example found in Volume 1 of the “Companion to
the AISC STEEL CONSTRUCTION MANUAL,” for both the North-South, and East-West
directions for each third of the building. We were then able to design the coupling
beams for each story in the East-West direction. We worked on the design documents
along the way, for a total of 102 days. Each task has been added to our Gantt chart, with
each sub-task.

See Gantt chart in Appendix A.
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Assumptions & Limitations

Even though our building is fictitious, it needed to be realistic. However, due to the
nature of our project only lasting a few months, and the amount of time that would be
required to fully design this building,  there needed to be limits and assumptions in order
to design our building in the time given.

● Our assumptions include:
○ The governing force on our structure would be the 110 mph wind; seismic

forces were not considered when designing the core walls.
■ This wind speed is assuming the worst case scenario in Seattle,

Washington according to ASCE 7-16
○ The foundation design was to be adequate
○ The vertical loads will be distributed among steel beams, girders, and

columns which are also adequate
■ The core walls will only be supporting its own weight

○ Welds and other construction connections required to construct the walls
will be adequate, and thus won’t be detailing out how to manufacture the
walls

○ Live load will be 100 psf
○ The composite walls are essentially a composite HSS pipe, but in larger

scale
○ Risk Category will be III and Exposure will be C according to ASCE 7-16
○ The building is Flexible or Dynamically Sensitive to calculate the gust force

according to ASCE 7-16
● Our limiting factors include:

○ The wall strength must meet within the safety factor that we calculate
○ Our steel plates can be no less than ⅜” thick
○ For the coupling beam walls, the beam length divided by the beam depth

must be between 3 and 5
○ For the coupling beam walls, the total height divided by the length of one

wall must be greater than 4
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Design, Analysis & Results

Our design and analysis process consists of 5 steps. The first step was to
familiarize ourselves with ASCE 7-16 and how to use it to determine the dead, live, and
wind loads. We then determined the building’s dead and live loads. After determining the
dead and live loads, we began our analysis of the wind story forces. Once we had
determined the live, dead, and wind loads for our building, we were able to begin
designing the C-PSW/CF core walls. Our final step was designing the coupling beams.

Dead Loads
The first step in the design process was to determine the dead and live loads that

would be acting on the structure. To do so, we used the following building description
and floor schematic:

Building description: The building is to be 100-ft wide by 150-ft long with a 3 by 5
bay layout. The shear walls are located in the service core area.

Figure 1: Ground Level Dimensions
Using the above schematic we were able to use the designated material shapes

to determine the weight of the materials. This data was then used to calculate the frame
dead loads.

Table 1: Dead Loads

If a live load is to be considered 100 psf will be used.
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Wind Load
An exposure category C, risk category III, and a basic wind speed of 110 mph is

the basis for the wind design. Using ASCE 7-16 we determined the wind loads for the
North-South and East-West direction. Below are some of the relevant numbers in
calculating the wind loads. A full summary of the wind parameters and loads has been
included in the appendix of this report.

Table 2: Wind Parameters

The core wall design has been divided into three sections. The top: roof to 31st
story, the middle: 30th story to 16th story, and the bottom: 15th story to ground level.
The loads on the core walls are worst case as the lower the story is, therefore we
designed corewalls according to the loads at the 31st, 16th, and ground level for both
the directions.

Table 3: Wind Forces

The wind force accumulates as we go down the structure, so a cumulative force
(Vx) was used as the story force.

Designing the C-PSW/CF Walls
The East-West walls were idealized, similar to a moment frame, having two piers

with a coupling beam connecting them at each story. The piers need to be designed to
resist the axial shear and moment caused by the wind load as well as axial load due to
the dead load of the structure. The wind load on the frame causes one pier to be in
compression and one in tension.
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The coupling beams were to be designed such that a plastic hinge will form
where the coupling beams connect to the piers before a hinge would form at the base of
the frame. To create this relationship we calculated the loads on the piers and then back
calculated the loads required for the beams. A full summary of this process is included
in the appendix.

Figure 2: Top View of Floors 1-15
The North-South walls were simpler in design as they are wall sections. We

idealized the walls as cantilevered columns and found the loads they are required to
resist. A summary of this process is included in the appendix.

Figure 3: Top View of Floors 16-30
To calculate the composite plate shear wall capacities for flexure and axial

strength we plotted an interaction curve based on the shear wall geometry. The plate
thickness and the thickness of the wall section were the most relevant variables. An
increase in either increases the flexure and axial strength, though note that the thicker
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the wall the heavier the wall becomes. At the base of the structure the compressive load
can become the governing factor of the design, so keeping the walls thinner above aids
in keeping the compressive loads small.

Figure 4: Top View of Floors 31-46

East-West Wall Design
The coupling beam's effect on the pier walls is the coupling ratio and is similar to

a ratio of the stiffness of the beams to the pier walls. We designed for a coupling ratio
as close to 0.6 as we could get while keeping the beam to depth ratio between 3 and 5.
An average coupling ratio for all three designs is closer to 0.7. We could potentially get a
smaller coupling ratio by shortening the beams, analyzing fewer stories per design,
making the beams thinner, or making the walls thicker. We kept the beams at 10’ in
length for convenience, as that would mean we have (2) 10’ piers and (1) 10’ beam. See
a summary of the East-West wall design below:

Figure 5: East-West Interaction Curves
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Figure 5: East-West Interaction Curves Continued
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Figure 5: East-West Interaction Curves Continued

Page 13 of 31



North-South Wall Design
The North-South wall design was mainly controlled by axial compression as the

dead load of the walls above became quite high near the base of the structure.

Figure 6: North-South Interaction Curves
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Related Issues

There are many issues that impact every project that need to be addressed. They
include public health, safety, welfare, global factors, cultural factors, social factors,
environmental factors, and economic factors. These are important to consider because
every job has or will have issues and it is better to address them before they happen so
that they can be prevented or reduce their effects if at all possible.

The first issue is public health. The most likely impact to public health is the
pollution created through the production process of the materials that will be used in
the building. The main materials are concrete and steel. Cement production releases
sulfur dioxide, nitrogen oxide, and carbon monoxide into the atmosphere. When sulfur
dioxide mixes with water and air, it becomes sulfuric acid, also known as acid rain.
Nitrogen oxide damages vegetation which includes crops that provide people all over
the world with food. Carbon monoxide affects greenhouse gasses and global warming,
which could eventually lead to extreme weather changes. Steel production releases
carbon dioxide, naphthalene, and many more. Carbon dioxide affects the greenhouse
gasses like carbon monoxide. Naphthalene is toxic and it is used to kill insects and
repel animals. While the concrete and steel will not be produced on site, the health of
the people producing it will be affected and the pollution will add to what is already
there and eventually affect everyone.

The second issue is public safety. The most obvious concern is that the building
is 46 stories so if it were to fail anywhere in the design, that would cause a lot of
casualties. Because that has been a problem for tall buildings in the past, there are
safety factors built into the calculations for building core walls like the ones we’ve
designed. It is also designed so that the beams will yield before the walls will fail so that
there is plenty of warning and so that they can be repaired or replaced before they fail.

Public welfare is the next issue and it is very similar to the last two. Pollution and
potential beam or wall failure are always a risk with new structures and that’s why there
are safety factors built into the calculations.

Global factors also include the pollution that was mentioned with the public
health issue. Another factor that involves the rest of the world is where the materials are
coming from. While we would not need to buy the steel or concrete from another
country because the United States makes their own steel and concrete, we would still
need to purchase some of the materials used to produce steel and concrete from other
countries. In some cases it is cheaper to buy materials from somewhere else and have
them shipped than to make it on-site because of how much the materials cost in
different places. So even if we produce our own steel, we will still likely have to import
products in order to make our own steel.
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Cultural factors will not play as big of a role as other issues on this list. People in
Seattle are used to large buildings being built. Some things would change like how there
will be more places to live or work. The area that the building will be constructed in was
used for something previously and some people that live and work in that area already
might want to leave that area the way it was and not add a new building. Public wants
need to be considered too.

Social factors are similar to the cultural factors in that the people in the area will
be used to large buildings being built around them so that won’t be anything new. Going
along with that line of thought though, those same people might want the large scale
building productions to stop. Take, for example, the people of Provo who want the
construction on the highway to be done because it has been a work in progress for
years. The people in Seattle might also want to keep the land that is being used for the
building as whatever it was already being used for. As was mentioned before in the
cultural factors section, whatever was there originally might have been something that
the people living around there wanted to keep.

The most impactful environmental factor is, once again, pollution: acid rain,
global warming, extreme weather conditions, etc. There is also the issue of finding
somewhere to put all the waste from clearing out what was already in the area and also
the products of making concrete and steel.

Economic factors include the cost of steel and concrete production and also
labor costs. Steel costs about $520 per ton to be produced and concrete costs $8 per
square foot to be poured. Our building is around 34000 tons total. Just for the materials,
this is a multimillion dollar project. With labor costs and everything else, this project will
cost well over $20 million. The economy is also affected by pollution because pollution
affects crops which affect the public and the economy.
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Lessons Learned

The most frequent challenge we encountered was a lack of communication when
team members had things come up in their schedule, and weren't able to meet for team
meetings. We saw this as a problem because if a team member didn’t show up we didn’t
know if they were late, or were absent. Moving forward we as a team made a
commitment that whenever one of us won’t be able to make it that it must be
communicated.

Another challenge was that we would have frequent errors when doing our
calculations. The only way to overcome this was double checking our values, and
finding what went wrong. This allowed us to be patient, and allowed us to be more
observant for future calculations.

Conclusions and Recommendations

We have concluded that a C-PSW/CF core building has sufficient strength and
ductility that it can be used to adequately resist wind loads. Our design of the core walls
and coupling beams for a 46 story building located in Seattle, Washington, are adequate
for wind speeds of 110 mph. Further, as was stated in the design requirements, we have
found that our designed coupling beams will fail before the shear walls. These
conclusions are accurate, and are supported by our analysis, described above.

From our conclusions we believe that the following recommendations should be
considered before applying the C-PSW/CF method to future projects:

● Our shear wall design should be modeled to scale and then tested to
ensure that the design will work as predicted by our analysis

● A C-PSW/CF design that has been analyzed, tested and found adequate
for wind loadings, should be analyzed to see if the same design is
adequate for seismic loading

We believe these recommendations will allow the C-PSW/CF method to be refined, and
implemented safely in areas with both strong wind and seismic activity.
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Appendix A - Additional Figures and Tables

Table 4: Gantt Chart
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Table 4: Gantt Chart Continued
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Table 5: Shear Wall Material Properties
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Cantilever Column Idealization

Frame Idealization

Figure 7: Idealizations
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Table 6: Wind Loadings per Story
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Table 6: Wind Loadings per Story Continued
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Final Design
Base Floor:

Top Elevation

North-South  Elevation

East-West  Elevation
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Floors 2-15:
Top Elevation

North-South  Elevation

East-West  Elevation
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Floors 16-30:
Top Elevation

North-South  Elevation

East-West  Elevation
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Floors 31-46:
Top Elevation

North-South  Elevation

East-West  Elevation
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Appendix B - Resumes
John M. H. Cassler

Orem, UT 84097
Home Phone: 801-225-2794
Cell Phone: 979-676-5313

jmhcassler@gmail.com

Educational Achievement
· Brigham Young University – Undergraduate- Dec 2022 - GPA 3.5

o Civil Engineering Major – Jan. 2019-Present
§ Materials and Statics
§ Enrolled in Structural Analysis
§ Engineering Software (see below)

o Construction Management Experience – Sep 2018-Dec 2018

Competencies and Skills
· Rough Construction— Sep 2012-Present

o Designed, built, and remolded several homes as a rough carpenter
· Advanced Architecture Software Experience:

o SolidWorks —Apr. 2014
o Revit – Sep. 2018-Present
o CAD – Sep. 2018-Present
o Arc-GIS Pro – Jan. 2019- Present

Work Experience
· Montgomery Kitchen and Bath – Jun 2015- Jun 2019

o Worked as an Apprentice Carpenter every summer and gained valuable skills with finished
carpentry

· Acute Engineering
o Worked as an intern designing and engineering residential homes

Awards
· Skills USA – Apr. 2014-Jun. 2015

o First Place in the State of Texas, Job Skills Demonstration-2014
o First Place in the State of Texas, Carpentry-2015
o 16th Place in the Nation, Carpentry-2015

· Eagle Scout, Boy Scouts of America

Extracurricular activities and community service
· Habitat for Humanity – Jun 2014-Present

o Volunteered to assist with constructing homes for those in need
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