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Abstract

This paper presents the design and construction proposal for a 12-story residential
building located at 1335 6th St, San Francisco, California, USA. The location offers a blend of
residential, commercial, and mixed-use developments. Urbanization and a shortage in housing
within the city have accelerated the need for innovative residential construction solutions,
necessitating a comprehensive approach that incorporates architectural, structural, material, and

geotechnical considerations.

The building’s architectural design complies with the standards outlined in the
International Building Code (IBC). The structural design follows the guidelines of the American
Concrete Institute (ACI) and the American Society of Civil Engineers (ASCE), with SAP 2000
software employed to perform structural analyses and simulate the building's response to gravity

and lateral forces.

Reinforced concrete has been chosen as the primary construction material due to its
availability, versatility, and cost-efficiency. A comparative analysis of foundation options,
supported by geotechnical studies, identified a pile foundation as the most suitable solution for

supporting the superstructure.

The stormwater management design includes sustainable drainage through the use of
permeable surfaces and green infrastructure to reduce runoff and risks of flooding. Full
construction management strategies include estimating costs, scheduling, risk assessment, and
follow-through with LEED standard to provide a safe, environmentally responsible execution
process. This development will realise an integrated approach to urban residential construction

through innovative design, sustainability, following international and local building codes.

Keywords: architectural design, structural design, geotechnical analysis, stormwater

water design, construction management.
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1. Introduction

This paper presents the design and construction proposal for a 12-story residential
building located in San Francisco, California, USA. This report presents the findings of a
comprehensive literature review, the design assumptions, and the calculations for the proposed
building. It encompasses the results and calculations for the architectural, structural,
geotechnical, and environmental aspects, as well as the construction management details
associated with the building design. Table 1.1 provides an overview of the project disciplines,
which include structural, architectural, geotechnical, environmental, and construction
management components.

Table 1.1. Job distribution

Part Weight Percentage Responsible person
Structural and Architectural 40% Aliyar Kadyrov
Ramir Gumarov
Aldiyar Sagidolla
Geotechnical 35% Ayaulym Baktiyarkyzy
Zhaniya Sagyndykova
Environmental 15% Bek Yergeldinov
Construction Management 10% Arsen Yelubayev

To fulfill the project requirements, the International Building Code, ASCE-7, and ACI
318-19 will be adhered to for the architectural and structural components. The structural analysis
of the building will evaluate gravity and lateral loads, including dead, live, snow, wind, and
seismic loads. Additionally, the residential building is designed to meet LEED (Leadership in
Energy and Environmental Design) standards for sustainable design. The geotechnical analysis
will assess various foundation types to identify the most suitable option for a 12-story residential
structure. In the construction management section, the project scope will be defined, and a
detailed schedule will be developed, while the environmental component will perform the

stormwater design.

This project aims to create a modern, high-performance residential building that

prioritizes safety, sustainability, and functionality. The report will provide a comprehensive



analysis to ensure the building is structurally sound, environmentally responsible, and efficiently

managed throughout its lifecycle. The main objectives include:

e To conduct a thorough study to assess the feasibility of the proposed development;

e To develop an architectural design that complies with IBC standards, balancing aesthetic
appeal and functionality;

e To evaluate geotechnical data to determine the most suitable foundation and basement
design;

e To perform the stormwater design for the building.

e To formulate a construction management plan for the building project.

e To adhere to LEED standards to ensure a sustainable design.
1.1 Ethical Considerations in Report Preparation

The ethical preparation of a report involves committing to principles like accuracy,
transparency, and accountability. Presented information must be valid and appropriately cited.
The report’s integrity can be undermined by misrepresentation and plagiarism, along with
omission of critical details. Well prepared report should present findings in an unbiased way,

which reflects the restraints and limitations of the project.

Confidentiality is also a part of ethical reporting. Sensitive or proprietary information
must be treated with care and only used for its purpose. As an example, some engineering
designs or feedback from locals should not be disclosed without consent. Respecting privacy and
ensuring that all data usage complies with ethical and legal standards creates trust between the

stakeholders

Language and structure also play a significant ethical role in reporting. The use of clear
and inclusive language enables the audience to comprehend the findings. Maintaining technical
accuracy while simplifying complex concepts makes it easier for all the parties involved to
understand. Some of the parties might include regulatory agencies, professionals, and members
of the public. In our case, it is usually the professors of the Civil and Environmental Engineering

department, that is why mostly the report consists of technical language that is heavily loaded



with engineering terms and concepts. However that is a justified shortcoming when it comes to

the language of the report.

Construction of the proposed 12-story high-rise residential building in San Francisco,
California, involves meeting ethical and professional responsibilities. San Francisco expects a

construction project to ensure public safety and environmental awareness

Ethical Considerations

It 1s vital to decrease the environmental impact of San Francisco. Environmental
sustainability should be ensured, with the use of eco-friendly or local building materials. Meeting
the California Green Building Standards would mean the project is in line with all state
environmental goals in regard to the sustainable design. Due to the seismic hazard in San
Francisco, structural resilience should be ensured. The project is supposed to comply with some
strict seismic safety provisions as set by the IBC and the San Francisco Building Code. Notable
ethical obligations include offering of detailed geotechnical studies, formulation of sophisticated
engineering techniques which can ensure safety during seismic events. A great involvement of
people within the community is required for the project. Communicating with the community in
a transparent way, where all the foreseen nuisance caused by noise, jams, and construction
schedule invokes trust and reduces the worries of people. Pro-activities in informing and
involving residents help to keep good relations with the neighborhood. The other essential ethical
responsibility relates to worker safety. OSHA standards need to be met by all construction teams.

They also should be prepared for emergency situations, especially in a high seismic environment.

Professional Considerations

Professional responsibilities within this project will be done with strict adherence to all
zoning laws, environmental regulations, and building codes of the city of San Francisco. Among
others, these requirements involve keeping the building within the height restrictions, integrating
greenery into space, and making the facility energy-efficient, meeting the city's urban and
environmental planning objectives. ISO standards, seismic safety requirements, and certified
quality materials shall be availed. Ongoing inspections, while the process of building is going on,
should be done in correspondence with local authorities, aiming at avoiding non-conformities

and finding out about problems as early as possible.



One of the key aims of the project will be sustainability. This includes creating a
stormwater design system that requires minimum energy by following the natural terrain of the
site. Additionally, a membrane filtration system under the building is also considered at this

point, but it is not clear how feasible that is going to be in the next semester.



2. Architectural Design
2.1 Overview

The construction project is a 12-story high-rise residential building with the first story
being rented out for commercial use and the remaining 11 stories are residential. The address of
the construction project is 1335 6th St, San Francisco, California, USA. The residential building
is to be located in the Mission Bay area of San Francisco near parks and transportation lines. The
residential complex will offer 110 places to reside as well as 8 commercial units for renting. The
site of the high-rise building will also include a spacious parking and playground for children.

Figure 1 represents the rendered site 3D view.

Figure 2.1.1. Rendered Site 3D View

2.2 Site selection and analysis

The site at 1335 6th St, San Francisco, CA 94158, USA is located in the Mission Bay
neighborhood that offers a blend of residential, commercial, and mixed-use developments. The
local climate is characterized by a temperate maritime pattern, with mild, wet winters and cool,

dry summers. Average temperatures range from 8°C (46°F) in the coldest months to 20°C (68°F)



in the warmest. Below the graph of average maximum and average minimum temperature by

each month for 2022 and 2023 years in San Francisco:
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Figure 2.2.2. San Francisco temperature history in 2022 (WeatherSpark)
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Figure 2.2.3. San Francisco temperature history in 2023 (WeatherSpark)

The city also experiences relatively high annual humidity levels of about 75%, impacting

indoor comfort during the cooler months. Annual rainfall according to the West Region Climate



Center averages around 20 inches, primarily between November and March, while snowfall is

virtually nonexistent. Fog is common in summer, affecting visibility and outdoor comfort.

SAN FRANCISCO WSO AP, CALIFORNIA (047769)

Period of Record Monthly Climate Summary
Period of Record : 7/ 1/1948 to 12/31/2005

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max. Temperature (F) 55.7 59.1 61.3 639 66.8 70.0 714 72.1 734 702 629 56.4 653
Average Min. Temperature (F) 424 449 46.1 47.6 50.2 52.6 53.9 54.9 54.7 51.8 473 432 49.1
Average Total Precipitation (in.) 448 3.62 2.84 135 0.40 0.12  0.02 0.05 019 097 241 381 2025
Average Total SnowFall (in.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Snow Depth (in.) 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 2.2.4. San Francisco monthly climate change

In the Mission Bay area, where the lack of tall buildings allows for unobstructed sunlight
and strong coastal breezes, our building design emphasizes sustainability and energy efficiency
through climate-responsive strategies. Selecting a material with a high thermal mass, such as
concrete, plays a critical role in stabilizing indoor temperatures. Concrete’s ability to absorb heat
during the day and slowly release it at night helps reduce the need for artificial heating and
cooling, making it an ideal choice for the local climate. The building’s facades will be
strategically oriented to optimize solar gain, with recessed windows and integrated shading
elements on the south and west sides to mitigate excessive heating during peak solar hours.
These shades will not only prevent overheating in the summer, but will also allow low-angle
sunlight to warm the interiors in cooler months, improving energy efficiency. Natural ventilation
will also be a key feature, using operable windows and strategically placed vents to take
advantage of prevailing winds from the west. The design will include rooftop wind catchers that
channel cool breezes into the building, promoting cross-ventilation and reducing reliance on
mechanical cooling systems. This approach will improve indoor air quality and create a
comfortable living environment that naturally responds to outdoor conditions. Additionally,
green roofing systems will be used to improve insulation, reduce the urban heat island effect, and
manage stormwater runoff. Not only will these green spaces provide aesthetic value, they will

also contribute to the overall thermal performance of the building, helping to keep spaces cool



during the warmer months. The design approach is not only about sustainable construction, but

also about creating spaces that work harmoniously with the unique microclimate of Mission Bay.

Historically, Mission Bay, where the site is located, has undergone significant
transformation from a former industrial and rail yard area into a modern, mixed-use
neighborhood. The site itself does not possess notable historic structures, as much of the area has
been developed or repurposed in the last two decades to accommodate new commercial,
residential, and research facilities, particularly associated with the nearby UCSF Medical Center

(San Francisco General Plan, 2023).

The site is oriented approximately south, with primary facades facing south, and big
windows on each side. This orientation results in substantial morning and afternoon sun
exposure, necessitating shading solutions on the west facade to reduce heat gain in the afternoon.
Optimizing window placement, using shading devices, and employing reflective surfaces can
enhance energy efficiency and comfort while maximizing natural light and minimizing glare.
San Francisco experiences the longest days, with an average of about 14 hours and 46 minutes

of daylight. (Suncalc.org, 2023)
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Figure 2.2.5. Sun direction



Solar access is an important consideration for this site. Due to its orientation, the building
receives sample sunlight from the east in the morning and from the west in the afternoon.
Incorporating design elements that optimize solar access, such as strategic window placement
and shading devices, will help maximize natural light and minimize energy consumption for

lighting and heating.

Cool breezes predominantly come from the west-southwest, driven by ocean air funneled
through the Golden Gate. These winds are strongest in the afternoons, particularly in summer,
with average speeds of 15-20 km/h, occasionally reaching 30-40 km/h. The open layout of
Mission Bay, with fewer high-rise buildings compared to downtown, allows better access to
these breezes. The design should incorporate operable windows, wind catchers, and strategically
placed openings to enhance cross-ventilation, reducing reliance on mechanical cooling systems

(San Francisco Climate Data, USGS, 2023).

Figure 2.2.6. The wind direction on the site

The site offers potential views of the San Francisco Bay, nearby parks, and the city
skyline. To maximize these views, large windows and terraces should be positioned to face east

toward the Bay and west towards the downtown skyline. Thoughtful placement of these elements



can enhance the appeal of residential or commercial spaces (San Francisco Planning Department,

2023).

Figure 2.2.7. View to downtown area from the site (Google earth)

A site survey reveals that despite the fact that San Francisco mostly has the areas with
15-20% slopes, the site is relatively flat, with a slope of between 0-2%, minimizing challenges
related to grading and foundation construction (USGS). The site is not overshadowed by nearby
buildings, there are no nearby high rise buildings, which is good for natural light from the
outside. The soil type for the site, as determined by a geotechnical report, consists of compacted
urban fill overlying native soil, which is typical for downtown San Francisco and suitable for

high-rise construction.



Figure 2.2.8. Site shadowing view

Above picture is the neighborhood of the selected site. We can see that nearby buildings

are not so tall and there are no problems with the overshadowing.

The site at 1335 6th St, San Francisco, CA 94158 is well-connected to various modes of
transportation, making it highly accessible. It is located near the T Third Street Muni Metro line,
which provides convenient access to the city's broader Muni network and connects directly to
major hubs such as Downtown and Union Square. Additionally, several bus routes serve the area,
offering further connectivity across San Francisco. The nearby Caltrain station provides
commuter rail service to the Peninsula and South Bay, enhancing regional access. The site is also
pedestrian-friendly, with well-maintained sidewalks, and features dedicated bicycle lanes,
promoting sustainable transportation options (San Francisco Municipal Transportation Agency,

2023).



Below the map of public transportation routes going through our site:

@CIVIC HUB

SF Gov. 1A SFMTA ™ Contact 5] Login

+
5 outh Feach Harbor  ©) -

5
Mision Bay
Pier48" Lot #39.0)

{ Hotel
0 © o
co %)

1 X © chase center
Sprts Basement @2y
Bryant Street P

Q
16t St
Dandelion Clocolate O3 Medical Cir H %
16th StreetfFactory’ Q atMission Buyo & () %
P 2 s
{
Maripgga SB Crane
/3] T ove Park
R ]
¢ 1 |
1othst- 4 B ’ i shkdgouse @) Astranis
\ h
POTRERO HIL| PotreroiPoint:

Figure 2.2.9. Public transportation map

Below the San Francisco Transit Map, the public transportation routes of the whole city

and there we can see that the Mission Bay area has direct connection to the downtown of city
which has access to almost everywhere:

Figure 2.2.10. The train transportation map of SF



The site is classified as a Non-Very High Fire Hazard Severity Zone (Non-VHFHSZ) by
the California Department of Forestry and Fire Protection. This classification indicates a low risk
of bushfires due to its urban location, far from dense vegetation or wildfire-prone areas. Despite
this low risk, standard fire safety measures, such as using non-combustible materials and
ensuring adequate emergency access, should still be incorporated into the design. (Cal Fire,

2023).
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Figure 2.2.11. The Cal fire map

The site at 1335 6th St, San Francisco, CA 94158 benefits from modern stormwater
management infrastructure designed to handle runoff effectively in the Mission Bay area. The
neighborhood features a combination of permeable surfaces, bioswales, and green infrastructure
that help manage stormwater. Given the relatively flat terrain and proximity to the Bay,
development at this site should incorporate sustainable drainage solutions like permeable paving,
green roofs, and rain gardens to reduce runoff and mitigate potential flooding risks, especially

during heavy rain events (San Francisco Public Utilities Commission, 2023).



Map of stormwater inlets, drains and catch basins

Zoom in to see individual point locations
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Figure 2.2.12. Map of inlets in Mission Bay area

Map of stormwater inlets, drains and catch basins
Zoom in to see individual point locations

L P
I ar
Q Search (N J Spark Social SF

Parklab
[ L )
o ° ® | lission Bay Blvd Mission Bay B\
™ ()
° [ )
¢ o o S ° o b e o
° Mission Bay Blvd 'YX
e S
[ ]
o %
Temporary
utility plant Car
[
[ ]
Q
zZ @
e ©
L)
9 Ln
& elson Rising
= N s s
[ ]
[ ]
Rock Hall
[
[ ] ) z
[ ] [ 3
o 3
) UCSF at Mission Bay 2 Sandler N
° L4 Child Development 0] Neurosciences UCSF Mission
L Center: Ce

"'© Mapbox ©‘OpenstreetMap Improve this map

Figure 2.2.13. Drop inlet in selected site



The site is well-serviced by the city's comprehensive utility network. Power and gas are
supplied by Pacific Gas and Electric (PG&E), ensuring reliable energy access for any
development. Water is provided by the San Francisco Public Utilities Commission (SFPUC),
sourced from the Hetch Hetchy Reservoir and local water supplies, while the sewer system is
integrated into the city's extensive wastewater infrastructure. The area also has robust
telecommunications services, including high-speed internet and phone connectivity, supporting
both residential and commercial use (San Francisco Public Utilities Commission and PG&E,

2023).

2.3 Design Concept

Design development

=

-4

Figure 2.3.1 First and last versions of the shape of our building.
At the beginning, our team tried to design a building that was distinctive, visually
engaging, and welcoming, intentionally steering away from common architectural styles.
However, after thorough discussions, we prioritized functionality, selecting a building shape that

is not only aesthetically pleasing but also reliable and easy to change the layout of apartments.



Additionally, we integrated balconies into each section to enhance appeal and usability. The
current design, as illustrated in the figure, reflects these considerations.

Besides that, before choosing a location for our project, we surely wanted it to contain
some features, such as: free transport access, prime location, enough area for kids playground

and sport zone, as well as for spacious commercial zone.

2.4 Geometry design and site layout
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Figure 2.4.1. Floor plan for Levels 2-12.
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Figure-2.4.2. Floor plan for Level-1

Figure 2.4.3. Emergency Plan, First Floor



Figure 2.4.4. Emergency Plan, 2-12 Floors

In discussing the floor plan, it is important to acknowledge that we were provided with a
substantial area to design, which presented both opportunities and challenges. One of the key
considerations was how to maximize efficiency in the arrangement of apartments and their
respective rooms. While the current iteration reflects a thoughtful approach, I anticipate that both
minor and significant revisions may be made as the project progresses. Overall, our team is
satisfied with the outcome, as the plan accommodates a diverse range of residents, including
smaller units suitable for students or young families, as well as more spacious apartments
designed for larger households.

In the end, we designed 10 flats with a range of area from 60 to 160 square meters
approximately. They are wide enough to accommodate big households. The windows in our
house are planned to be floor-to-ceiling, which will provide natural sunlight to save electricity,
and will please the habitants with its aesthetics. Doors are standardly wide. The house will have
2 elevators, where one of them is a freight elevator. The stairs are wide enough for all the

residents to safely leave the building in case of emergency.



According to the San Francisco Planning Code, there is no minimum required number of
parking spaces for any type of facility since December 11, 2018 (American Legal Publishing,
2024). This was done in an attempt to reduce the number of individual transportation and

decrease the level of dependency on cars, so that people would use more public transportation.

Despite that however, there is still a recommended number of parking spaces for
residential building types. Thus, according to the San Francisco Building Code, 1 apartment unit
requires up to 1.5 parking spaces, and the same is applied to the commercial areas, where at most
1.5 parking spaces can be provided for 1 commercial unit (American Legal Publishing, 2024).
As was mentioned before, there will be 104 apartments and 7 commercial spaces in our high-rise
building. Therefore, following the given expression:

— * — ~ i
parking — (104 + 7) * 1.5 = 166.5 =~ 167 parking spaces

Thus, the external parking lot will include 167 parking spaces for all the future residents
and tenants of the commercial units. Figure 5 below depicts the 2D view of the site plan,

demonstrating the parking area, the entry and exit ways, playground area and the building itself.

Figure 2.4.5. 2D Site Plan View



2.5 Leadership in Energy and Environmental Design (LEED) for Green Building Design,
Construction, Operations and Performance

LEED, which stands for Leadership in Energy and Environmental Design is the most
widely used green building certification system, developed by the U.S. Green Building Council
(USGBC) to recognize best-in-class sustainable construction practices. It highlights top-tier
sustainable construction methods and provides a framework for designing, building, and
managing high-performance structures. These methods aim to minimize environmental harm

while enhancing the health of occupants and boosting operational efficiency.

The rating system evaluates projects across following components:
* Energy efficiency (optimized HVAC systems, renewable energy integration)
* Water conservation (low-flow fixtures, rainwater harvesting)
* Sustainable material selection (recycled content, locally sourced materials)
* Indoor environmental quality (improved ventilation, low-VOC materials)

» Site sustainability (urban heat island mitigation, access to public transit)

LEED certification is divided into 4 levels based on their effectiveness. These levels are

Certified (40-49), Silver (50-59), Gold (60-79), Platinum (80+).

Below is the certificate our project obtained based on the LEED metrics. As displayed,
“Bay Symphony” project got 79 points and was awarded a Gold level of LEED scorecard.



LEED Scorecard

v INTEGRATIVE PROCESS 0/1
v LOCATION AND TRANSPORTATION 13/16
v SUSTAINABLE SITES 7/10
v WATER EFFICIENCY 6/11
v ENERGY & ATMOSPHERE 25/33
v MATERIALS & RESOURCES 9/13
v INDOOR ENVIRONMENTAL QUALITY 15/16
v INNOVATION 0/6
v REGIONAL PRIORITY CREDITS 4/4

Figure 2.5.1. LEED Scorecard

Location and Transportation. To achieve one point in Sensitive Land Protection we
provided documentation that our building area was previously developed land as it served the
purpose of a parking lot. 5 points for Surrounding Density and Diverse Uses were given because
of the impact our mixed-use building has on an already developed area with existing
infrastructure. Access to quality transit is achieved due to the geolocation of the site. The site

will have both a special bike station for convenience, and areas for physical activity and sports.



@ Location and Transportation (13/16) v

Sensitive Land Protection

1pt This credit is intended to cultivate community resilience, avoid the development of environmentally sensitive lands that
provide critical ecosystem services and reduce the environmental impact from the location of a building on a site. Learn

more about this credit.

D High Priority Site and Equitable Development
2pts This credit is intended to build the economic and social vitality of communities, encourage project location in areas with
development constraints and promote the ecological, cultural, and community health of the surrounding area while

understanding the needs and goals of existing residents and businesses. Learn more about this credit.

Surrounding Density and Diverse Uses

5pts This credit is intended to conserve land and protect farmland and wildlife habitat by encouraging development in areas
with existing infrastructure. It is also intended to support neighborhood and local economies, promote walkability, and
low or no carbon transportation, and reduce vehicle distance traveled for all. Furthermore, it is intended to improve
public health by encouraging daily physical activity. Learn more about this credit.

Access to Quality Transit

5pts This credit is intended to encourage development in locations shown to have multimodal transportation choices or
otherwise reduced motor vehicle use, thereby reducing greenhouse gas emissions, air pollution, and other
environmental and public health harms associated with motor vehicle use. Learn more about this credit.

Bicycle Facilities
This credit is intended to promote bicycling and transportation efficiency and reduce vehicle distance traveled. It is also

intended to improve public health by encouraging utilitarian and recreational physical activity. Learn more about this

credit.

Reduced Parking Footprint
This credit is intended to minimize the environmental harms associated with parking facilities, including automobile

dependence, land consumption, and rainwater runoff. Learn more about this credit.

D Electric Vehicles
1pt This credit is intended to reduce pollution by promoting alternatives to conventionally fueled automobiles. Learn more
about this credit.

Figure 2.5.2. L&T Score

Sustainable Sites. Comprehensive site analysis was conducted and documented in the
Site Analysis section. Special areas with planted trees were performed in order to establish
vegetation. The main goal of site planning was to create accessible and convenient outdoor space
for every resident. Rainwater management considered the natural hydrology of the site along

with historical data and made correct steps to effectively manage rainwater.



£/ Sustainable Sites (7/10) o

Construction Activity Pollution Prevention
This credit is intended to reduce pollution from construction activities by controlling soil erosion, waterway sedimentation, and airborne

dust that disproportionately impact frontline communities. Learn more about this credit.

Site Assessment
This credit is intended to assess site conditions, environmental justice concerns, and cultural and social factors, before design to evaluate

sustainable options and inform related decisions about site design. Learn more about this credit.

Protect or Restore Habitat
This credit is intended to conserve existing natural areas and restore damaged areas to provide habitat and promote biodiversity. Learn
more about this credit.

Open Space

This credit is intended to create exterior open space that encourages interaction with the environment, social interaction, passive

recreation, and physical activities. Learn more about this credit.

Rainwater Management
This credit is intended to reduce runoff volume and improve water quality by replicating the natural hydrology and water balance of the
site, based on historical conditions and undeveloped ecosystems in the region to avoid contributing to flooding downstream in frontline

communities. Learn more about this credit.

D Heat Island Reduction

2pt This credit is intended to minimize ir itable effects on microcli and human, especially frontline communities, and wildlife habitats

by reducing heat islands. Learn more about this credit.

D Light Pollution Reduction
1pt This credit is intended to increase night sky access, improve nighttime visibility, and reduce the consequences of development for wildlife
and people. Learn more about this credit.

Figure 2.5.3. Sustainable Sites Score

Water Efficiency. Install high-efficiency plumbing fixtures and appliances to achieve at

least 35% indoor water use reduction compared to baseline calculations.



Water Efficiency (6/11) v

Outdoor Water Use Reduction

pre This credit is intended to reduce outdoor potable water consumption and preserve no and low-cost potable water resources. Learn more

éq about this credit.

Indoor Water Use Reduction
This credit is intended to reduce indoor potable water consumption and preserve no and low cost potable water resources. Learn more

about this credit.

Building-Level Water Metering
This credit is intended to conserve low cost potable water resources and support water management and identify opportunities for

additional water savings by tracking water consumption. Learn more about this credit.

D Outdoor Water Use Reduction
2pt This credit is intended to reduce outdoor potable water consumption and preserve no and low-cost potable water resources. Learn more

about this credit.

Indoor Water Use Reduction

This credit is intended to reduce indoor potable water consumption and preserve no and low cost potable water resources. Learn more

about this credit.

Optimize Process Water Use
2pt This credit is intended to conserve low cost potable water resources used for mechanical processes while controlling corrosion and scale

in the condenser water system. Learn more about this credit.

Water Metering
1pt This credit is intended to conserve low cost potable water resources and support water management and identify opportunities for
additional water savings by tracking water consumption. Learn more about this credit.

Figure 2.5.4. Water Efficiency Score

Energy and Atmosphere. Enhanced conditioning was achieved through reviewing
contractor submittals, training building staff, and performing monitoring-based commissioning.
To optimize energy performance, multiple strategies were used. Namely, efficient HVAC and
lighting systems, demand control ventilation, and smart building controls. Advanced energy
metering was achieved using modern meters that records data at hourly intervals and stores data

for a minimum of 24 months.



Energy and Atmosphere (25/33) v

Fundamental Commissioning and Verification
This credit is intended to support the design, construction, and eventual operation of a project that meets the owner’s

project requirements for energy, water, indoor environmental quality, and durability. Learn more about this credit.

Minimum Energy Performance
This credit is intended to promote resilience and reduce the environmental and economic harms of excessive energy use
that disproportionately impact frontline communities by achieving a minimum level of energy efficiency for the building

and its systems. Learn more about this credit.

Building-Level Energy Metering
This credit is intended to support energy management and identify opportunities for additional energy savings by tracking

building-level energy use. Learn more about this credit.

Fundamental Refrigerant Management
This credit is intended to reduce ozone depletion and global warming potential and support early compliance with the
Kigali Amendment to the Montreal Protocol while minimizing direct contributions to climate change. Learn more about this

credit.

Enhanced Commissioning
6pts This credit is intended to further support the design, construction, and eventual operation of a project that meets the

owner’s project requirements for energy, water, indoor environmental quality, and durability. Learn more about this credit.

Optimize Energy Performance
18pts This credit is intended to achieve increasing levels of energy performance beyond the prerequisite standard to reduce
environmental and economic harms associated with excessive energy use that disproportionately impact frontline

communities. Learn more about this credit.

Advanced Energy Metering

1pt This credit is intended to support energy management and identify opportunities for additional energy savings by tracking

building-level and system-level energy use. Learn more about this credit.

D Grid Harmonization

2pts This credit is intended to increase participation in demand response technologies and programs that make energy
generation and distribution systems more affordable and more efficient, increase grid reliability, and reduce greenhouse
gas emissions. Learn more about this credit.

D Renewable Energy

Spts This credit is intended to reduce the environmental and economic harms associated with fossil fuel energy and reduce
greenhouse gas emissions by increasing the supply of renewable energy projects and foster a just transition to a green
economy. Learn more about this credit.

D Enhanced Refrigerant Management

1pt This credit is intended to eliminate ozone depletion and global warming potential and support early compliance with the

Montreal Protocol, including the Kigali A d while minimizing direct to cli hange. Learn more

about this credit.

Figure 2.5.5. Figure E&A Score

Materials and Resources. In order to reduce the impact whole-building life cycle
assessment was conducted that displayed at least 10% reduction in ozone depletion, acidification,
smog formation, eutrophication. The focus was on selecting materials and products that have
industry wide verified EPDs. Construction and demolition waste management was recycled or

kept out of landfills.



Materials and Resources (9/13) v

Storage and Collection of Recyclables

pre This credit is intended to reduce the disproportionate burden of landfills and incinerators that is generated by building

réd occupants’ waste hauled to and disposed of in landfills and incinerators through reduction, reuse and recycling service
and education, and to conserve natural resources for future generations. Learn more about this credit.

Building Life-Cycle Impact Reduction

5pts This credit is intended to encourage adaptive reuse and optimize the environmental performance of products and
materials. Learn more about this credit.

Environmental Product Declarations

This credit is intended to encourage the use of products and materials for which life-cycle information is available and
that have environmentally, economically, and socially preferable life-cycle impacts. It is also intended to reward project
teams for selecting products from manufacturers who have verified improved environmental life-cycle impacts. Learn

more about this credit.

D Sourcing of Raw Materials

2pts This credit is intended to encourage the use of products and materials for which life cycle information is available and
that have environmentally, economically, and socially preferable life cycle impacts. It is also intended to reward project
teams for selecting products verified to have been extracted or sourced in a responsible manner. Learn more about this

credit.

D Material Ingredients

2pts This credit is intended to encourage the use of products and materials for which life-cycle information is available and
that have environmentally, economically, and socially preferable life-cycle impacts. It is also intended to reward project
teams for selecting products for which the chemical ingredients in the product are inventoried using an accepted
methodology and for selecting products verified to minimize the use and generation of harmful substances. Furthermore,
it is intended to reward raw material manufacturers who produce products verified to have improved life-cycle impacts.

Learn more about this credit.

Construction and Demolition Waste Management
This credit is intended to reduce construction and demolition waste disposed of in landfills and incineration facilities
through waste prevention and by reusing, recovering, and recycling materials, and conserving resources for future

generations. Furthermore, it is intended to delay the need for new landfill facilities that are often located in frontline

communities and create green jobs and materials markets for building construction services. Learn more about this

credit.

Figure 2.5.6. Figure M&R Score

Indoor Environmental Quality. Smoke-free policy and comprehensive air quality
measures using low-VOC materials and construction management protocols were established,
also maximizing occupant comfort through 75% daylit spaces, LED lighting controls, and

thermal comfort design, verified by post-construction air testing.



& Indoor Environmental Quality (15/16) v

Minimum Indoor Air Quality Performance
pre This credit is intended to contribute to the comfort and well-being of all building occupants by establishing minimum

Teq standards for indoor air quality (IAQ). Learn more about this credit.

Environmental Tobacco Smoke Control
pre This credit is intended to prevent or minimize exposure of building occupants, indoor surfaces, and ventilation air

TeQ gistribution systems to environmental tobacco smoke. Learn more about this credit.

Enhanced Indoor Air Quality Strategies
2pts This credit is intended to promote occupants’ comfort, well-being, and productivity by improving indoor air quality. Learn

more about this credit.

Low-Emitting Materials

3pts This credit is intended to reduce concentrations of chemical contaminants that can damage air quality and the
environment, and to protect the health, productivity, and comfort of installers and building occupants. Learn more about
this credit.

Construction Indoor Air Quality Management Plan
1pt This credit is intended to promote the well-being of construction workers and building occupants by minimizing indoor air

quality problems associated with construction and renovation. Learn more about this credit.

Indoor Air Quality Assessment
2pts This credit is intended to establish better quality indoor air in the building after construction and during occupancy to
protect human health, productivity, and wellbeing. Learn more about this credit.

Thermal Comfort
1pt This credit is intended to promote occupants’ productivity, comfort, and well-being by providing quality thermal comfort.
Learn more about this credit.

Interior Lighting
2pts This credit is intended to promote occupants’ productivity, comfort, and well-being by providing high-quality lighting.
Learn more about this credit.

Daylight

3pts This credit is intended to connect building occupants with the outdoors, reinforce circadian rhythms, and reduce the use
of electrical lighting by introducing daylight into the space. Learn more about this credit.

D Quality Views
1pt This credit is intended to give building occupants a connection to the natural outdoor environment by providing quality
views. Learn more about this credit.

Acoustic Performance

1pt This credit is intended to provide workspaces and classrooms that promote occupants’ well-being, productivity, and

communications through effective acoustic design. Learn more about this credit.

Figure 2.5.7. Figure Indoor Environmental Quality Score

Regional Priority. Our building aims to provide accessible housing in a city

addressing social equity and urban sustainability goals.



Regional Priority (4/4) v

Regional Priority Specific Credits

4pt These credits are intended to provide an incentive for the achievement of credits that address geographically specific
environmental, social equity, and public health priorities. Learn more about this credit.

Figure 2.5.8 Regional Priority

Life 365 is a concrete service life prediction software tool that helps estimate the service
life of concrete structures exposed to chloride environments. Cost parameters were taken based
on an average pricing of San Francisco.

Project Settings n
Default Units Of Measure
Base Units * Concentration Units *

US Units v % wt. conc. v

Cost Parameters

Concrete & Steel
Concrete ($/cub. yd.) *

120,00
Black Steel ($/lb) *
0,65
Epoxy Coated Steel ($/Ib) *
0,85
Stainless Steel ($/Ib) *

3,50

Barriers & Inhibitors
Membrane ($/sq. ft.) *
4,50
Sealer ($/sq. ft.) *
0,85
Inhibitor ($/gal) *
7,00

Repairs

Repair ($/sq. ft.) *
50,00

Area to repair (%) *

10,00

Fixed repair intervals (yrs) *

10

Figure 2.5.9. Life-365 Cost Parameters

As a Type of Structure “Slabs and Walls (1-D)” was chosen:

Select Structure Type & Dimensions

Type Of Structure *

slabs and walls (1-D)

Thickness (in) *

591

Reinf. Depth (in) *

2,00

Area (sq. ft.)

29139,00

591in

2.00
in

Volume Of Concrete : 531.52 cub. yd.
Chloride concentration units : % wt. conc.

Figure 2.5.10. Life-365 Cost Parameters

For the climate, built-in system settings for California, San Francisco were used
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Figure 2.5.11. Life-365 Exposure Parameters

Concrete Mixtures for Three Cases:

w/cm ratio was calculated to be 0.4 in order to match the concrete strength of 40 MPa.

water

w/cm =

cement slag

K
Abrams Law: fc = K—l; K = 96. 5 MPa, K, =7

w/em
2

f, = jﬁ;j = 40.7 MPa

With 20% slag, early strength might be slightly lower since reactivity will be low, but
long-term strength will satisfy concrete strength of 40 MPa.

Base case
Mixture Rebar Barriers
wjcm * Rebar Steel Type * Barrier *
04 S Black Steel v <none> v

Class F fly ash (%) * Rebar % vol. concrete. *

0 ° o :
Slag (%) * Inhibitor
20 D Inhibitor *

<none> v

Silica Fume (%) *

0 3

Figure 2.5.12. Base Case Mixture



Alt1

Mixture Rebar Barriers
wjcm * Rebar Steel Type * Barrier *

0,42 S Black Steel v Membrane

Class F fly ash (%) * Rebar % vol. concrete. *

0 2 1 A Default
Slag (%) * Inhibitor

- 0 o8O
0 A Inhibitor * Initial efficiency (%)

0
< > v
Silica Fume (%) * none

Age at failure (yrs) *

0 <
0
#reapplytimes *
0
Figure 2.5.13 Alternative 1 Mixture
Alt 2
Mixture Rebar Barriers
wjcm * Rebar Steel Type * Barrier *
0,4 & Epoxy Coated v Sealer
Class F fly ash (%) * Rebar % vol. concrete. *
0 s 1 o Default
Slag (%) * Inhibitor
0 = Inhibitor * Initial efficiency (%) *
<none> v ©
Silica Fume (%) *
0 2 Age at failure (yrs) *
0

#reapplytimes *

0
Figure 2.5.14. Alternative 2 Mixture
Finally, obtained results are below:
Life Cycle Costs
Name Construction Cost Barrier Cost Repair Cost
Base case $109,030 $0 $1,072,626
Alt 1 $109,030 $0 $1,327,368

Alt 2 $122,952 $0 $1,322,168

Life Cycle Cost
$1,181,655
$1,436,397

$1,445,119



Life Cycle Cost, by Alternative Constant Costs
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Figure 2.5.15. Life-365 LCC Results

2.6. Literature Review of Design Codes

According to the San Francisco Building Code the height limit for a high-rise building in
the Mission Bay area varies from 135 to 240 feet, meaning that our building falls into the given
range as it is 41 meter high (American Legal Publishing, 2024). Additionally, according to the
Mission Bay zoning map, the site we chose is to be utilized for the construction of residential
blocks, therefore, the aforementioned limit applies to our building (OCII, 2024). Figure 6 depicts

the Mission Bay zoning map.
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Figure 2.6.1 Mission Bay Zoning Map

To satisfy all the structural and architectural design requirements International
Building Code 2024 (or IBC-2024) was closely followed. The main requirements list

includes the following aspects:

a. Maximum distance from a room to the entrance of the building

According to IBC-2024, the maximum exit travel distance is to be calculated by
taking into account the occupancy classification of the building and the presence of the
automatic sprinkler system. Based on the definitions from Section 302.1, the occupancy
type for this residential building is R-2, and thus according to Section 1017.2 the maximum
travel distance from the furthest room to the entrance of the building should not exceed 250

feet or 76.2 meters, given the automatic sprinkler system is installed.



Maximum travel distance of the left entrance is 25.49 meters:
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Figure 2.6.2 Maximum Travel Distance, Left Entrance

Maximum travel distance of the right entrance is 25.74 meters:
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Figure 2.6.3 Maximum Travel Distance, Right Entrance

The project’s floor plan complies with the established code, with the maximum exit

travel distance of 25.74 meters.



b. Number of elevators and stairs
To determine the minimum number of the exits, the occupancy load must be computed.
Implementing the Maximum Floor Area Allowances per Occupant table from Section 1004.5, for
residential spaces the occupant load factor is 200 gross square feet per occupant. To identify the
maximum occupancy load , the area of largest private dwellings must be used, and thus a 154

square meter apartment is taken. For further calculations, the following equations are utilized:
2
1 square foot = 0.0929m

— 200 * 0.0929 = 18.58 m"

per occupant

154

Tesg — 8-29

Occupancy load per room =

Occupancy load per story = 8.29 * 4 = 33.15

Thus, from the Section 1006.3.3 Minimum Number of Exits per Story table, the
occupancy load per story value falls into the range of 1-500, meaning the minimum number of
exits must be equal to 2. As for the maximum occupancy load per space, 8.29 is less than 20
specified in the Spaces with One Exit or Exit Access Doorway table from Section 1006.2.1, and
so one entrance door per apartment is allowed given that the common path is less or equal to 125
feet or 38.1 meters. The maximum common path for the project is 22.3 meters which satisfies the

aforementioned criterion.

Thus, based on the calculations and conclusions above, the minimum number of exits for
one story is 2. Therefore, it was decided to provide one passenger and one service elevator along

with one general-use and one emergency staircase.
Regarding the dimensions for stairways from Section 1011:

e Minimum width of the strairways cannot be less than 1118 mm or less than 914 mm in
case the stairway serving an occupant load less than 50
e Headroom clearance cannot be less than 2032 mm

e Stair riser’s maximum and minimum heights are 178 and 102 mm respectively



Rectangular tread depth’s minimum value is 279 mm

Length of landing cannot be less than the stairways it serves

Minimum landing width is 1219 mm or the length of the landing, whichever is less
General use stairway extend to the building’s roof as it is stated in Section 1011.12
Handrail height shall not be less than 864 mm and not exceed the value of 965 mm (for

us 900 mm)

Stair dimensions:

Figure 2.6.4 Stair Dimensions

Stair dimensions including riser and tread depth:

Properties x
Assembled Stair
190mm max riser 250mm going
Stairs (1) hd Edit Type
Constraints R
Bose Leve
Base Offset -200.0
Top Level Level 6
Top Offset -200.0
Desired Stair Height ~ 4237.0

»

Dimensions

Desired Nurnber of Ri... 28
Actual Mumber of Ris... 28
Actual Riser Height 151.3
Actual Tread Depth 280.0
Tread/Riser Start Nu... 1

Figure 2.6.5 Stair Dimensions, Riser & Tread Depth



For elevators from Section 3001:

e Elevator car must accommodate an ambulance stretcher (610 mm by 2134 mm)

Figure 2.6.6. Elevator Dimensions

c. Areas for the residential building’s rooms

From Section 602.2, the residential building is a Type I construction project as it is
primarily made out of noncombustible materials. Based on the Allowable Area Factor table from
Section 506.2, the R-2, Type I constructions are unlimited in building area. Therefore, the

building area for this project is unlimited according to the code.
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Figure 2.6.7. Room Areas



d. Number of doors and door’s dimensions

According to Section 1004.5, the number of exit doors should be calculated based on the
occupancy load of the space. See section b for the calculations of the minimum number of exits

per story.

Regarding the door dimensions, Section 1010.1.1 clearly states the following minimum

requirements for the door dimensions:

e Minimum door opening width: 813 mm
e Minimum door width: 914 mm
e Minimum door height: 2032 mm

e Minimum spacing between doors in a series: 1219 mm

On the basis of these criteria, the door with the clear opening width of 915 mm and the

height of 2134 mm was chosen. The door height and spacing requirements are satisfied as well.

Type Properties X
Family: M_Single-Flush d Load...
Type: 0915 x 2134mm w Duplicate...

Rename...

Type Parameters

Parameter Value |:| -
Construction R
Functicn Interior
Wall Closure By host
Construction Type
Materials and Finishes H
Doaor Material :Doar - Panel
Frame Material gDoor— Frame iE
Dimensions %
Thickness 51.0
Height 21340
Trim Projection Ext 25.0
Trim Projection Int 25.0
Trim Width 76.0
Width %15.0
Rough Width
Rough Height

Figure 2.6.8. Main Door Dimensions



e. Window dimensions

Window area for each room depends on the room’s function but the main guideline
from Section 1204.2 is that every habitable room in the residential building must have a source
of natural light, with at least 8% of floor area reserved for the window. For instance, for a 13
square meter room, the window must be at least 1.04 square meter to achieve the natural light

guidelines. This requirement was directly followed so that each habitable room has a window

that constitutes more than 8% of the total room area.

From Sections 1031.3.1, 1031.3.2, 1031.3.3 the minimum dimensioning requirements

for a window are as follows:

e Minimum net clear opening area: 0.53 m’
e Minimum net clear width: 508 mm
e Minimum net clear height: 610 mm

e Maximum height from floor: 1118 mm

All the established requirements are met for each window type chosen in the project.
Window dimensions vary for each room, with most of them having substantial size to capture

more natural daylight, thus completely satisfying all the criteria.

Family: M_Window-Casement-Double v Load... Family: M_Window-Casement-Double v Load...

Type: 1200 x 1500mm v Duplicate... Type: 1400 x 1800mm 2 Bronze v Duplicate...
Rename... Rename...
Type Parameters Type Parameters
Parameter Value |:{ A l Parameter Value I:I L]
Dimensions 2 Dimensions 2
Width 2300.0 Width 1400.0
Height 1800.0 Height 1800.0
Rough Width 2315.0 Rough Width 1415.0
Rough Height 1815.0 Rough Height 1815.0
Family: M_Window-Casement-Double-AwningL v Load...
Type: 850 x 900mm v Duplicate. ..
Rename...
Type Parameters
Parameter Value |:| o]
Dimensions A
Width 1500.0
Height 1800.0
Transom Height 300.0
Rough Width 1515.0
Rough Height 1815.0

Figure 2.6.9. Room Areas



f. Corridor dimensions

For the corridor guidelines, Section 1020.3 suggests the minimum requirements for the

corridor width:

o General minimum corridor width: 1.12 m

e Minimum corridor width within an apartment: 0.91 m

These minimum dimensions are taken into account for the project and the corridor width

is more than the given values at all spaces in the residential building.

_4

2620

5700

Figure 2.6.10. General Corridor and the Narrowest Corridor Widths
g. Allowable clear building height

As for the allowable building height, it is completely dependent on the presence and type
of the sprinkler system. For this project, the National Fire Protection Association 13 system or
NFPA 13 is to be implemented. Therefore, the building height is unlimited according to Section
504.3. The same principle is applied for the minimum number of stories from Section 504.4 as

the NFPA 13 system is utilized, therefore the number of floors is unlimited as well.
h. Traffic flow for parking

Traffic flow was analyzed for the site analysis section, and is to be designed according to

the flow of traffic outside the construction site.



i. Roof slope for drainage

For drainage purposes, a slope of 2% is to be designed on the rooftop, so that the

stormwater is collected to the stormwater drainage system as stated in Section 1507.10.1.

Given the flat roof of the building, the gravity-driven scupper drainage system integrated
into parapet walls has been selected as the optimal hydraulic solution. Figure X.X. showcases the

sketch of such construction.

LOCKED &
SOLDERED,
TYPICAL

SEALED

FLASHING

ROOF
SIDE
FLANGE

SOLDERED

CLOSURE
FLANGE

CONTINUOUS
COPPER
CLEAT

GRAVEL
STOP

SEALED

LOCKED
SEAM

COFPER
CONDUCTOR
HEAD

COPPER
DOWNSPOUT

SECTION AT SCUPPER

Figure 2.6.11. Scupper Roof Drainage System (Copper Development Association, n.d)
j- Parking ramp design

No parking is planned for the basement level as the chosen site provides enough space for
the residential building, parking, and park with the playground for children.
2.7 Design of Non-structural Elements

Autoclaved aerated concrete was selected for the partition wall design due to its excellent
thermal insulation, structural strength, light weight, flexibility, and high fire resistance (PCA,

n.d.). In addition, the partition walls feature appropriate insulation and cement plaster.



For the exterior walls, concrete masonry units were chosen for their durability. The
external cladding, previously mentioned, will be made of fiber cement. The partition and exterior
walls are shown in Figures X and X, respectively. The total thicknesses of interior and exterior

walls were 262 mm and 406 mm respectively.

Air membrane Air membrane
(15 mm) (15 mm)
Cement tile Wallpaper Wallpaper Wallpaper
(15 mm) CMU Wall (1 mm) (1 mm) Autocalved aerated (1 mm)
concrete
(300 mm) 4 (75 mm)
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Cement plaster Cement plaster ~ Cement plaster Cement plaster
(5 mm) (5 mm) (5 mm) (5 mm)
M_ineria twoo\ Mineral wool Mrinera wool
insulation insulation insulation
(50 mm) (50 mm) (50 mm)

Figure 2.7.1. Exterior and Interior (inside apartments) walls compositions

For a typical floor we used RC slab, as well as acoustic fiber with a single-ply sheet. In
addition, concrete screed and hardwood was used for the upper surface, and gypsum board on the
lower side of the slab. The total thickness of floor was 297 mm, in which 150 mm was RC slab

itself.
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--- Concrete screed (40 mm)

--- Single-ply sheet (10 mm)

--- Mineral Wool (20 mm)

--- RC slab (150 mm)

:::::::::::::::::::::: --- Acoustic fiber (30 mm)

--- Gypsum board (15 mm)

Figure 2.7.2 Composition of typical floor



3. Structural Design

3.1 Material Selection
The scope of Structural Design for this project includes designing a high-rise residential
building in a high seismic zone.

The main structural material that was chosen for the building is reinforced concrete. A
thorough analysis was conducted between reinforced concrete and steel to select the main
material. Several scientific sources were analyzed to get the proper information about
characteristics, and then the data was organized into a tabular format. The data in the table is
according to Kodur et al. (2007), Thapa et al. (2020), and Mehta & Monteiro (2006).

Table 3.1. The comparison of Reinforced concrete and steel

Criteria Reinforced Concrete Steel
Strength High-compressive stress High stress-to-weight ratio
Durability Excellent long-term durability Susceptible to corrosion
Fire ] )
Inherent fire resistance Loses strength at high temperature
Resistance
Labor More widely available skills Requires specialized welders
Cost Lower initial cost Higher initial cost
Seismic ‘ o - Better resistance under seismic
Less ductile for seismic conditions -
Performance conditions
Thermal _ _
Good thermal mass High thermal expansion
Properties
Quality ) . .
Factory controlled quality On-site quality control
Control




The reason for our selection of reinforced concrete mainly lies in the geotechnical
characteristics of our site. Since our site is located near San Francisco Bay, the seismic
performance achieved by the high ductility of reinforced concrete is more suitable for this
region, and its durability can withstand the marine climate. Additionally, its high thermal mass
aligns with the mild climate of the area. Since the site is located in a busy financial district, fire
resistance is an important characteristic, and the sound-dampening feature of reinforced concrete

1s another benefit.

3.2 Analytical Model Development

The SAP 2000 software has been used extensively for both structural design and analysis
purposes. All the properties given to the SAP 2000 model including the frame section materials,
concrete and rebar steel characteristics, along with the model boundary conditions and geometry

1s to be discussed in this section.

3.2.1 Model Geometry
As was stated previously, the entire structure was created in SAP 2000. The building
model includes beam and column sections, and two-way slab design. Figure X below

demonstrates the model geometry in the SAP 2000 software.

Figure 3.1. Building Model Geometry



3.2.2 Material Properties for SAP 2000
As was already established, material properties implemented in hand calculations match

the material properties in the software.

3.2.2.1. Reinforced Concrete

Table 3.2.2.1 below depicts the concrete properties utilized in the software.
Table 3.2. Properties of reinforced concrete

Structural ’, MPa p, KN/m* E.,MPa % G., MPa
Member
Slabs, columns, 40 25 29725 0.2 12386
beams

3.2.2.2. Steel Rebar

Below you can find Table 3.3.2.2 where the main characteristics of the reinforcing steel
are summarized.
Table 3.3. Properties of steel rebar

E, MPa f,» MPa v p, KN/m?

200000 517.11 0.3 76.97

3.2.3. Frame Sections
For the frame sections of columns and beams, the following cracking moments of inertia
listed in Table 3.4. were implemented in the software.

Table 3.4. Cracking moment of inertia for each structural member

Structural Member | Cracking moment of inertia factors

Beams 0.35
Slabs 0.7
Columns 0.25

Stairs 0.25




3.2.4. Element Types and Connections

All slabs are shell elements with two-way configuration, whereas the frame elements
were used for modelling the columns and beams. The connection between the joints was
assumed to be rigid.
3.2.5. Boundary Connections

As the first level columns are on the ground level, their horizontal and vertical movement
is restricted, while the rotation movement is not, to allow the structure to be displaced when the

later loads are applied.

3.3 Analysis and Design of Gravity Load Resisting System (GLRS)
3.3.1. Dead load calculations

Calculations of non-structural dead loads were performed for both roof and floor loads in
accordance with the guidelines provided in ASCE 7-16 Chapter 3 (American Society of Civil
Engineers, 2017). Two types of flooring finishes applied to apartments and corridors on the first
floor were used to calculate floor dead loads. However, the most important floor finishing load
was chosen for the structural component design. The following tables show the calculations for
dead load from floor finishing on first floor/corridors and apartments, and roof.

Table 3.5 Dead load calculations for typical floors.

Thickness,
Function Material Type Load, kPa
mm

Cover Hardwood 22 0.19
Leveling Concrete screed 40 0.92
Water-proofing Single-ply sheet 10 0.03
Insulation Mineral Wool 20 0.044
Structural Slab RC slab 150 3.75
Acoustic Fiber 30 0.05
Mechanical Duct Allowance 0.19
Gypsum Board 15 0.12




Total 287 5.294

Table 3.6 Dead load calculations for 1st floor/corridors

Thickness,
Function Material Type Load, kPa
mm
Ceramic tiles 19
Cover 0.77
Mortar bed 13
Leveling Concrete screed 40 0.92
Water-proofing Single-ply sheet 10 0.03
Insulation Mineral Wool 20 0.044
Structural Slab RC slab 150 5
Acoustic Fiber 30 0.05
Mechanical Duct Allowance 0.19
Gypsum Board 15 0.12
Total 297 5.874
Table 3.7. Dead load calculations for roof
Thickness,
Function Material Type Load, kPa
mm
Three-ply read
Cover P Y 10 0.05
roofing
Insulation Polysterene foam 50 0.02
Bituminous,
Water-proofing 5 0.26
gravel-covered
Leveling Stone concrete 30 0.69
Structural Slab RC slab 150 3.75




Acoustic Fiber 30 0.05

Mechanical Duct Allowance 0.19
Gypsum Board 15 0.12
Total 290 5.13

Additionally, the loads from partition walls, exterior walls, and roof parapets were
calculated. It was assumed that the partition wall weight is uniformly distributed across the floor
area, while the loads from exterior walls and roof parapets were applied exclusively to edge
beams.

Table 3.8. Dead load calculations for Exterior Wall

Material | Material |Thickness| Height | Span Volume Density | Weight
type type | (nm) | (mm) | (mm) | (3) | (kg/m3) | (ke)
Exterior
Cement tile 15 3300 6000 0.297 1800 534.6
finish
Cement Cement
5 3300 6000 0.099 2,040.00 201.96
plaster plaster
Bituminous
Air
) ) waterproofi
infiltration 15 3300 6000 0.297 1,270.00 377.19
n
barrier 8
membrane
Mineral
Insulation wool 50 3300 6000 0.99 100 99
insulation
Autoclaved
aerated
CMU Wall 300 3300 6000 5.94 1920 11404.8
concrete
block




Bituminous
Air
waterproofi
infiltration 15 3300 6000 0.297 1,270.00 377.19
n
barrier 8
membrane
Cement Cement
5 3300 6000 0.099 2,040.00 201.96
plaster plaster
Interior
o Wallpaper 5 3300 6000 0.099 0.1 0.0099
Finish
Total 410 13197

Table 3.9. Calculations of the weight and load for interior walls inside the apartments.

Material | Material |Thickness| Height Span Volume | Density | Weight
type type (mm) (mm) (mm) (m3) (kg/m3) (kg)
Interior
Wallpaper 1 3300 330584 1.09 0.10 0.109
Finish
Cement Cement
5 3300 330584 5.45 2040 11127.457
plaster Plaster
. Mineral
Insulation 25 3300 330584 27.27 100 2727.318
wool
Autoclaved
Autoclaved
aerated
aerated 75 3300 330584 81.82 580 47455.333
concrete
concrete
block
. Mineral
Insulation 25 3300 330584 27.27 100 2727.318
wool
Cement Cement
5 3300 330584 5.45 2040 11127.457
plaster Plaster




Interior
o Wallpaper 1 3300 330584 1.09 0.1 0.109
Finish
Total 137 149.46 75165
Table 3.10. Calculations of the weight and load for interior walls on 1st floor.
Material | Material | Thickness | Height Span Volume | Density | Weight
type type | (mm) | (mm) | (mm) | (m3) | (kg/md) | (ke)
Cement Cement
5 3500 170100 2.98 2040 6072.57
plaster plaster
Mineral
Insulation 50 3500 170100 29.77 100 2976.75
wool
Autoclaved
Autoclaved
aerated
aerated 150 3500 170100 89.30 580 51795.45
concrete
concrete
block
Mineral
Insulation 50 3500 170100 29.77 100 2976.75
wool
Cement Cement
5 3500 170100 2.98 2,040 6072.57
plaster plaster
Total 260 154.79 69894

Table 3.11. Calculations of the weight and load for interior walls between apartments.

Material | Material |Thickness| Height Span Volume | Density
Weight (kg)
type type (mm) (mm) (mm) (m3) (kg/m3)
Interior
o Wallpaper 1 3300 6000 0.0198 0.10 0.00198
Finish
Cement Cement 5 3300 6000 0.099 2,040.00 201.96




plaster plaster
Mineral
Insulation 50 3300 6000 0.99 100.00 99
wool
Autoclaved
Autoclaved
aerated
acrated 150 3300 6000 2.97 580.00 1722.6
concrete
concrete
block
Mineral
Insulation 50 3300 6000 0.99 100 99
wool
Cement Cement
5 3300 6000 0.099 2,040.00 201.96
plaster plaster
Interior
o Wallpaper 1 3300 6000 0.0198 0.1 0.00198
Finish
Total 262 5.1876 2325
Distributed load, KN/m 7.60
Table 3.12. Calculations of the weight and load for parapetes.
Material | Material |Thicknes| Height Span Volume | Density | Weight
type type | s(mm) | (mm) | (mm) | (m3) | (kgm3) | (kg)
Autoclaved
Autoclaved
acrated
acrated 300 1500 6000 2.7 580 1566
concrete
concrete
block
Distributed load, KN/m| 2.56041




3.3.2. Live load calculations
The minimum uniformly distributed loads for the residential building, as specified by
ASCE 7-16, have been determined and are presented below. (American Society of Civil

Engineers, 2017):

e Public rooms: L0 = 4.79 kN/m2

e Private rooms and corridors serving them: L 0= 1.92 kN /m2
e Corridors serving public rooms: L0 = 4.79 kN /m2

e Ordinary flat roofs: LO = 0.96 kN/m2

e Stairs and exit ways: Lo =4.79 kN/m2

According to ASCE 7-16, live load reduction should be applied to all uniformly
distributed loads, except for public rooms. The reduction for floor live loads should be calculated

using the following formula:

L =1L,0.25 + ‘;'—57) 3.1)

LL'T

Live load element factors, K, will be as following:

w
e Interior columns: K L 4

e Exterior columns without cantilever slabs: K L= 4
e Corner columns: K L 4

e FEdge beams without cantilever slabs: K L 2

e Interior beams: KLL =2

Table-3.13. Floor live load calculations.

Space | Span L0 L
Space At (m2)| KLL (Reduction
(m) (m) (KN/m2)| (kN/m2)

Private | Exterior
Typical 3 6 18 4 0.789 1.92 1.51
rooms | columns
floor

and Interior 6 6 36 4 0.631 1.92 1.21




corridors| columns
serving | Corner
3 3 9 1 1.92 1.92
them | columns
Edge
3 6 9 1 1.92 1.92
beams
Interior
6 6 36 0.789 1.92 1.514
beams
Interior
6 6 36 0.631 4.79 3.02
columns
Exterior
Stairs 3 6 18 0.789 4.79 3.78
columns
and exit
Interior
ways 6 6 36 0.789 4.79 3.777
beams
Edge
3 6 9 1 4.79 4.79
beams
Exterior
3 6 18 0.789 4.79 3.78
columns
Interior
6 6 36 0.631 4.79 3.02
columns
Corner
First floor 3 3 9 1 4.79 4.79
columns
Edge
6 6 18 1 4.79 4.79
beams
Interior
6 6 36 0.789 4.79 3.777
beams
To calculate Roof live load, we utilized the following formula:
Lr = L0R1R2 where 0. 58 < Lr < 0.96 (3.2)

The reduction factor R, can be determined as follows:




R1 =12 - 0.011AT

0.6

for A< 18.58 m

for AT > 55.74 m2

For ordinary R2 flat roofs the reduction factor R, flat roofs is 1.

Table-3.14.Roof live loads calculations

for 18.58 m° < A < 55.74 m

Column | Space L0 L
Span (m) | At (m2) | KLL R1 R2
type (m) (KN/m2) | (kN/m2)
Exterior
3 6 18 4 1 0.96 0.96
columns
Interior
6 6 36 4 0.804 1 0.96 0.77
columns
Corner
3 3 9 4 1 0.96 0.96
columns
Edge
3 6 9 2 1 0.96 0.96
beams
Interior
3 6 18 2 1 0.96 0.96
beams
Table 3.15. Loads Summary
Dead Load Live Load
Floor Type Load, kPa Floor Type Load, kPa
Typical Floor Load 5.294 Typical Floor Load 1.92
First Floor Load 5.874 First Floor Load 4.79
Roof Load 5.13 Roof Load 0.96




3.3.3 Snow loads calculations
It has been revealed that there are no snow loads to be calculated, since our location, San
Francisco, California, is not exposed to any. Therefore, snow loads were not calculated for our

project (American Society of Civil Engineers, 2022).

3.3.4 Estimation of member sizes

3.3.4.1. Determination of structural layout

The spacing between columns was established at 6 meters to create a larger interior area
for the residential building. Additionally, the column spacing should be within the range of 2.5 to

7.5 meters, making 6 meters a suitable choice (Pooja, 2022).

Three potential GLRS (Grid Layout for Reinforced Slabs) layouts were analyzed, and the
most suitable one was selected based on material cost, which was determined by calculating the
volume of structural members. The first layout involves a one-way slab system with major
beams and a two-way slab. The second layout features a one-way slab with major beams and one
minor beam. The third layout includes a two-way slab with major beams and two minor beams,

as illustrated in Figure 1.

Figure 3.2. GLRS layout variants

For further analysis, the preliminary sizing of members was conducted based on the
following guidelines from ACI 318-19 Chapters 7-10 and heuristic methods (American Concrete
Institute, 2022):

e The thickness of major beams under a two-way slab without any interior beams is equal

to 10% of its span.



e The width of major beams under a two-way slab without any interior beams is equal

h
b= 15"

e The thickness of major beams under a slab with interior beams is equal to 8% of its span.

e The width of major beams under a slab with interior beams is equal b = %

e The thickness of simply supported minor beams is equal to h = 1—16.

e The thickness of simply supported one-way slab is equal to h = 2—10.

Option 1: Two-way slab

The lengths of the slab and of the beam were taken as 6 m for the conventional design.
As previously mentioned, the thickness of the main beam (h) is 10% of its length, while its width
(b)is givenby b = %

h = 10%L = 0.1 *6 =0.6m

major

h
===0.3m
major 2

To determine the slab thickness, the moment of inertia and elastic modulus of both the
beam and slab must be calculated. C40 grade concrete was selected for both components, as it is
commonly used for structural members supporting heavier loads (Base Concrete, 2023). The

calculations were as follows:

fcb = fcs = 40 MPa

The modulus of elasticity can be calculated using the following equation:

E =E = 4700\/76 (3.3)
E, = E_= 4700, [f = 29725.41 MPa
1 3 1 3 -3 4
I, ==55b-h-035=---03-06-035=189x10 m
I ==Lk 025=-5-6-02"-025=1x10 "m"
s, cr

Once the members' moments of inertia have been determined, the stiffness ratio should

then be calculated:



_ Ecblb,cr
Cm = E1 (3.4)

cs s, cr

_ 29725.41-1.89x10 > 1.89
fm 29725.41-1x10"° '

a =1.89< 2
fm

The minimum slab thickness should be determined using the following formula:

1 (0.8+f /200,000)
n Y >
36+98 =

5in. (3.5)
where
B = Lyn/an =1

And the clear span is:
b b
l =L-—--—"-=6-0.15-0.15=57m
n

n = 5.7(0.84+75000/200,000)
T 36+5*1%(1.89-0.2)

= 0.15067m > 0.127m (5in.)

For the conventional slab design, a thickness of h=0.15 m should be used. Consequently,

the volume can be calculated as follows:
V(slab) = 6 - 6 - 0.15 = 5.4m"
V(beam) = 0.6 - 0.3 - 6 - 4 = 4.32m"

=54+ 432=972m

total, option 1

Option 2: Two-way slab with minor beams

The same procedure was applied to this option. The thickness of the major beam was

assumed to be 10% of its length, while the thickness of the simply supported minor beam was

taken as 1_16' The slab thickness was assumed to be 0.15 m.

h =10% *L=0.1*6=0.6m

major

=0.6/2 = 0.3m

major

= 1/16 = 6/16 = 0.375m

minor



= 0.375/2 = 0.188m

minor

Then,we calculate the moment of inertia and stiffness ratio.

=L %0.3%¥0.6°%0.35=1.189 x 10 °m"
b, major 12

=-1+0.188 *0.375° % 0.35 = 2.88 x 10 m"

b, minor

| =4*3%0.2°%0.25=5x10 'm'

a . =3.78 and o, . = 0.57678
f, major f, minor

o o ta,
— , major , minor —
o, —L;;Z 2.178 > 2
Next, the clear span of slabs with beams running in the long direction was measured, and
subsequently, the ratio of the clear span in the long direction to that in the short direction of the

slab was determined:
— Ln — 3m j—
P=T =5m =1
b . b
ln=L —$—$= 3—0.3-0.188 = 2.512m

Based on the calculated values, the minimum thickness of slab was found using the

equation 3.5:

2.512(0.8+75000/200,000)
36+9

h = = 0.0719m < 0.09m (3.5 in.)

The minimum slab thickness is required to be 0.09 m. Thus, the slab thickness was

rounded to 0.1 m. Following this, the volumes of the structural members were calculated.

V(slab) =3 -3-0.1=0.9m"
V(major beam) = 0.6 - 0.3 - 6 = 1.08m"
V(minor beam) = 0.375 - 0.188 - 6 = 0.421875 m’

=0.9%4+1.08%4 + 0.422*2 = 8.764m°

total, option 2



Option 3: One-way slab with minor beam

In this final scenario, the dimensions of the major and minor beams were calculated using

the same method as in the previous option.

h =06mb . =0.3m
major major
h =0375m;b . =0.188m
minor minor
— L
onewayslab 20

=L 3 _
hslab— o = 50 = 0-15m

Accordingly, the volumes of members can be calculated as:
V(slab) =3 - 6 - 0.15 - 2 = 5.4m’
V(major beam) = 6 * 0.6 * 0.3 = 4.32m"
V(minor beam) = 6 * 0.375 * 0.1875 = 0.422m"

— 5.4 + 4.32 + 0.422 = 10.14m"

total, option 3

Ultimately, we ended up with three different options with varying dimensions. Despite
the fact that a two-way slab with minor beams is the most economical structural layout, a
two-way slab without minor beams was chosen as it requires less construction time and it is
easier to manage in the project. Minor beams require more formwork, prolonging the overall
process to a significant extent. Besides,

Table 3.16. Final calculations of three cases for layout

Option Member L (m) h (m) b (m) Vt (m*3)
Slab 6.000 0.150 6.000
Two way slab Major 9.72
6.000 0.600 0.300
beam
8.77
minor beams Major 6.000 0.600 0.300




beam
Minor
6.000 0.375 0.188
beam
Slab 6.000 0.150 3.000
Major
6.000 0.600 0.300
One way with minors beam 10.141875
Minor
6.000 0.375 0.188
beam

Table-3.17 Further information about Two Way slab case

Vt | Self-Weight, | Self-weight,
Option Member | L (m) h (m) b(m) |V(m”*3)| n

(m*3) kN kg
Slab 6.000 | 0.150 | 6.000 | 7.200 1 135 13761.5
Two way
Major 972
slab 6.000 | 0.600 | 0.300 1.080 4 27 2752.5

beam

Two way slab method of layout was chosen. You can see the layout plan below on

Figure-2.

Figure 3.3. Structural layout of the building




3.3.4.2. Calculation of size dimensions of columns

Next we have to calculate the size dimensions of columns for every level of the building.
It can be performed using the self weight of structural members and dead and live loads that
were calculated before.

Major beam self-weight:

major beam - pRC '

v, (major) = 25kN/m’ - (0.3 - 0.6 - 6)m’ = 27 kN

Load combination was applied to estimate the dimensions of columns

w = 1.2D + 1.6L + 0.5Lr

Self weight of major beam transferred to interior column:

= L2 _ 3N /m’

major beam 36m

=D +D +D =3 + 0.964 + 5.294 = 9,258 kN/m"

floor major beam partition walls finishing,floor

2
Dmof = 5.13kN/m

L =3.02kN /m2 (critical live load on interior column)

L = 0.96 kN /m2 (critical roof live load on interior column)

W =11(L2 * 9.258 + 1.6 * 3.02) + 1.2 *5.13 + 0.5 * 0.96 = 181.99 kN/m’

The proportions of the columns for the basement level were also established since the
building has a basement. The first level and basement are 3.5 meters high, while the floor height
above the first floor is 3.3 meters. Our building is mainly built from reinforced concrete, so the
ACI 318-19 code (American Concrete Institute, 2022) was utilized to determine the dimensions.
Additionally, the iteration approach was used to determine the column diameters for each story,
taking into consideration the weight of the columns above the first floor.

P=w A +w = 181.99 kN/m" - 36 m" + 370 kN = 6921.77 kN

u u T columns above first floor
cI)Pn = 0.8¢(0. 85fc AC + fyAs)
Reinforcement ratio was assumed as 1%, hence, AS = 0.01AC, ¢ = 0.65 (based on ACI

318-19), fc' = 40 MPa, fy = 517.1 MPa.



GP = 0.8 0.65 - (0.85 - 400004 + 420000 - (0.01A)) = 20368.94_

$P > P

n

u

20368. 9AC > 6921.77 kN

A = 0.
c

533 m°

Our interior column measurements for one level will be 0.73 m if we assume that we

have square columns of sizea = b= +/0.533 . Since a = b= +/0.533 , we will take an

increment and establish that the column size on the 1st floor is going to be 0.75 X 0.75. Table 14

shows the results of comparable calculations that were performed as an example for the first

floor's exterior and corner columns. These sizes were consistently allocated to each column at

each level since the inside columns had the biggest dimensions.

Table-3.18. Column size estimations for exterior, interior, and corner columns on the 1st floor

Column Type W Fu Pn (kN) Ac a(m) |a=b(m)| Ag Sum of
(kKN/m*2)| (kN) (m*2) area
Interior column | 237.815 [9350.7| 20368.9 [ 0.45906 | 0.678 | 0.750 [ 0.563 3.525
Exterior column| 198.177 |5498.8|20368.910.26996 | 0.520 [ 0.550 | 0.303 1.515
Corner column | 208.077 | 2841 |20368.90.13948 | 0.373 0.400 | 0.160 | 0.785

Table-3.19. Column Size Distribution

Floors Square Column width, m
0-1 0.75
2-3 0.7
4-5 0.65
6-7 0.6
8 0.55




10 0.45
11 0.4
12 0.35

As can be observed from Table 3X, the smallest column dimension is 0.35 m, which
complies with the established ACI 318-19 requirements stating that the minimum column
dimension shall not be less than 12 in or 305 mm. Additionally, the ratio of the smallest
dimension to the dimension perpendicular to it shall not be less than 0.4 (ACI, 2019). All of
these requirements are satisfied for the column size distribution for this residential complex.

Table-3.20. Calculation of exterior columns

Level | Wu (kN/m*2) Pu (kN) | Pn (kN) A a (m) = Ag sum of

(m”2) (m) area
0 215.590 6002.768 |20368.9210.2947 | 0.543 | 0.550 | 0.303 | 1.818
1 198.177 5498.761 |120368.92| 0.270 | 0.520 [ 0.550 | 0.303 | 1.515
2 180.764 4999.676 |20368.920.2455| 0.495 | 0.500 | 0.250 | 1.265
3 163.351 4505.289 |[20368.9210.2212| 0.470 | 0.450 | 0.203 | 1.063
4 145.938 4010.901 |[20368.920.1969 | 0.444 | 0.450 [ 0.203 | 0.860
5 128.526 3516.274 120368.9210.1726 | 0.415 | 0.450 [ 0.203 | 0.658
6 111.113 3078.081 |20368.92]0.1511 | 0.389 | 0.400 [ 0.160 | 0.498
7 93.700 2538.708 |[20368.92(0.1246 | 0.353 | 0.350 | 0.123 | 0.938
8 76.287 2202.169 |[20368.9210.1081 | 0.329 | 0.350 | 0.123 | 0.253
9 58.874 1567.697 |20368.9210.0770 | 0.277 | 0.300 [ 0.090 | 1.778
10 41.462 1083.643 |20368.9210.0532 | 0.231 | 0.300 | 0.090 [ 0.073
11 24.049 602.012 [20368.9210.0296 | 0.172 | 0.250 [ 0.063 | 0.010
12 6.636 125.515 |[20368.92 | 0.0062 | 0.078 | 0.100 | 0.010




Table-3.21. Calculation of interior columns

Wu Ac a= Sum of
Level Pu (kN) Pn (kN) a (m) Ag

(kN/m*2) (m*2) (m) area
0 254.328 10039.596 20368.92 10.4929( 0.702 | 0.750 | 0.563 | 4.088
1 237.815 9350.655 20368.92 10.4591 | 0.678 | 0.750 | 0.563 | 3.525
2 221.302 8668.883 20368.92 10.4256 | 0.652 | 0.700 | 0.490 | 3.035
3 204.790 7986.730 20368.92 10.3921 | 0.626 | 0.700 | 0.490 | 2.545
4 188.277 7311.252 20368.92 [0.3589 | 0.599 | 0.650 | 0.423 | 2.123
5 171.764 6635.420 20368.92 ]0.3258 | 0.571 | 0.650 | 0.423 | 1.700
6 155.251 5965.444 20368.92 [0.2929 | 0.541 | 0.600 | 0.360 | 1.340
7 138.738 5301.153 20368.92 ]0.2603 [ 0.510 | 0.550 | 0.303 | 1.038
8 122.226 4636.566 20368.92 10.2276 | 0.477 | 0.550 | 0.303 | 0.735
9 105.713 3976.902 20368.92 10.1952 | 0.442 | 0.500 | 0.250 | 0.485
10 &9.200 3321.695 20368.92 [0.1631 | 0.404 | 0.450 | 0.203 | 0.283
11 72.687 2670.479 20368.92 10.13111| 0.362 | 0.400 | 0.160 | 0.123

12 56.174 2022.278 20368.92 [0.0993 | 0.315 | 0.350 | 0.123

Table-3.22. Calculations for corner columns
Wu Ac a= Sum of
Level Pu (kN) Pn (kN) a (m) Ag

(kKN/m*2) (m”2) (m) area
0 226.390 3102.013 20368.92 |[0.1523 | 0.390 | 0.400 | 0.160 | 0.945
1 208.077 2841.030 20368.92 [0.1395| 0.373 | 0.400 | 0.160 | 0.785
2 189.764 2583.755 20368.92 [0.1269| 0.356 | 0.350 | 0.123 | 0.663




3 171.451 2326.480 20368.92 10.1142 | 0.338 [ 0.350 | 0.123 | 0.540
4 153.138 2069.022 20368.92 10.1016 | 0.319 | 0.350 | 0.123 | 0.418
5 134.826 1814.777 20368.92 10.0891 | 0.298 [ 0.300 [ 0.090 | 0.328
6 116.513 1560.377 20368.92 10.0766 | 0.277 | 0.300 [ 0.090 | 0.238
7 98.200 1308.696 20368.92 10.0643 | 0.253 [ 0.250 | 0.063 | 0.175
8 79.887 1056.888 20368.92 10.0519| 0.228 [ 0.250 | 0.063 | 0.113
9 61.574 807.304 20368.92 10.0396 | 0.199 [ 0.200 | 0.040 | 0.073
10 43.262 557.622 20368.92 10.0274 | 0.165 [ 0.200 | 0.040 | 0.033
11 24.949 309.600 20368.92 10.0152 | 0.123 [ 0.150 | 0.023 | 0.010
12 6.636 62.758 20368.92 10.0031 | 0.056 | 0.100 | 0.010

3.3.5. Assigning Gravity Forces to the SAP 2000 model

For Load Assignment Procedure Figure 3.4 below was created to clearly demonstrate the

chosen frame. Please note that in all the calculations, Figure 3.4 below was referred to when

frame numbers were mentioned. However, due to SAP 2000 technical limitations, the grid line

names are swapped.
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Figure 3.4. Chosen Frame for Load Assignment




Figure 3.5 below depicts the material property data for reinforced concrete and steel rebar

entered into SAP 2000 and joint restraints parameters. All the parameters are exactly the same as

discussed in earlier sections of the project.

:K: Material Property Data

General Data
Material MName and Display Color
Material Type

Material Notes

Weight and Mass
Weight per Unit Volume

Mass per Unit Volume 2.5

Izotropic Property Data
Modulus of Elasticity, E
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Coefficient of Thermal Expansion, A
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Material Name and Display Color
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2]
<
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Uniaxial Property Data

25725410
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40000.
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Cancel
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T6.9725

Rebar |.
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1.995E+08
0.3

1.AT0E-05

76903069

5171068

620000

e
o
o
=
=
=

60000

Cancel

Figure 3.5. Material Property Data and Joint Restraints

Following the material property data input, the section properties for both reinforced

major beam and columns were entered into the software. As can be seen from Figure 3.6 below,

the dimensions in SAP 2000 are exactly the same presented earlier in this section.



x Rectangular Sec

Section Name RC Column 2-3 Display Color ,_
Section Notes Modify/Show Motes...
Dimensions Section
Depth (13
Width (12 ) — =
3
|
- L] e [T
Properties.

Material Property Modifiers

+ | |RC Concrete e Set Modifiers.

Concrete Reinforcement...

0K

B Recta

Cancel

Section Properties...

Time Dependent Properties...

Property/Stiffnese Modifiers for Analysis

Cross-section (axial) Area
Shear Area in 2 direction
Shear Area in 3 direction
Torsional Constant

Moment of Inertia about 2 axis
Moment of Inertia about 3 axis
Mass

Weight

Section Name RC Beam Display Color .
Section Notes Modify/Show Notes.
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Depth (13)
Width (2}
3

Material Property Modifiers.

+ | RC Concrete ~ Set Modifiers.

Concrete Reinforcement...

oK

Cancel
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11

Cancel
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Cross-section (axial) Area
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Cancel
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Figure 3.6. Structural Element Section Properties



Now that all the necessary parameters were inputed into SAP 2000, the load assignment
for dead, live, roof live loads in both 2D and 3D are presented below. As you could also observe,
for 3D view two configurations of load distribution were chosen, those being Uniform
Distribution to Area and Uniform Distribution to Frame.

To calculate the applied distributed load the computed values from Seciton 3.3 were used
in order to consider all the possible loads in the building. Below you can find the three

calculations for each load type.

Distributed Dead Load = (5.294 + 5.874 + 5.13) * 6 = 97.20 kN/m
Distributed Live Load = 4.79 * 6 = 28.74 kN/m
Distributed Roof Live Load = 0.96 * 6 = 5.76 kN/m
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Figure 3.7 2D Load Assignment for Dead, Live and Roof Live Loads respectively

Analysis of 2D Loads Assignment is available in Appendix.



Figure 3.8 3D Uniform Dead load distributed to Area (Slab)
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Figure 3.9. 3D Uniform Dead load distributed to Frames
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Figure 3.10. 3D Uniform Live load distributed to Area (Slab)



Figure 3.11. 3D Uniform Live load distributed to Frames



Figure 3.12. 3D Uniform Roof Live load distributed to Area (Slab)
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Figure 3.13. 3D Uniform Roof Live load distributed to Frames

3.4 Analysis and Design of Lateral Force Resisting System (LFRS)
3.4.1. Wind load with torsional effect
As with GLRS calculations, wind load computations were based on the guidelines

provided in ASCE 7-22 (American Society of Civil Engineers, 2022). To determine the basic
wind speed in the Mission Bay area, San Francsico, California, ASCE Hazard Tool map was
implemented (ASCE Hazard Tool, 2024). According to the data given in the tool, the basic wind
speed in the chosen site is 41 m/s. The following data necessary for wind load calculation was
taken from ASCE 7-22:

e From Table 26.6-1 Wind Directionality Factor, K 7 for Buildings with Main Wind Force

Resisting System equal to 0.85.
e From Section 26.7.3, the Exposure Category for the project is B.

e Topographical factor, K " is 1 as the construction site is flat.



To define the Exposure Category B constants, data from Table X.X must be applied.

Table 3.23. Exposure Category Constants

SI Units
Exposure o z, (m) & b [v4 I (m) z Zmin (M)*
B 7.5 1,000 1/7.5 0.84 1/4.5 0.47 97.54 1/3.0 9.14
C 9.8 750 1/9.8 1.00 1/6.4 0.66 152.40 1/5.0 4.57
D 11.5 590 1/11.5 1.09 1/8.0 0.78 198.12 1/8.0 2.13

* Zmin = Minimum height used to ensure that the equivalent height Z is the greater of 0.6h or z,;,. For buildings or other structures with kb < z;,, Z shall be taken

as Zmin-

For Height Effect, the velocity pressure exposure coefficient, K I should be determined:

5 2/a
K =2.01(—=) ,forz<I5f{t
z z,

7 2/a
K =201(F) .forlsfisz<z
g

(3.6)

(3.7)

As can be seen from the equations above, the velocity pressure value depends on the

height of the level. Therefore, Table X.X below was created applying the formulas:
Table 3.24. Height Effect Coefficient Calculations

Story h (m) z (m) Kz
13 3.3 41.6 1.080
12 3.3 39.8 1.067
11 3.3 36.5 1.040
10 33 33.2 1.013
9 3.3 29.9 0.983
8 3.3 26.6 0.951
7 33 233 0.915
6 3.3 20 0.876
5 3.3 16.7 0.832
4 3.3 13.4 0.781
3 3.3 10.1 0.721
2 3.3 6.8 0.644
1 3.5 3.5 0.575




Now, the Gust Effect for both longitudinal and transverse directions must be considered

to calculate the wind loads.

Longitudinal Direction: B = 48 m, L = 30m, # of frames = 9

Transverse Direction: B = 30m, L = 48 m, # of frames = 6

Longitudinal Direction, Case 1 (Y-Axis):

Firstly, the type of the building must be determined to define the calculation procedure.
As the total height of the building is 43.1, it is more than 18 m, indicating that the building is
“high-rise.” Thus, the Gust Effect procedure is as follows:

1) n =43.5/h" = 43.5/136.483" = 0.521 < | Hz — Flexible Building

To clearly define the building type, equation X.X was used and as a result, it was

identified that the building is flexible.
2) z=0.6h = 0.6 - 41.6 = 24.96 > z =9.14m

As can be seen from equation X.X, Z was computed and it does satisfy the minimum
height criteria as 24.96 m is more than 9.14 m.

Now, the stps below closely follow the Gust Effect procedure:

1 1

3) L= c(=)° = 0.3(54)° = 0.258

4) V. =b% ) V= 04525 . 41 = 23.19 m/s

5) n =n_ =0.373,L = = (= ) = 97.54(229"" = 132.31m

6) N, = ";b _ 0.52213;'11392.31 — 2 973

N R = (1+::111)5/3 - (1+:§.Z;.:Zi)5/3 = 0.0702

8) m, = = LeUEE = 4300

9) hanLh— (1 - e My =L (- e 7"y = 0.206

h



4.6n,B 46-0.521-48

0O, =—F—="210 =3905
R, = 0.181
_ anl 154052130 _
ll)nL— v 23.19 = 4.14

12) RL = 0.0917

= 0.274

I3VR = R R,R (0 53+047R ) 0.0702-0.206-0.181-(0.53+0.47-0.0917)
) - 0.02

0577 0.577 _
14)g, 4/2ln(3600n )+ e = 2In(3600 - 0.521) + oo = 4031

15Q = [——— = 0.818
)@ = 1+0.63( 21 \/ 140.63( 151 4f;;‘;f )"

+1.71 Q + . 2- 2 2_ 2
16)G —o. 925( NYq 9 ) = 0.925( 1+1.7 0.258\/3.4 0.818°+4.031°-0.274 ) = 0.859

1+1. 7gv12 1+1.7-3.4-0.258

For the external pressure coefficient, the relation between length and width of the

building needs to be determined:

L _ 30
—=22=0625<1

Now, based on this value, external pressure coefficients, Cp can be obtained from Table

3.25 below:
Table 3.25. External Pressure Coefficients:
Wall Pressure Coefficients, C,,
Surface L/B Cp Use With

Windward Wall All values 0.8 qz

0-1 -0.5
Leeward Wall 2 -0.3 Jh

24 -0.2
Side Wall All values -0.7 Jh




Thus, from Table 3.25: Cp for Windward Wall is 0.8 regardless of the relation value,

while for the Leeward Wall C ) is -0.5 as the relation value of 0.625 falls into the range of 0-1.

Transverse Direction, Case 1 (X-Axis)
The entire calculation procedure is the same for the transverse direction with the
exception of the L/B relation. Therefore:

14171 /g 0*+g 'R’
G, = 0.925(—— Jo 7%y _ 0,883

1+1.7g I

As for the L/B relation:
L _ 48 _
B =30 — 1.6 >1
Thus, by applying the values from Table 3.25 and linear interpolation, the external
pressure coefficients are as follows:

=10.8

p, windward -

o (C =—0.38

p, leeward

Now, moving on to the wind load calculations, according to ASCE 7-22, there are four

different cases for Wind Load shown in Figure 3.14 below.
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Figure 3.14. Wind Load Cases (American Society of Civil Engineers, 2022)

To determine the wind forces acting on each floor, velocity pressure and wind pressure

eXpreSSiOHS are necessary:
q =0.613KK KV’ (3.8)

P =q GC

z p,windward

- thCp,leeward (3.9)

For the calculation of the force at each level, except for top floor, the following equation

1S to be used:

B hi+1 hl
F = FoF frames * (Pi+1 *——+P =) (3.10)
For calculation of wind load on top floor, the equation below must be implemented:
h
F =;*i*p (3.11)

13 # of frames 2 13



As can be seen from Figure 3.4.1.1, the main difference between Cases 1, 3 and Cases 2,
4 is the presence of the torsional effect. For torsional effect calculation, the following
expressions are necessary:
e = 0.15 - B (3.12)
e = 0.15-48 =7.2m
e, = 0.15 - L (3.13)
e, = 0.15-30=4.5m
Now that all the necessary formulas are identified and all the features are taken into

account, the following tables on each case of wind load can be made:

Table 3.26. Wind Forces calculated for Longitudinal Direction (Y-Axis), Case 1

Story | h(m) | Kz | q (Pa) | Gf P(Vlv,’a;)l PPa) | FigN) | pe(ll“di\';')ame
13 | 33 |1.080] 946.02 {0.859| 650.00 | 1051.15 | 83.25 41.63
12 | 33 [1.067] 934.14 |0.859| 641.84 | 1042.99 | 165.86 18.43
11 | 33 |1.040] 91132 [0.859| 626.16 | 102731 | 163.97 18.22
10 | 33 |1.013] 886.98 {0.859| 609.44 | 1010.58 | 161.40 17.93
9 | 33 [0.983] 860.84 [0.859| 591.48 | 992.63 | 158.65 17.63
8 | 33 [0.951]832.55 [0.859| 572.04 | 973.19 | 155.69 17.30
7 | 33 |0.915] 801.63 [0.859| 550.79 | 951.94 | 152.47 16.94
6 | 33 [0.876| 767.40 [0.859| 52728 | 928.43 | 14893 16.55
5 | 33 |0.832] 728.87 [0.859] 500.80 | 901.95 | 144.97 16.11
4 | 33 [0.781] 684.43 |0.859| 47027 | 87142 | 14045 15.61
3| 33 [0.721] 63132 [0.859| 433.78 | 83493 | 135.14 15.02




0.644

563.85 [0.859

387.41 788.56

128.58

14.29

0.807

706.85 [0.859

485.67 886.82

136.95

15.22

Table 3.27. Wind Forces calculated for Transverse Direction (X-Axis), Case 1

Story | h(m) | Kz | q (Pa) | Gf P(Vlv)’al))l PPa) | Fign) | T pz(Nfr)ame
13 3.3 |1.080( 946.02 [0.883| 668.27 981.71 48.59 24.30
12 3.3 |1.067| 934.14 [0.883| 659.87 973.32 96.77 16.13
11 3.3 [1.040| 911.32 |0.883| 643.76 957.20 95.56 15.93
10 3.3 |1.013| 886.98 [0.883| 626.56 940.00 93.91 15.65
9 3.3 10.983| 860.84 [0.883| 608.10 921.54 92.15 15.36
8 3.3 ]0.951| 832.55 [0.883| 588.11 901.55 90.24 15.04
7 3.3 10.915| 801.63 [0.883| 566.27 879.71 88.17 14.70
6 3.3 |0.876| 767.40 [0.883| 542.09 855.53 85.89 14.32
5 3.3 10.832| 728.87 [0.883| 514.87 828.31 83.35 13.89
4 3.3 |0.781| 684.43 [0.883| 483.48 796.92 80.45 13.41
3 3.3 10.721| 631.32 [0.883| 445.97 770.00 77.56 12.93
2 3.3 10.644| 563.85 [0.883| 398.30 770.00 76.23 12.71
1 3.5 10.807| 706.85 [0.883| 499.32 812.76 80.78 13.46

Table 3.28. Direct Wind Forces Component calculated for Case 2 (Y-axis).

Story Pw, P1 (Pa) M; (kN-m) 0.75Fi (kN) | F direct (kN)

13 650.00 272.46 62.44 31.22




12 641.84 270.34 124.39 13.82
11 626.16 266.28 122.98 13.66
10 609.44 261.94 121.05 13.45
9 591.48 257.29 118.99 13.22
8 572.04 252.25 116.77 12.97
7 550.79 246.74 114.35 12.71
6 527.28 240.65 111.69 12.41
5 500.80 233.79 108.72 12.08
4 470.27 225.87 105.34 11.70
3 433.78 216.41 101.36 11.26
2 387.41 204.40 96.44 10.72
1 485.67 229.86 102.71 11.41

Table 3.29. Direct Wind Forces Component calculated for Case 2 (X-axis).

Story Pw, P1 (Pa) MT (kN-m) | 0.75Fi (kN) | Fdirect (kN)
13 668.27 99.40 36.45 18.22
12 659.87 98.55 72.58 12.10
11 643.76 96.92 71.67 11.95
10 626.56 95.18 70.43 11.74
9 608.10 93.31 69.11 11.52
8 588.11 91.28 67.68 11.28
7 566.27 89.07 66.13 11.02
6 542.09 86.62 64.42 10.74
5 514.87 83.87 62.51 10.42
4 483.48 80.69 60.34 10.06
3 445.97 76.89 58.17 9.70
2 398.30 72.06 57.17 9.53
1 499.32 82.29 60.59 10.10




To clearly demonstrate the torsional effect of wind load, separate Table 3.30 was created
for Case 2 in both longitudinal and transverse directions.

Table 3.30. Wind Force Calculations for third floor in both directions including the torsional

effect (Case 2)

Case 2 (X-axis) Case 2 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 0.5825 9.70 10.28 1 -1.6395 11.26 9.62
B 0.3495 9.70 10.04 2 -1.2296 11.26 10.03
C 0.1165 9.70 9.81 3 -0.8197 11.26 10.44
D -0.1165 9.70 9.58 4 -0.4099 11.26 10.85
E -0.3495 9.70 9.35 5 0.0000 11.26 11.26
F -0.5825 9.70 9.11 6 0.4099 11.26 11.67
7 0.8197 11.26 12.08
8 1.2296 11.26 12.49
9 1.6395 11.26 12.90

All other Tables for the rest floors are included in Appendix. The same calculation
procedure was performed for Case 3 and Case 4 in the following Tables 3.31 below:

Table 3.31. Wind Force Calculations for Case 3

Story | 0.75F1 (kN) | F1 per frame (kN) 0.75F2 (kN) F2 per frame (kN)
13 62.44 31.22 36.45 18.22
12 124.39 13.82 72.58 12.10
11 122.98 13.66 71.67 11.95
10 121.05 13.45 70.43 11.74
9 118.99 13.22 69.11 11.52
8 116.77 12.97 67.68 11.28
7 114.35 12.71 66.13 11.02
6 111.69 12.41 64.42 10.74
5 108.72 12.08 62.51 10.42
4 105.34 11.70 60.34 10.06




3 101.36 11.26 58.17 9.70

2 96.44 10.72 57.17 9.53

1 102.71 11.41 60.59 10.10

Table 3.32. Wind Force Calculations for Case 4
Story [ MT (kN-m) | 0.563F1 (kN) | 0.563F2 (kN) | F1 direct (kN) [ F2 direct (kN)

13 279.14 46.87 27.36 23.44 13.68
12 276.91 93.38 54.48 10.38 9.08
11 272.64 92.31 53.80 10.26 8.97
10 268.08 90.87 52.87 10.10 8.81
9 263.18 89.32 51.88 9.92 8.65
8 257.88 87.65 50.81 9.74 8.47
7 252.09 85.84 49.64 9.54 8.27
6 245.67 83.85 48.36 9.32 8.06
5 238.45 81.62 46.93 9.07 7.82
4 230.12 79.07 45.29 8.79 7.55
3 220.17 76.09 43.67 8.45 7.28
2 207.53 72.39 42.92 8.04 7.15
1 234.33 77.10 45.48 8.57 7.58

As was mentioned above, all other Tables are included in Appendix. Below, Table X was
created to demonstrate total wind forces including both direct and torsional effect for Case in
both directions.

Table 3.33. Wind Force Calculations for third floor in both directions including the torsional

effect (Case 4)
Transverse Longitudinal
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.7452 7.28 9.02 1 -1.7452 8.45 6.71
B 1.0471 7.28 8.33 2 -1.3089 8.45 7.15




C 0.3490 7.28 7.63 3 -0.8726 8.45 7.58
D -0.3490 7.28 6.93 4 -0.4363 8.45 8.02
E -1.0471 7.28 6.23 5 0.0000 8.45 8.45
F -1.7452 7.28 5.53 6 0.4363 8.45 8.89
7 0.8726 8.45 9.33
8 1.3089 8.45 9.76
9 1.7452 8.45 10.20

3.4.2 Calculation of Seismic Loads

Equivalent Lateral Force method or ELF is the main calculating procedure for

determining the seismic loads (American Society of Civil Engineers, 2022).

The site soil class must be identified first to start the ELF method. From the Geotechnical
Investigation Report, it was determined that the soil class is D or stiff soil [REFERENCE]. Now,

by using the ASCE Hazard tool the mapped acceleration parameters SS and S . and period TL can

be found (ASCE Hazard Tool, 2024). Figure 26 below represents the findings:
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Having identified mapped acceleration data, the next step is to determine soil condition

correction coefficients from Figure 27 below:

Figure 3.15. ASCE Hazard Tool Seismic Design Data
From the tool: SS =15g, S1 =0.6g, TL =12s
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=]
Site Class e = 0L25 5.=0.5 5.=075 =10 521,25
! 0.5 0.5 0.8 0.5 L8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D l.6 1.4 1.2 .1 1.0
E 25 1.7 1.2 0.9 0.9
3 See Section 1147
F".l'
Site Class 5, =01 5, =02 5, =03 5;=04 Sz 0.5
A (L8 (0.8 (0.5 0.8 (L
B 1.0 1.0 1.0 1.0 1.0
C 1.7 .6 1.5 1.4 1.3
D 2.4 2.0 1.8 |63 1.5
E 3.5 32 2.8 24 24
F See Section 11.4.7

Figure 3.16. F.F - Site Class Table
Thus, from Figure X: Fa = 1.0, FU = 1.5
Now to compute the adjusted parameters S s and SM1 taking into account soil condition

correction coefficients, the following formulas are used:

S, =FS (3.14)
S, =FS, (3.15)
S,s=10-15=15g

SM1= 1.5-0.6 =0.90g

Afterwards, adjustments based on design acceleration parameters are necessary, and thus:

_ 2
S =S, (3.16)
2
S, =55, (3.17)
—_ _2 . —_
S =%-15=10g

-2, —
SDl_ 7 0.90 =0.60g

Having calculated all the necessary seismic coefficients, the Seismic Design Category for
the construction project can be identified. Figure X below clearly depicts how exactly Seismic

Design Category can be determined.



Table 11.6-2. Seismic Design Category Based on 1 s Period

Response Acceleration Parameter.

Risk Category

Value of Sp, | orll orlll

Spy < 0.067
0.067 < Sp; < 0.133
0.133 < Sp; < 0.20
0.20 < Sp,.

Oaw»

Ca»

Figure 3.17. Seismic Design Category Table (American Society of Civil Engineers, 2017)
From Figure 3.17, Seismic Design Category for the construction project is D as

one-second Period Response Acceleration Parameter is equal to 0.6 and the Risk Category for

the building is II.

The next step is to determine the Design Coefficients and Factors for Seismic

Force-Resisting System. Figure 28 below shows these factors for Moment-Resisting Frame

Systems that are to be used for the construction of this building.

Table 12.2-1. Design Coefficients and Factors for Seismic Force-Resisting Systems.

ASCE 7 Section Where Aesponse Detiection

Detalling = Amplification
Are Speoified Coefticient, 7* Faotor, 1" Factar, Ca©

Selsmic Force-Resisting System
C. MOMENT-RESISTING FRAME SYSTEMS
1. Steel special moment frames 14.1 and 122353 B 3 e
2 Sreel special russ moment frames 141 7 3 e
3. Sreel miermediate moment frames ! Wz 3 4
4. Steel ordinary moment framses kL] k] 3
5. Special reanforced conerete moment frames™ 8 i S
6. Intermediate remnforced concrete moment frames 5 i Az
1. Ordinary reinforced concrete moment frames 3 3 2%
8. Steel and concrele compodile special moment frasmes 8 1 S
9. Steel and concrete composite intermediate moment frames 3 3 L.
10. Steel and concrete composite partially sestrained moment frames 14.3 [3 E S
11. Steel and concrete composite ondimary moment frames 14.3 i k] L ]
12. Cold-formed steel—special bolied moment frame” 14.1 K] K ELH

Figure 3.18. Design Coefficients and Factors for Seismic Force-Resisting System (American

Society of Civil Engineers, 2017)

tructural Gyssem Limiasions Including Structural
Helght, f,. Limits {8)"

Seismic Design Category
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Therefore, from Figure 3.18 above, as the building is going to be constructed
implementing reinforced concrete moment frames with no steel frame elements, Special
Reinforced Concrete Moment Frame was chosen, and so the factors are:

e Response modification coefficient, R is equal to 8
e Opverstrength factor, (1 is equal to 3

e Design amplification factor, C p is equal to 5.5

For the Importance Factor, [ e the following Figure 29 must be used:

Risk Category Snow Importance Ice Importance Ice Importance Seismic Importance
from Factor, Factor—Thickness, Factor—Wind, Factor,
Table 1.5-1 I I I )
I 0.80 0.80 1.00 1.00
1 100 100 1.00 1.00
1 1.10 1.23 1.00 1.25
v 1.20 1.25 1.00 1.50

Figure 3.19. Importance Factor Table (American Society of Civil Engineers, 2022)

Based on the data from Figure 3.19 Importance Factor, / . is equal to 1.0.

Now for the design spectrum periods:

_ 0. 2m
T,=0.23" (3.18)
T = 0.2 =0.125
_ 501
T =3 (3.19)
T =y =0.60s

Approximate fundamental period must be computed next:
t, x
T =C hn (3.20)
Where:

T - approximate fundamental period

¢ and x - approximate period parameters defined in Table 12.8-2 (ASCE 7-22, 2022)
hn - building height above the ground to its highest point (hn = 43.1m)



From Table 12.8-2 in ASCE 7-22, for concrete moment-resisting frames,

¢ =o. 0466, x = 0.9 (American Society of Civil Engineers, 2022). As a result approximate

fundamental period can be calculated:

T = 0.0466 - 43. 1% = 1.3795

Now, fundamental period can also be calculated applying analytic method, and so it can be found

using the expression below:

T=CT (3.21)

u a

Where,

Cu - coefficient for upper limit on calculated period demonstrated in Table 12.8-1 (American
Society of Civil Engineers, 2022). C . is 1.4 for this construction project.

T=14-1.379 =1.930s
To obtain T *software modal analysis like SAP 2000 is necessary. However, as it was not

performed, T * will be taken as equal to T =1 379s.

Next step is to obtain base shear implementing this equation:

V=Ccw (3.22)

Where,

C .- seismic response coefficient

W - effective seismic weight
Calculation of seismic response coefficient requires multiple steps. Firstly, the minimum

value for C s needs to be determined, and for that one of the following equations can be used:

0.551 S
= Tleforsl 20.6g

S, min

= MAX[0.044S__*1,0.01] forS, < 0.6 g

S, min

Since 51 is exactly 0.6 equation XX must be implemented:

0.58
_ 1 _ 05%0.6 _
omn = R = oo = 0.0375

Now for the seismic response coefficient the following expression are utilized



C =X (3.23)

¢ ==X =0.125
s =)
The maximum limits for C , are as follows:
C = *pm forT<T (3.24)
s T(Ii - °L :
cC =—22 __ =0.039
s 1.930())

And now, the minimum value resulting from the equations (3.18) must be taken, which is
0.039. As we calculated the minimum seismic response value, 0.039 should not be less than

0.0375. Since this requirement is satisfied, CS is equal to 0.039.

Lastly for the base shear, effective seismic weight must be found. For that the following
Table 3.34 was created, where the weight of floor slab, staircase, columns, beams, and walls was
taken into account.

Table 3.34. Effective Seismic Weight.

Slab and floor Columns, Exterior/ Floor
Floors ﬁnishinzg, KN Beams, kN partition . Stairs, kN weight, KN
kN/m walls, kN/m
1 5.874 2657.81 2511.00 3.331 244,952 18503.0
2 5.874 2182.95 2511.00 3.331 244952 18028.1
3 5.874 2182.95 2511.00 3.331 244952 18028.1
4 5.874 1882.24 2511.00 3.331 244952 17727.4
5 5.874 1882.24 2511.00 3.331 244,952 17727.4
6 5.874 1603.80 2511.00 3.331 244,952 17449.0
7 5.874 1603.80 2511.00 3.331 244952 17449.0
8 5.874 1347.64 2511.00 3.331 244.952 17192.8
9 5.874 1113.75 2511.00 3.331 244952 16958.9
10 5.874 902.14 2511.00 3.331 244952 16747.3
11 5.874 712.80 2511.00 3.331 244.952 16558.0
12 5.874 545.74 2511.00 3.331 244.952 16390.9
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0 545.74 2511.00 3.331 122.476 7915.8
Roof 5.13 0.281 7694.3
Effective seismic weight| 224370

Finally base shear can be computed:

V= CSW = 0.039 - 224370 = 8719 kN

Distribution in the vertical direction must be determined applying the formula below:

Where,

C " vertical distribution factor

i=1

F=CV
x vx
C thxk
vx k
‘Z Wl_hl_

w, and w- portion of total effective seismic weight at each level i or x

hi and hx - height (m) from the ground to level i or x

k - an exponent related to the structure period which differs as follows:

e k=1,ifT<0S5s

e k=2 ifT>25s

(3.25)

(3.26)

e T between 0.5 s and 2.5 s can be linearly interpolated as it is true for this cas

k =

Now that everything necessary to calculate the lateral seismic force was identified, Table

2—1
2.5-0.5

-1.379 + 1 = 1.439

3.35 is created to demonstrate the seismic forces for each floor.

Table 3.35. Seismic force for each floor.

Floors h;, m W,, kN W.h * C,, F,, kKN
13 43.1 15610.1 3514384 0.159011 1386.46
12 39.8 16390.9 3290466 0.148879 1298.13
11 36.5 16558.0 2934670 0.132781 1157.76
10 33.2 16747.3 2589790 0.117177 1021.70




9 29.9 16958.9 2255688 0.102060 889.89
8 26.6 17192.8 1932538 0.087439 762.41
7 23.3 17449.0 1620900 0.073339 639.46
6 20 17449.0 1301055 0.058867 513.28
5 16.7 17727.4 1019665 0.046135 402.27
4 13.4 17727.4 742757 0.033607 293.03
3 10.1 18028.1 502845 0.022752 198.38
2 6.8 18028.1 284545 0.012874 112.26
1 3.5 18503.0 112279 0.005080 44.30
Total| 205867.3 22101583

3.4.2.1 Seismic Loads Including Torsional Effect
Torsional effect must also be considered for seismic loads as the structure of the building
allows for moment and torsion actions.
Mass center must be determined first to start further calculations. The construction
project is 48 meters in length and 30 meters in width, therefore the following is true
x = 24 m (as the building is symmetric in length)

Yy Y

— Aflouryflour_Aelevatur shuftyelevator shaft_Astairs shaft, 17 stairs shaft, 1_Astairs shaft, 27 stairs shaft, 2 (3 27)

Aflnor_Ashafts
y=14.97m
So, the mass center coordinates are x =24 m, y = 14.97 m.
Next, the stiffness center must be calculated and for that critical moments of inertia

should be identified first:

I =--br’0.35 (3.28)

b,cr

I =-bh’-0.7 (3.29)

c,cr

Afterwards, stiffness of the entire frame can be calculated:

12E L.,
D == (") (3.30)
h c.cr b,cr

And so as a result the following expression gives us required force for the inter-story rotation:

CF = h - D - #of columns per frame - # of frames (3.31)



After that the stiffness center must be determined. The in-depth computations are
provided in Appendix. After the calculations, stiffness center coordinates are x’ =24 mand y’ =

15.96 m
For the eccentricity in X and Y axes:

ex=24—24=0m
ea:5%~Lx:0.05~48:2.4m

e =e +e =2.4m
xt X a

ey = 14.97 — 15.96 =— 0.99m
e = 5% - L=0.05-30=1.5m
e =e +e =0.51m
yt y a
Thus, torsion, direct force, torsional force and total force can be found implementing the

following list of equations:

T = eF (3.32)
FX
direct = #of frames (3~33)

T*C *(x.ory)
e (3.34)

torsion wro 2 2
TCx ory)

total  * direct — " tarsion (3.35)
Table 3.36 below represents horizontal and direct forces, and torsion in both transverse
and longitudinal directions.

Table 3.36. Direct forces on each frame including torsion

Longitudinal Transverse
Floors Fx, kN Firects KN T, kN-m Firects KN T, KN-m
13 1386.46 231.08 710.36 154.05 3327.52
12 1298.13 216.35 665.10 144.24 3115.50
11 1157.76 192.96 593.19 128.64 2778.63
10 1021.70 170.28 523.48 113.52 2452.09




9 889.89 148.32 455.94 98.88 2135.75
8 762.41 127.07 390.62 84.71 1829.78
7 639.46 106.58 327.63 71.05 1534.71
6 513.28 85.55 262.98 57.03 1231.88
5 402.27 67.04 206.11 44.70 965.45
4 293.03 48.84 150.13 32.56 703.26
3 198.38 33.06 101.64 22.04 476.11
2 112.26 18.71 57.52 12.47 269.42
1 44.30 7.38 22.70 4.92 106.31

Now, Table 3.37 also includes the torsional effect and takes the third floor as an example
as usual.

Table 3.37. Seismic load calculations for third floor including torsional effect

Transverse Longitudinal
Frame F torsion? kN Fdirect, kN Ftotal’ kN Frame F torsion? kN Fdirect, kN Ftotal’ kN
A 0.7700 33.06 33.83 1 -3.6069 22.04 18.44

0.4620 33.06 33.53
0.1540 33.06 33.22
-0.1540 33.06 3291
-0.4620 33.06 32.60
-0.7700 33.06 32.29

-2.7052 22.04 19.34
-1.8034 22.04 20.24
-0.9017 22.04 21.14
0.0000 22.04 22.04
0.9017 22.04 22.94
1.8034 22.04 23.85
2.7052 22.04 24.75
3.6069 22.04 25.65

=5l Hesll Rl N@N Mvv

O || Q|| An| | WL

3.4.3 Assigning Lateral Forces to SAP 2000

The overall background properties and conditions stayed the same for this section as they
were for Section 3.3. Therefore, no reiteration of properties for LFRS Assignment is necessary.
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Figure 3.20. Seismic Load Assignment for Frame C




Figure 3.21. 3D Seismic Load Assignment
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Figure 3.22. Case 1 Wind Load Assignment for Frame C




Figure 3.23. 3D Case 1 Wind Load Assignment

The rest of the Cases for Wind Forces are included in Appendix.



3.5. Lateral Drift Analysis and Check under Wind and Seismic Loads
3.5.1. Wind and Seismic Drifts Calculations

As a part of the analysis of the Lateral Force Resisting System, wind forces and seismic
loads’ effect on the drift of the structure needs to be examined. To provide more accurate and
relevant results, lateral shift data was calculated for both X and Y directions, or Frames A and
Frame 3 respectively, given that the residential building has a rectangular shape. The structural
layout of the residential building with the chosen frames is depicted in Figure X. Both shear and

flexural drifts were computed for wind and seismic loads.

@mj)@)@@@@@@

®

HI * L * L. L L d * IH

© @

30 m

©

Q,

@

Figure 3.24. Structural layout with the chosen Frame A and Frame 3
In the following tables, we calculated the wind drifts for long and short sides of the
building by using the previously found Forces per frame on each level. Shear force was
determined by the formula:
V.=F+V_, (3.36)
And base shear for each column on the levels was determined by dividing shear force of

the whole level by the number of frames (n==8).



V.
[g——

i—col n

(3.37)

For calculations we also used critical moments of inertia, Ic,cr and Ib,cr. Formulas that

we used to determine deformations are the following:

i V; h,Z*L
6 = —=—— for floors 1-11

b 12*E*]
b,cr
§' iy L for floor 12
— g
= or 1100r
* [k
b 48VE L,
§' = Vi*“”*hia for fl 1-11
¢ = TIET or floors 1-

i Vi—av *hi3
6 = —=2— for floor 12

c 24%E*]
[
3
6 g Mforﬂoor 1
c 3*E*]_
i
§ =6 +6
t b c

§ =8+ (8" /2) forfloor
8 =6'/2+ (8 /2) for floors

8 =(8//2) + 8 forfloor 1

(3.38)

(3.39)

(3.40)

(3.41)

(3.42)

(3.43)
(3.44)
(3.45)

(3.46)

Where: & bi - inter-story drift calculated for major beams; 8; - inter-story drift calculated

for columns; Stl - total inter-story drift.

Tables 3.38 below represent all the calculated data for the lateral drifts.

Table 3.38. Lateral Shear Drift due to Wind Load in X-direction

. hi-avg |_. . Vi-col | Vavg Ic,cr Ib,cr Ic-avg
tory| h F
Story \hi mm) |y [FTENIVEEN 0 | Ny | mmrd) | mm~4) | (mm~a)
12 | 3300 | 3300 | 16.13 | 16.13 | 2.02 | 2.02 | 8.75E+08 | 1.89E+09 |8.75E+08
11 | 3300 | 3300 | 1593 | 32.06 | 401 | 3.01 | 1.49E+09 | 1.89E+09 |1.18E+09
10 | 3300 | 3300 | 15.65 | 47.71 | 5.96 | 4.99 |239E+09 | 1.89E+09 |1.94E+09




9 3300 3300 | 15.36 | 63.07 | 7.88 | 6.92 | 3.65E+09 [ 1.89E+09 |3.02E+09
8 3300 3300 | 15.04 | 78.11 | 9.76 | 8.82 | 5.34E+09 [ 1.89E+09 |4.49E+09
7 3300 3300 | 14.70 | 92.80 | 11.60 | 10.68 | 7.56E+09 [ 1.89E+09 |6.45E+09
6 3300 3300 | 14.32 | 107.12 | 13.39 | 12.49 | 7.56E+09 [ 1.89E+09 |7.56E+09
5 3300 3300 | 13.89 | 121.01 | 15.13 | 14.26 | 1.04E+10 | 1.89E+09 |8.99E+09
4 3300 3300 | 13.41 | 134.42]16.80| 1596 | 1.04E+10 [ 1.89E+09 |1.04E+10
3 3300 3300 | 12.93 | 14734 | 18.42 | 17.61 | 1.40E+10 | 1.89E+09 |1.22E+10
2 3300 3300 | 12.71 | 160.05 | 20.01 | 19.21 | 1.40E+10 | 1.89E+09 |1.40E+10
1 3500 3400 | 13.46 | 173.51 | 21.69 | 20.85 | 1.85E+10 [ 1.89E+09 |1.62E+10
0 1750 10.84
Table 3.39.. Lateral Shear Drift due to Wind Load in X-direction (Continuation)
Story db (mm) dc (mm) dt (mm) |Interstory (mm) abs (mm)

12 0.05 0.12 0.16 0.44 15.51

11 0.29 0.26 0.55 0.64 15.07

10 0.48 0.26 0.74 0.82 14.43

9 0.67 0.23 0.90 0.98 13.61

8 0.86 0.20 1.05 1.13 12.63

7 1.04 0.17 1.20 1.29 11.50

6 1.21 0.17 1.38 1.46 10.21

5 1.38 0.16 1.54 1.62 8.75

4 1.55 0.15 1.70 1.78 7.13

3 1.71 0.15 1.85 1.93 5.35

2 1.86 0.14 2.00 2.21 343

1 227 0.15 2.43 1.21 1.21

0 0.00 0.00 0.00




To determine the lateral flexural drift of the short side of the building, firstly we

determined the moment of each level by multiplying the height of the floor and shear base for the

highest floor, and for the rest of floors we had to add the next floor to the one we are calculating.

After that we determined q;i by using moment and cross sectional area of columns, and

some constants as well. For the rest of the units that we needed, the formulas are below:

Ml, = hi * Vl,, (1=12) (3.47)
Mi = Mi+1 + Vihi, (i=1-11) (3.48)
d 3.49
¢ = E(mL)**Ac (3:49)
AB = ¢i * hi (3.50)
n
Gi = zi:AGi - ABL, + 9i—1 (3.51)
8i = Oihi (3.52)
n
Ai =) Si (3.53)
i
Table 3.40. Lateral Flexural Drift due to Wind Load in X-direction
M a=b A
t . 0. (mm) | A (mm)
Story PR e ¢, AB (rad) | O (rad) | 9, ;
12 |5.32E+07| 0.35 122500 | 1.27E-11| 4.19E-08 |4.26E-06 0.01 0.12
11 |1.59E+08| 0.4 160000 |[2.90E-11| 9.58E-08 [4.22E-06 0.01 0.11
10 |3.16E+08| 0.45 202500 |[4.56E-11| 1.51E-07 [4.12E-06 0.01 0.09
9 |5.25E+08| 0.5 250000 |[6.13E-11 | 2.02E-07 [3.97E-06 0.01 0.08
8 |7.82E+08| 0.55 302500 | 7.55E-11| 2.49E-07 |3.77E-06 0.01 0.07
7 |1.09E+09| 0.6 360000 | 8.83E-11| 2.91E-07 [3.52E-06 0.01 0.05
6 |1.44E+09| 0.6 360000 |[1.17E-10| 3.86E-07 [3.23E-06 0.01 0.04
5 |1.84E+09| 0.65 422500 |[1.27E-10| 4.20E-07 [2.84E-06 0.01 0.03




4 |2.28E+09| 0.65 422500 | 1.58E-10| 5.21E-07 (2.42E-06 0.01 0.02
3 [2.77E+09( 0.7 490000 | 1.65E-10| 5.45E-07 [1.90E-06 0.01 0.01
2 [3.30E+09( 0.7 490000 | 1.97E-10| 6.49E-07 [1.36E-06 0.00 0.01
1 [3.91E+09| 0.75 562500 |[2.03E-10 | 7.10E-07 |7.10E-07 0.00 0.00

For determining lateral shear drift on the long side of the building, we basically used the

same formulas as for the short side. Additionally, we used forces per frame found beforehand per

each level of the building for the long side. Number of frames on the long side is 5 (n=5), so the

formula for base shear for each column is different (Vi-col).

Vl, = Fi + Vi+1 (3.54)
Vi
el = (3.55)
Table 3.41. Lateral Shear Drift due to Wind Load in Y-direction

. hi-avg | . Vi-col | Vavg Ic,cr Ib,cr Ic-avg

Story | hi (mm) (mm) Fi (kN) [ Vi (kN) &N) | &N) | mmr4) | mmr4) | mmrg)
12 3300 3300 | 18.43 18.43 | 3.69 3.69 | 8.75E+08 | 1.89E+09 |8.75E+08
11 3300 3300 | 18.22 | 36.65 | 7.33 5.51 1.49E+09 | 1.89E+09 |1.18E+09
10 3300 3300 | 1793 | 54.58 [ 1092 9.12 | 2.39E+09 | 1.89E+09 [1.94E+09
9 3300 3300 | 17.63 | 72.21 | 14.44 | 12.68 | 3.65E+09 | 1.89E+09 (3.02E+09
8 3300 3300 | 17.30 | 89.51 | 1790 | 16.17 | 5.34E+09 | 1.89E+09 |4.49E+09
7 3300 3300 | 1694 | 106.45|21.29 | 19.60 | 7.56E+09 | 1.89E+09 [(6.45E+09
6 3300 3300 | 16.55 | 123.00 [ 24.60 | 22.94 | 7.56E+09 | 1.89E+09 |7.56E+09
5 3300 3300 16.11 | 139.10 | 27.82 | 26.21 | 1.04E+10 | 1.89E+09 [8.99E+09
4 3300 3300 | 15.61 | 154.71 | 30.94 | 29.38 | 1.04E+10 | 1.89E+09 [1.04E+10




3 3300 3300 | 15.02 | 169.73 | 33.95 | 32.44 | 1.40E+10 | 1.89E+09 |1.22E+10
2 3300 3300 | 14.29 | 184.01 | 36.80 | 35.37 | 1.40E+10 [ 1.89E+09 |1.40E+10
1 3500 3400 | 15.22 | 199.23 | 39.85 | 38.32 | 1.85E+10 [ 1.89E+09 |1.62E+10
0 1750 0.00 | 19.92

Table 3.42. Lateral Shear Drift due to Wind Load in Y-direction (Continuation)

Story db (mm) dc (mm) dt (mm) Interstory abs
12 0.09 0.21 0.30 0.80 28.50
11 0.53 0.47 1.00 1.18 27.70
10 0.88 0.47 1.36 1.50 26.52
9 1.23 0.42 1.65 1.79 25.01
8 1.57 0.36 1.93 2.07 23.22
7 1.90 0.31 2.21 2.37 21.16
6 2.22 0.31 2.53 2.68 18.79
5 2.54 0.29 2.83 2.98 16.11
4 2.85 0.28 3.13 3.27 13.12
3 3.14 0.27 341 3.55 9.85
2 3.43 0.25 3.68 4.07 6.30
1 4.18 0.28 4.46 2.23 2.23
0 0.00 0.00 0.00

Formulas for lateral flexural drift on the long side of the building are the same as for the

short side.

M =h*V, (i=13)

M =M_ +Vh, (i=1-12)

b =

l

AB =

n
Gi = ZAGL_ - Aei + Gi_

l

2M.
L

E(mL)**Ac

d)i*hi

1

6 =0h

l

L1

(3.56)

(3.57)
(3.58)
(3.59)
(3.60)

(3.61)



A=38 (3.62)

Table 3.43. Lateral Flexural Drift due to Wind Load in Y-direction

Story (N_ﬁm) ?:1'; Amm2)| fi | Dqi(rad) | qi (rad) I“t(f;f:)’ry A:’;‘:L‘;te
12 |6.08E+07| 035 | 122500 |3.71E-11| 1.22E-07 |[1.25E-05| 0.04 0.35
11 [1.82E+08| 04 | 160000 |8.49E-11| 2.80E-07 |1.24E-05| 0.04 0.31
10 |3.62E+08| 0.45 | 202500 |1.34E-10| 4.41E-07 |1.21E-05| 0.04 0.27
9 [6.00E+08| 0.5 | 250000 |1.79E-10| 5.92E-07 |1.17E-05| 0.04 0.23
8 [8.96E+08| 0.55 | 302500 [2.21E-10| 7.30B-07 |1.11E-05| 0.04 0.19
7 [1.25E+09] 0.6 | 360000 |2.59E-10| 8.54E-07 |1.03E-05| 0.03 0.16
6 [1.65E+09| 0.6 | 360000 |3.43E-10| 1.13E-06 |9.49E-06| 0.03 0.12
5 [2.11E+09| 0.65 | 422500 |3.74E-10| 1.23E-06 |8.36E-06| 0.03 0.09
4 [2.62E+09| 0.65 | 422500 |4.64E-10| 1.53E-06 |7.13E-06| 0.02 0.06
3 [3.18E+09| 0.7 | 490000 |4.86E-10| 1.60E-06 |5.60E-06| 0.02 0.04
2 [3.79E+09| 0.7 | 490000 |5.78E-10| 1.91E-06 |4.00E-06| 0.01 0.02
1 |449E+09| 075 | 562500 |5.96E-10| 2.09E-06 |2.09E-06| 0.01 0.01

For calculating lateral shear drift regarding seismic loads, we use the same formulas and
same principles as for calculation of the wind loads shear drift. The difference is only in the

forces that we found on seismic loads. Everything else is the same, including the constants.



Table 3.44. Lateral Shear Drift due to Seismic Load in X-direction

Story | hi (mm) l(':nivl;g Fi (kN) | Vi (kN) \(711(;(;1 Xi‘g (nllfr’lcf " (1:11::;4) (K;EZi)

12 | 3300 | 3300 |144.24 | 14424 | 18.03 | 18.03 | 8.75E+08 | 1.89E+09 |8.75E+08
11 | 3300 | 3300 [128.64|272.88 | 34.11 | 26.07 | 1.49E+09 | 1.89E+09 |1.18E+09
10 | 3300 | 3300 |113.52 | 386.40 | 4830 | 41.20 | 2.39E+09 | 1.89E+09 |1.94E+09
9 | 3300 | 3300 | 98.88 | 485.28 | 60.66 | 54.48 | 3.65E+09 | 1.89E+09 |3.02E+09
8 | 3300 | 3300 | 84.71 | 569.99 | 71.25 | 65.95 | 5.34E+09 | 1.89E+09 |4.49E+09
7 | 3300 | 3300 | 71.05 | 641.04 | 80.13 | 75.69 | 7.56E+09 | 1.89E+09 |6.45E+09
6 | 3300 | 3300 | 57.03 | 698.07 | 87.26 | 83.69 | 7.56E+09 | 1.89E+09 |7.56E+09
5 | 3300 | 3300 | 44.70 | 742.77 | 92.85 | 90.05 | 1.04E+10 | 1.89E+09 |8.99E+09
4 | 3300 | 3300 | 3256 | 77533 | 96.92 | 94.88 | 1.04E+10 | 1.89E+09 |1.04E+10
3| 3300 | 3300 | 22.04 |797.37|99.67 | 9829 | 1.40E+10 | 1.89E+09 |1.22E+10
2 | 3300 | 3300 | 12.47 |809.84 |101.23| 100.45 | 1.40E+10 | 1.89E+09 |1.40E+10
1 | 3500 | 3400 | 4.92 |814.76 [101.85|101.54 | 1.85E+10 | 1.89E+09 |1.62E+10
0 1750 0.00 | 50.92

Table 3.45. Lateral Shear Drift due to Seismic Load in X-direction (Continuation)

Story db (mm) dc (mm) dt (mm) |Interstory (mm)| Absolute (mm)
12 0.44 1.04 1.47 3.85 97.53
11 2.53 2.22 4.74 5.44 93.69
10 3.99 2.14 6.13 6.61 88.25
9 5.28 1.82 7.10 7.48 81.63
8 6.39 1.48 7.87 8.19 74.15
7 7.34 1.18 8.52 8.87 65.95




6 8.11 1.12 9.23 9.48 57.08
5 8.73 1.01 9.74 9.93 47.60
4 9.20 0.92 10.11 10.23 37.67
3 9.53 0.81 10.34 10.40 27.45
2 9.74 0.72 10.46 11.14 17.05
1 11.07 0.75 11.82 5.91 591
0 0.00 0.00 0.00
Table 3.46. Lateral Flexural Drift due to Seismic Load in X-direction
M a=b Interstory | Absolute
A 2 fi Dqi i
Story (N-mm) | (m) (mm?2) i qi (rad) | qi (rad) (mm) (mm)
12 |4.76E+08| 0.35 122500 |[2.90E-10| 9.59E-07 [7.58E-05 0.25 2.06
11 |1.38E+09| 0.4 160000 | 6.43E-10| 2.12E-06 |7.48E-05 0.25 1.81
10 |2.65E+09| 0.45 202500 |[9.79E-10| 3.23E-06 |7.27E-05 0.24 1.56
9 14.25E+09| 0.5 250000 |[1.27E-09 | 4.20E-06 [6.95E-05 0.23 1.32
8 |6.13E+09| 0.55 302500 | 1.52E-09 | 5.00E-06 [6.53E-05 0.22 1.09
7 [825E+09| 0.6 360000 [1.71E-09 | 5.65E-06 [6.03E-05 0.20 0.88
6 |1.06E+10] 0.6 360000 |[2.19E-09 | 7.23E-06 [5.46E-05 0.18 0.68
5 1.30E+10| 0.65 422500 |[2.30E-09 | 7.59E-06 (4.74E-05 0.16 0.50
4 |1.56E+10| 0.65 422500 |[2.75E-09 | 9.09E-06 (3.98E-05 0.13 0.34
3 1.82E+10| 0.7 490000 |[2.78E-09 | 9.16E-06 (3.07E-05 0.10 0.21
2  [2.09E+10| 0.7 490000 |[3.18E-09 | 1.05E-05 (2.15E-05 0.07 0.11
1 [2.37E+10| 0.75 562500 | 3.15E-09| 1.10E-05 |1.10E-05 0.04 0.04




Table 3.47. Lateral Shear Drift due to Seismic Load in Y-direction

Story | hi (mm) l(‘:nlvl;g Fi (kN) | Vi (kN) ‘(’l'd:‘;l Xj;f (HI:I’ICI N (::I’;r“) (E;;'Z‘g‘)
12 | 3300 | 3300 |21635 21635 |43.27 | 43.27 | 8.75E+08 | 1.89E+09 |8.75E+08
11 | 3300 | 3300 [192.96 |409.31 | 81.86 | 62.57 | 1.49E+09 | 1.89E+09 |1.18E+09
10 | 3300 | 3300 [170.28 | 579.60 [115.92] 98.89 | 2.39E+09 | 1.89E+09 |1.94E+09
9 | 3300 | 3300 |14832|727.91 |145.58|130.75 | 3.65E+09 | 1.89E+09 |3.02E+09
8 | 3300 | 3300 |127.07 | 854.98 |171.00] 158.29 | 5.34E+09 | 1.89E+09 |4.49E+09
7 | 3300 | 3300 |106.58 | 961.56 |192.31|181.65 | 7.56E+09 | 1.89E+09 |6.45E+09
6 | 3300 | 3300 | 85.55 |1047.11]|209.42| 200.87 | 7.56E+09 | 1.89E+09 |7.56E+09
5 | 3300 | 3300 | 67.04 |1114.15(222.83| 216.13 | 1.04E+10 | 1.89E+09 |8.99E+09
4 | 3300 | 3300 | 48.84 |1162.99232.60|227.71 | 1.04E+10 | 1.89E+09 |1.04E+10
3 | 3300 | 3300 | 33.06 |1196.05]|239.21|235.90 | 1.40E+10 | 1.89E+09 |1.22E+10
2 | 3300 | 3300 | 18.71 |1214.76|242.95| 241.08 | 1.40E+10 | 1.89E+09 |1.40E+10
1| 3500 | 3400 | 7.38 [1222.14|244.43|243.69 | 1.85E+10 | 1.89E+09 |1.62E+10
0 1750 0.00 |122.21

Table 3.48. Lateral Shear Drift due to Seismic Load in Y-direction (Continuation)

Story db (mm) dc (mm) dt (mm) Interstory abs
12 1.05 2.49 3.54 9.23 234.08
11 6.06 5.32 11.39 13.05 224.85
10 9.58 5.13 14.71 15.87 211.80
9 12.67 4.36 17.04 17.96 195.92
8 15.34 3.55 18.89 19.67 177.96




7 17.61 2.84 20.44 21.29 158.29

6 19.47 2.68 22.14 22.76 137.00

5 20.95 2.42 23.37 23.82 114.24

4 22.07 2.20 2427 24.54 90.42

3 22.86 1.95 24 .81 24.95 65.88

2 23.37 1.73 25.10 26.74 40.92

1 26.57 1.80 28.37 14.19 14.19

0 0.00 0.00 0.00

Table 3.49. Lateral Flexural Drift due to Seismic Load in Y-direction
M =hb Interst
Story (N-mm) 2(lm) A (mm2) fi Dqi (rad) | qi (rad) n (:::n())ry Absolute

12 |7.14E+08| 0.35 122500 | 1.70E-10| 5.62E-07 |4.44E-05 0.15 1.21
11 [2.06E+09| 0.4 160000 | 3.77E-10| 1.24E-06 |4.38E-05 0.14 1.06
10 |3.98E+09| 0.45 202500 |5.74E-10| 1.89E-06 [4.26E-05 0.14 0.92
9 16.38E+09| 0.5 250000 |[7.45E-10| 2.46E-06 (4.07E-05 0.13 0.77
8 [9.20E+09| 0.55 302500 | 8.88E-10| 2.93E-06 [3.82E-05 0.13 0.64
7 |1.24E+10| 0.6 360000 | 1.00E-09 | 3.31E-06 [3.53E-05 0.12 0.51
6 |1.58E+10| 0.6 360000 | 1.28E-09 | 4.24E-06 [3.20E-05 0.11 0.40
5 |1.95E+10| 0.65 422500 | 1.35E-09 | 4.45E-06 [2.78E-05 0.09 0.29
4 [2.33E+10| 0.65 422500 |1.61E-09 | 5.32E-06 [2.33E-05 0.08 0.20
3 [2.73E+10| 0.7 490000 | 1.63E-09 | 5.37E-06 [1.80E-05 0.06 0.12
2 |3.13E+10| 0.7 490000 |[1.87E-09 | 6.16E-06 [1.26E-05 0.04 0.06
1 |3.56E+10| 0.75 562500 | 1.85E-09 | 6.46E-06 |6.46E-06 0.02 0.02




3.5.2. Comparison of Inter-Story Drifts

Now that all of the Inter-Story Drifts were calculated the hand-calculated drifts should be
compared with the 2D Frame and 3D Frame SAP 2000 simulations. Below you can find Tables
XXX, where the interstory displacement for Frame A and Frame 3, transverse and longitudinal

directions, are demonstrated.

Table 3.50. Comparison of interstory displacements on LFRS

Comparison of interstory displacements, Frame 3
Interstory displacement from wind | Interstory displacement from seismic
Levels load load

2D 3D Hand 2D 3D Hand
12 0.81 1.219 0.84 9.3 8.467 9.38
11 1.24 1.504 1.22 13.52 12.078 13.19
10 1.56 1.709 1.54 16.33 14.31 16.01
9 1.86 1.91 1.83 18.45 15.94 18.10
8 2.15 2.113 2.10 20.12 17.217 19.79
7 2.41 2.311 2.40 214 18.206 21.41
6 2.74 2.592 2.71 22.97 19.574 22.86
5 2.94 2.751 3.01 23.28 19.828 23.91
4 3.09 2.901 3.30 23.22 19.934 24.62
3 2.99 2.814 3.57 21.3 18.454 25.01
2 2.51 2.395 4.09 17.02 15.046 26.78
1 1.23 1.202 2.24 7.97 7.207 14.21

Table 3.51. Comparison of interstory displacements, Frame A
Comparison of interstory displacements, Frame A
Interstory displacement from wind | Interstory displacement from seismic
Levels load load

2D 3D Hand 2D 3D Hand
12 0.4 0.408 0.45 3.38 3.592 4.10
11 0.54 0.609 0.66 4.68 5.122 5.68
10 0.68 0.756 0.84 5.44 6.053 6.85
9 0.78 0.885 0.99 5.93 6.73 7.71
8 0.87 1.009 1.14 6.37 7.261 8.41
7 0.98 1.126 1.30 6.63 7.676 9.07
6 1.1 1.283 1.47 7.17 8.265 9.66
5 1.19 1.378 1.63 7.3 8.38 10.08




4 1.36 1.469 1.78 7.3 8.447 10.36
3 1.2 1.439 1.93 6.9 7.849 10.50
2 1.1 1.244 2.22 5.8 6.443 11.21
1 0.6 0.64 1.22 2.8 3.111 5.95

After calculating wind and seismic drift for both Frame A and Frame 3 and creating the
comparison tables, the following figures were created to better represent the difference between
hand calculations and SAP 2000 values. Figures XX below represent the inter-story wind and
seismic drifts when force was applied in X and Y directions. It is important to mention that the
following graphs represent the drifts under the assumption of the elastic zone. Since the
residential building is to be constructed in the seismically active area, further measures must be

taken in order to consider the real impact of potential earthquakes.

Inter-Story Wind Drift Comparison between Hand Calculation, 2D
and 3D SAP 2000 Simulations Results for Frame A

—2D SAP Simulation =~ ——Hand Caclulations

3D SAP Simulation

Level
(=)}

0 0.5 1 1.5 2 2.5
Inter-Story Drift, mm

Figure 3.25. Inter-Story Wind Drift Comparison between Hand Calculations and SAP 2000 for

Frame A, X - Direction



Inter-Story Wind Drift Comparison between Hand Calculation, 2D
and 3D SAP 2000 Simulation Results for Frame 3

——2D SAP 2000 Simulation —— Hand Calculations ——— 3D SAP Simulation
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Figure 3.26. Inter-Story Wind Drift Comparison between Hand Calculations and SAP 2000 for

Frame 3, Y - Direction

Inter-Story Seismic Drift Comparison between Hand Calculation, 2D
and 3D SAP 2000 Simulations Results for Frame A
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Figure 3.27. Inter-Story Seismic Drift Comparison between Hand Calculations and SAP 2000

for Frame A, X - Direction



Inter-Story Seismic Drift Comparison between Hand Calculation, 2D
and 3D SAP 2000 Simulation Results for Frame 3

— 2D SAP Simulation 3D SAP Simulation — Hand Calculations
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Figure 3.28. Inter-Story Seismic Drift Comparison between Hand Calculations and SAP 2000

for Frame 3, Y - Direction

As was mentioned before, seismic loads must be accounted for by implementing the

amplification factor, C o’ in this case C i 5. 5. This ensures that the interstory displacements are

approximated to the most realistic scenario that is possible under the real world circumstances.
The obtained values must be compared with the allowable limit for seismic drift. The following

equations demonstrates the calculation of the allowable limit:

Allowable Limit = 2% of the story height
First Floor Allowable Limit = 0.02 * 3500 = 70 mm
2 — 12 Floor Allowable Limit = 0.02 * 3300 = 66 mm

As a result, below Figures XXX depict how the interstory drift displacements compare
with the allowable limit for seismic drift. Clearly, all of the values are below the limit proving

the design accuracy of the lateral force resisting system.
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Inter-Story Seismic Drift Comparison between Hand Calculation, 2D
and 3D SAP 2000 Simulation Results for Frame 3
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Amplified Inter-Story Seismic Drift Comparison between Hand and SAP 2000

Calculations with the Allowable Limit for Frame 3, Y - Direction

Inter-Story Seismic Drift Comparison between Hand Calculation, 2D
and 3D SAP 2000 Simulations Results for Frame A
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Figure 3.30. Amplified Inter-Story Seismic Drift Comparison between Hand and SAP 2000

Calculations with the Allowable Limit for Frame A, X - Direction



3.5.3. Stability Analysis

Another important point is to consider the gravity effect on the lateral load resisting
system, for this case, it is P-delta effect. To evaluate whether this effect should be ignored, the
stability coefficient & must be found. The following formula below shows the calculation

method:

g = = (3.63)

x sx d

P-delta effect can be ignored only in case the stability coefficient is lower than 0.1. By
utilizing the previously found values for the axial load and seismic forces, those being Pu and Vu
respectively, the stability coefficient can be determined. Tables XXX below demonstrate the
utilized values along with the determined stability coefficient for both Frame 3 and Frame A to
consider the long and short sides of the residential building.

Table 3.52. Stability Coefficient for Frame 3

Stability Coefficient Calculations for Frame 3 (Transverse)
Level Pu (kN) Vu (kN) Inter-Story Drift, Story height, Theta
mm mm
12 2022.278 1298.13 9.38 3300 0.0008
11 4692.757 2455.89 13.19 3300 0.0014
10 8014.452 3477.59 16.01 3300 0.0020
9 11991.354 4367.49 18.10 3300 0.0027
8 16627.92 5129.89 19.79 3300 0.0035
7 21929.073 5769.36 21.41 3300 0.0045
6 27894.517 6282.64 22.86 3300 0.0056
5 34529.937 6684.91 23.91 3300 0.0068
4 41841.189 6977.93 24.62 3300 0.0081
3 49827.919 7176.31 25.01 3300 0.0096
2 58496.802 7288.57 26.78 3300 0.0118
1 67847.457 7332.86 14.21 3500 0.0068
Table 3.53. Stability Coefficient for Frame A
Stability Coefficient Calculations for Frame A (Longitudinal)
Level Pu (kN) Vu (kN) Inter-Story Drift, | Story height, Theta
mm mm
12 2022.278 1298.13 4.10 3300 0.0004
11 4692.757 2455.89 5.68 3300 0.0006




10 8014.452 3477.59 6.85 3300 0.0009
9 11991.354 4367.49 7.71 3300 0.0012
8 16627.92 5129.89 8.41 3300 0.0015
7 21929.073 5769.36 9.07 3300 0.0019
6 27894.517 6282.64 9.66 3300 0.0024
5 34529.937 6684.91 10.08 3300 0.0029
4 41841.189 6977.93 10.36 3300 0.0034
3 49827.919 7176.31 10.50 3300 0.0040
2 58496.802 7288.57 11.21 3300 0.0050
1 67847.457 7332.86 5.95 3500 0.0029

Therefore, as can be observed from Tables 3.53, the stability coefficient is less than 0.1

for each level of the residential building. This means that the gravity loads due to the P-delta can

be ignored in the design of the lateral load resisting system.

3.5.4. Torsional Irregularity Check

As the seismic force is the most prominent among the others, it may cause torsional
irregularity which leads to potential hazards. Thus, Torsional Irregularity Check must be
conducted. For that the maximum inter-story displacement to average inter-stroy drift ratio must
be defined and compared to the maximum available value. According to ACI 318-19 the ratio of
the interstory displacements shall not exceed the value of 1.2 (ACI, 2019). Table X below
represents the torsional irregularity check conducted for each floor of the residential building. As

can be seen none of the floors exceed this limit. Thus, the building is not susceptible to torsional

irregularity.

Table 3.54. Torsional Irregularity Check

Torsional Irregularity Check

Level Ratio for Transverse |Ratio for Longitudinal
12 0.478 0.494
11 0.673 0.685
10 0.817 0.826
9 0.923 0.929
8 1.010 1.013
7 1.092 1.093
6 1.166 1.164




5 1.170 1.175
4 1.178 1.183
3 1.185 1.189
2 1.199 1.196
1 0.725 0.717

3.6. Internal Force Analysis
3.6.1. Dead Load Internal Force Calculations

For the internal force analysis dead load and wind load were chosen to demonstrate the internal
forces of the building frames. Below you can find all the Dead Load internal force results
provided by the SAP 2000 software for both 3D and 2D frames.

Figure 3.31. Axial Force from Dead Load in SAP2000 3D frame model
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Figure 3.33. Moment Diagram of Dead Load from SAP2000 3D frame model
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Figure 3.35. Shear Force from Dead Load in SAP2000 2D frame model
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Figure 3.36. Moment Diagram from SAP2000 2D frame model
Now to verify the SAP results hand calculations must be made. Besides, they must be

made to conduct comparative analysis and create internal force comparison graphs.
Below you can find the schematic diagram that represents the method used for

calculating the internal forces under the Gravity Loads.
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Figure 3.37. Applied Dead Load Illustration
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Figure 3.38. Analyzed Vertical Load Frame

end

As a result of hand calculations and SAP 2000 simulations the comparative tables were

made to demonstrate the difference between these two methods. Below you can find Table 3.55

and Figure 3.39 for axial load, shear force and moment created under the dead load.

Table 3.55. Comparison of Axial Forces under Dead Load

Levels

Axial force in

Axial force in

Axial force in

3D, kN 2D, kN Hand, kN

12 272.55 151.5 60

11 632.29 515 400
10 1000.29 878.5 740
9 1373.18 1242 1080
8 1748.19 1605.5 1420
7 2123.66 1969 1760
6 2497.59 23325 2100
5 2868.51 2696 2440
4 3237.19 3059.5 2780
3 3602.77 3423 3120




2 3965.07 3786.5 3460
1 4328.57 4150 3800

Comparison of Axial Force under Dead Load between Hand
Calculations, 2D and 3D SAP Simulations

3D SAP Simulation =~ ——2D SAP Simulation ——Hand Calculations

5000
4500
4000
3500
3000

2500

Axial loads, kKN

2000
1500
1000

500

Levels

Figure 3.39. Dead Load Axial Force Comparison between Hand Calculations and SAP 2000

Table 3.56. Comparison of Shear Forces under Dead Load

Levels Shear force | Shear force | Shear force

in3D,kN | in2D,kN | inhand, kN
12 57.71 41.69 64
11 60.06 54.69 64
10 64.82 58.56 64
9 66.71 61.55 64
8 67.28 62.88 64
7 70.21 65.9 64
6 63.1 60.14 64
5 68.07 64.67 64
4 61.35 59.29 64
3 64.91 62.55 64
2 60.72 59.23 64
1 43.23 44.13 64




Comparison of Shear Force under Dead Load between Hand
Calculations, 2D and 3D SAP Simulations

3D SAP Simulation —— 2D SAP Simulation ——Hand Calculations

80

70

50 ~—
50

40

Shear force, kKN

30
20

10

12 11 10 9 8 7 6 5 4 3 2 1
Levels

Figure 3.40. Dead Load Shear Force Comparison between Hand Calculations and SAP 2000

Table 3.57. Comparison of Moments under Dead Load

Levels Moment in | Momentin | Moment in

3D, KN-m 2D, kN-m | hand, KN-m
12 107.61 87.8 115
11 120.25 134.46 115
10 116.1 127.55 115
9 113.16 123.9 115
8 111.43 121.51 115
7 110.19 119.84 115
6 109.91 119.43 115
5 109.55 118.93 115
4 109.27 118.54 115
3 109.06 118.22 115
2 108.8 117.9 115
1 110.97 122.12 115




Comparison of Moment under Dead l.oad between Hand
Calculations, 2D and 3D SAP Simulations
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Figure 3.41. Dead Load Moment Comparison between Hand Calculations and SAP 2000

3.6.2. Wind Load Internal Force Calculations

Now moving on to the calculation of internal forces under the wind load, the hand
calculations were made using the Portal Frame method. All of the calculations regarding the
Portal Frame are attached in Appendix. The hand calculations clearly demonstrate the procedure
of determining the internal forces (including axial load, shear force and moment) for floors 11
and 12. The same algorithm is applied to the rest of the floors.

As always the hand calculations must be compared to SAP 2000 simulation results.
Therefore, as in the previous section, the following Tables 3.58 and Figures 3.42 - 3.44 were
created to demonstrate the difference between the hand calculations and SAP. It is worth
mentioning that SAP 2000 simulations are always more accurate as they use more precise
methods of determining the internal forces, while the hand calculations use approximate methods
to find out these variables.

Portal frame method itself assumes the following: 1) the internal frames have twice as
much shear as the external frames as the “portals” are adding to one another; 2) the moment at

the center of a column and a beam are taken as zero.



Table 3.58. Comparison of internal forces under wind load (2D, 3D, and hand calculations)

Frame 3 under the wind load (External Column)

Hand 2D 3D
Shear | Axial Momen Shear | Axial Momen Shear | Axial Momen
force, | force, £, KN-m force, | force, £, KN-m force, force, £, KN-m
Floor kN kN kN kN kN kN
12 1.84 1.01 3.04 1.94 1.21 2.29 1.91 1.17 2.36
11 3.66 4.04 6.05 393 443 4.96 3.8 4.41 5
10 5.46 9.06 9.01 5.65 9.71 7.09 5.41 9.75 7.09
9 7.22 16.03 11.91 7.33 16.99 8.83 6.94 17.11 8.8
8 8.95 24.93 14.77 9.04 26.2 10.51 8.52 26.43 10.46
7 10.64 35.71 17.56 10.34 37.23 11.1 9.63 37.64 10.83
6 12.30 48.33 20.29 12.98 4991 15.42 12.2 50.58 15
5 13.91 62.74 22.95 13.8 64.29 17.37 12.75 65.32 16.1
4 1547 | 78.90 | 25.53 16.88 | 79.82 | 26.08 15.78 81.36 23.71
3 16.97 96.74 28.00 18.47 95.8 38.72 17.13 98.11 33.95
2 18.40 116.20 | 30.36 22.76 | 110.71 68.81 21.59 113.99 61.35
1 19.92 138.56 | 34.86 30.79 | 121.17 | 144.96 | 29.53 125.43 | 133.12
Comparison of Axial Forces under Wind Load between Hand
Calculations, 2D and 3D SAP Simulations
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Figure 3.42. Wind Load Axial Force Comparison between Hand Calculations and SAP 2000
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Figure 3.43. Wind Load Shear Force Comparison between Hand Calculations and SAP 2000
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Figure 3.44. Wind Load Moment Comparison between Hand Calculations and SAP 2000



3.6.3. Load Combinations
In the following section of Structural Design, the nex load combinations depicted in
Figure X will be used to account for any possible case or scenario that may happen to the
building. As can be seen from the figure, all of the load combinations are in compliance with the
ASCE-7 code
ASCE-7

1. 1.4D

2. 1.2D + 1.6L + 0.5(L, or S or R)

3. 1.2D + 1.6(L, or Sor R) + (L or 0.5W)
4. 12D+ 1.0W+ L+ 0.5(L,or S or R)
5.12D+ 1.0E+ L+ 0.2S5

6. 0.9D + 1.0W

7. 09D + 1.0E

Figure 3.45. Load Combinations

3.7. Structural Members Design

SAP 2000 was extensively used in the process of designing the structural members. The
software displays steel rebar percentages for specific loading cases. All of the values taken from
SAP are verified by hand calculations you can find below. SAP 2000 conforms with the
requirements established by ACI 318-19.

Below Figure X depicts the Structural Design Verification procedure to obtain the
information whether the structural members pass the applied loading combinations. As can be
seen all of the frames successfully pass all the structural load combinations, and therefore, the

model can be used in designing the structural members.



Figure 3.46. Capacity Check Verification

3.7.1. Major Beam Design
3.7.1.1. Longitudinal Reinforcement Design

Below you will find Figure X taken from SAP 2000 to verify the value of the required
rebar. As an example, we will show the entire design procedure for the case when the negative
moment governs the major beam. In this specific situation the major beam’s negative moment is
equal to -752.766 kN/m. Negative moment will be used to design the top reinforcement, while
positive moment in the next figure will be applied to create a bottom reinforcement design, as
both of these SAP 2000 summaries are for the END section of the major beam, where the

compressive forces are higher than the tensile ones.



Units

F =]

ACI 313-14 BERM SECTICN DESIGN Type:Sway Special Units: EN, mm, C (Summary)

Element : leqz B=300.000
Section ID : BC Beam det=€0_000
Combe ID : CoOMBS fo=0.040
Station Loc : €000.000 £y=0.517
Fhi (Bending) : 0.s500
Phi (Shear) - 0_.750
Phi(Seis Shear): 0.€00
Phi (Torsion) : 0.750
Design Moments, M3
Positive Hegative Special Special
Moment Homent +Homent -HMoment
37€383.072 -7527€€.145 37€383.072 -7527€€.145
Flexural Beinforcement for Moment, M3
Reguired +Homent =Moment Minimum
Rebar Rebar Rebar Bebar
Top (42 RAxis) 347€.875 0.000 347€.875 453 .5€€
Bottom (-2 RAxis) 1€21.007 l&21.007 588.212 453.5€¢€
Shear Reinforcement for Shear, V2
Rebar Shear Shear Shear Shear
Lw/s Vua phi*Ve phi*¥Vs Vp
0.€12 230.120 127.€l3 102.50¢ 230.051
Reinforcement for Torsiom, T
Bebar Rebar Torsion Critical Area Perimeter
At/s Al Tu Fhi‘Ter Ao EFh
0.000 0.000 20€.625 283€0.757 S1709.229 1444.400

Figure 47. Major Beam Reinforcement Design for Negative Moment

Mu = 752.77kN — m

b =300mm, h = 600mm,d = 700 — 2.5in - 25.4mm/in = 536.5mm ~ 530 mm
f' = 40 MPa, fy = 517.1 MPa

M
R =—2 =—T277 __ 8717 65kN/m’
n ¢bd 0.9-0.3-0.53

085f" 2R
p=—7 —a/1 — W] = 0.01986
y c

A = pbd = 0.01886 - 300 - 530 = 3196.02 mm’

S

3196,02:517.1

08540300 — 162.06 mm

Asfy = 0. 85f'cab —a =



58014000

B, = 0.85 — 0.05(3=M000, _ ¢ 76
a _ 16206
c =B—1—W= 213.2mm
g, = 0.003( dzc) = 0. 003(%) = 0.0055 > 0.005 — tension-controlled and

ductile

A, calculated by SAP2000 is 3477 mm?, which is greater than the value calculated above.

It would be reasonable to find the error first:

3477-3196.02

22622 X 100% = 8.08%

Error =

The error is not too significant and can be explained by a variety of different factors. The
minimum steel area can also be checked, and as can be seen from lower equations, this criterion

1s satisfied:

. _ 2 2
As'min = 3./f de/fy = 200bd/fy = 613mm > 537mm
A = 3477 mm° > 613 mm° — sufficient reinforcement

Therefore, the 4, = 3477 mm? (5.389 in?) can be used to select the bar size. Thus, at top
reinforcements 6#9 bars will be implemented (4, = 5.39 in?). The stirrup chosen is #3 at 130 mm
center-to-center. All of the detailed characteristics of the major beam reinforcements, dimension,

spacing, clear cover, edge distance can be found in Technical Drawings.

Now for the positive moment used to design the bottom reinforcement at the END section
of the major beam. It is important to mention that the reinforcement design was made for each
individual section of the major beam on each of the floors. Here we only provide the calculation
procedure necessary to prove the SAP 2000 steel percentage. All of the detailed design decisions
are attached to Apendix.
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Units

ACT 3123-14 BEAM S5ECTION DESIGHN Type:Sway Special Units: EN, mm, C (Summary

Element = 1707 D=g0d_000 B=300_.000 bf=300_000
Section ID : RC Beam deot=£0.000 dcb=€0_000
Combo ID : CoMES fo=0.040 Lt.Wt. Fac.=1.000
Station Loc : €000_.000 £y=0.517 fys=0_517
Phi (Bending) :
Phi ({Shear) :
Ihi{Seis Shearc):
Phi (Torsion) -
Design Moments, M3

Negative Special Special

Moment +Homent —Homent

B —752€84_557 376342_278 -752634_557

Flexural EHeinforcemsnt M3
+Homent -Moment Minipmum
Rebar Hebar Hebar
Top (+2 Rmis) 0.000 247€.510 453 .5¢€¢€
Bottom (-2 Axis) lg20.815 587.72¢ 453 .5¢€€
Shear Beinforcement for Shear, V2
Zebar Shear Shear Shear Shear
Ev/s Vu phi*Vec phi*Vs Vp
0_4g7 205_8c4 127 _€13 T8.251 205_758
Reinforcement for Torsiom, T
Hebar Torsion Critical Erea Ferimeter
At/s A1 Tu Phi*Tecr Ao E
0 _ 000 0 _000 205_40¢ ZB32E7.085 51705 _225 1444 400

Figure 48. Major Beam Reinforcement Design for Positive Moment

Mu = 376.34kN — m

M, 37634 _ ,
R, = obd® 093005365 4358.35 kN/m
0.85f" .
p=—7 [ =1~ g1 =000

AS = pbd = 0.009 - 300 - 536.5 = 1456.8 mm’

1456.8-517.1

Sesa0300 — /3-86mm

Asfy = 0. 85f’Cab —a=



B, = 0.85 — 0.05(=50") = 0.76

1000
a 73.86

c = B, e = 97.19 mm

536.5—-97.19

g, = 0. 003(%) = 0.003( ) = 0.01356 > 0.005 — tension-controlled and

97.19
ductile

A, calculated by SAP2000 is 1621 mm?, which is greater than the value calculated above.

It would be reasonable to find the error first:

1621-1456.8

2 % 100% = 10.1%

Error =

The error is not too significant and can be explained by a variety of different factors. The
minimum steel area can also be checked, and as can be seen from lower equations, this criterion

1s satisfied:

; _ 2 2
A, =3[ bd/f, = 200bd/f = 612.9mm" > 537 mm
A = 1621 mm° > 1199 mm” — sufficient reinforcement

Therefore, A, = 1621 mm? (2.512 in?) can be used to select the bar size. Thus, at bottom
reinforcements 3#9 bars will be implemented (4, = 3 in?). The stirrup chosen is #3 at 130 mm
center-to-center. All of the detailed characteristics of the major beam reinforcements, dimension,
spacing, clear cover, edge distance can be found in Technical Drawings.

As was mentioned before, the major beam reinforcement design was made for each
individual section of the beam, being END-MID-END. As you can see SAP 2000 values were
verified and now Table X like the one below can be made for each beam on every floor of the
building. For other tables, refer to the Appendix section

Table 3.59. Detailed Major Beam Reinforcement Design for Floor 4

Major Beam for Floor 4

Variables End Mid End

SAP 2000 Tension Area, mm?2 123 945 1621
Area, in2 0.19 1.46 2.51

SAP 2000 Compression Area, mm?2 247 777 3477
Area, in2 0.38 1.20 5.39

Tension Bars 2#3 2#8 3#9
Compression Bars 2#4 4#5 6#9




Shear Reinforcement | #3 at 130 mm  #3 at 150 mm #3 at 130 mm |

3.7.1.2. Shear Reinforcement Analysis

From Figure X the maximum ¥, =230.12 kN. A = 1 for normal-weight concrete.

OV = ¢ - Zk\/jT'cde = 0.75 - 2 -~/40000 - 300 - 530 = 48.29 kN

Since V, > ¢V, shear reinforcement is required.

V., =4 /f'cbwd = 128.76 kN, V., = 8, /f'cbwd = 257.52 kN

v -V
V =——==242.45kN<V,,
s ¢
A, Vo o445 2
s T 14 T 0517530 0.874mm /mm

The value of 4,/s calculated by SAP2000 is 0.612 mm?*/mm.

0.874—0.612

002 % 100% = 8%

Error =

The error is not significant. The shear reinforcement to be used is #3 at spacing 130 mm

center-to-center.

3.7.1.2. Torsional Reinforcement Analysis
From Figure X, in SAP 2000 Tu is equal to 0.21 kN-m. This is significantly smaller than
the design Tn value of 2.7 kN-m. The torsional reinforcement design value was calculated using

this formula:

2
T = qmﬁc(%) =27kN —m >T =0.21kN —m
Thus, torsional reinforcement is NOT required.
3.7.2. Column Design
3.7.2.1. Slenderness Ratio

Slenderness Ratio Calculations
From SAP 2000, Pu = 10297 kN

= 0.018457m" I = 0.00189m"
beam

column

=3.5m, L =6m
column beam

1. Interior column (750 mm X 750 mm):



ZEI/IC of columns

Y= IEI/l of beams =837 oK =27

u

= 34.8 > 28 — slender column

2. Corner column (750 mm X 750 mm):

LEI/I of columns

¥ = rorbeas = 1674 > K = 3.6

Kl

U

= 46.4 > 28 — slender column

3. Exterior column (750 mm X 750 mm):
ZEI/IC of columns

ooy = 11:16 > K = 3.2

u

= 32.7 > 28 - slender column

To proceed with Slender Column Design, sway magnification is necessary:

2
1) Firstly, the column buckling is calculated: PC = (11T<1E)12 = 89137 kN

2) After that the sway magnification coefficient is determined:
1

85:—“’”: 1.182 < 2.5
0.752PC
3) To identify whether the further magnification is required, the following equation must be
computed:
L 35

— <———— = 12.89 < 51.74 - No further magnification is required
r PJ(FA) / gnif 1

4) Thus, these are the amplified moments that will be used in further column design:
M = 65M1 = 253.03kN — m

M =8 M_ = 459.33 kN — m
2 s2

3.7.2.2. Longitudinal Rebars

Interior (General) Column Design

P
1) Pn= o — 15838kN

M't
2) Mn=T= 706.7 kN — m

M
3) e=—7"=0.044m

u

P
4) K =% =0.704

c g

Kne
5) R =——=0.0419



6) p=0.01 —>AS= 0.005625m" — 8 #9 bars

3.7.2.3. Shear Reinforcement

Shear Strength Check
1) Vu1 = 91.461 kN; Vu2 = 1.189 kN; VC = 23755 kN

2) ®V_= 17816 kN

ol
3) —= = 8908 kN

4) Vu < 0. 5d>VC - Only minimum reinforcement is required — #3 ties @ 200 mm

3.7.2.4. Biaxial Bending

Biaxial Bending Check:
1) M = 253.03kN — m - M = 389.28 kN —m

2) Muy = 459.33kN — m - Myx = 706.67 kN — m
3) Y, =Y, = 0.82; e = 0.025m; e, = 0.045m

4) P = 45000kN; P = 24231 kN; P = 19128 kN; P = 89189 kN
nx ny o n

5) Pn > 0. 1Pn0 — The method is feasible

6) (an > Pu - 57972 kN > 10297 kN — Safe against biaxial bending

3.7.3. Two-Way Slab

For the two-way slab design, the procedure similar to that of the major beam was

implemented, where the two-way slab was divided into separate strips that were further divided

into separate sections. As the two-way slab contains no minor beams, its dimensions are 6000

mm by 6000 mm with slab thickness of 150 mm.

3#5 @ 500 mm c/c 3#5 @ 500 mm c/c

25

4#4 @ 500 mm c/c 4#4 @ 500 mm c/c

150

300 5400

A

300

6000

Figure 49. Two-Way Slab Design

A 4

25
—



3.7.3.1. Flexural analysis

— __ 13500*75+150*375
y= 135004150

= 170 mm

% 3
1 =—285050 4 13500(170 — 75)° + (150 * 450°)/12 + 150 * (375 — 75)° = 5.9 * 10 mm’

I_= 6000/2 * 150°/12 = 8.9 * 10° mm'

El,
ocfm— af— no 4,52

Minimum height can be determined through the following

s
L 0.8+

hmin =~ 3erp = 2625 * (0.8 + 420/1400)/(36 + 9 * 1) = 64.49 mm (3.64)

Factored load is calculated here:
q =1.2q,+1.6q=1.2%56568 + 1.6 * 4.79 = 14.88 kN/m"

Total static moment:

qllz * *g2
M =i = S0 = 448,45 kN — m (3.65)

M(=) = 0.65 *M0= 0.65 * 438.98 = 275.32kN — m

M(+) = 438.98 — 285.34 = 150.14 kN — m

O‘f1 =a = 4.52 > 1.0
!
2
—=1.0
ll
67500*75+0*375

y= 6750040 = 80mm

Ib =1.27 * 108 mm4

IS = 7.38 * 108mm4

El,
ocfm— af— = 4.48

N

As a m is greater than 2.0, minimum height can be calculated as follows:

f
ln(0.8+ 72007

h . = —"err— = 2625 * (0.8 + 420/1400)/(36 + 9 * 1) = 64.19 mm

As the thickness is satisfied, factored loads can be calculated:



q,=1.2q,+1.6q,=1.2 %5658 + 1.6 * 4.79 = 14.54 kN/m’

Table 3.60. Two-Way Slab Design Procedure for exterior panel

Exterior Column Strip Middle Strip
Negative | Positive | Negative | Negative Positive Negative
Moment % 97.29 75.00 75.00 2.71 25.00 25.00
Mu, kN-m 192.34 79.84 148.27 5.35 26.61 49.42
, KN-m
w, slab 28.85 11.98 22.24 0.80 3.99 7.41
- 15% to slab
b, m 1.65 1.65 1.65 1.65 1.65 1.65
Rn, kPa 1491.38 [ 619.06 1149.68 41.52 206.35 383.23
p 0.0030 0.0012 0.0023 0.0001 0.0004 0.0007
AS, m’ 0.0006 0.0002 0.0004 0.00002 0.00008 0.00014
AS, in’ 0.861 0.352 0.660 0.023 0.117 0.218
5, min’ in’ 0.691 0.691 0.691 0.691 0.691 0.691
s final’ in’ 0.861 0.691 0.691 0.691 0.691 0.691
Bar Selected 3#5 4#4 4#4 4#4 4#4 4#4
Spacing, m 0.5 0.5 0.5 0.5 0.5 0.5
Minimum Spacing, mm 25.4 254 254 254 25.4 254
Table 3.61. Two-Way Slab Design Procedure for interior panel
Column Strip Middle Strip
Interior
Negative | Positive | Negative | Negative | Positive | Negative
Moment % 75.00 75.00 75.00 25.00 25.00 25.00
new Mu (kN-m) 148.27 79.84 148.27 49.42 26.61 49.42
Mu slab (kN-m) 22.24 11.98 22.24 7.41 3.99 7.41
b, m 2.06 2.06 2.06 2.06 2.06 2.06
Rn (kPa) 919.74 | 495.24 | 919.74 | 306.58 165.08 [ 306.58
p 0.0018 [ 0.0010 | 0.0018 [ 0.0006 | 0.00032 | 0.00060
As (m”"2) 0.00042 | 0.00023 | 0.00042 | 0.00014 | 0.00008 | 0.00014
As (In"2) 0.65801 | 0.35204 | 0.65801 [ 0.21731 [ 0.11677 | 0.21731
Asmin (in"2) 0.691 0.691 0.691 0.691 0.691 0.691
As final (in"2) 0.691 0.691 0.691 0.691 0.691 0.691




Bar Selected 4#4 4#4 4#4 4#4 4#4 4#4

Spacing (m) 478 500 500 500 500 500

Minimum Spacing (mm) 254 254 254 254 254 0.4
Minimum Spacing (in) 1 1 1 1 1 1

3.7.3.2. Shear analysis
=492 - 3/4 —-5/8=3.755in

average

= 3.545 * 25.4 = 92.95mm

average

Vo = [l — (b + daug}(h + daug)] *dqu

(3.66)
V.= (36 * (0.75 + 90.043/1000)) * 14.45 = 510.08 kN
A=1.0
; N
oV = (0. 171\/Z +—5)b d = 358.47 kN (3.67)
g

V = ©(0.661 (1/3)\/7I+Lbd—3136kN
(P c2 - (P( . p fc 6Ag) w - .
3.7.4. Joint design

The following procedure below is in accordance with ACI 318-19. Joint design can be

presented as follows:

Figure 3.50. Joint design between the column and beam (ACI, 2019)




Interior beam and column were chosen as an example to show the following procedure. The
shear between these two structural elements was computed by applying the following equation.

=T  +C =V, (3.68)

u,joint - p 2 l
To determine the joint shear, the reinforcement details were found by utilizing SAP2000

for the interior beam-column joint (see Figure 3.26).

3195.
1474

2452 2452
1146 1146

3388,
1574

Figure 3.51. Reinforcement details at the beam-column joint.
The parameters presented in the previous equation have been computed as follows:

Tpr1 = O(Asfy = 1.25 - 2452 - 0.517 = 1584.61 kN

C =oaAf =1.25-1146 - 0.517 = 740.60 kN
prl s’y

SAP 2000°s results are the following:
V =424 kN
col

Respectively, the shear demand on joint:

= 1584.61 + 740.60 — 424 = 1901.21 kN

u,joint

To determine the shear strength of the joint, the effective width, bj, was calculated first:

b +b
b =t = BUBL = 525mm <b +h_ =300 + 750 = 1050 mm
j b col

b]_ = 525mm < bb + 2x = 300 + 750 = 1050 mm

To calculate shear capacity, we use the following formula:

Vo= y\/]?'c A (3.69)



From that formula we have y = 1.7 for confined interior joint and 4; is the product of b,

and A,,,. Therefore:
Vo= v.ff A =1 7+/40 - 525 - 750 = 4233.5kN
The nominal shear strength must satisfy (])Vn > Vu. To account for the strain hardening of

the reinforcement, the strength reduction factor ¢ is taken as 0.85.

0.85 - 4233.5 = 3598.48 kN > Vu = 1901.21 kN

As a result, it was confirmed that the joint is safe under shear forces. The same method
was used to check the joint’s shear capacity in other directions, and it was also found to be safe.

In addition, the spacing requirements were calculated based on ACI 15.4.2, using the following

formula:
0.062\/7'C bs 035bs
Av = max( 7 T ) (3.70)
A A
s = min( J oy (3.71)

yt
0.062,[f b ' 035D,

The minimum spacing with 2#3 ties:

2:71-517.1  2:71:517.1
0.062+/40-750 *  0.35-750

Therefore, two #3 ties spaced at 240 mm will be used to satisfy the code requirements.

s = min( ) = min(249.68, 279.73) = 249.68 mm

Additionally, the following check should be carried out to make sure that plastic hinges form in
the beams rather than in the columns.

6
M = —IM (3.72)

nc nb

537.5 + 478.3 = 1015.8 kN — m >-=(153.6 + 114.7) = 268.3kN — m

3.7.5 Bar Selection
Table 3.62 below summarizes the selected rebars. As can be seen there is no major beam
in the table as each individual beam on each floor has its own unique reinforcement design.

Thus, to explore each beam individually, refer to Appendix.



Table 3.62. Final selected bars.

Component Top reinforcement Bottom Stirrups
reinforcement
Two-way slab 3#5 4#4
Column types Reinforcement Ties

Column 0-1 floors (750 x 750 mm) 8#9 #3 at 200 mm
Column 2-3 floors (700 x 700 mm) 8#9 #3 at 200 mm
Column 4-5 floors (650 x 650 mm) 8#9 #3 at 200 mm
Column 6-7 floors (600 x 600 mm) 8#8 #3 at 200 mm
Column 8 (550 x 550 mm) 8#7 #3 at 200 mm
Column 9 (500 x 500 mm) 8#6 #3 at 200 mm
Column 10 (450 x 450 mm) 8#6 #3 at 200 mm
Column 11 (400 x 400 mm) 8#5 #3 at 200 mm
Column 12-13 (350 x 350 mm) 8#5 #3 at 200 mm

3.7.6. Development length
ACI 318-19 was used in calculation of development length. The chosen bars are #8 and
#9 which have 1 in and 1.128 in diameters in turn. The equation below was used to compute the

tension reinforcement:

! YW w
— =24 (forbars > #7) > l, = 1410 mm > 750 mm (column width)

d_b 20)\\/7
As can be seen from the previous equation the hooked bar is needed to accommodate for
the entire length of the longitudinal reinforcement as it does not fit into the largest

dimension-size column. The equation below is to be used to find the hooked rebars:

LR
(_M L5 (modification factor) > = 381.4mm > 8d, = 229 mm

55%/7



Thus, /;, = 381.4 mm for the bars in tension. Subsequently, the 90° hook’s parameters

were found:

D = 6db =9.024in, r = D/2 = 4.512inor 114.6 mm
Hook distance: 12db = 13.56 in or 343.8 mm

Furthermore, the stirrups will be provided in the development length at the distance of

< 3db = 85 mm.

For the bars in compression, the development length was calculated using the formula

below:

f¥
ldc 50)\\/7)
Therefore, as can be seen all of the ACI 318-19 requirements on the development length
were satisfied

d >0.0003f Wd -1 = 250mm < 564 mm
y r b dc

3.7.7. Lap splices

The lap splices were calculated for each individual member. Tension controlled beams
have the following lap splice value:

Il =1 = 380mm

st dh
While beam in compression require the following

[ =0. OOOSfydb = 38 in or 965mm

NS
To calculate the lap splice value for columns, the following Table 3.63 is created to
demonstrate how the lap splices differ on each floor.

Table 3.63. Column Lap Splices

Component Lap splice, mm
Column 1-2 floors (700 x 700 mm) 1074
Column 3-4 floors (650 x 650 mm) 1074
Column 5-6 floors (600 x 600 mm) 953
Column 7-8 floors (550 x 550 mm) 833
Column 9-10 (500 x 500 mm) 714
Column 11-12 (450 x 450 mm) 714




3.8. Special seismic provisions for reinforcement detailing
3.8.1. Beams

Due to the building's location in a high seismicity zone, special seismic detailing was
applied. Both the clear span and the width-to-depth ratio comply with the requirements of ACI
318-19 Section 18.6. In addition, at least two continuous longitudinal bars were placed at both
the top and bottom of the beams, as specified in Section 18.6.3.1. The positive moment capacity
at the face of the joint was designed to exceed half of the negative moment capacity. To ensure
confinement, hoops were installed along a length equal to twice the member depth from the face
of the support, with spacing limited to the smallest of d/4, 6db, or 150 mm. The first hoop was

positioned 50 mm away from the support face.

3.8.2. Columns

Seismic detailing for the columns was carried out in accordance with Section 18.7 of ACI
318-19. The reinforcement area in the columns was designed to range between 1% and 6% of the
cross-sectional area. Transverse reinforcement was provided on both sides of the joint over a
length lo, where lo was taken as one-sixth of the clear span of the column, resulting in lo = 400

mm.

3.8.3. Joints

The longitudinal reinforcement of the beams was extended to the far face of the columns
at the joints. In cases where the longitudinal bars continued through the columns, the column
depth h was designed to be greater than 20 times the bar diameter (20db).

The development lengths of the reinforcement bars were designed to meet the required

criterion:

fydy
654/
8d,,
6 in.

lan = 4




3.9. Structural serviceability design

3.9.1. Minimum Deflection

Minimum deflection requirements for structural components like beams and slabs are
established by ACI 318-14. When these elements do not match the required minimum thickness
requirements, their deflections must be calculated. In this case, the fact that the minimum

thickness requirements were satisfied suggests that the deflections are within acceptable bounds.

h, = —= (3.73)

Where L is the length of the major beam. In this case, the following is true:

6000
21

hb = = 286 mm < 300 mm (depth of minor beam)
The minimum dimension thickness of the major beam is greater than the minimum

thickness, and so the requirements are satisfied.

3.9.2. Crack width

Crack control in reinforced concrete design plays a critical role in ensuring the structural
safety under applied loads. For this reason, it is essential to verify that the crack widths remain
within the permissible limits defined by building codes. To evaluate the maximum flexural crack

width, the following equation from McCormac and Brown (2016) will be used:

w = 0.076BhfSW (3.74)
Where, w - estimated crack width (in), g, - the ratio between the distance from the extreme
tension fiber to the neutral axis and the distance from the centroid of the reinforcement, which
can be assumed as 1.2, f; is the steel stress, d, is the cover and 4 is the effective tension area.
dC = 2.5in

(5 in)(19.7 in)

L2
: = 16.4in

A=

w = 0-076Bhf543/d014 = 0.012in < 0.016in



The allowable crack width for this structure is 0.016 inches, and the calculated crack
width remains within this limit. As a result, the crack width is considered acceptable.
Additionally, the maximum permissible spacing for the longitudinal reinforcement can be

determined using the following formula:

s(in) = [15(%) — 2.5C] (3.75)

40 .
s = 15((2/3)60 — 2.5+ 2.5) =9.83inor 250mm

Therefore, the shear reinforcement spacing should not exceed 250 mm to satisfy the

serviceability crtireia.



4. Geotechnical Design

4.1 Site Description
The site is located in San Francisco, California within a parking lot bordered by Mission

Bay Boulevard South to the north, Nelson Rising Ln to the south, and 5th and 6th streets to the
east and west. The surrounding area consists of buildings ranging from five to twelve stories.
The project involves clearing the existing pavement and utilizing a 1,500 m? area for the
construction of a new 12-story building with a single basement level.

4.2 Field investigation

The geotechnical assessment, conducted by Langan Treadwell Rollo, involved soil
testing through four boreholes (B-1 to B-4). The depths of B-1, B-2, and B-4 ranged from 21.34
m to 27.8 m, while B-3 was shallower at 15.24 m. The soil data is extracted from the boring with
greatest depth B-4. The Unified Soil Classification System (USCS) is applied for the soil
classification.

The position of the groundwater table is another key factor in geotechnical design, as it
influences both the foundation's bearing capacity and the soil's potential for liquefaction.
Groundwater was detected at depths of approximately 6.8 m and 7.5 m in boreholes B-2 and B-3,
respectively, but was not recorded in B-1 and B-4. Groundwater levels can fluctuate due to
seasonal changes, underground drainage, and regional hydrological conditions.

The geotechnical report determined a shear wave velocity of v = 340m/s

s(30)
(approximately 1120 ft/sec), classifying the site as a Site Class D soil type.
4.2.1 Soil Profile

To ensure an accurate geotechnical design, the soil profile of the selected site must be
thoroughly investigated and described. The soil investigation report provides data limited to SPT
blow counts. Further analysis was conducted using standard SPT correlations, with the
correlation methodologies detailly described in the Capstone Project I Report. SPT N value was

utilized to calculate the standard penetration number N 60" Elastic modulus values for different

soil layers were derived using the methods of Bowles (1996) and Kulhawy & Mayne (1990).
Poisson’s ratio was obtained through the equation provided by Das & Sivakugan (2019). The
soil’s friction angle was determined using three different formulas, with the average taken for

accuracy. Cohesion values for various soil types were estimated using empirical equations



selected based on soil characteristics. The resulting analyzed soil profile is presented in Table

4.2.1.1.
Table 4.2.1.1. Soil Profile.
Soil type z, m v, kN/m3 1y d)’ o &', e E’ MPa ., kN/mz
1 Clayey sand 2.134 16.7 0.143 27.89 22.31 8470 24.5
with gravel
2 Silty sand 4.268 16.8 0.163 20.19 16.15 8982 0.7272
with gravel
3 Gravel with 5.792 18.2 0.398 44.86 35.89 20255 2
clay and sand
4 Gravel with 7.316 17.5 0.308 38.84 31.07 14056 1.36
silt and clay
5 Sandy clay 10.059 18.9 0.400 44.98 35.98 35000 58
6 Silty sand 11.888 18.8 0.438 47.55 38.04 23334 2.55
7 | Clayey sand 13.412 17.1 0.242 34.44 27.55 10414 1
8 Sand 23.772 21.8 0.343 41.17 32.94 15835 5.27
9 Clayey peat 25.296 17.4 0.292 37.82 30.26 10000 1.27
10 Clay 27.430 19.3 0.461 49.05 39.24 35000 115.5
4.2.2 Liquefaction

Liquefaction is a concern in seismically active regions with loose, saturated soils,

particularly where groundwater is close to the surface. During an earthquake, increased




pore-water pressure can cause granular soil to lose strength and behave like a liquid (Dixit,
Dewaikar, & Jangid, 2012).

Idriss and Boulanger (1971) and Luna and Frost (1998) equations were used to estimate
LPI. It was equal to zero, except for the first layer with an LPI value of 3.164. Since it is lower

than 5, liquefaction risk is considered to be low.

4.3 Site Response analysis

For the site response analysis of the project location, an earthquake with a magnitude of
6.0 that occurred in Napa, California was selected, based on data from the USGS government
website (Geological Survey, n.d.). The analysis was conducted using PLAXIS 2D software,
which involves modeling the soil layers, setting appropriate boundary conditions, and assigning
relevant material properties. After specifying the type of dynamic analysis, the software
simulates the soil's response to seismic loading. A dynamic multiplier was incorporated into the
PLAXIS 2D model, and ground motion data from the Chicago event was inputted as a “table”

format. The data type was selected as “accelerations,” as illustrated.

MName | DisplacementMultiplier_2
Signal Table ~
Data type Accelerations -~
Drift correction | O
ad DB
Time [s] Multiplier Transformed multiplier

1 0.000 -3.314E-3 -3.314E-3

2 5.000E-3 -3.282E-3 -3.282E-3 I

3 0.01000 -3.249E-3 -3.249E-3

4 0.01500 -3.217E-3 -3.217E-3

Scaling type  Scaling factor ~ Value 1.000 Transform

Signal  Fourier spectra Response spectra  Arias intensity

100+

0.00 e

-100

Dynamic multiplier (acceleration)

T T T T T T T T T
0.00 3.00 6.00 9.00 120 150 18.0 210 240 270

Time [s]

||7 — Multiplier [v — Transformed multiplier |

Figure 4.3.1. Site Response analysis.



The model consisted of two stages: the initial phase and “Phase 1,” during which the
seismic signal was applied and the dynamic analysis was carried out. A time interval of 40
seconds was selected, corresponding to the duration of the earthquake signal. Details of the phase

setup and the required configurations are illustrated in Figure below.

MName Value

- General
jis] Phase_1
Start from phase Initial phase -
Calculation type "ﬁ'u"t Dynamic -
Loading type Staged construction -
Pore pressure calculation t -
Thermal calculation type Ignore temperature -
Dynamic time interval 40,00 s
First step
Last step
Design approach (Mone) -
Spedal option [u}

+ Deformation control parameters

- Numerical control parameters

Max cores o use 2586
Max number of steps store 1
Use compression for result O

Use default iter parameter: |

Max steps 2000
Time step determination Manual -
Mumber of sub steps 128

Figure 4.3.2. Site Response analysis setup details.
Figure 4.3.3. illustrates the soil profile both before and after the application of dynamic
loading conditions. It is evident that the soil underwent deformations in both the x and y
directions as a result of the applied ground motion. The maximum value of the soil deformation

is presented below.
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Figure 4.3.3. Soil deformation.

Following the completion of calculations in PLAXIS 2D, acceleration versus time and
peak ground acceleration versus period graphs were generated and presented in Figure. The
ground acceleration data was recorded over a duration of 40 seconds, with the peak acceleration
observed at X occurring at X seconds. The amplitude of the ground motion was obtained by
applying a Fast Fourier Transformation (FFT) to the accelerator plot, as illustrated in Figure

4.3.4.
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Figure 4.3.4. PLAXIS 3D output.



The output of a site response analysis was used further as input for software analysis of
the foundation. It accurately reflects local soil conditions and translates bedrock-level seismic
motions into surface-level ground motions that account for local soil amplification or damping

effects.

4.4 Foundation Design
4.4.1 Foundation Selection

The assessment of various foundation types based on load-bearing capacity showed that
the group pile foundation is the most suitable for our structure. Shallow, mat and single-pile
foundations’ load-bearing capacity failed to exceed the design load.

Several types of piles are available in practice, with their selection depending on factors
such as structural load demands, soil conditions, installation methods, and potential impacts from
nearby excavations. Based on recent literature, steel pipe piles were chosen for the current site
due to their superior strength, installation efficiency, and performance under dynamic conditions,
especially in urban excavation environments.

Steel pipe piles exhibit significantly higher stiffness and bearing resistance compared to
concrete piles. This makes them ideal for deep foundation systems where strength and
deformation control are critical. Yao et al. (2016) report that the elastic modulus of steel (210,000
MPa) greatly exceeds that of concrete (25,000 MPa), enabling steel piles to resist deformation
and horizontal displacement more effectively. In their study, concrete piles displayed
approximately twice the horizontal displacement compared to steel pipe piles, especially after
reaching critical inflection points. These qualities also translate to increased stability under
lateral soil pressures in urban excavation conditions. From an installation perspective, steel pipe
piles offer construction advantages due to their prefabricated nature. Unlike cast-in-place
concrete piles, steel piles eliminate curing time and reduce on-site variability, leading to faster
installation and better quality control (Yao et al., 2016).

The decision to use driven piles—rather than bored or drilled shafts—was informed by
findings from Massad (2014) and Bian et al. (2021). Driven piles, including steel pipe types,
compact the surrounding soil during installation, which enhances both end-bearing and shaft

friction resistance. This process ensures minimal residual displacement under dynamic loads and



provides excellent load transfer characteristics, critical for structures sensitive to settlement
(Massad, 2014). Furthermore, driven piles are suitable for heterogeneous soil layers, such as
alternating clay and sand strata. Additionally, Bian et al. (2021) discuss the beneficial pile setup
effect, where dissipation of pore water pressure and soil consolidation over time increases pile
resistance. This natural strengthening process enables shorter pile lengths or reduced pile
numbers without compromising safety or performance, ultimately lowering construction costs
while improving reliability. Therefore, for this project, steel pipe driven piles were selected based
on their mechanical properties, performance under excavation-induced stresses, adaptability to
varied soil conditions, and cost-effectiveness over the project lifespan.

In the current project, the design does not require consideration of negative skin friction,
as none of the typical conditions that warrant such analysis are present. The expected settlements
are well below the critical limits, the embankment height is moderate, the compressible soil layer
is relatively thin, no significant drawdown of the water table is anticipated, and the pile lengths
are within acceptable ranges. Thus, the risk of downdrag is minimal, and additional design

measures to account for negative skin friction are not necessary.

4.4.2. Foundation Design under Axial Loading
4.4.2.1 Hand calculations of axial bearing capacity
To assess whether a group of piles behaves as a single block or as individual piles, the

efficiency of the pile group must be determined using the following formula:

2(n1+n2—2)*d+4—D

n=—— (4.1)
where

n,mn,- number of piles in a group;

p - perimeter of the pile;
d - minimum spacing between piles = 2. 5D.
There are two outcomes from this formula: 1) if 1 < 1, then their bearing capacity will

be calculated as Qg w = ZQu, 2) ifn = 1, the bearing capacity will be equal to

Q

9 = nlnzZQu.



Additionally, the dimensions of pile cap Lg and Bg will be calculated using:
Lg = (n1 — 1)d + 2(D/2) 4.2)
Bg = (n,— 1d + 2(D/2) (4.3)

Several iterations on the number of piles and diameter values were done to find out the
best suited dimensions. In California, the allowable capacities of piles are regulated by the
California Building Code (CBC), which is based on the International Building Code (IBC) with
state-specific amendments. Given California's high seismicity, the CBC also includes

requirements to ensure piles can resist seismic loads. CBC set Qa” to be higher than Q design for
50-60% to account for uncertainties. Using 1. 5Q design value, iteration results showed the most

suitable diameter and configuration as displayed in Table 4.4.2.1.1.

Table 4.4.2.1.1. Parameters of group of piles under each column type.

Lm |D m |d m n, n, Bg Lg P, m A m’
Exterior |8 0.45 1.13 2 3 1.58 2.7 1.41 0.16
Interior 8 0.5 1.25 2 3 1.75 3 1.57 0.20
Corner 8 0.45 1.13 2 2 1.70 1.7 1.41 0.16

The figure below illustrates the placement of each pile group according to the building's

layout.
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Figure 4.4.2.1.1. Group pile distribution under the building.
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Figure 4.4.2.1.2. Dimensions of group piles under each column type.




The bearing capacity of the group of piles was calculated for each column type. The

procedure was performed similar to the bearing capacity calculation for the single pile.

_ 2(3+2-2)"144%045 _ 4 (poc

T]e;vcterior - 1.41*3*2
2(3+2—2)*1+4*0.5
= = 1_
T]interior 1.57*3*2 0085
2(2+2—-2)*1+4*0.45
n = 22r22) = 1.2031

corner 1.41*3*2

Sincen = 1 group piles, then ultimate bearing capacity will be found as following

Q

= nanZQu. Factor of safety is taken as 3.

)
Table 4.4.2.1.2. Bearing capacity of group piles.
N Qp’ kN Q kN Q, kN 2Q, kN 1Q,, kN Qdesign’
Exterior | 1.0085 5297.44 | 1173.13 | 6470.57 |38823.44 (102924 [6161.26
Interior 1.0085 6722.04 | 1292.58 |8014.62 |48087.72 [11669.2 [7293.29
Corner 1.2031 5297.44 | 1173.13 | 6470.57 | 25882.29 |7020.88 |4483.93

4.4.2.2 Hand calculations of settlement
Vesic method

1) Elastic settlement S o1 for each pile is determined using the formula:

_Lx(Q, +8Q,)

ol YT (4.4)
p p

Where,
) 2
Ap — cross sectional area, 0. 16 m;

pr — pile load at working conditions;

6215.78

= 3 = 2071.927 kN
wp

Q

Qws — frictional skin resistance load;

843.85

Q,, = 5%

ws

= 281.283 kN

& — assumed to be equal to 0.67;



L — length of the pile;

Ep — modulus of elasticity;

Ep = 4700, /fc' = 29725. 41 MPa

2) Next, pile load settlement is calculated using:

s =P 2y« 45
82_ Es(_uS)XWp (')

Where,

9y ~ point load per unit area;

Q, _ 621578/3

Qp= "2 = ol

= 12949.542 kN /m"2

D — diameter of a single pile.

ES — modulus of elasticity, 23334 Pa;

u — Poisson ratio, 0.438;
S

I — influence factor, 0.85 as stated by Das & Sivakugan (2019).

wp
3) The settlement caused by load transmission along the pile shaft was calculated using the

formula below.

Qs D 2
Sp= XX (=W)X (4.6)

Where,
p — pile perimeter; P = D = m * 0.6 = 1.89m,
L — embedded length; 8m

I LT influence factor;
w

In this formula, average values for E . and p Sshould be used. And Influence factor is

found by equation:

I =2+0.35x N (4.7)

Finally, the sum of the three settlements would give the total settlement of one pile:



Se = Sel + SeZ + Se3

4.4.2.3 Software analysis of axial bearing capacity and settlement

foundation was evaluated using both PLAXIS 3D and GEOS software.

Results are further compared with software analysis, and can be seen on Table 4.4.2.3.2.

The bearing capacity analysis was performed using GEOS, while the settlement of the

The soil parameters and pile parameters such as diameter, length, and material properties

were defined in the GEOS software,. The groundwater table level was also specified. After that,

external loads were applied based on the structural demands, and the appropriate design code

(Eurocode) was selected for the analysis. These load combinations and their corresponding
values are detailed in Table 4.4.2.3.1.
Table 4.4.2.3.1. Most Critical Load Combination

Column Combination Fx, kN | Fy, kKN | Fz, kN |Mx, kNm| My, kNm | Mz, kNm
Type Type
Corner -138.49 |-239.88| 7170.48 | 956.61 | -455.50 0.23
Column

- 1.2D+1.0E+1.0L
Exterior -166.94 | -224.69 [10176.21| 939.32 | -487.50 0.18
Column
Intenor 1y o1 6Lr+10L |-3.884E-13| 118 |1771042| -2.16 | -9.645E-13 |-2.477E-14
Column

GEOS then carried out calculations to evaluate both the bearing capacity and the

expected settlement of the pile foundation. Hand calculations and Geo5 software results

comparison showed that the ultimate and design bearing capacities for all pile group

configurations—interior, exterior, and corner, as well as safety factors are similar and within

allowable limits, as shown in Table 4.4.2.3.2.




Figure 4.4.2.3.1. GeoS5 Soil Profile.

Table 4.4.2.3.2. Comparison of bearing capacity values from hand calculation and GeoS5.
Interior Exterior Corner
Hand Geo5 Hand Geo5 Hand Geo5
calculation | Software calculation | Software calculation | Software
Qu, kN 3217.81 3100.19 3217.81 4088.21 237821 2910.21
(single)
Qu, kN 48087.72 48112.24 38823.44 40123.44 25882.29 26282.29
(pile)
Qa”, kN 11669.2 - 10292.4 - 7020.88 -
Q, 7293.29 - 6161.26 - 4483.93 -
design
FS 3 3.71 3 3.25 3 3.34

In PLAXIS, the piles were modeled as embedded beams, while the soil profile was

constructed using the Mohr-Coulomb model, with all relevant soil parameters taken from the




site-specific soil data. Pile caps were represented as plate elements, and the load combinations
with the highest axial loads were applied to the model.

The resulting deformation of the pile groups is illustrated in Figures 4.4.2.3.2. and
4.4.2.3.3. The settlement values from hand calculation, Geo5, and Plaxis 3D are summarized in
Table 4.4.2.3.3.
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Figure 4.4.2.3.2. Deformation of the exterior (left) and interior (right) pile groups.



Total displacements |u| (scaled up 200 times)
Maximum value = 6.043*10-3 m (Element 964 at Node 193)

Figure 4.4.2.3.3. Deformation of corner pile group.
Table 4.4.2.3.3. Summary of the settlement values from hand calculation, Geo5, and Plaxis 3D.
Interior Exterior Corner

Hand Geo5 Plaxis | Hand Geo5 Plaxis | Hand Geo5 Plaxis
calcula calcula calcula
tion tion tion

S, mm| 1825 [16.79 |24.13 1694 |15.01 |19.21 [11.14 |[8.84 6.04

e

Both numerical simulations and hand calculations confirmed that the settlement of each
pile group remained within the allowable limits. Hand calculations often rely on simplified
assumptions and empirical formulas that may not capture the full complexity of soil-structure
interaction, especially in layered soil conditions or non-linear behavior. In contrast, software
tools like PLAXIS 3D and GEOS5 use advanced numerical methods which provide a more
detailed and realistic representation of the soil and structural behavior under loading. Overall, the
findings indicate that the design is structurally sound and that the pile groups are capable of

withstanding both lateral and axial loads imposed by the columns.



4.4.3 Foundation design under lateral loading
4.4.3.1. Hand calculations of lateral bearing capacity

The lateral bearing capacity of the pile group was determined using the lateral forces and
moments obtained from the SAP 2000 software. For the analysis, the maximum loads were
considered for three configurations: internal, external, and corner pile groups.

Table 4.4.3.1.1. Lateral loads.

Combination Number of Lateral

1 T Fx, kN Fy, kN 9

Column Type Type X o/ piles Load
Corner -138.489 273.04 4 68.26
Column
EXISNOr | | )DFILOE+1.0L | -166.939 | 224.691 6 37.45
Column
Interi
nterior -101.7 236.711 6 39.45
Column

A vertical pile resists lateral loads by generating passive pressure from the surrounding
soil. The distribution of this soil reaction depends on the pile's stiffness, the soil's stiffness, and
how the pile is fixed at its ends (Das & Sivakugan, 2019). Laterally loaded piles are generally
classified as either short or long. Broms (1965) proposed a simplified method for analyzing such
piles: assuming shear failure in the soil for short piles and bending governed by the pile’s plastic
yield for long piles (Das & Sivakugan, 2019). Restrained piles offer greater bearing capacity

compared to free-headed piles, confirming the effectiveness of using a pile cap.

First, Rankine passive earth pressure coefficient was found. The value of constant

modulus of horizontal subgrade reaction, n, was taken from Table 12.16 from Das & Sivakugan

(2019). The calculation was done for the pile length only, so the basement depth was subtracted

from the initial soil layer depths. The resulting values are presented in Table 4.4.3.1.2.

K, = tan’ (45 + L) (4.8)

Table 4.4.3.1.2. Calculation of passive earth pressure coefficient and subgrade reaction.



Layer Layer depth, Soil type d' K n,
m P

1 - Clayey sand 27.89 2.75 2000
with gravel

2 0.968 Silty sand 20.19 2.05 2000
with gravel

3 1.524 Gravel with 44.86 5.78 6250

clay and sand

4 1.524 Gravel with 38.84 4.37 6250
silt and clay

5 2.743 Sandy clay 44.98 5.82 6250

6 1.829 Silty sand 47.55 6.63 6250

7 1.524 Clayey sand 34.44 3.60 6250

8 10.36 Sand 41.17 4.85 16500

The characteristic length of the soil—pile system, T was calculated. Ep value was assumed

to be 207 * 10°kN /mz. Moment of inertia for circular pile was calculated using the diameter

defined in Table X as:
* 4
=5 (4.9)
I _owd _ woas' o 00w 073
p (exterior) - 64 64 = 4. m
_ omwd w05t . =34
Ip (interor) - 64 64 3.07 10 m
x4 * 4 _
mw*d  _ m*0.45 — 201 * 10 3m4

I = =
p (corner) 64 64

Further calculation will be carried out for the lateral bearing capacity of exterior column.

T =+ —2& (4.10)

5/ 207%10°%2.01*10 >
T = \/ _ZIUI0 = 2,32



L/T = 12/2.32 = 5.18 > 5, so the analysis was completed for the case of long pile.

The bending failure analysis was performed. Yield stress of the pile material was taken as

Fy = 248MN/m2 (Das & Sivakugan, 2019).

y S y % y @.11)
* * _3*
M = 2*2.01*10 "*248000 = 2217.53 kNm
y 0.45
M
y 2217.53 — 1570.20

D4pr 0.45*16.8%2.05

M

Using Figure 12.42a from Das & Sivakugan (2019), for the value of yield moment ?KL
Y

p

. . . , Q,
the corresponding magnitude of ultimate lateral resistance P 9 was found to be around

PDy

435.00 and Qu o Vas calculated. The outcomes are summarized in Table 4.4.3.1.3.

Q) = 435" Kngy — 435 * 2,05 * 0.45° * 16.8 = 1365. 18
Table 4.4.3.1.3. Ultimate lateral resistance values.
L il M Q,
ayer Soil type My i’ 0 Qu @
D pr KpD Y
1 Clayey sand 2217.53 1177.52 330.00 1381.02
with gravel
2 Silty sand 2217.53 1570.20 435.00 1365.18
with gravel
3 Gravel with 2217.53 514.07 140.00 1342.04
clay and sand
4 Gravel with 2217.53 707.13 190.00 1324.07
silt and clay
5 Sandy clay 2217.53 491.63 135.00 1353.18
6 Silty sand 2217.53 433.86 120.00 1362.98
7 Clayey sand 2217.53 878.46 240.00 1346.32




8 Sand 2217.53 511.47 140.00 1348.85

Next, an assessment of pile head deflection was conducted.

N = (4.12)

pp

5 2000
n= 2 — =0.34
207*10 *2.01*10

nL = 0.34 * 0.968 = 0.33

~

The value of dimensionless length mL was used to find the respective value of

3/5, \2/5
x (E1)"(n)

dimensionless lateral deflection —”QL— ~ 6.8 from Figure 12.43a from Das &
9

Sivakugan (2019). Thus, the allowable lateral load is equal to:

Q = 0.02*(207*10%2.01*10 ) (2000)"”° _ 10.22 kN
g = 6.8"12 o

Table 4.4.3.1.4. The allowable lateral load values.

Layer Soil type | nL x (E 1" m)" | Q
QL 7
9
1 Clayey sand 0.34 0.00 0.00 -
with gravel
2 Silty sand 0.34 0.33 6.80 10.22
with gravel
3 Gravel with 0.43 0.66 5.50 19.93
clay and sand
4 Gravel with 0.43 0.66 5.50 19.93
silt and clay
5 Sandy clay 0.43 1.18 4.20 26.09
6 Silty sand 0.43 0.79 5.10 21.49
7 Clayey sand 0.43 0.66 5.50 19.93

8 Sand 0.52 2.04 2.10 76.96




Hence, Qg = 10.22 kN (< 1365.18 kN). However this method was further modified

for the group pile design. Abdrabbo & Gaaver (2012) suggest implementing p-multiplier factors
to better estimate the distribution of lateral load. The lateral capacity of the first pile in the row is
multiplied by 0.79, the second by 0.58, and the third by 0.46. The adjusted values are listed in
Table 4.4.3.1.5.

Table 4.4.3.1.5. Adjusted values of lateral bearing capacity.

Layer Soil type Qg, ) Qg, 5 Qg, ;
1 Clayey sand - - -
with gravel
2 Silty sand with 8.07 5.93 4.70
gravel

3 Gravel with clay 15.74 11.56 9.17
and sand

4 Gravel with silt 15.74 11.56 9.17
and clay

5 Sandy clay 20.62 15.14 12.00

6 Silty sand 16.98 12.46 9.89

7 Clayey sand 15.74 11.56 9.17

8 Sand 60.80 44.64 35.40

Sum 153.69 112.84 89.49

Since the configuration for the exterior pile is 3x2, the adjustments were made for the 1
row, and then multiplied by 2. These values are then summed to obtain the total lateral capacity.
Factor of safety of 3 was applied. Final values of lateral bearing capacity and comparison to
lateral loads are presented in Table 4.4.3.1.6. The calculations demonstrated that the bearing

capacities of the pile groups satisfied the performance criteria.

_ (153.69+112.84+89.49)*2 _  356.02*2 __
Q, et = - = 2022 = 237.35kN

Table 4.4.3.1.6. Lateral load comparison.



Column type Interior Exterior Corner
Qg, kN 507.93 712.04 383.55
Qg/FS, kN 169.31 237.35 127.85
Lateral Load, kN 39.45 37.45 68.26

4.4.4. Design of Group Piles

In this section, the structural design of group piles and their reinforcement requirements
are shown. The design consists of both the pile cap transferring load to more than one pile and
the pile reinforcement for single piles to ensure structural safety against combined axial load,

shear, and bending.

4.4.4.1. Pile Cap Reinforcement

First of all, the depth is calculated based on equations provided in Reinforced Concrete
Designer’s Handbook by Reynolds (Reynolds et al., 2007). The required depth depends on the
pile diameter:

Case 1: Pile Diameter < 550 mm

h = (de + 100) (4.13)
Case 2: Pile Diameter > 550 mm
h= + (8d + 600) > 500 (4.14)
Next step is to identify effective depth in two directions based on equation below:

d_
d = h — cover — —= (4.15)

The 75 mm cover of concrete was chosen to provide adequate protection against soil
moisture and corrosion, which also meets standard codes (Standard, 2000) and regulations, and
provide adequate reinforcement anchorage space as well as safe construction.

To determine the required reinforcement area, the following equation was used:

M
As - c])fyz

(4.16)



Where,

¢ — strengthreduction factor

fy — steel yield strength

z = 0.9d

The total number of bars is determined from the ratio:

Ne of bars = AS/A

bar

4.17)

(4.18)

The reinforcement design values for each pile group type are summarized in Table 4.4.4.1.1

below.
Table 4.4.4.1.1. Pile Cap Reinforcement Design
Group of dp, mm | h,mm [dy, mm| d, mm | Load (kN) Reinf. in X-dir Reinf. in Y-dir
Piles
Exterior 450 1000 915 915 1418.4 17T20 @ 150mm | 17T20 @ 150mm
Interior 500 1100 1012.5 | 1012.5 2500 10T25 @ 100mm | 18T25 @ 125mm
Corner 450 1000 917 917 3687.5 17T16 @ 200mm | 17T16 @ 200mm

To visualize the pile layout and reinforcement placement, Figure 4.4.4.1.1 provides a

detailed plan view of the corner pile group, as an example, and plan views with drawings for

interior and exterior walls are included in the architectural drawings file.
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Figure 4.4.4.1.1. Corner Plan View.

4.4.4.2. Single Pile Reinforcement
The effective length of each pile was taken as 1.2 times the actual length, as
recommended for piles with fixed heads under a pile cap and embedded in soil.

| =B*L (4.19)

e

This gives le = 9.6 m, which is then used to determine slenderness and whether moment

magnification is required in the design.

le/D > 10 = Slender pile = Need moment magnification

Madd= Q *e= A;El; (4.20)
Where:
N is the axial load,
E is the modulus of elasticity of concrete,
A 1s the cross-sectional area.
Then, the magnified moment is calculated as:
Mmag =M + Madd (4.21)
Mmag
AS = Vyz (4.16)

After what, steel area is used to determine the number of bars and their arrangement:
— k
AS =n Abar (4.22)
And the reinforcement ratio is evaluated to check if it falls within the permissible range:
p = AS/Ag *100% (4.23)
It shows the percentage of steel within the concrete section. Calculated results between
2-3% indicates that value is in acceptable range and piles are neither under- nor over-reinforced.

Table 4.4.4.2.1 also includes value for normalized moment intensity Mmag / d’ to access

moment demands relative to section depth. The higher values show the need for more

reinforcement.



Table 4.4.4.2.1. Single Pile Reinforcement

Piles D (m) [ M M M A p Design
< kNm) oo = i (%)
D ( (Nm) |73 | ) |
Interior | 0.50 19.2>10 129.64 267.8 2.14 4152 2.1 12021 mm
Exterior | 0.45 21.3>10 170.28 180.76 2.82 4152 2.6 12021 mm
Corner | 0.45 21.3>10 251.07 267.8 3.69 4844 2.8 14021 mm

After hand calculations, the Geo5 was used to verify the reinforcement design. The software
confirms that the pile performs satisfactorily under shear, bending & compression as well as shows that
reinforcement ratio is within allowed limits. Results verifies that the reinforcement of individual piles
under the pile cap the theoretical results align with software-based outcomes, thus ensuring the structure

meets design safety requirements.

BENDING + CO BENDING +

Reinforcemen Reinforcem:

a. Exterior b. Interior c. Corner

Figure 4.4.4.2.1. Single Pile Reinforcement in Geo5.

4.4.4.3. Software analysis of all pile groups under axial and lateral loadings.

PLAXIS 3D was utilized to evaluate the deformation behavior of the pile foundation
under both axial and lateral loads. The numerical modeling included the entire building layout,
incorporating each column and their most critical load combinations. Three configurations of
pile groups were modeled: corner, exterior, and interior piles. The design also included pile caps
and sheet piles. All relevant boundary conditions were implemented in the model. Piles were
represented as embedded beams, while the pile caps were modeled by assigning plate elements

to the basement floor slab.




To accurately account for local soil behavior under seismic loading, a site response

analysis was carried out using PLAXIS 2D. The dynamic output from PLAXIS 2D was

subsequently integrated into the PLAXIS 3D model to ensure realistic seismic input for the

structural system. Specifically, the displacement results obtained from the 2D site response

analysis were applied in PLAXIS 3D through the Surface Displacement tab, utilizing the

Dynamic Surface Multiplier function. The multiplier (denoted as "Multiplier X") was used to

scale the input motion appropriately at the ground surface, thereby linking the 2D ground

response with the 3D foundation behavior. This method allowed for a consistent and more

representative simulation of seismic loading conditions across both models.

Model explorer (Phase_5)

o - O O O

Attributes library
@)[W] Geometry
@[] Groups
@[] Point loads
@)[¥] Embedded beams
@)\[4] Plates
@[] Surface displacements
= @ SurfaceDisplacement_1
- @)[¥] SurfaceDisplacement_1_1
Displacement: Prescribed
D«splacement\j,: Fixed
Displacement ,: Fixed
Distribution: Uniform
u,: 0.000m
= @)[¥] DynSurfaceDisplacement_1_1
4+ Multiplier ,: DisplacementMultiplier_1
Muiltiplier, : <not assigned>
Multiplier z <not assigned >
@ )[W] Soils
@ [®] Mode! conditions
+)- @[] Deformations
-} @)\[¥] Dynamics
BoundaryXMin: Free-field
BoundaryXMax: Free-field
BoundaryYMin: None
BoundaryYMax: None
BoundaryZMin: Compliant base
BoundaryZMax: None
All nodes fixities: None
Normal relax coeff C1: 1.000
Tangential relax coeff C2: 1.000

Figure 4.4.4.3.1 PLAXIS Model explorer view

The numerical analysis in PLAXIS 3D has shown that the deformation of the whole

building was equal to 27.06 mm.



Total displacements |u| (scaled up 200%10 2 times)
Maximum value = 0.02706(Element 8416 at Node 68044)

Figure 4.4.4.3.2 Total displacement PLAXIS 3D

4.5. Sheet Pile Design

In regions with significant seismic activity and fluctuating groundwater levels, sheet pile
walls present a suitable solution as they belong to the flexible retaining structures category.
Unlike rigid retaining walls that rely on a large volume of mass for stability, sheet piles exploit
the stiffness, strength, and thickness of materials, allowing them to absorb ground movements
more effectively (Torrabadella, 2013). This flexibility is particularly advantageous in seismic
zones, where rigid walls may experience excessive cracking or failure due to abrupt ground
motion. Additionally, sheet piles are efficient in excavation projects, as they resist earth pressure,
prevent water ingress, and limit ground deformations in the surrounding soil. Given that our site
has a groundwater table at 6.8m, preventing water seepage is a critical consideration, further
justifying the selection of sheet pile walls over conventional rigid structures (Torrabadella,

2013).



4.5.1. Hand calculations

To design the sheet piles, the Rankine earth pressure coefficients were derived. K . is

usually adjusted at the beginning of the design using a safety factor of 2 (Das & Sivakugan,
2019).

K = tan’(45 — %) (4.24.1)

a

— 2 ol
K = tan (45 +-5) (4.24.2)

Table 4.5.1.1. Soil parameters for sheet pile design.

3 ' o
Depth, m Y, kN / m @ Ka Kp Kp (design)
0-3.3 16.8 27.89 0.36 3.76 1.88
Kp(design) o Ka = 1.52

The active pressure at a depth 3.3m was calculated:

o, = YLK, (4.25)
o' =16.8 * 3.3 * 0.36 = 19.96 kN/m"
The procedure from Das & Sivakugan (2019) was followed, and L 3 and o' 5 were

calculated using equations:

L=—% (4.26)
3 y(Kp(design)_Ka) (Kp(design)_Ka) '
o 5 yLKp(design) + yLS(Kp(design) - Ka) (4.27)
_ 33%036
L, =228 = 0. 78m

0'5= 16.8 * 3.3 *1.88 + 16.8 * 0.78 * 1.52 = 124.15kN/m2

The area of the pressure diagram was found summing the pressure areas and the center of

pressure for the area was found by taking the moment:
_ 1 1
P—202L+202L3 (4.28)

P =—=%19.96 * 3.3 + — * 19.96 * 0.78 = 40.72 kN/m



32.94%(0.78+ %) +7.78* (%)

40.72

z= =1.62m

Further step involved calculating A1" Az" A3', A4':

G'
A = — (4.29)
1 y(Kp(design)_Ka)

4 = 12415

1 Tosisz — +-86m

v — 8
AZ B y(Kp(design)_Ka) (430)

_8*40.72 _ 2

2~ 16.8%¥1.52 12.76 m
6P[2zy(K . —K )+0.]

A ] — p(design) a 5 4.31

3 YZ(K _Ka)z ( )

p(design)

A" = 6*40.72*[2*1.62*16.8%1.52+124.15]

3
— =77.5m
3 16.81.52

P(6z0'_+4P)
Al =5 (4.32)

4 2 -
Y (Kp(design) Ka)

A' = 40.72[6*1.62*124.15+4*40.72

] 4
4 16.8°1.52 = 85.53m

The derived values were used to construct an equation to estimate L A
4 ] 3 1 2 ' T
L, +A'L —AL —-A'L —A'=0
L4 =4.1m

Next, the theoretical depth of penetration was computed:

=L, +L, (4.33)

theory

=078 +4.1=4.88m

theory

The theoretical depth of embedment Dtheory is increased by 20 to 30% to provide an

additional safety factor for the structure (Das & Sivakugan, 2019).
= 1.3D (4.34)

actual theory
Finally, total length was estimated:

L+ 1.3*D =3.3+1.3*488=9.64m
theory

0'3, 0'4 and L 5 were derived using following equations:



o, = L4(Kp(design) - Ka)y (4.35)

o', =4.1%1.52*16.8 = 104.7 kN/m’

c,= 0.+ yL4(K

4 K) (4.36)

p(design) B a

0'4 = 124.15 + 16.8 * 4.1 * 1.52 = 228.85 kN/m2

L = 104.7*3.3—2%40.72

5 1047+22885 0.79m

Point of zero shear force was found:

v [2*4072 _
Z =\ 168152 L79m
Maximum bending moment was computed:

M =40.72(1.62 + 1.79) — 5 * 16.8 * 1.79° % 1.52 * =% 1.79 = 114.45

The allowable stress for the sheet pile was selected in accordance with ASTM A-328,
which is the standard specification for steel sheet piling in the USA. Based on this specification,
an allowable stress value of 34 ksi (234 MPa) was used for design purposes. Additionally, to

account for seismic conditions, a seismic load reduction factor of 0.89 was applied. Thus, section

modulus was equal to:

g = 114.45
~ 234000*0.89

=48.9 %10 " m’ J/m

Based on the computed section modulus and maximum bending moment, the PZ-22 sheet
pile section was selected (Das & Sivakugan, 2019). This section features a width of 558.8 mm
and a height of 228.6 mm. It includes a flange thickness of 9.525 mm and a web thickness of

59.974 mm. The PZ-22 weighs 107.316 kN/m. A cross-sectional illustration of the PZ profile is

provided below:



b Driving distance = L ———»|

PZC and PZ section

Figure 4.5.1.1 Cross-section of PZ section of steel sheet piles.

L=3.3m

3300

Dredge line

L4=4.1m

"] L§ &

0'3 = 104.7 kN/m2

I
R

0'4 = 228.85 kN/m2

Figure 4.5.1.2. Sheet pile design.



4.5.2. Sheet pile design - Software analysis

Length of structure = 7.11m
Depth in soil = 3.81m

0.00

Max. M = 78.55 kNm/m

0.00

Shear force

Max. O = 112.83 kN/m

\
\ 330 1.00 1.00
b 2.00 2.00
A\ 3.00 3.00
1 400 4.00
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Figure 4.5.2.1. Software analysis of sheet pile design

The sheet pile wall was designed to retain soil with a structure embedded in the soil. The

exposed height of the wall above the excavation level is 3.30 m, with a support level located at

3.11 m from the top, and a remaining embedment of 0.40 m below the excavation level.

- Earth Pressure Distribution

The lateral soil pressure increases linearly with depth, which is typical for retained soils

under active pressure conditions.

- Bending Moment Diagram

The bending moment diagram, located in the middle, illustrates the internal moment

distribution along the wall height due to the applied soil pressure. The maximum bending

moment is 78.55 KNm/m, occurring near the support level. It is important for determining the

required section modulus of the sheet pile to ensure it can resist the moment without yielding.

- Shear Force Diagram

The shear force distribution is shown on the right. The maximum shear force reaches
112.83 kN/m. These forces must be resisted by the wall section and transferred safely to the
support and soil.

4.6 Detailed Construction Procedure
4.6.1. Site Preparation Process

Site preparation is the process involving different steps and should be carried out before
the rest of the construction work, hence it is a necessary element for the construction. This site
preparation makes the on-site activities to be performed well. It may take different amounts of

time depending on the size and location of the project.



It will normally take 1 to 2 months for the construction of residential buildings. But if site
preparation is not carried out correctly, it may result in huge challenges regarding the budget and
the timeline. There are different steps in site preparation to finish the remaining work on site.
4.6.2. Site Clearing

Site clearing is the initial step towards site preparation, and it entails clearing trees and
existing structures and underground barriers. Site clearing plays a very crucial role to play in
subsequent construction steps (Best Management Practices (BMPs)..., 2009).
4.6.3.Site Surveying

Surveys are carried out by surveyors before the commencement of construction in order
to specify where the building and other structures will be constructed. Pegs or colored spots
decide where to construct or not (Site Preparation of Building Construction Project, 2022). This
is a discretionary process but for zoning the place and permission processes and for further site
plan.

4.6.4. Soil testing

This must be carried out before the site procurement. One must analyze soil properties
and test its water absorption rate and construction resistance before one starts any work that is
conducted on-site. Engineers who appear on site when soil testing might find that the ground is
not ideal for their project, so other options have to be looked into. Soil is classified into classes
that influence the determination of the building foundation type (Site Preparation of Building
Construction Project, 2022).

4.6.5. Site plan design

After the soil testing process has been completed, all the drainage and septic systems
required must be installed. They are shown in site plan design at the correct location. Further, site
plan design illustrates the placement of water tanks and structures like usable roads, 20
construction equipment, offices, storage sheds for material, and the building. Worth appreciation
is that unlike the rest of site preparation stages, the step is, at times, adjusted due to a change in
on-site conditions.

4.6.6. Site investigation

It is critical in structure design depending on received geotechnical information. Site

investigation includes rock, soil, and water site conditions, and in most cases includes three

phases: preliminary, detailed, and additional. The initial aim here is to define the substructure



and foundation parameters, and secondarily to recognize potential risks and dangers during
construction
4.6.7. Grading

The ground is to be graded to obtain level flatness (Site Preparation of Building
Construction Project, 2022).

4.6.8. Excavation Works

Excavation will be conducted according to construction drawings for proper pile and
footing area alignment. Benchmarks are established and ground is surveyed prior to excavation
in order to mark existing and necessary levels. Depth of excavation is based on geotechnical
investigation and approved by site engineers. As mentioned by Das and Sobhan (2017),
alignment control and depth control are necessary for load transfer and foundation integrity.

Where sheet piles, or temporary retaining walls, are installed, they can be removed by a
vibratory hammer, with less ground vibration and soil movement upon removal than installation.
Athanasopoulos, Vlachakis, and Pelekis (2011) found that vibratory methods reduced induced
vibrations, thereby mitigating risks to adjacent structures. As per sustainable building practices,
excavated material where possible will be recycled to landscape or utilized for backfilling to
reduce waste and save project cost (Zuo and Zhao, 2014).

4.6.9. Sheet pile installation

Cantilever sheet pile is chosen to be driven. The designed 6.08m length sheet pile is to be
driven in the medium moist, soft soil mainly made up of well-graded sand. According to the
Steel Sheet Pile Installation Manual by ArcelorMittal, the impact vibratory driving method is
chosen for pile installation because of a number of benefits. The major concern in an urban area
is pollution due to noise, and thus vibratory continuous non-impulsive sound is used instead of
the sharp sounds produced by impact driving. Round-grain sand and soft ground conditions are
ideal for the vibratory driving method. (Steel sheet pile installation, 2004).

The width of a pile section depends upon the soil properties and driving force. The larger
sections are economical but need more force to be used. Hence it is more appropriate to rely on
the soil resistivity defined by SPT N value rather than on economic factors. Sheet pile will be
hammered passing through 3 layers of soil with SPT N values between 13-16 blows. According
to Steel Sheet Pile Installation Manual by ArcelorMittal, the equivalent modulus of wall is 500
cm’ for high yield steel (2004).



A 1800 RPM normal vibratory pile driver providing centrifugal force of S000kN would

be employed for pile installation. Installation rate is 50 cm/minute.
Reduction of the noise would be obtained through the use of sheet pile presses. Press jack
independent of the crane must be employed, which is more favorable to provide mobility from
panel to panel.Utilization of cranes would entail the positioning of a crane at each position,
which takes time. Pile press jacks rely on the mechanism of using the weight to push the pile to
the full depth and the remaining piles are pushed by the aid of the reaction force of the previous
piles (Steel sheet pile installation 2004).

With regards to how installation is to be done, panel driving method suits best
medium-dense soil so that it has good verticality and good alignment. Piles are considered as a
block of panels, but the installation begins with the side piles and proceeds with the inner piles.
The second panel is driven and pithed after the alignment of the first panel as seen in Figure

4.6.9.1 below:
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Figure 4.6.9.1. Panel Driving method for sheet pile installation (Steel sheet pile installation,
2004)



4.6.10. Steel Pile Driving Procedure

Driven steel pile driving is done by erecting piles in standing position and driving them
into the ground using an impact or vibratory hammer. The choice of hammer is determined by
soil type and pile size. Rollins and Olsen (2011) discuss that the wrong choice of a hammer can
lead to poor penetration or a pile head damage.

In order to protect the pile head during driving, synthetic pads or wood packing is used
for reducing stress concentration (Liao et al., 2019). Driving is watched closely in order to drive
every pile to design depth or desired set, usually expressed as a blow count per inch of
penetration, a value of bearing capacity.

A drivability analysis, typically with wave equation analysis (WEAP), must be conducted
prior to pile driving to establish expected resistance and stress during installation (Paikowsky et
al., 2004).

4.6.11. Further monitoring

Piling and excavation necessitate proper monitoring for safety of the excavation, as well
as surrounding buildings. Aside from monitoring systems, they are used to validate the design
conditions. Site conditions can be other than the analysis results. Thus it crucial to pull fresh data

and ensure the design specifications



5. Stormwater System Design
5.1. Topography and inlets

Overall topography of the area is quite flat with around 6-13 ft elevation from the sea
level, and the only significant elevation can be noticed in the neighboring area (10 ft mark is
where our site is located). This might have been a problem to mitigate in a case if this area
would be in a storm risk zone, but as the Topographic Map information on terrain, the area is

quite safe regarding flooding.

Elevation database | Elevation API | OpenStrectMap

Figure 5.1. Overall topography of a larger area
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Figure 5.2. Locations of inlets on the site

The present inlets are Stormwater inlet drain 259504 (right corner) and Drop inlet 259556
(near the center) and they are both of MS4 type which means that they are connected to
rainwater catchment and disposal to oceanside system (separate from municipal wastewater

system) as the area is located near the shore (City and County of San Francisco, n.d.). The whole

area uses this system as it is a sustainable way to deal with stormwater.

Specific terrain analysis showed us that the water is more likely to flow from LHS (13 ft)

to RHS (7 ft) and from bottom (13 ft) to top (11 ft) of the site as you can see from the following

Figure 5.3:



Figure 5.3. Flow direction preferences from topographical analysis.

Elevation along the line is intended for the artificial slope to move rainwater from the
area towards catchment basins located at the top Right Hand Side corner of the site (where lines

meet). We can see that the natural terrain of the site allows for such positioning and it would be

sustainable for the system to use its natural advantages.
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Figure 5.4. Elevation profile for horizontal direction
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Figure 5.5. Elevation profile for vertical direction

As we have those 2 inlets, the storm water system was designed around them. Because
the playground for children and basketball court area has vegetation, only the parking area and
roof were provided with extensive outlets and drainage pipes/gutters. Roof catch basins go
through balconies, and along with parking area basins they are connected to Storm water inlet
drain Ne 259504 (nearest to building). Topographic parameters were considered to determine the
flow direction, the site is currently a parking lot which has a slope of close to 0, so the surfaces
(roof and parking area) will be developed with 1-2% slope towards basins. And consequently, the
pipeline system too will be inclined in the direction of flow. Following figures illustrate the

preliminary system, consider all figures as they complete each other:



5.2. Design of the main pipeline

= = = =

h STORMWATER INLET
CATCH BASINS FOR THE DRAIN 259504, MS4
ROOF THAT PASS THROUGH
BALCONIES
1 1 &
I I |
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. |~~——DROP INLET
259556, MS4
1 i

Figure 5.6. 2D plan of the underground system with flow directions

So the design of underground pipes looks like this: they catch the water from the parking
area through basins and deliver the water to inlet 259504. Along the way, one of the pipes also
catches the rooftop stormwater which is collected along the 3-balcony side of the building and
the pipes connecting basins to pipes go through balconies. They will be covered for safety and

aesthetic reasons, each balcony has 2 basins and they have separate pipes.
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Figure 5.7. 3D plan of the underground system

5.3. Flood risk mitigation

g 12

100-Year Storm Flood Risk Map (July 2022)

100-Year Storm Flood Risk Zone

Figure 5.8. Flood map of the whole district

Unfortunately, we can see that the flood risk analysis for the area is missing. Hopefully
from Figure 5.7 above we can see that the area has a specific type of inlet and drainage system

different from the city system. Both inlets are of MS4 type which means that they are connected



to rainwater catchment and disposal to the oceanside system (separate from municipal
wastewater system). Which means that it is designed to withstand flood danger even though the
location is near 100-Year Storm flood risk zone. Also the proximity of the shore and low
elevation from the sea level makes it a hazardous zone. However the topographic analysis below
shows that the elevation of the area would not allow for a flood risk as the shoreside seems to be

even lower standing at Im:
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Figure 5.9. Elevation map of the district in respect to the shore
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As you can see, the surface water runoff direction is given by black arrows along with the
respective slopes. They represent artificial slopes and are used for the roof of the building and in
the areas where cut and fill operations are planned to be conducted. Green arrows represent the
underground directions of the stormwater and follow the natural terrain of the site given in
Figures 5.4-5.5 above. Also the overall stormwater is collected at the Storm water inlet drain No
259504, MS4, which has much better drainage and bigger capacity for accommodating the
columns of water rather than the drop inlet around the middle of the site. So the decision was
made to design the system to transfer the surface runoff to the main underground pipes, which
were designed for the midterm presentation before (Figure 5.6). Also the Figure above represents
the changes in elevation as the previous layout had elevations all around the site. This final
design has the elevation only for around the site area, while maintaining the flattened areas for

building roof and the other parts such as parking lot, backyard and walking area.

The terrain of the site that is given above is redrawn from the contour map of the site. It is
given above in Figure 5.11 and has elevation values rounded to integers, however the actual
elevation is a little different and was used in AutoCad, so the values we have put on the design

are more accurate.

Arrow directions represent the higher ground (according to the slope-arrow designation)
and in this case it is an artificial 1.5% slope all along the site, including the roof slope. Please
note that the TC and BC stands for Top Curb and Bottom Curb. The ground level is constructed
to be 0.2 meters above the highest elevation for the parts of a site, e.g. backyard and parking.
And the height of curbs are uniform, 0.2 meters for the border and for central parking curbs too.
So the backyard is positioned a little higher than the rest of the area as the highest elevation of
4.5 meters is present at the RHS corner of the site. Probably some soil filling will be performed

to create lawns around the backyard.

Following Figure 5.12 is an example of a coordinate retrieval from Google Maps and this
was done to 4 of the corners of the site. They are provided in the Final drawing and you can find

them in Figure 5.11, too.
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Figure 5.13. Coordinates of LHS bottom corner of the site

Overall, the design of the stormwater system turned out to be comprehensive and
understandable for the intended audience as it follows the guidelines of engineering designation,
such as slope symbols, curb values and the terrain drawings too. It also meets the requirements
for sustainability as no electropower is used in maintenance of the system as it takes advantage
of the natural terrain. At the same time, it is protected from floods due to relatively similar
elevation with the surrounding area, and also has inlets all around to make sure the runoff is

discharged properly.



5.5. Rainfall data

We have looked at some calculation of peak runoff using the Rational Formula from our
previous class and calculated initial values as well total runoff coefficient based on our area. The
division of the site into 3 categories is preliminary as in the future some detailed calculations will
be provided as the backyard, for example may vary in terms of the material there (football or
basketball court, or some paved walking routes and so on). Also the material for the roof and
around the building may be different, as well as some vegetation in the parking lot will definitely

change its runoff coefficient. Below is the work done so far on determining the values needed

and some findings from official weather broadcasting reports.
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Figure 5.14. Exact location of our site on the website for rainfall data
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PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)1
Durati Average recurrence interval (years)
1 2 5 10 25 50 100 200 500 1000
5-min 0.134 0.165 0.208 0.243 0.291 0.330 0.370 0.411 0.469 0.515
(0.119-0.152) || (0.147-0.188) || (0.184-0.236) || (0.213-0.279) || (0.246-0.349) || (0.271-0.405) || (0.295-0.468) || (0.317-0.539) || (0.344-0.646) || (0.362-0.738)
10-min 0.192 0.237 0.297 0.348 0.418 0.473 0.530 0.590 0.672 0.738
(0.171-0.218) || (0.211-0.269) || (0.264-0.339) || (0.305-0.400) || (0.352-0.500) || (0.388-0.581) || (0.423-0.671) || (0.455-0.772) || (0.493-0.926) || (0.519-1.06)
15-min 0.232 0.287 0.360 0.421 0.505 0.572 0.641 0.713 0.813 0.892
(0.207-0.263) || (0.255-0.325) || (0.319-0.410) || (0.369-0.484) || (0.426-0.605) || (0.470-0.703) || (0.511-0.811) || (0.550-0.934) || (0.596-1.12) (0.628-1.28)
30-min 0.318 0.392 0.492 0.575 0.691 0.782 0.876 0.975 1.1 1.22
(0.283-0.360) || (0.349-0.445) || (0.436-0.560) || (0.505-0.661) || (0.582-0.828) || (0.642-0.961) || (0.699-1.11) (0.752-1.28) (0.816-1.53) (0.859-1.75)

Figure 5.15. Desired rainfall data for 5 min storm with 2 years of recurrence interval.

To determine the total runoff coefficient for our site, we need to use different values for

various types of surfaces along the area, such as pavement and grass. Here is how we calculated
the total runoff:

5.6. Data of the site

Total Land Area = 115,368 sq ft

Breakdown of areas:

o Parking Lot: 57,391.26 sq ft (49.76%)

o Backyard (Grass): 41,153.94 sq ft (35.68%)
o Building: 29,139.42 sq ft (25.25%)

Land Use Fractions:



o Parking Lot = 0.4976
o Backyard (Playground with Grass) = 0.35679
o Building = 0.2525

Runoff Coefficients:

o Parking Lot=10.9
o Backyard (Grass) =0.2
o Building=0.9

5.7 Weighted Runoff Coefficients
Now we Compute Weighted Runoft Coefficient

The total weighted runoff coefficient is calculated as:

= (A1><C1 + AzXCZ + A3XC3)/A

total

(5.1)

total
Cow = (57,391.26%x0.9 + 41,153.94x 0.2 + 29,139.42x0.9) /115,368
Cow = (51,652.13 + 8,230.79 + 26,225.48) /115,368
Cow = 86,108.4 /115,368 = 0.7466

Total weighted runoff coefficient (C) = 0.75. Here we proceed to calculate the runoff flow

rate (peak runoff) using the Rational Method:
Q=C*I*A (5.2)

o C = Runoff coefficient (calculated as 0.75 from previous step)
o I =Rainfall intensity (0.165 in/hr, from Figure 5.15 above)
o A = Drainage area in acres (115,368 sq ft = 2.65 acres)

The runoft flow rate Q is 0.33 cubic feet per second (cfs)

The calculations above are inaccurate because of the incorrect regulation that we used for

the duration of the rainfall. We used the values of 5 minutes and also did not convert that value



into in/hr unit. The regulation was for Washington, DC, and we took the correct value of 24
hours for the duration of the rainfall as that is required from stormwater drainage systems

constructed in the city of San Francisco, California.

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’
) ‘ Average recurrence interval (years)
Duration
| 1 2 5 | 10 25 50 | 100 200 500 1000
5-min 0.134 0.165 0.208 0.243 0.291 0.330 0.370 0.411 0.469 0.515
(0.119-0.152) || (0.147-0.188) || (0.184-0.236) || (0.213-0.279) || (0.246-0.349) || (0.271-0.405) || (0.295-0.468) || (0.317-0.539) || (0.344-0.646) || (0.362-0.738)
10-min 0.192 0.237 0.297 0.348 0.418 0.473 0.530 0.590 0.672 0.738
(0.171-0.218) || (0.211-0.269) || (0.264-0.339) || (0.305-0.400) || (0.352-0.500) || (0.388-0.581) || (0.423-0.671) || (0.455-0.772) || (0.493-0.926) || (0.519-1.06)
15-min 0.232 0.287 0.360 0.421 0.505 0.572 0.641 0.713 0.813 0.892
(0.207-0.263) || (0.255-0.325) || (0.319-0.410) || (0.369-0.484) || (0.426-0.605) || (0.470-0.703) || (0.511-0.811) || (0.550-0.934) || (0.596-1.12) || (0.628-1.28)
30-min 0.318 0.392 0.492 0.575 0.691 0.782 0.876 0.975 1.11 1.22
(0.283-0.360) || (0.349-0.445) || (0.436-0.560) || (0.505-0.661) || (0.582-0.828) || (0.642-0.961) || (0.699-1.11) (0.752-1.28) || (0.816-1.53) || (0.859-1.75)
60-min 0.449 0.554 0.695 0.812 0.976 1.10 1.24 1.38 1.57 1.72
(0.400-0.508) || (0.493-0.629) || (0.616-0.791) || (0.713-0.934) || (0.823-1.17) || (0.907-1.36) || (0.987-1.57) (1.06-1.80) (1.15-2.16) (1.21-2.47)
ohr 0.635 0.776 0.966 1.12 1.35 1.52 1.70 1.89 2.16 2.37
(0.566-0.720) || (0.691-0.880) || (0.857-1.10) || (0.987-1.29) (1.13-1.61) (1.25-1.87) (1.36-2.16) (1.46-2.48) (1.58-2.97) (1.67-3.40)
Shr 0.788 0.961 1.20 1.39 1.66 1.88 2.11 2.35 2.68 2.94
(0.703-0.893) || (0.856-1.09) (1.06-1.36) (1.22-1.60) (1.40-2.00) (1.55-2.31) (1.68-2.67) (1.81-3.07) (1.96-3.69) (2.07-4.22)
6-hr 1.07 1.31 1.63 1.90 2.28 2.59 2.90 3.24 3.71 4.09
(0.952-1.21) (1.16-1.48) (1.44-1.86) (1.67-2.19) (1.92-2.74) (2.12-3.18) (2.32-3.68) (2.50-4.24) (2.72-5.11) (2.88-5.86)
12-hr 1.38 1.7 217 2.56 3.10 3.54 4.01 4.50 5.20 5.76
(1.23-1.56) (1.52-1.94) (1.92-2.47) (2.24-2.94) (2.62-3.72) (2.91-4.36) (3.20-5.07) (3.47-5.89) (3.81-7.15) (4.05-8.26)
24hr 1.77 2.23 2.86 3.40 4.16 477 5.42 6.11 7.10 7.90
(1.60-2.00) (2.01-2.53) (2.57-3.25) (3.03-3.89) (3.60-4.91) (4.05-5.74) (4.50-6.67) (4.94-7.72) (5.52-9.31) (5.95-10.7)

Figure 5.16. Desired rainfall data for 24 hour storm with 2 years of recurrence interval.

As you can see from the figure, the data is for a 90% confidence interval, and we also
took the value of an upper bound just to make sure and be confident in the results. If we look at
the regulation for the city, “Separate Sewer Areas (MS4 Areas):

e For projects in Port of San Francisco’s jurisdiction, calculations shall demonstrate that the
system 1is sized to capture and treat all runoft from the 85th percentile, 24- hour design
storm (0.63-inch total depth, constant intensity of 0.2 in/hr).

e For projects in SFPUC jurisdiction, calculations shall demonstrate how the system is
sized to capture and treat all runoff from the 90th percentile, 24-hr storm (0.75-inch total
depth, constant intensity of 0.24 in/hr).” (San Francisco Public Utilities Commission,
2016, p. 1)

The drainage system we have is exactly the MS4 type (please refer to the previous reports
where it is highlighted for both of the inlets), so even though we could not understand about if it

is for the port or for the SFPUS, we went for the 90th percentile to make it safer and even for the



upper bound. And the 2 year period was taken because of the quite frequent recurrence of intense

rainfalls in the area as it was also found in the report from last semester.

Another thing was to calculate the actual time of concentration for every part of the site,
and the previous division had the building part as a whole, but this time we decided to calculate
for the roof only, as that is much more representative of the maximum rainfall amount for the
sector. As the water around the building would probably dissipate in 2 directions and would not
cause a lot of runoff volumes, and the roof would definitely accumulate rainfall of its own. So
the actual area of the roof was taken into account from 1:1 AutoCad model of our site, and you

can see it from the pictures below:

CATCHBASINS FOR THE —
ROOF THAT PASS THROUGH

Figure 5.17. AutoCad function of “Area” in use and the values are in mm”2.



TC4.9
BCi47 B
— i
T . — I
2 B T— B o
nk T _ (
\ o . - - 4\
L — ]
< — o
& — J
I e S
Roof Areo = 8695390589 7854
TC:4.4
BCi4.2

Figure 5.18. AutoCad plan of the building sector with the roof as the main area.

Square Millimeters to
Square Feet conversion

2695300589 quuare Millimeters (mm2)
29012.914760937 Square Feet (ft2) ~

Figure 5.19. Area of the roof conversion to sqft.

Same was done for the parking lot and the backyard too, their exact areas are given the
final table of this section, Table 5.3.

Before that, as the time of concentration was needed, we calculated 2 of them for each
using the formulas 1-3 below:

1. Sheet Flow Equation:

0.933 nlL ;0.6

L= = PR

(5.3)



2. Shallow Concentrated Flow Equation

L
th == (5.4)

3. Velocity for Shallow Flow:

V=3.28%k* 52‘5 (5.5)
4. Rational Method for Peak Runoff:

V=C*I*A (5.6)
5. Total Peak Runoff:

Qtotal - Qparking lot + Qbackyard + roof (57)

5.8 Parameters and calculations
The values for L were taken as the whole width and length for the roof only, for backyard
and parking lot, L values were the farthest points from the edge till the drop inlets. Here are the

parameters for time of concentration calculations.

Table 5.1. Parameters for the Time of Concentration Calculations

Surface n (Sheet |k (Shallow | L (Sheet |L (Shallow| Slope (S) | Intensity
Type Flow) Flow) Flow) Flow) @D
Parking 0.011 0.619 14275 m | 23.423 m 0.015 [0.104 in/hr
Lot (46.84 ft) | (76.84 ft)
Backyard 0.15 0.457 44.017m | 61.525m 0.015 [0.104 in/hr
(Grass) (144.43 ft) | (201.85 ft)
Roof 0.011 0.619 29.7m | 47.685 m 0.015 [0.104 in/hr
(97.44 ft) | (156.47 ft)

Here is an example of time concentration calculation for the parking lot and the different
L values in sheet and shallow flows are given in ft already, converted from mm values from

AutoCad model.



Sheet flow calculation:

Ty

_0.933 {0.011><46.84T'6
(0.104)04 0.015

0.933 {0.011 x 46.84
T, =

0.6
_ 06 _ . .
= 0.323 0.122 } = 2.89 x (4.22)"° = 2.89 x 2.47 = 7.14 min

Shallow Concentrated Flow:

V =3.28 x 0.619 x (1.5)"° = 3.28 x 0.619 x 1.225 = 2.49 ft /s

76.84
T2 = —— = 30. =0. i
9.49 30.85 sec = 0.51 min

Total Time of Concentration:
T. =T, +Tt2 =714+ 0.51 = 7.65 min

Here is the table for all sectors and their respectives times of concentrations, for them to
be used in finding the actual rain intensity, they need to be interpolated and adjusted, so the

following table is to demonstrate the interpolation results.

Table 5.2. Time of Concentration Results for 3 Sectors

Surface Type T, (Sheet Flow) T, (Shallow Flow) Total T (min)
Parking Lot 7.14 0.51 7.65
Backyard (Grass) 88.04 1.83 89.87
Roof 11.23 1.05 12.28

Table 5.3. Interpolations for the Time of Concentration Values

Surface Type

Tcl (min)

Tc2 (min)

Used Tc (min)

Parking Lot

7.14

0.51

7.14




Backyard (Grass)

88.04

1.83

44.017

Roof

29.7

47.685

29.7

And the last table illustrates the intensity values converted to in/hr and the C values

according to the type of surface, impervious ones having a higher value meaning that pavements

and roof surfaces increase the runoff volume as they contribute to the water flow and the grass

surface retains rainfall and causes less volume to accumulate. And of course, it has the total

runoff values at the bottom, as the sum of values of 3 different sectors of our site.

Table 5.4. Final calculations of the total runoff volume

Surface Area (sq ft) |[Area (acres) [Pre-Intensity [Rainfall Runoff Peak Runoff
Type Intensity Coefficient |(cfs)

(in/hr) ©)
Parking Lot |58131.85 1.334 0.203 1.59216 0.90 1.911
Backyard 29012.94 0.666 0.2598 1.26977 0.25 0.211
(Grass)
Roof/Buildi [15236.63 0.35 0.664 0.44353 0.85 0.132
ng
Total Runoff |- - - - - 2.254

5.9. Number of basins

Now we have to calculate the number of catch basins we need for each area separately.

For that we need to find the dimensions of the basin that we used for the Revit model of the

system. And this below is what we used as catch basins for our site:




Home / Categories / Plumbing / Drainage / 7887-12 Perma-Trench® Catch Basin 12" x 24" 9 Available in Kazakhstan

Zurn + Follow

Z2887-12 Perma-Trench®
Catch Basin 12" x 24"

4 4.6 (5 reviews)

Zurn Z887-12 catch basin, 12" x 24". High density polyethylene reinforced body,
complete with interlocking ends, combination tie-down / leveling devices,
integral frame and heavy-duty, Dura-Coated cast iron grate.

FEATURES AND BENEFITS

« Saves labor up to 75% - lightweight durable polyethylene construction

Show more

Figure 5.20. Catch basin type used for our site.

Further we would calculate the capacity of the basins and divide that number to the runoff
volumes to see how many of them we need for our system. Per US standards and drainage design
manuals (e.g. FHWA HEC-22), a 1 ft x 2 ft curb inlet under typical conditions (flat grade, curb
flow) handles approximately 0.75 cfs (and that is a conservative value, considering minimal
ponding). The final calculations are made simply by dividing the peak runoff by basin capacity

and rounding it to the upper integer. The results are illustrated in Table 5.5.:

Table 5.5. Require basin amount calculations

Area Peak Runoff (cfs) Basin Capacity (cfs) Required Basins
Parking Lot 1.911 0.75 3
Backyard (Grass) 0.211 0.75 |
Roof/Building 0.132 0.75 1
Total 2.254 - 5

Placement of these basins was followed by the slopes and where it is efficient to put
them. Obviously, the design is set to have more than a minimum number of basins, so our design

has more of them in each of the areas.



5.10. Pipe sizing
Now we need to determine the pipe size for our pipes underneath, for that we will need

the Manning's Equation:

Qz(&) X A X R2/3 X Sl/z
n

Where:

Q = Flow rate (cubic feet per second, cfs)

n = Manning's roughness coefficient (0.013 for concrete and 0.009 for HDPE)
A = Cross-sectional area of pipe (square feet), A = (pi x D?) / 4

R = Hydraulic radius (feet), R = D / 4 (for full circular pipe)

S = Slope of pipe (unitless), taken here as 0.015 (1.5%)

Here is the comparison of the 2 primary materials for pipelines in San Francisco, concrete
and HDPE:
Table 5.5. Comparison of HDPE and Concrete for the pipeline

Criteria Concrete (RCP) HDPE (High-Density Polyethylene)
Manning’s n 0.013 (smoother than old 0.009-0.012 (smoother than RCP)
assumptions)
Strength High compressive strength Requires burial support, not

self-structural

Durability Long-lasting (>50 years), corrosion Resistant to many chemicals, but
resistant UV-sensitive
Cost More expensive to install (labor, Cheaper, especially in smaller
equipment) diameters
Best Use Roads, heavy loads, deep burial Residential, flexible alignments,

shallow bury




Judging by the important factors of best use and cost, HDPE seems like the best option
for our site as the residential purpose is indicated. And that is even though strength criteria is in
favor of the concrete, our peak runoff is not as overwhelming to cause any problems and that
also applies to durability, concrete pipes would be too much in terms of both material and
sufficiency. Here are tables with results from using Manning’s equation to compare the sizes of
each given the parameters of our site:

Table 5.6. Required diameter in case of a concrete pipe

Area Flow per Pipe (cfs) | Min Diameter (in) | Recommended Pipe
Size
Parking Lot 0.956 6.82 8-inch Concrete
Backyard 0.105 2.98 6-inch Concrete
Roof 0.033 1.93 6-inch Concrete
Table 5.7. Required diameter in case of a HDPE pipe
Area Flow per Pipe (cfs) | Min Diameter (in) | Recommended Pipe
Size
Parking Lot 0.956 6.82 8-inch Concrete
Backyard 0.105 2.98 6-inch Concrete
Roof 0.033 1.93 6-inch Concrete

If we consider the criterias and the economical solution would be HDPE pipes as less
material will be used and that seems sufficient, so now we need to look into the regulations for
the material. Table 5.8 below shows us different minimum pipe diameters for different use and
the appropriate one for our project is the first one, as the ground level pipes will be a “lateral
connection” rather than main storm drain line. This means that 6 inches of minimum diameter

will be suitable in terms of both the regulation and the peak runoff capacity.



Table 5.8. Required diameter in case of a HDPE pipe

Condition Minimum Pipe Diameter
Lateral or roof drain connections 6 inches
Main storm drain lines 12 inches
Curb inlets or shallow flows 8-12 inches

5.11. Final technical drawings

Below you will find our cross sectional “cuts” and they demonstrate to us how the water
is collected and how the system looks underground. Pay attention to the gravel implementation
as an efficient drainage system and it also gets less densely graded deeper you get. This is done
to ensure a smooth draining of any excess stormwater. 150 here is in mms and it is 6 inches
converted into a unit that is used in AutoCad and the unit that makes sense to us when we think
of any lengths. Figures 5.21. -5.22. Illustrate both views and not to scale slope demonstration

too:

Catch basin /150.0000

Soil_fill

Grovel

Figure 5.21. Cross section along the pipeline with a slope (not to scale)



Caotch basin /150.0000

Soil_fill_|

Gravel |

®150.000

Figure 5.22. Cross section across the pipeline
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Figure 5.23. Final design of the system



Overall, all the feedback was considered in the Figure 5.23 above and you can see a fully
complete final design, better resolution picture is available in technical drawings submitted. It is
advised to look there so that all the catch basins are visible, but in general the terrain, pipeline
system, slopes, coordinates, and curbs are all seen in the figure.

In conclusion, we believe that the presented work is decent enough to be considered an
engineering work, with all its details, calculations and considerations. So we think that the

original purpose was achieved by both the group and the professor.



6. Construction management

6.1 Project charter

PROJECT PROJECT
PROJECT NAME MANAGER SPONSOR
' ' S o Nazarbayev
12-Story High-Rise Residential Building Arsen Yelubayev o
University
EMAIL PHONE ORGANIZATIONAL UNIT(S)
777-777-337 _ _ _
arsen@shakehappens.co Full Scope Construction Engineering
PROJECT OVERVIEW
This project is aimed to build 12-story joint residential and commercial
PROJECT
property to accommodate more people through the governmental program.
PURPOSE  To construct a 12-story mixed-use building in San Francisco, addressing the
OF city's critical housing shortage while promoting economic vitality. It will
PROJECT provide 110 affordable housing units and ground-floor commercial space.
San Francisco faces a housing crisis with an 82,000 affordable unit shortfall. This
BUSINESS _ _ _ _ _ _
s project delivers 110 affordable units and commercial space, reducing per-unit costs by
10%, generating $2.2 million annual tax revenue, and creating 250 jobs.
Construct 110 residential units and 10,451 sq ft commercial space in 28 months.
Achieve 98% residential and 85% commercial occupancy within 6 months. Obtain
METRICS

LEED Platinum certification. Maintain costs within 7% of $48 million budget. Reduce

energy use by 30% versus standard buildings. Increase local foot traffic by 20%.



EXPECTED 12-story mixed-use building featuring 110 residential units, ground-floor commercial
DELIVERA  space, playground, park and parking facility. Incorporated safe seismic protection,

BLES energy-efficient systems, community areas, and all accessibility standards.

1. 12-story mixed-use building with 110 residential units and 10,451 sq ft commercial

space
2. Parking area, playground, and park area
PROJECT s pEvE P o .
SO 3. LEED Platinum certification and seismic protection systems
4. Compliance with local codes, including permits and certificates
5. Site management from start to finish
6. Building management plan and marketing strategies
KEY MILESTONE START FINISH
Planning, Design, and Permitting 24/08/2024 24/11/2024
Site Preparation and Foundation 26/11/2024 10/03/2025
Building Construction 15/03/2025 20/05/2026
Interior Finishes and Systems Installation 22/05/2026 25/11/2026
Landscaping and Exterior Works 30/07/2026 30/10/2026
Final Inspections, Certifications, and Handover 01/11/2026 01/01/2027



Zhaniya Sagyndykova - Geotechnical

Aliyar Kadyrov - Structural Engineer Engineer
PROJECT  Aldiyar Sagidolla - Structural Engineer Ayaulym Baktiyarkyzy - Geotechnical
TEAM Ramir Gumarov - Structural Engineer Engineer

Arsen Yelubayev - Construction Management Bek Yergeldinov - Environmental

Engineer

6.2 Feasibility study

Before the actual construction began on the site for this 12-story high-rise residential
building, a comprehensive feasibility study had been conducted. This includes assessing the
viability of the project with respect to various parameters; whether the design is compatible with
location needs, sustainability, and financial goals.
Site Analysis:The site chosen is situated in the Mission Bay area of San Francisco, which is
known for ease of access and state-of-the-art infrastructure. Proximity to parks, public
transportation lines, and essential services makes this location especially suitable both for
residential and commercial purposes. The site allows for sufficient area development activity,
storage of materials, and construction of parking and recreation zones. Furthermore, the even
terrain decreases difficulties with grading and foundation work, thus allowing for easier
construction.
Design and Development Plan: The building's design complies with the San Francisco and
California Building Code on the LEED program for energy efficiency and sustainability.
Features such as roof gardens, solar panels, and high-performance insulation lead to long-term
environmental and cost advantages. The building’s design and use of shading devices have
maximized natural lighting while minimized energy usage. Accessibility and usability are given
equal importance by the development plan, as appropriate in the case of emergency exits, proper
parking, and business areas.
Environmental Impact Assessment: Consistent with the California Environmental Quality Act,
the environmental consequences of construction have been carefully evaluated. Prevention of
associated risks, including stormwater runoff urban heat island (UHI), has been incorporated

into the design. The application of eco-friendly and non-toxic materials will reduce the



ecological impact of construction, and in particular, waste management systems will provide a
sustainable way of managing waste during the whole construction and operational life cycle.
Legal Analysis: The project conforms to all license requirements and construction codes, thereby
streamlining approval procedures. Permits for zoning, environmental compliance and safety
standards have been received. The construction crew further takes into account the rights and
safety of workers by complying with the labor laws and safety regulations of the state of
California to provide a safe working environment.

Economic Impact Analysis: This study is anticipated to deliver a lot of economic value through
hiring construction workers, engineers, and technical personnel. Residential units are designed to
deliver superior housing for over 110 families, with commercial facilities providing further
profitability (Projected apartment prices for sale vary between $18,450 and $67,500 depending
upon unit size and proposed commercial rental rates are $780 per square foot (annual) of space.
The estimated payback period of the project is in the first decade of operation.

Project Schedule and Timeline: A comprehensive work plan was created to provide timeliness of
the project and was taken into account snow, holidays, and any other possible schedule
interruptions. Scheduled to begin August 2024, the project is clearly defined in terms of key
milestones for each stage from discovery work to completion. The estimated completion is set
for the start of 2027.

Overall the feasibility study confirms that the 12-storey residential scheme at Mission Bay is
practical. Because it is thoughtful, strategically located, and has met the environmental and
regulatory requirements it needs to be successful in the division and delivery of high-quality

housing and retail-related opportunities, it has everything it needs to succeed.

6.3 Cost/Benefit analysis
6.3.1 RSMeans calculation

Estimation of costs in the construction projects has been one of the primary concerns of
project management. It normally happens that there would be a cost estimate which is not
accurate during the project building and this leads to financial imbalance and wastage of project
resources. In order to meet such requirements, the RSMeans (RSM) software has been made an

important tool in construction projects, which gives professionals cost details concerning various



regions. This integrates the labor, materials, and equipment data to develop reliable budgets and

productivity benchmarks (Gordian, 2023).

According to the Gordian Group, RSMeans provides contractors, architects, and
engineers sufficient information on how the construction costs and productivity rates from
different geographical areas vary with time. This cost data allows better decision-making based
on such geographic and market variance, enabling the interested parties to make their budget
more valid against what is real (Gordian, 2023). Also, this software can give a bottom-line
analysis of cost-benefit savings with understanding profitability and overhead rates, which would

be very important for large residential and commercial developments (1Estimate LLC, 2024).

$9,366,986.34 NATIONAL AVERAGE 12 Yes
Building Cost Location Stories (Ea.) Basement

$604.32 15,500 11.00 $865,000.00

Model: Apartment, 8-24 Story with Brick Veneer / Reinforced Concrete

Cost per S.F. Floor Area Story Height Additive Cost

Figure 6.1. RSMeans output of cost estimation

The RSMeans was used in this study to evaluate the cost projection of a 12-story residential
building construction with a basement, where the estimated total cost is $9,366,986 at $604.32
per square foot. However, to calculate this cost RSMeans used only floor area and number of
stories and other details were assumed by the software. This is why the estimated cost is not

accurate and needed additional manual calculations.

Table 6.1. Cost estimation from RSMeans

% of Cost per
Quantity | Total S.F. Cost

A Substructure 6.45% | $29.42 $455,946.14

A1010 | Standard Foundations $0.70 $10,839.31




Pile caps, 6 piles, 8'- 6" x 5' - 6' x 37",

40 ton capacity, 14" column size, 458

K column 2.130 $0.25 $3,944.48

Pile caps, 12 piles, 11'- 6" x 8 - 6" x

49", 40 ton capacity, 19" column size,

900 K column 1.600 $0.44 $6,894.83
A1020 | Special Foundations $19.11 $296,128.83

Steel H piles, 100" long, 400K load,

end bearing, 6 pile cluster 2.130 $5.34 $82,737.93

Steel H piles, 100' long, 800K load,

end bearing, 12 pile cluster 1.600 $8.01 $124,106.90

Grade beam, 30' span, 52" deep, 14"

wide, 12 KLF load 442 $5.76 $89,284.00
A1030 | Slab on Grade $0.48 $7,491.67

Slab on grade, 4" thick, non industrial,

reinforced 1291.66 $0.48 $7,491.67
A2010 | Basement Excavation $0.32 $4,908.33

Excavate and fill, 10,000 SF, 8' deep,

sand, gravel, or common earth, on site

storage 1291.66 $0.32 $4,908.33
A2020 | Basement Walls $8.81 $136,578.00

Foundation wall, CIP, 12' wall height,

pumped, .591 CY/LF, 28.79 PLF, 16"

thick 442 $8.81 $136,578.00

$3,290,201.4

B Shell 46.54% | $212.27 6
B1010 | Floor Construction $55.50 $860,192.49

Cast-in-place concrete column, 24"

square, tied, 900K load, 12' story

height, 567 lbs/LF, 4000PS1 812.38 $10.22 $158,414.92




Cast-in-place concrete column, 12",
square, tied, minimum reinforcing,
150K load, 10'-14' story height, 135
1bs/LF, 4000PS1

1401.14

$6.29

$97,519.34

Cast-in-place concrete column, 16",
square, tied, minimum reinforcing,
300K load, 10'-14' story height, 240
1bs/LF, 4000PS1

1401.14

$8.63

$133,808.87

Cast-in-place concrete column, 20",
square, tied, minimum reinforcing,
500K load, 10'-14' story height, 375
1bs/LF, 4000PS1

1401.14

$12.34

$191,255.61

Cast-in-place concrete beam and slab,
7.5" slab, two way, 12" column,
25'x25' bay, 40 PSF superimposed
load, 149 PSF total load

14208.33

$16.77

$260,012.50

Flat slab, concrete, with drop panels,
6" slab/2.5" panel, 12" column,
15'x15' bay, 75 PSF superimposed
load, 153 PSF total load

1291.66

$1.24

$19,181.25

B1020

Roof Construction

$1.38

$21,441.67

B1020

Roof Construction

$1.38

$21,441.67

Roof, concrete, beam and slab,
25")(25' bay, 40 PSF superimposed
load, 20" deep beam, 9" slab, 152 PSF

1291.66

$1.38

$21,441.67

total load

B2010

Exterior Walls

$124.07

$1,923,018.2
4




Brick wall, composite double Wythe,

standard face/CMU back-up, 8" thick, $1,923,018.2
perlite core fill, 3" XPS 46675.2 $124.07 4
B2020 | Exterior Windows $26.55 $411,519.68
Windows, aluminum, sliding,
standard glass, 5' x 3' 777.92 $26.55 $411,519.68
B2030 | Exterior Doors $2.97 $46,058.52
Door, aluminum & glass, without
transom, wide stile, hardware, 3'-0" x
7'-0" opening 0.42 $0.11 $1,699.66
Door, aluminum & glass, without
transom, non-standard, double door,
hardware, 6'-0" x 7'-0" opening 0.21 $0.11 $1,758.45
Door, aluminum & glass, sliding
patio, tempered glass, premium, 6'-0"
x 7'-0" opening 13.14 $2.75 $42,600.41
B3010 | Roof Coverings $1.80 $27,970.86
Roofing, single ply membrane,
EPDM, 60 mils, loosely laid, stone
ballast 1291.66 $0.14 $2,170.00
Insulation, rigid, roof deck, extruded
polystyrene, 40 PSI compressive
strength, 4" thick, R20 1291.66 $0.35 $5,437.92
Roof edges, aluminum, duranodic,
.050" thick, 6" face 442 $0.80 $12,464.40
Flashing, aluminum, no backing
sides, .019" 442 $0.16 $2,484.04
Gravel stop, aluminum, extruded, 4",
mill finish, .050" thick 442 $0.35 $5,414.50
c Interiors 12.56% | $57.28 $887,857.05




C1010 | Partitions $24.84 $384,971.67

Concrete block (CMU) partition, light

weight, hollow, 6" thick, no finish 4133.33 $2.77 $42.986.67

Metal partition, 5/8"fire rated gypsum

board face, 1/4" sound deadening

gypsum board, 2-1/2" @ 24", same

opposite face, no insulation 9644.44 $4.21 $65,292.89

Furring 1 side only, steel channels,

3/4", 16" OC 8266.66 $1.38 $21,328.00

Gypsum board, 1 face only, exterior

sheathing, fire resistant, 1/2 8266.66 $0.55 $8,514.67

Add for the following: taping and

finishing 8266.66 $0.36 $5,538.67

1/2" fire rated gypsum board, taped &

finished, painted on metal furring 46675.2 $15.57 $241,310.78
C1020 | Interior Doors $8.55 $132,454.55

Door, single leaf, kd steel frame,

hollow metal, commercial quality,

flush, 3'-0" x 7'-0" x 1-3/8" 108.39 $8.55 $132,454.55
C1030 | Fittings $8.12 $125,882.05

Cabinets, residential, base, hardwood,

1 top drawer & 1 door below x 24" W [ 78.88 $2.60 $40,273.17

Cabinets, residential, wall, two doors

x 48" wide 39.44 $1.76 $27,295.82

Cabinets, residential, counter

top-laminated plastic, stock, economy | 1476.28 $3.76 $58,313.06
C2010 | Stair Construction $3.74 $57,916.55

Stairs, steel, pan tread for conc in-fill,

picket rail, 12 risers w/ landing 4.590 $3.74 $57,916.55




C3010 | Wall Finishes $2.22 $34,485.78

Painting, interior on plaster and

drywall, walls & ceilings, roller work,

primer & 2 coats 26177.77 $1.50 $23,298.22

Kitchen sink w/trim, countertop, PE

on CI, 24" x 21", single bowl 13.14 $1.29 $19,919.64

Laundry sink w/trim, PE on CI, black

iron frame, 24" x 20", single compt 1.280 $0.15 $2,321.79

Service sink w/trim, PE on CI, corner

floor, 28" x 28", w/rim guard 1.600 $0.34 $5,251.29

Bathroom, three fixture, 2 wall

plumbing, lavatory, water closet &

bathtub, stand alone 13.14 $4.90 $75,931.29
D2020 | Domestic Water Distribution $8.42 $130,496.64

Electric water heater, commercial,

100< F rise, 50 gallon tank, 9 KW 37

GPH 13.14 $8.42 $130,496.64
D2040 | Rain Water Drainage $0.25 $3,920.43

Roof drain, DWV PVC, 4" diam,

diam, 10' high 0.53 $0.05 $777.67

Roof drain, DWV PVC, 4" diam, for

each additional foot add 80.17 $0.20 $3,142.76
D3010 | Energy Supply $8.24 $127,720.00

Apartment building heating system,

fin tube radiation, forced hot water,

30,000 SF area,300,000 CF vol 15500 $8.24 $127,720.00
D3030 | Cooling Generating Systems $9.49 $147,095.00




Packaged chiller, air cooled, with fan

coil unit, medical centers, 40,000 SF,

93.33 ton 15500 $9.49 $147,095.00
D4010 | Sprinklers $3.02 $46,856.98

Wet pipe sprinkler systems, steel,

light hazard, 1 floor, 10,000 SF 1023 $0.25 $3,877.17

Wet pipe sprinkler systems, steel,

light hazard, each additional floor,

10,000 SF 14461.5 $2.60 $40,347.59

Standard High Rise Accessory

Package 16 story 0.10 $0.17 $2,632.22
D4020 | Standpipes $17.78 $275,550.00

Wet standpipe risers, class 111, steel,

black, sch 40, 6" diam pipe, 1 floor 15 $15.53 $240,750.00

Fire pump, electric, with controller,

5" pump, 100 HP, 1000 GPM 1 $2.00 $31,000.00

Fire pump, electric, for jockey pump

system, add 1 $0.25 $3,800.00
D5010 | Electrical Service/Distribution $18.74 $290,450.00

Underground service installation,

includes excavation, backfill, and

compaction, 100' length, 4' depth, 3

phase, 4 wire, 277/480 volts, 2000 A |2 $6.70 $103,800.00

Feeder installation 600 V, including

RGS conduit and XHHW wire, 2000

A 200 $6.34 $98,200.00

Switchgear installation, incl

switchboard, panels & circuit breaker,

120/208 V, 3 phase, 2000 A 2 $5.71 $88,450.00
D5020 | Lighting and Branch Wiring $9.15 $141,818.00




Receptacles incl plate, box, conduit,

wire, 10 per 1000 SF, 1.2 W per SF,

with transformer 15500 $3.81 $59,055.00

Wall switches, 2.5 per 1000 SF 15500 $0.59 $9,145.00

Miscellaneous power, 2 watts 15500 $0.56 $8,680.00

Central air conditioning power, 3

watts 15500 $0.62 $9,610.00

Motor installation, three phase, 460 V,

15 HP motor size 4 $0.68 $10,480.00

Motor feeder systems, three phase,

feed to 200 V 5 HIP, 230 V 7.5 HP,

460 V 15 HIP, 575 V 20 HP 400 $0.29 $4,548.00

Incandescent fixtures recess

mounted, type A, 1 watt per SF, 8

FC, 6 fixtures per 1000 SF 15500 $2.60 $40,300.00
D5030 | Communications and Security $4.01 $62,122.60

Communication and alarm systems,

fire detection, addressable, 100

detectors, includes outlets, boxes,

conduit and wire 0.19 $0.97 $15,085.24

Fire alarm command center,

addressable with voice, excl. wire &

conduit 1 $0.80 $12,425.00

Communication and alarm systems,

includes outlets, boxes, conduit and

wire, intercom systems, 100 stations | 0.14 $1.26 $19,481.90

Communication and alarm systems,

includes outlets, boxes, conduit and | 0.14 $0.39 $6,062.96




wire, master TV antenna systems, 30

outlets

Internet wiring, 2 data/voice outlets

per 1000 S.F. 13.95 $0.58 $9,067.50
E Equipment & Furnishings 12.59% | $57.42 $890,034.32
E1090 | Other Equipment $57.42 $890,034.32
E1090 | 2.00-Traction gearless elevators,
D10101 | passenger, 5000 1b, 10 floors, 200
503800 | FPM 2.00 $55.81 $865,000.00
Architectural equipment, appliances,
range, 30" free standing, 1 oven, gas,
average 13.14 $1.03 $16,027.75
Architectural equipment, appliances,
dish washer, built-in, 2 cycles,
economy 13.14 $0.58 $9,006.57
F Special Construction 0%
Building Sitework 0%
$7,069,423.6
SubTotal 100% $456.09 5
Contractor Fees $1,767,355.9
(GC,Overhead,Profit) 25.0% | $114.02 1
Architectural Fees 6.0% $34.21 $530,206.77
User Fees 0.0% $0.00 $0.00
$9,366,986.3
Total Building Cost $604.32 4




6.3.2 Manual calculation of construction

Calculating the volume of concrete for whole building (The dimensions were taken from the

Revit):

e Number of columns per floor: 54

e Dimensions and heights of columns vary between floors. Also, the columns are square

shaped so all sides are equal to each other.

Table 6.2. Concrete volume calculation for columns

Floors Square column width, m | Height, m Quantity Volume, m3
0-1 0.75 3.5 108 212.625
2-3 0.7 3.3 108 174.636
4-5 0.65 3.3 108 150.579
6-7 0.6 3.3 108 128.304
8 0.55 3.3 54 53.9045
9 0.5 3.3 54 44.55
10 0.45 33 54 36.084
11 0.4 3.3 54 28.512
12 0.35 3.3 54 21.83
Total 851.024 m’

Then, the concrete volumes for other structural parts of the building were calculated.



Table 6.3. Concrete volume calculation for whole building

Concrete structure Volume, m3
Columns 851.024
Beams 1305.72
Slabs 3744.12
Basement walls 221.676
Staircases 33.813
Elevator shafts 207.84
Foundation 1221.458
Total Concrete 7585.531

After identifying the needed units of materials, the manual calculation of cost was calculated

regarding the average prices in San Francisco (The prices taken from the RSMeans).

Table 6.4. Manual cost estimation of the building construction

Item Unit Quantity Unit cost, $ Total cost, $
Concrete (C40) m 7585.531 200 1,517,106
Reinforced steel kg 780,263.4 2.5 1,950,657
Site work (excavation, | 2 1440 500 720,000

etc)




Formwork m’ 43200 80 3,456,000
Elevators 2 200,000 400,000
MEP, fire m’ 17280 190 3,283,200
Flooring m’ 17280 60 1,036,800
Wall, Ceiling m’ 58,752 40 2,350,080
Total cost 14,713,843 $

As in the manual calculations more detailed data about the structural part of the building the

total cost from there is chosen for further calculations.

COSTS
COST TYPE

Land Acquisition Cost

Building Construction

Architectural Fee

Insurance

Table 6.5. The total cost for the project

RATE Sq Ft
$210.00 115,368
$1272.60 15,500
$39.00 15,500
$400,000.00
TOTAL COSTS

AMOUNT

$24,227,280.00

$20,725,254.00

$876,340.00

$400,000.00

$46,228,874.00

Next, we calculated revenue. A real estate platform called “Redfin” was used to get a valid

median sale price per square foot in Mission Bay which is $928 (Redfin, 2024). However, our

building is in just roughly finished condition, this is why the cost per square ft is 450$. The price

of commercial area renting was taken from the report of Commercial Cafe (2024) as $70.



Table 6.6. The total revenue for the first year

REVENUE
COST TYPE RATE Sq Ft AMOUNT
Residential Area $450.00 134,979 $60,740,550.00
Commercial Area Renting $70.00 10,451 $731,570.00
TOTAL REVENUE
$61,472,120.00
(First Year)

Finally, after obtaining total costs and revenue, net profit (for first year) was calculated:

Table 6.7. Net profit for the first year

NET PROFIT
COST TYPE AMOUNT
Net Profit $21,408,337.00

6.4 Work breakdown structure

Effective project scope management will ensure the completion of a project within the
required time and budget. Work Breakdown Structure is a basic tool for project scope
management, as it involves hierarchical decomposition of the total work scope to be
accomplished by the project team. The resulting decomposition will clearly highlight the
deliverables and work necessary to make a deliverable, while enhancing mechanisms for
planning and control (Project Management Institute, 2006).

To create the WBS for this project, the PMBOK Guide's guidelines were followed which
helped to ensure a comprehensive and structured approach. The project was divided into key
phases as planning, execution, construction, monitoring and controlling, and finishing. Each

phase was further decomposed into specific deliverables and associated tasks with activities,



facilitating detailed planning and effective monitoring throughout the project lifecycle (Project
Management Institute, 2021).

The Primavera P6 Professional was used to visualize and construct this WBS. This software
helped to create clear, detailed diagrams that foster great communication among stakeholders and
serve as a point of reference in tracking changes and progress. Using such tools ensures the team

maintains a constant view of the scope and structure of the project, hence its overall success.

12 storey building
c ra . . N
Project planning Site preparation and Building construction Interior finishes and |Landscaping ‘l |P|ojec1 finishing ‘l
- foundation m installation
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[
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Designing the building Site surveying " 1-12 floors ‘l
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electrical sources
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Connecting drainage
stem
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buildin, F ion work I
Pemitting |

i

Levelling

Contracts Exterior walls
Making foundation

approval

Roofing |
Roof installation

Figure 6.2. Work breakdown structure of project

6.5 Scheduling

Effective scheduling in construction project management is the basis for completing tasks
within a certain timeframe and using resources efficiently. A well-structured schedule helps to
act properly and guide the team through the different phases of the project. It also facilitates
recognizing potential bottlenecks and offers room for taking proactive measures to avoid delays
in order to enhance the performance of the project as a whole.

The Primavera P6 Professional software was used in this project development to create a
detailed schedule. This tool allowed creating a Gantt chart that is really handy in showing the

activities in sequence and the estimated duration. The tool allowed incorporating non-working



days, official holidays, and other region-specific constraints for developing a realistic schedule.
With this, the critical path was determined and is representative of those tasks that drive the
project completion date. The total project duration was calculated as 615 days, and the critical
tasks were distinctly marked on the Gantt chart for clear visibility.

Utilizing such scheduling tools not only streamlines the planning process but also enhances
communication among stakeholders by providing a clear visual representation of the project's
progress. This approach aligns with best practices in construction management, where detailed
scheduling is essential for coordinating complex activities and managing resources effectively

(ProjectManager, 2024).

T 2025 T 20% T 2027
g | Sep | Oct | Nov [ Dec | Jan [ Feb | Mar [ Apr [ May [ Jun [ Jul [Aug [ Sep [ Ot [ Nov [ Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul [ Aug [ Sep | Oct [ Nov | Dec | Jan [ Feb | Mar | Apr | May | Jun | Jul | Aug [¢
01-Jan-27, 1 12 storey building

P——26-Nov-24, 1.1 Project planning
==y 16-Sep-24, 1.1.1 Site planning
@ Finding the site location
3 Site analysis
Yy 75.0ct-24, 1,12 Designing the building
=== MEP planning
=== Freliminary drawing of building
== Scetching drawing floor plans
Pe——Y 26-Nov-24, 1.1.3 Permitting
E===3 Contracts
@ Documentation approval
P——— 10-Mar-25, 1.2 :Site preparation and foundation
P—— . 24-Feb-25, 1.2.1 Site work
@ Cleaning the site
3 : Connecting drainage system
O Connecting water and electrical sources
=3 Site plan designing
E====3 Site surveying
=3 Soil testing
V=¥ 10-Mar-25, 1.2.2 Foundation work
Levelling
3 Making foundation

20-May-26, 1.3 Building construction
P— 23-May-25, 1.3.1 Basement

E=————"33 Columns

E=————33 Slabs

02-Feb-26, 1.3.2 1-12 floors

L 1 Beams
L 1 Slabs
=3 Stairs ]
P — 08-May-26, 1.3.3 Walls

= Exterior walls
E=———"—"—=3 Interior walls
¥ 20-May-26, 1.3.4 Roofing

B Roof installation

25-Nov-26, 1.4 Interior finishes and system installation
=3 Electrical
H = :Elevators
=== HVAC
== Plumbing :
E—————————1 :Windows, Doors and interior finishes
W— 30-Oct-26, 1.5 Landscaping
[E==——————"3 Exterior works on the site
01-Jan-27,'1.6 Project finishing

E==/"2 Final inspections, safety check

=3 Final project d i

Figure 6.3. Gantt Chart of the project (Primavera P6)



Activity Name ‘ Remaining | Start Finish
Duration

— 1 12 storey building 615 26-Aug-24 01-Jan-27
&y 1.1 Project planning 67 26-Aug-24 26-Nov-24
&y, 1.1.1 Site planning 16 26-Aug-24 16-Sep-24
& Finding the site location 7 26-Aug-24 03-Sen-24

@ Site analysis 10 03-Sep-24 16-Sep-24

&y, 1.1.2 Designing the building 40 02-Sep-24 25-Oct-24
& MEP planning 20 27-Sep-24 24-Oct-24

& Preliminary drawing of building 34 10-Sep-24 25-Oct-24

& Scetching, drawing floor plans 20 02-Sep-24 27-Sep-24

&y 1.1.3 Permitting 27 21-Oct-24 26-Nov-24
@ Contracts 20 21-Oct-24 18-Nov-24

& Documentation approval 7 18-Nov-24 26-Nov-24

%y 1.2 Site preparation and foundation 75 26-Nov-24 10-Mar-25
By 1.2.1 Site work 65 26-Nov-24 24-Feb-25
& (Cleaning the site 7 26-Nov-24 04-Dec-24

& Connecting drainage system 10 11-Feb-25 24-Feb-25

& Connecting water and electrical sour 6 11-Feb-25 18-Feb-25

& Site plan designing 21 14-Jan-25 11-Feb-25

& Site surveying 30 04-Dec-24 14-Jan-25

& Soil testing 21 04-Dec-24 01-Jan-25

5y 1.2.2 Foundation work 11 24-Feb-25 10-Mar-25
& Levelling 3 24-Feb-25 26-Feb-25

& Making foundation 9 26-Feb-25 10-Mar-25
%y 1.3 Building construction 309 14-Mar-25 20-May-26
&, 1.3.1 Basement 51 14-Mar-25 23-May-25
& Columns 50 14-Mar-25 22-May-25
& Slabs 50 17-Mar-25 23-Mav-25

By 1.3.2 1-12 floors 182 23-May-25 02-Feb-26
@ Beams 150 23-May-25 18-Dec-25

& Slabs 170 26-Mav-25 16-Jan-26

& Stairs 21 05-Jan-26 02-Feb-26
5y 1.3.3 Walls 79 20-Jan-26 08-May-26
& Exterior walls 60 20-Jan-26 13-Apr-26
& Interior walls 70 02-Feb-26 08-May-26
5, 1.3.4 Roofing 8 11-May-26 20-May-26
& Roof installation 8 11-Mav-26 20-Mav-26
5, 1.4 Interior finishes and system install: 134 22-May-26 25-Nov-26
& FElectrical 20 10-Jun-26 07-Jul-26
& Elevators 15 05-Aug-26 25-Aug-26
& HVAC 30 15-Jul-26 25-Aug-26
& Plumbing 15 22-Mav-26 11-Jun-26
& Windows, Doors and interior finishes 66 26-Aug-26 25-Nov-26
5, 1.5 Landscaping 67 30-Jul-26 30-Oct-26
& Exterior works on the site 67 30-Jul-26 30-Oct-26
%, 1.6 Project finishing 45 02-Nov-26 01-Jan-27
& Final inspections, safety check 30 02-Nov-26 11-Dec-26
& Final project documentation 16 11-Dec-26 01-Jan-27

Figure 6.4. Table of the activities of the project (Primavera P6)

6.6 Risk management

With effective risk management processes, construction projects can identify, evaluate,
and mitigate challenges that may affect the outcome of a project. A risk management plan
embodies systematic activities such as forecasting risks, assessing the implications of such

eventualities, and instituting means of minimizing their impact. In this sense, project resilience is



built-in and thus contributes more towards successful project delivery (Zou, Zhang, & Wang,
2007).

In formulating the risk management plan for this project, a thorough assessment of risk
has been carried out in order to identify possible threats, such as financial uncertainties, safety
problems, or those caused by the environment. All the recognized risks have been assessed
concerning their probability and impact, thus enabling prioritization of those requiring immediate
action. Mitigation strategies like contingency planning, safety training, and adherence to
environmental regulations have been formed to address the risks identified .

The table below shows the completed risk assessment for this project. Further, regular
monitoring and review procedures have been installed to effectively adopt any changes that may

arise within the project environment keeping the plan relevant throughout the life of the project.

Table 6.8. Risk assessment for the project

Types of Risks Description of the Probability | Severity Mitigation Measures
Risks

Schedule

Scl Delays in acquiring city [ Medium High Expedite permitting
permits and approvals process by coordinating

closely with agencies

Sc2 Labor shortages due to | Medium High Engage workforce
high demand in the planning early and hire
local construction additional labor sources
market

Sc3 Scope changes Medium High Establish strict change
requested by the client control procedures

during construction

Safety

S1 On-site accidents due to | Medium High Conduct comprehensive
machinery or safety training and enforce
height-related risks PPE usage

S2 Non-compliance with Medium High Implement frequent safety

safety codes audits




S3 Low High Install advanced fire
detection and suppression
systems

Geotechnical

Gl Unexpected soil Medium Medium Conduct thorough soil

composition affecting testing and ground surveys
foundation stability

G2 High High Design with waterproofing
and drainage systems

G3 High High Apply seismic-resistant
design techniques

Labor

L1 Labor disputes or union | Medium Medium Ensure positive labor

strikes relations and contract
negotiations

L2 Shortage of skilled Medium Medium Partner with skilled labor

construction workers agencies

L3 Low Medium Manage shifts to avoid
fatigue

Political & External

P1 New government Medium High Monitor regulatory

regulations affecting updates and adjust project
project requirements plans accordingly

P2 Supply chain delays Medium High Prioritize local suppliers

due to international and increase inventory
sourcing reserves

Change Management

C1 Client-initiated changes [ Medium Medium Clarify project scope at

in building layout

onset and negotiate scope
changes




C2 Design adjustments due | Medium Medium Increase design flexibility
to unexpected site to allow for modifications
conditions

C3 Lack of efficient Medium Medium Implement clear change
communication in management
managing changes communication channels

Financial

F1 Budget overruns due to | Medium Medium Conduct regular budget
unplanned expenses reviews and establish a

contingency fund

F2 Fluctuations in material | Medium Medium Secure fixed-price
and labor costs contracts and consider

alternative suppliers

F3 Delays in securing Medium Medium Maintain a strong
financing relationship with financial

partners

Environmental

El Adverse weather Medium Medium Plan buffer time for
conditions causing weather-related delays
delays

E2 Low High Use eco-friendly materials

and implement dust
control measures

E3 Low High Conduct an environmental

impact assessment before
breaking ground

Design

D1 Inaccurate architectural | Medium High Enhance collaboration
and engineering designs between architects,

engineers, and clients

D2 Design changes during | Medium High Implement

construction

interdisciplinary design
reviews




D3

Low

Medium

Conduct regular
compliance checks during
design phases

After finishing the risk assessment the identified risks were then assessed and prioritized

against their likelihood and potential impact using a risk management matrix. This matrix depicts

visually the potential risks that may occur, thereby showing better understanding and

management for each category of risk.

The following figure illustrates all the identified risks, plotted against probability and

severity, and binned into three categories of low, medium, and high. Most risks are related to

medium impacts, which mean a moderate likelihood and manageable severity. However, two

risks in the geotechnical category were assessed as high impact, namely G3 and G2, relating to

seismic risk due to the building sitting in a seismic zone. Because of the potentials, these risks

have to cause significant disruptions, immediate mitigation strategies that are focused become

tantamount.

Probability

High

Medium

Low

Severity

Low Medium High
G1,L1,L2, | Sci,Sc2,
C1,C2,C3, | Sc3,581,S2,
F1,F2,F3, | P1,P2,D1,
El D2
L3,D3 S3,E2,E3
Figure 6.5. Risk control matrix




6.7 Quality management
Construction of the 12-story high-rise residential building in San Francisco guarantees

that every process satisfies the necessary standards, performance criteria, and safety regulations.
Quality management's main objective is to ensure compliance with pertinent building codes and
rules (ISO 9001, ASCE, IBC), so preventing defects, improving efficiency, and attaining
customer satisfaction. Good quality control reduces hazards and project interruptions, hence
increasing the dependability and sustainability of the building project. This covers extensive
quality assurance planning, material quality control, on-site practices, environmental and safety
standards, testing, and careful record keeping. With a Project Quality Plan (PQP) created to
outline the required actions to preserve construction quality, quality assurance planning
guarantees that construction processes comply with the International Building Code (IBC),
ASCE 7-16, ACI 318-19, and California Green Building Standards (CALGreen). With supplier
reviews carried before purchase and testing methods carried in accordance with ASTM criteria,
material quality control guarantees that all materials satisfy durability and sustainability criteria.
To ensure compliance with approved design plans, on-site practices include the training and
certification of construction workers, frequent inspections, and the use of a quality checklist
system. By means of stringent compliance with OSHA rules, the use of eco-friendly materials,
and the adoption of stormwater management systems, environmental sustainability and worker
safety are given top priority. Testing is done to verify LEED certifications and fire safety
standards, the structural integrity of the building, and the correct operation of mechanical,
electrical, and plumbing systems. Maintaining legal papers including daily site inspection
reports, material and structural test results, and final quality certification depends strongly on
record keeping, which also helps to track construction progress and guarantee compliance. The
long-term durability and functioning of the structure will be guaranteed by the application of
these thorough quality management techniques, which will see its construction meet all

legislative, environmental, and safety criteria.



Stage 5

Earned Value Analysis
Project progress tracking based on
planned vs actual performance

Stage 4

Environmental and Client
Performance
Sustainability assessment
through LEED compliance

Stage 1

Design Accuracy

Compliance with International Building
Code (IBC), ASCE 7-16, ACI 318-19

Quality

Metrics Stage 2

Contractor Qualifications
Verification of licensing and
certifications

Stage 3

Safety and Budget Performance
Safety performance metrics
including accident rates and
adherence to protocols

Figure 6.6. Quality metrics



6.8 Procurement planning

Stakeholders list

Understanding the many parts and impacts in a construction project starts with
stakeholder analysis. The project directly or indirectly involves or affects its members,
individuals or groups. Their level of interest and impact will help you group them. The major
stakeholders in this building initiative and their interests are listed in the table above.
Decision-making as well as compliance with regulations greatly depend on high-influence
stakeholders such the project owner, head architect, and structural engineer. Additionally strong
in controlling operations and legal compliance are government agencies and the construction
manager. Important for project execution are moderate-influence stakeholders including
contractors, finance institutions, and suppliers who offer vital materials and monetary support.
Important for sustainability, legal compliance, and project success in the long run, future
residents, environmental specialists, and legal counsel have moderate or low influence though. A
well constructed stakeholder engagement strategy guarantees clear communication, alignment of
interests, and risk management all through the project lifespan. Good decision making and a

thriving, sustainable construction project depend on stakeholder dynamics.



Table 6.9. Stakeholders list

Stakeholder

Role in Project

Interest

Project Owner

Oversees project funding and decision-
making

Influence

Lead Architect Designs the structural and aesthetic Moderate
framework

Structural Engineer | Ensures compliance with building and
safety codes

Construction Oversees daily operations and site

Manager management

Contractors & Provide labor, materials, and construction | Moderate

Suppliers expertise

Government Issue permits, inspect work, and ensure Moderate

Agencies compliance

Financial Provide project financing and risk Moderate

Institutions assessment

Utility Providers Supply essential services (electricity, water, | Low Moderate
etc.)

Environmental Assess sustainability and regulatory impact | Moderate | [ow

Experts

Legal Consultants | Manage legal aspects and contract reviews | Moderate | [ ow

Future Residents End-users of the building, concerned with | Moderate | [ ow
livability




Table 6.10. Risk identification

Risk Identification Likelihood (1-5 Severity (1-5 Risk Ratin

Material Supply 3 3 9
Delays

Stormwater Drainage | 2 4 8
Failure

Worker Safety 4 3 12
Violations

Non-Compliance 2 3 6
with LEED

Budget Overruns 4 3 12
Electrical System 3 4 12
Failures

Noise Pollution 2 2 4
Environmental 3 4 12
Impact

Delays in Permit 3 3 9
Approvals

A methodical risk identification process was performed to guarantee the effective
execution of the 12-story tall high-rise residential construction project in San Francisco. This
procedure evaluated possible hazards depending on their severity and probability of occurrence,

thereby classifying each noted danger.

Among the main dangers listed in the "Red Zone" are earthquake-prone locations (rated
15), foundation instability (rated 16), and structural integrity issues (rated 15). The project's
geographic position raises the possibility of earthquakes, hence requiring structural strengthening
to withstand seismic pressures. Through comprehensive soil testing and prudent foundation
design to reduce settlement or failure, a key hazard foundation instability will be handled. To
prevent building flaws, strict adherence to safety guidelines and regular inspections will closely

watch structural integrity.



Rated 9, moderate risks in the "Yellow Zone" include material supply delays; rated 8,
stormwater drainage failure; rated 12, worker safety violations; rated 12 budget overruns; rated
12 electrical system failure; rated 12 environmental concerns; and rated 9 permission approval
delays. Alternative sourcing and supply chain management techniques will help to handle
material supply delays. Good design and sustainable planning will be applied to avoid
stormwater drainage problems. Employee training, rigorous compliance to OSHA rules, and safe
work practices will help to give top priority to worker safety. Expecting unexpected expenses,
contingency budgeting will help to control actively monitored budget overages. Regular
inspections and adherence to electrical safety rules will help to reduce electrical system failure.
Sustainable design choices and LEED compliance will help to resolve environmental issues.
Working with regulators and making sure building applications are submitted on time will help

to avoid delays in permit approval.

Rated 6, LEED noncompliance and noise pollution (rated 4) are low-risk factors found in
the "Green Zone. By guaranteeing the project satisfies all environmental criteria, the danger of
noncompliance with LEED standards will be reduced. Soundproofing and coordinated building
planning will help to reduce noise pollution by means of avoiding disturbance to the local

population.

To properly manage these hazards, an active risk management strategy will be in place.
The project seeks to avoid or reduce these risks by putting in place the requisite controls,
including contingency planning and stakeholder involvement, therefore guaranteeing higher

success and goal attainment.



Future
Residents

Authorities Project owner

Lead architect

Architect Engineer Contractors Other
designer

Subcontractors

| Suppliers |

Figure 6.7. Stakeholders in Construction Procurement

Most effective
Administrative
controls

Least effective

Figure 6.8. Hierarchy of Controls

6.9 Construction safety

Construction safety management is very important to both the workforce and the
operational integrity of construction activities and, as such, needs to be accorded the highest
level of priority by all stakeholders in a construction project. In building construction, paying
attention and following safety standards and regulations, such as those issued by OSHA, is
compulsory. Firstly, a group of professionals ought to come up with a comprehensive safety plan,
and simultaneously, workers need to be well informed about all potential hazards, risks, and
safety precautions. Secondly, there should be regular updates on the safety plan throughout the

various phases of the construction. It is also necessary for workers on the site to be equipped



with the personal protective equipment and instructed on the control and prevention of the
potential hazards during the construction. Apart from protecting workers' safety, all the visitors
to a site need to adhere to established safety regulations. Further, operations conducted at
construction sites must not compromise public safety, such as the transportation of materials,

storage, high noise levels, and other associated factors.

6.10 Construction site planning

Planning the construction site for the 12-story apartment building in San Francisco calls
for a carefully organized design maximizing safety and efficiency. Key areas inside the building
site are clearly defined in the layout, each one supporting the construction process in a particular
way. The main aspect of the site is the "vehicle movement" zone, which is vital for guaranteeing
that construction materials, tools, and labor flows freely to and from the site. This area is

carefully located to prevent traffic and provide safe movement for all cars on site.

Several important material storage locations next to the vehicle movement zone are the
"excavated ground," where soil taken out during the excavation process is kept, and the "material
stockpile," which houses other construction supplies including cement, steel, and Designated for
storing reinforcing materials like rebar and other parts critical for the structural integrity of the

building is the "reinforcement stockpile" zone.

Another important part of the site design is the "waste material" zone where construction
debris is handled. Maintaining a neat and orderly workplace which is essential for both safety

and environmental compliance depends on correct treatment and disposal of waste materials.

Designated on the periphery of the site for the storage and maintenance of construction
equipment and machinery is the "equipment and motor park" area, thus guaranteeing that tools

and vehicles are in optimum operational condition and readily available when required.

At last, office buildings are located on the site to act as administrative hubs for the

project, accommodating project managers and staff members engaged in daily construction work.



This design of the building site guarantees effective material handling, simple worker and
equipment access, and obvious zone separation to foster project safety and production by means

of clear separation.

Mission Bay south boulevard

Building .

Playground ( :

Nelson Raising lane

1S UG

Parking

6th st

Figure 6.9. Future site planning for residents

Mission Bay south boulevard

6th st
1S U1g

“ mEm

Nelson Raising lane

Figure 6.10. Construction site planning



Figure 6.11. Traffic direction on the site



7. Conclusion

A high-rise residential building was designed at 1335 6th St, San Francisco, California, USA.

All aspects of the construction project were put into consideration in the design, including
architectural, structural, geotechnical, environmental, and construction management aspects.
The architectural design outcomes incorporated material selection, partition layouts, and
structural arrangements. Emphasis was put on compliance with International Building Code, San
Francisco and California building code standards and with sustainable solutions that include the
green roofs, solar panels, and the stormwater collection system. USGBC, 2022. In order to make
the building environmentally safe, a LEED rating system was used. Another solution was to use
Life-365 software to estimate concrete serviceability cost and life-cycle costs. Also, the floor
layouts and designs were optimized in order to provide maximum utility and aesthetics,
accommodating a variety of residential and commercial needs.

The internal force was analyzed using SAP2000: gravity, and lateral analysis. The structure's
design followed the provisions of American Concrete Institute, ACI 318-19, and American
Society of Civil Engineers, ASCE, for seismic safety and making the structure resilient in case of
such hazards in the high seismic zone of San Francisco. Reinforced concrete was chosen because
it is durable, resists fire, and withstands marine climates; therefore, it satisfies project
requirements and site specifics (Kodur et al., 2007). The entire structural design and analysis
procedures were conducted following the ACI 318-19 (ACI, 2019).

Geotechnical assessments recommended a pile foundation as the best option, for which the
designs included axial and lateral bearing capacity, and settlement analyses. Soil-structure
interaction was modeled by software like Plaxis 3D to ensure that the design was safe and met all
the requirements of geotechnical standards. The sheet pile was designed and the design
parameters were confirmed using GEOS5. Additionally, pile cap and single pile reinforcements
were introduced and confirmed through the software.

In stormwater management design, it used sustainable drainage solutions that reduced the
risk of flooding-a critical consideration given the flat urban terrain of Mission Bay. The design of
a stormwater system includes the elevation profile as well as terrain of the area, and the technical

drawing contains slopes and curbs.



Construction management was geared toward maintaining project scope, optimizing cost by
applying RSMeans, and proposing methods that were to be used in evaluating risk. Scheduling
and risk management were executed to satisfy the OSHA standards and LEED sustainability
standards on safety and sustainability throughout the entire project life cycle. Site plan
management, procurement planning, and safety were incorporated, construction management
aspects were expanded, and the cost estimation was revised with the scheduling accordingly.

Eventually, the proposed design will be integrated with resilience, sustainability, and
functionality in coming up with solutions to urban housing challenges and shortages while
meeting environmental and ethical imperatives. The design also will be further validated in the
future for its real-world applicability through detailed simulations and consultations with

stakeholders.
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Figure 9.3 3D Load Assingment for Case II Wind Load
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Figure 9.4 Load Assignment for Case III Wind Load (Frame C)




Figure 9.5 3D Load Assignment for Case III Wind Load
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Figure 9.6 Load Assignment for Case [V Wind Load (Frame C)




Figure 9.7. 3D Load Assignment for Case IV Wind Load



Table 9-1. Wind Force Calculations for first floor in both directions including the torsional

effect (Case 2)
Case 2 (X-axis) Case 2 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 0.6234 10.10 10.72 1 17414 11.41 9.67
B 03741 10.10 10.47 2 -1.3060 11.41 10.11
C 0.1247 10.10 10.22 3 -0.8707 11.41 10.54
D -0.1247 10.10 9.97 4 -0.4353 11.41 10.98
E -0.3741 10.10 9.72 5 0.0000 11.41 11.41
F 10.6234 10.10 9.47 6 0.4353 11.41 11.85
7 0.8707 11.41 12.28
8 13060 11.41 12.72
9 1.7414 11.41 13.15

Table 9-2. Wind Force Calculations for second floor in both directions including the
torsional effect (Case 2)

Case 2 (X-axis)

Case 2 (Y-axis)

Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)

A 0.5459 9.53 10.07 1 -1.5485 10.72 9.17
B 0.3276 9.53 9.86 2 -1.1613 10.72 9.55
C 0.1092 9.53 9.64 3 -0.7742 10.72 9.94
D 20.1092 9.53 9.42 4 103871 10.72 10.33
E -0.3276 9.53 9.20 5 0.0000 10.72 10.72
F -0.5459 9.53 8.98 6 0.3871 10.72 11.10
7 0.7742 10.72 11.49

8 1.1613 10.72 11.88

9 1.5485 10.72 12.26




Table 9-3. Wind Force Calculations for fourth floor in both directions including the
torsional effect (Case 2)

Case 2 (X-axis)

Case 2 (Y-axis)

Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)

A 0.6113 10.06 10.67 1 17111 11.70 9.99
B 0.3668 10.06 10.42 2 11.2834 11.70 10.42
C 0.1223 10.06 10.18 3 -0.8556 11.70 10.85
D 20.1223 10.06 9.93 4 -0.4278 11.70 11.28
E -0.3668 10.06 9.69 5 0.0000 11.70 11.70
F 0.6113 10.06 9.44 6 0.4278 11.70 12.13
7 0.8556 11.70 12.56

8 1.2834 11.70 12.99

9 17111 11.70 13.42

Table 9-4. Wind Force Calculations for fifth floor in both directions including the torsional

effect (Case 2)
Case 2 (X-axis) Case 2 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 0.6354 10.42 11.05 1 17711 12.08 10.31
B 0.3812 10.42 10.80 2 -1.3283 12.08 10.75
C 0.1271 10.42 10.55 3 -0.8856 12.08 11.19
D 0.1271 10.42 10.29 4 10.4428 12.08 11.64
E 203812 10.42 10.04 5 0.0000 12.08 12.08
F -0.6354 10.42 9.78 6 0.4428 12.08 12.52
7 0.8856 12.08 12.97
8 1.3283 12.08 13.41
9 17711 12.08 13.85




Table 9-5. Wind Force Calculations for sixth floor in both directions including the torsional

effect (Case 2)
Case 2 (X-axis) Case 2 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 0.6562 10.74 11.39 1 -1.8231 12.41 10.59
B 0.3937 10.74 1113 2 113673 12.41 11.04
C 0.1312 10.74 10.87 3 0.9115 12.41 11.50
D 0.1312 10.74 10.61 4 -0.4558 12.41 11.95
E -0.3937 10.74 10.34 5 0.0000 12.41 12.41
F -0.6562 10.74 10.08 6 0.4558 12.41 12.87
7 0.9115 12.41 13.32
8 1.3673 12.41 13.78
9 1.8231 12.41 14.23

Table 9-6. Wind Force Calculations for seventh floor in both directions including the
torsional effect (Case 2)

Case 2 (X-axis)

Case 2 (Y-axis)

Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)

A 0.6748 11.02 11.70 1 11.8693 12.71 10.84
B 0.4049 11.02 11.43 2 -1.4020 12.71 11.30
C 0.1350 11.02 11.16 3 109346 12.71 11.77
D 10.1350 11.02 10.89 4 04673 12.71 12.24
E 10.4049 11.02 10.62 5 0.0000 12.71 12.71
F 10.6748 11.02 10.35 6 0.4673 12.71 13.17
7 0.9346 12.71 13.64

8 1.4020 12.71 14.11

9 1.8693 12.71 14.58




Table 9-7. Wind Force Calculations for eighth floor in both directions including the
torsional effect (Case 2)

Case 2 (X-axis)

Case 2 (Y-axis)

Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)

A 0.6915 11.28 11.97 1 -1.9110 12.97 11.06
B 0.4149 11.28 11.70 2 11.4332 12.97 11.54
C 0.1383 11.28 11.42 3 -0.9555 12.97 12.02
D 20.1383 11.28 11.14 4 0.4777 12.97 12.50
E 204149 11.28 10.87 5 0.0000 12.97 12.97
F -0.6915 11.28 10.59 6 0.4777 12.97 13.45
7 0.9555 12.97 13.93

8 1.4332 12.97 14.41

9 1.9110 12.97 14.89

Table 9-8. Wind Force Calculations for ninth floor in both directions including the
torsional effect (Case 2)

Case 2 (X-axis)

Case 2 (Y-axis)

Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)

A 0.7069 11.52 12.23 1 11,9492 13.22 11.27

B 0.4241 11.52 11.94 2 “1.4619 13.22 11.76

C 0.1414 11.52 11.66 3 20,9746 13.22 12.25

D -0.1414 11.52 11.38 4 -0.4873 13.22 12.73

E -0.4241 11.52 11.09 5 0.0000 13.22 13.22

F -0.7069 11.52 10.81 6 0.4873 13.22 13.71

7 0.9746 13.22 14.20

8 1.4619 13.22 14.68




Table 9-9. Wind Force Calculations for tenth floor in both directions including the torsional

1.9492

13.22

15.17

effect (Case 2)
Case 2 (X-axis) Case 2 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 0.7210 11.74 12.46 1 -1.9844 13.45 11.47
B 0.4326 11.74 12.17 2 -1.4883 13.45 11.96
C 0.1442 11.74 11.88 3 -0.9922 13.45 12.46
D -0.1442 11.74 11.59 4 -0.4961 13.45 12.95
E -0.4326 11.74 11.31 5 0.0000 13.45 13.45
F -0.7210 11.74 11.02 6 0.4961 13.45 13.95
7 0.9922 13.45 14.44
8 1.4883 13.45 14.94
9 1.9844 13.45 15.43

Table 9-10. Wind Force Calculations for eleventh floor in both directions including the
torsional effect (Case 2)

Case 2 (X-axis)

Case 2 (Y-axis)

Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)

A 0.7342 11.95 12.68 1 2.0173 13.66 11.65

B 0.4405 11.95 12.39 2 11,5129 13.66 12.15

C 0.1468 11.95 12.09 3 -1.0086 13.66 12.66

D -0.1468 11.95 11.80 4 -0.5043 13.66 13.16

E -0.4405 11.95 11.50 5 0.0000 13.66 13.66

F -0.7342 11.95 11.21 6 0.5043 13.66 14.17

7 1.0086 13.66 14.67
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Table 9-11. Wind Force Calculations for twelfth floor in both directions including the
torsional effect (Case 2)

Case 2 (X-axis) Case 2 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 0.7466 12.10 12.84 1 12,0481 13.82 11.77
B 0.4479 12.10 12.54 2 11,5360 13.82 12.29
C 0.1493 12.10 12.25 3 11,0240 13.82 12.80
D 20.1493 12.10 11.95 4 -0.5120 13.82 13.31
E -0.4479 12.10 11.65 5 0.0000 13.82 13.82
F -0.7466 12.10 11.35 6 0.5120 13.82 1433
7 1.0240 13.82 14.85
8 1.5360 13.82 15.36
9 2.0481 13.82 15.87

Table 9-12. Wind Force Calculations for first floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 1.7752 7.58 9.36 1 17752 8.57 6.79
B 1.0651 7.58 8.65 2 -1.3314 8.57 7.24
C 0.3550 7.58 7.94 3 -0.8876 8.57 7.68
D -0.3550 7.58 7.23 4 -0.4438 8.57 8.12
E -1.0651 7.58 6.52 5 0.0000 8.57 8.57
F -1.7752 7.58 5.81 6 0.4438 8.57 9.01
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Table 9-13. Wind Force Calculations for second floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 1.6450 7.15 8.80 1 -1.6450 8.04 6.40
B 0.9870 7.15 8.14 2 11.2337 8.04 6.81
C 0.3290 7.15 7.48 3 -0.8225 8.04 7.22
D -0.3290 7.15 6.82 4 04112 8.04 7.63
E -0.9870 7.15 6.17 5 0.0000 8.04 8.04
F -1.6450 7.15 5.51 6 0.4112 8.04 8.45
7 0.8225 8.04 8.87
8 12337 8.04 9.28
9 1.6450 8.04 9.69

Table 9-14. Wind Force Calculations for fourth floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.7816 7.55 9.33 1 17816 8.79 7.00
B 1.0690 7.55 8.62 2 -1.3362 8.79 7.45
C 0.3563 7.55 7.91 3 -0.8908 8.79 7.90
D -0.3563 7.55 7.19 4 -0.4454 8.79 8.34
E -1.0690 7.55 6.48 5 0.0000 8.79 8.79
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Table 9-15. Wind Force Calculations for fifth floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.8461 7.82 9.67 1 118461 9.07 7.22
B 1.1076 7.82 8.93 2 -1.3846 9.07 7.68
C 0.3692 7.82 8.19 3 20,9230 9.07 8.15
D -0.3692 7.82 7.45 4 -0.4615 9.07 8.61
E -1.1076 7.82 6.71 5 0.0000 9.07 9.07
F 118461 7.82 5.97 6 0.4615 9.07 9.53
7 0.9230 9.07 9.99
8 13846 9.07 10.45
9 1.8461 9.07 10.91

Table 9-16. Wind Force Calculations for sixth floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.8390 8.06 9.90 1 -1.8390 9.32 7.48
B 1.1034 8.06 9.16 2 -1.3792 9.32 7.94
C 0.3678 8.06 8.43 3 -0.9195 9.32 8.40
D -0.3678 8.06 7.69 4 -0.4597 9.32 8.86
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Table 9-17. Wind Force Calculations for seventh floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.8870 8.27 10.16 1 -1.8870 9.54 7.65
B 1.1322 8.27 9.41 2 11.4153 9.54 8.12
C 03774 8.27 8.65 3 20,9435 9.54 8.59
D -0.3774 8.27 7.90 4 L0.4718 9.54 9.07
E 1.1322 8.27 7.14 5 0.0000 9.54 9.54
F -1.8870 8.27 6.39 6 0.4718 9.54 10.01
7 0.9435 9.54 10.48
8 1.4153 9.54 10.95
9 1.8870 9.54 11.42

Table 9-18. Wind Force Calculations for eighth floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.8379 8.47 10.31 1 -1.8379 9.74 7.90
B 1.1027 8.47 9.57 2 -1.3784 9.74 8.36
C 0.3676 8.47 8.84 3 -0.9189 9.74 8.82
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Table 9-19. Wind Force Calculations for ninth floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 1.7438 8.65 10.39 1 11.7438 9.92 8.18
B 1.0463 8.65 9.69 2 113078 9.92 8.62
C 0.3488 8.65 9.00 3 -0.8719 9.92 9.05
D -0.3488 8.65 8.30 4 -0.4359 9.92 9.49
E -1.0463 8.65 7.60 5 0.0000 9.92 9.92
F 11.7438 8.65 6.90 6 0.4359 9.92 10.36
7 0.8719 9.92 10.80
8 13078 9.92 11.23
9 1.7438 9.92 11.67

Table 9-20. Wind Force Calculations for tenth floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.5912 8.81 10.40 1 -1.5912 10.10 8.51
B 0.9547 8.81 9.77 2 -1.1934 10.10 8.90
C 0.3182 8.81 9.13 3 -0.7956 10.10 9.30




D -0.3182 8.81 8.49 4 -0.3978 10.10 9.70
20.9547 8.81 7.86 5 0.0000 10.10 10.10

11.5912 8.81 7.22 6 0.3978 10.10 10.49

7 0.7956 10.10 10.89

8 1.1934 10.10 11.29

9 1.5912 10.10 11.69

Table 9-21. Wind Force Calculations for eleventh floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal

(kN) (kN) (kN) (kN) (kN) (kN)
A 1.3687 8.97 10.34 1 -1.3687 10.26 8.89
B 0.8212 8.97 9.79 2 -1.0265 10.26 9.23
C 02737 8.97 9.24 3 -0.6844 10.26 9.57
D -0.2737 8.97 8.69 4 -0.3422 10.26 9.91
E -0.8212 8.97 8.15 5 0.0000 10.26 10.26
F -1.3687 8.97 7.60 6 0.3422 10.26 10.60
7 0.6844 10.26 10.94
8 1.0265 10.26 11.28
9 1.3687 10.26 11.63

Table 9-22. Wind Force Calculations for twelfth floor in both directions including the
torsional effect (Case 4)

Case 4 (X-axis) Case 4 (Y-axis)
Frame Ftorsion | Fdirect Ftotal Frame Ftorsion | Fdirect Ftotal
(kN) (kN) (kN) (kN) (kN) (kN)
A 1.0779 9.08 10.16 1 -1.0779 10.38 9.30




B 0.6467 9.08 9.73 2 -0.8084 10.38 9.57
C 0.2156 9.08 9.30 3 -0.5389 10.38 9.84
D -0.2156 9.08 8.87 4 -0.2695 10.38 10.11
E -0.6467 9.08 8.43 5 0.0000 10.38 10.38
F -1.0779 9.08 8.00 6 0.2695 10.38 10.64
7 0.5389 10.38 10.91
8 0.8084 10.38 11.18
9 1.0779 10.38 11.45
Table 9-23. Stiffness Center Calculations
Transve | Longitu
rse dinal
Column Minor b, Ct, Ct,
Floor size Ic,cr, m4 | Ib,cr, m4 Ib,er D, kN/m h, m KN/rad | KN/rad
1 0.75 1.85E-02 | 1.89E-03 0 8655 3.5 242351 | 151469
2 0.7 1.40E-02 | 1.89E-03 0 9605 3.3 253573 | 158483
3 0.7 1.40E-02 | 1.89E-03 0 9605 3.3 253573 | 158483
4 0.65 1.04E-02 | 1.89E-03 0 9381 3.3 247668 | 154793
5 0.65 1.04E-02 | 1.89E-03 0 9381 3.3 247668 | 154793
6 0.6 7.56E-03 | 1.89E-03 0 9071 3.3 239466 | 149666
7 0.6 7.56E-03 | 1.89E-03 0 9071 3.3 239466 | 149666
8 0.55 5.34E-03 | 1.89E-03 0 8636 3.3 227993 | 142496
9 0.5 3.65E-03 | 1.89E-03 0 8029 3.3 211959 | 132474
10 0.45 2.39E-03 | 1.89E-03 0 7192 3.3 189878 | 118674




11 0.4 1.49E-03 [ 1.89E-03 0 6083 33 160600 | 100375
12 0.35 | 8.75E-04 [ 1.89E-03 0 4717 33 124522 | 77826
13 0.35 | 8.75E-04 [ 1.89E-03 0 4717 33 124522 | 77826

Table 9-24. Seismic Load Calculations for first floor in both directions including the

torsional effect

Transverse Longitudinal
Frame |Fi oo KN | Fairects KN | Fioars KN | Frame | Fi gons KN | Fairects KN | Fioray KN

A 0.1719 7.38 7.55 1 -0.8054 4.92 4.12
B 0.1032 7.38 7.49 2 -0.6040 4.92 4.32
C 0.0344 7.38 7.42 3 -0.4027 4.92 4.52
D -0.0344 7.38 7.35 4 -0.2013 4.92 4.72
E -0.1032 7.38 7.28 5 0.0000 4.92 4.92
F -0.1719 7.38 7.21 6 0.2013 4.92 5.12

7 0.4027 4.92 5.32

8 0.6040 4.92 5.53

9 0.8054 4.92 5.73

Table 9-25. Seismic Load Calculations for second floor in both directions including the
torsional effect

Transverse Longitudinal
Frame |Fisions KN | Faireets KN | Fiotay KN | Frame | Figgions KN | Faireets KN | Fiotary KN
A 0.4357 18.71 19.15 1 -2.0410 12.47 10.43
B 0.2614 18.71 18.97 2 -1.5308 12.47 10.94




C 0.0871 18.71 18.80 -1.0205 12.47 11.45
D -0.0871 18.71 18.62 -0.5103 12.47 11.96
E -0.2614 18.71 18.45 0.0000 12.47 12.47
F -0.4357 18.71 18.27 0.5103 12.47 12.98

1.0205 12.47 13.49
1.5308 12.47 14.00
2.0410 12.47 14.51

O|l x| I || n| &~ ]| W

Table 9-26. Seismic Load Calculations for fourth floor in both directions including the
torsional effect

Transverse Longitudinal
Frame Ftorsiom kN Fdirect’ kN F totaly kN Frame Ftorsiom kN Fdirect’ kN F totaly kN
A 1.1374 48.84 49.98 1 -5.3278 32.56 27.23

0.6824 48.84 49.52 -3.9958 32.56 28.56

0.2275 48.84 49.07 -2.6639 32.56 29.89

-0.2275 48.84 48.61 -1.3319 32.56 31.23

-0.6824 48.84 48.16 0.0000 32.56 32.56

=Sl el Bwl N@N Mve;

-1.1374 48.84 47.70 1.3319 32.56 33.89

2.6639 32.56 35.22
3.9958 32.56 36.55
5.3278 32.56 37.89

Ol x| I ||| bW

Table 9-27. Seismic Load Calculations for fifth floor in both directions including the
torsional effect

Transverse Longitudinal

Frame Ftorsion’ kN Fdirect, kN Ftotal’ kN Frame Ftorsion’ kN Fdirect, kN Ftotal’ kN

A 1.5614 67.04 68.61 1 -7.3140 44.70 37.38




0.9368 67.04 67.98 -5.4855 44.70 39.21

0.3123 67.04 67.36 -3.6570 44.70 41.04

-0.3123 67.04 66.73 -1.8285 44.70 42.87

-0.9368 67.04 66.11 0.0000 44.70 44.70

ssli Nesl Rl N@N M,

-1.5614 67.04 65.48 1.8285 44.70 46.53

3.6570 44.70 48.35
5.4855 44.70 50.18
7.3140 44.70 52.01

Ol x| I ||| B ]|WIN

Table 9-28. Seismic Load Calculations for sixth floor in both directions including the
torsional effect

Transverse Longitudinal
Frame Ftorsiom kN Fdirect’ kN F totaly kN Frame Ftorsiom kN Fdirect’ kN F totaly kN
A 1.9923 85.55 87.54 1 -9.3324 57.03 47.70

1.1954 85.55 86.74 -6.9993 57.03 50.03

0.3985 85.55 85.95 -4.6662 57.03 52.37

-0.3985 85.55 85.15 -2.3331 57.03 54.70

-1.1954 85.55 84.35 0.0000 57.03 57.03

=5l Nesll Bwl N@N Moy

-1.9923 85.55 83.55 2.3331 57.03 59.36

4.6662 57.03 61.70
6.9993 57.03 64.03
9.3324 57.03 66.36

O |l X | ||| bW

Table 9-29. Seismic Load Calculations for seventh floor in both directions including the
torsional effect

Transverse Longitudinal

Frame Ftorsion’ kN Fdirect, kN Ftotal’ kN Frame Ftorsion’ kN Fdirect, kN Ftotal’ kN




2.4821 106.58 109.06

—_—

-11.6266 71.05 59.42

1.4892 106.58 108.07 -8.7200 71.05 62.33

0.4964 106.58 107.07 -5.8133 71.05 65.24

-0.4964 106.58 106.08 -2.9067 71.05 68.14

-1.4892 106.58 105.09 0.0000 71.05 71.05

mlm|lo|la|lw| >

-2.4821 106.58 104.10 2.9067 71.05 73.96

5.8133 71.05 76.86
8.7200 71.05 79.77
11.6266 71.05 82.68

O | XX | ||| B |WID

Table 9-30. Seismic Load Calculations for eighth floor in both directions including the
torsional effect

Transverse Longitudinal
Frame Ftorsiom kN Fdirect’ kN F totaly kN Frame Ftorsiom kN Fdirect’ kN F totaly kN
A 2.9593 127.07 130.03 1 -13.8620 84.71 70.85

1.7756 127.07 128.84 -10.3965 84.71 74.32

0.5919 127.07 127.66 -6.9310 84.71 77.78

-0.5919 127.07 126.48 -3.4655 84.71 81.25

-1.7756 127.07 125.29 0.0000 84.71 84.71

=5l Nesl Bl N@N Mve)

-2.9593 127.07 124.11 3.4655 84.71 88.18

6.9310 84.71 91.64
10.3965 84.71 95.11
13.8620 84.71 98.57

Ol x| ||| B~ |W]|DN

Table 9-31. Seismic Load Calculations for ninth floor in both directions including the
torsional effect

Transverse Longitudinal




Frame Ftorsion’ kN Fdirect’ kN Ftotal’ kN Frame Ftorsion’ kN Fdirect’ kN Ftotal’ kN

A 3.4541 148.32 151.77 1 -16.1799 98.88 82.70

2.0725 148.32 150.39 -12.1349 98.88 86.74

0.6908 148.32 149.01 -8.0900 98.88 90.79

-0.6908 148.32 147.62 -4.0450 98.88 94.83

-2.0725 148.32 146.24 0.0000 98.88 98.88

=5l lesll Rl N@N Mev,

-3.4541 148.32 144.86 4.0450 98.88 102.92

8.0900 98.88 106.97
12.1349 98.88 111.01
16.1799 98.88 115.06

O || ||| B ]|WI|D

Table 9-32. Seismic Load Calculations for tenth floor in both directions including the
torsional effect

Transverse Longitudinal
Frame Ftorsiom kN Fdirect’ kN F totaly kN Frame Ftorsiom kN Fdirect’ kN F totaly kN
A 3.9657 170.28 174.25 1 -18.5764 113.52 94.95

2.3794 170.28 172.66 -12.4809  113.52 101.04

0.7931 170.28 171.08 -8.3206 113.52 105.20

-0.7931 170.28 169.49 -4.1603 113.52 109.36

-2.3794 170.28 167.90 0.0000 113.52 113.52

=5l Nesl Bl R@N Mev.

-3.9657 170.28 166.32 4.1603 113.52 117.68

8.3206 113.52 121.84
12.4809 113.52 126.00
16.6412 113.52 130.16

O |l x| ||| B |lWwW]|D

Table 9-33. Seismic Load Calculations for eleventh floor in both directions including the
torsional effect



Transverse Longitudinal

Frame Ftorsion’ kN Fdirect’ kN Ftotal’ kN Frame Ftorsion’ kN Fdirect’ kN Ftotal’ kN

A 4.4938 192.96 197.45 1 -21.0502  128.64 107.59

2.6963 192.96 195.66 -15.7877 = 128.64 112.85

0.8988 192.96 193.86 -10.5251 128.64 118.12

-0.8988 192.96 192.06 -5.2626 128.64 123.38

-2.6963 192.96 190.26 0.0000 128.64 128.64

ssl Besl Bl N@N Mev,

-4.4938 192.96 188.47 5.2626 128.64 133.90

10.5251 128.64 139.17
15.7877 128.64 144.43
21.0502 128.64 149.69

O || ||| B|WID

Table 9-34. Seismic Load Calculations for twelfth floor in both directions including the
torsional effect

Transverse Longitudinal
Frame Ftorsiom kN Fdirect’ kN F totaly kN Frame Ftorsiom kN Fdirect’ kN F totaly kN
A 5.0387 216.35 221.39 1 -23.6023 144.24 120.63

3.0232 216.35 219.38 -17.7017 = 144.24 126.53

1.0077 216.35 217.36 -11.8012 = 144.24 132.44

-1.0077 216.35 215.35 -5.9006 144.24 138.34

-3.0232 216.35 213.33 0.0000 144.24 144.24

=5l el Mol @ Hov.

-5.0387 216.35 211.32 5.9006 144.24 150.14

11.8012 144.24 156.04
17.7017 144.24 161.94
23.6023 144.24 167.84
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Figure 9.8. Hand calculations of the internal forces under wind load Part-1
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Figure 9.9. Hand calculations of the internal forces under wind load Part-2
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Figure 9.10. Hand calculations of the internal forces under wind load Part-3
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Figure 9.11. Hand calculations of the internal forces under wind load Part-3



ACT 318-14 BEAZM SECTION DESIGH

Element 1635
Section ID 2C EBe
Combo ID COMB5S
Station Loc 0.000
Phi {Bending) : a.
Phi (Sheaxr) : 0.
Phi (Seis Shear): 0.
Phi (Torsion): 0.

Design Moments, M3

am

S00
750
€00

750

1035967 _33¢

D=&00_000
0.000

25 .725

L=&000 000

Positive
Homent

Negative
Homent
—-207934 €71

Flexural Reinforcement for Moment, M3
Hequired +Homent
Rebar Hebar
Top (+2 RAxis) 862 .253 0,000
Eottom 2 Rxis) 453 . 5€€ 422,057
Shear Reinforcement for Shear, VI
Rebar Shear Shear
Av/s Vu rhi*Ve
2.558 55€.152 127 €13
REeinforcement for Torsion, T
Rebar Rebar Torsion
At/s 1l Tu
a.aaa 0.000 52.154

Type:Sway Special

=

B=300.000
dot=£60.000
£o=0.040
£y=0.517

Special
+Homent
103967 .33¢

—Homent
Rebar
862.293
0.000

Shear
phi*Vs
428 _.535

Critical
Phi*Tcr
28250.830

Units:

mm, C ({(Summary)
£=300.000
delk=e0.000
Lt.Wt. Fac.=1.000
fys=0_517

Special
-Moment

-207534 €71

HMinimuam

Hebar
453 _56¢€
453 .5€¢€

Shear
Up
20€.034

Area
Lo
51709 ._229

Perimeter
Lh
1444 400

Figure 9.12. SAP 2000 Major Beam Design Summary for the 1st floor (location 0 m)

Units [#N, mm, C
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ACT 318-14 BEAM SECTION DESIGHN Type:S5way Special Units: EN, mm, C (Summary)
Elemsnt : le35 D=c00. 000 B=3200.000 £=300.000
Section ID BC Beam ds=0.000 det=80.000 delb=80.000
Combo ID COMBS E=25_725 fo=0.040 Lt . Wt. Fac.=1.000
Station Loc 3000000 L=€000.000 £y=0_517 fys=0.517
Phi (Eending) : 0.500
Lhi(Shear) : 0.750
Phi{Seis Shear): 0O_&00
Phi (Torsion) - a.750
Design Moments, M3
FPositive Negative Special Special
Moment Homent +Homent —Homent
233128.510 -150%45_877 150545.877 -150945_877
Flexural Reinforcement for Moment, M3
Reguired +Moment —HMoment Miniooam
Rebar Rebar Rebar Rebar
Top (+2 Rxis) €13 _.53% a.aaag €13 .53%9 453 _58€
Bottom | Rxis) 57L.572 S971.5978 0.000 4593 .5€€
Shear Heinforcement for Shear, VI
Hebar Shear Shear Shear Shear
Ev/s Tu phi*Ve phi*Vs i
0.475 207.125 127 .€13 75%.515 20e.034
Reinforcement for Torsion, T
Hebar Rebar Tozrsion Critical Area Perimeter
Atfis 21 Tu Phi*Tex Lo Th
a.0aa0 0.00aa 592.154 28250.830 S91705.22%5 1444 400

Figure 9.13. SAP 2000 Major Beam Design Summary for the Ist floor (location 3 m)



£ Units | KM, mm, &~

ACI 318-14 BERM SECTION DESIGN Type:Sway Special Units: EN, mm, C (Summary)
Element © le3s D=£00.000 B=300.000 bi=300.000
Section ID : RC Beam det -00a dek=80.000
Combo ID : COMBS fo=0.040 Lt.Wt. Fac.=1.000
Station Loc : €000.000 L=£000.000 £y=0.517 £ys=0.517
Phi {Bending) : a.500
hear) : 0.750
eis Shear): 0.€00
Phi {Torsion) : a.750
Design Moments, M3
Positive Negative Special Special
Homent Moment +Moment -Moment

201251.754 -€03783.5028 3201851.754 -€03783.508

Flexural Reinforcement for Moment, M3

Reguired +Moment -Moment Hinimam

Rebar Rebar Rebar Rebar

Top {+2 RAxis) 27€0.118 a.000 27€0.113 453 .5EE
EBottom 2 Rxis) 1277.511 1277.511 0.000 453568

Shear Reinforcement for Shear, V2

Rebar Shear Shear Shear Shear
Buis Va phitVe phi*Vs Ve
2.571 553.341 27.€13 430.728 20€.034

Reinforcement for Torsiom, T

Rebar Rebar Torsion Critical Area Perimeter
Rt/s AL Tu Phi*Ter ko Th
0.000 0.000 52.154 28250.830 51705.229 1444.400

Figure 9.14. SAP 2000 Major Beam Design Summary for the 1st floor (location 6 m)
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ACT 313-14 BEAM SECTION DESIGN Type:Sway Special Units:

Element
Section ID
Combo ID
Station Loc

Phi {(Bending) -
Fhi {Shear) :

1le4d
AC Beam
CCMBS
0._aao

0_%a0
0._750

Phi(Seis Shear): 0.€00

Phi(Torsion) :

0.750

Design Moments, M3

D=£00._000
ds=0.000
3.725

L=£000_000

Positiwve Hegative

Homent HMoment

45522 .710 -535€5.421

Flexural Reinforcemsnt

Top
Bottom |

is)

Ao
Axis)

Shear Heinforcemsnt Zox

Reinforcement

for Moment, M3

Reguired +HMoment
Rebar Hebar
4593 _58€ 0.00aa
2E7.704 Z00.778
Shear, VI
Shear Shear
Vu phi*Veo
570.853 127 €13

for Torsion, T

Rebkar
At/s
0._aao

Hebar Torsion
21 Tu
0.0o0 145 33

B=300. 000
det=£0.000
£o=0.040
£y=0_517

Special
+Homent
45532710

=Homent
Rebar
405 _ 483
a.0a0

Shear
phi*Vs
443 240

Critical
Fhi*Tcc

28626 _352

EN, om, C (Summary)

£=300_000
dek=e0 000
Lt .Wt. Fac.=1.000
fys=0_.517

Special
—-Homent
—-553€5.421

Hinimum
Rebar
433 _56¢€

2€7.704

Shear
p
231.005
Lrea Derimeter
Lo Fh
517059 _22%5 1444 400

Figure 9.15. SAP 2000 Major Beam Design Summary for the 2nd floor (location 0 m)




L=

Units

ACT 313-14 BEAM SECTION DESIGN Type:Sway Special Units: EN, mm, C (Sumrmary)
Element  1E40 D=g00_000a B=300.000 bEf=300_000
Section ID : RC Beam ds=0.000 dot=€0.000 dck=€0.000
Combo ID : CCMBS E=25.725 f£o=0.040 Lt .Wt. Fac.=1.000
Staticon Loc :© 3000.000 L=e000.000 £y=0.517 fys=0.517
Fhi {Bending) : a.5%00
Fhi (Shear) : 0.750
Phi(Seis Shear): 0.€00
Phii{Torsion) : 0.7580
Design Moments, M3
Positiwve Hegative Special Special
Homent Homent +Homent —Homent
22T714e.078 -174ce4. 408 174ec4. 408 -174ced .40
Flexural Reinforcement for Moment, M3
Required +Homent —Homent Hinimmam
Rebar Hebar Rebkar Rebar
Top Rxis) T1l5.251 0.000 T1l5.281 493 .5¢8¢€
Bottom | Lxis) G945 _827 G545 _827 a._0aoa 493 56
Shear Reinforcement for Shear, V2
Rebkar Shear Shear Shear Shear
Av/s T phi*Ve phi*Vs K=
0.e48 23e.105 1l27.€l3 102,451 231.005
Beinforcement for Torsion, T
Rebkar Rebar Torsion Critical Lrea Derimeter
At/s Al Tu Fhi*Tcr Lo Fh
0,000 0,000 145 383 28€26.952 S1705.22% 1444 400

Figure 9.16. SAP 2000 Major Beam Design Summary for the 2nd floor (location 3 m)



L=

Units

ACT 313-14 BEZM SECTION DESIGHN Type:S5way Special Units: EN, mm, T (Summary)

Element : le4d D=g00.000 B=300.000 £=300.000
Section ID : EC Beam ds=0.00ad det=£0.000 dekb=80_000

Combo ID : COMBS 9.725 fo=0.040 Lt.Wt. Fac.=1.000
Station Loc : €000.000 L=g000.000 £y=0.517 fys=0.517

Phi {Bending) : 0500

Phi (Shear) : a._750

Fhi(Seis Shear): 0.&00

Phi{Torsicn) : 0.7840

Design Moments, M3
Positiwve Hegative Special Special
Homent Homent +Homent -Homent
345328 _.811 -e58€57.822 3459328 _.811 -&£58e57.822

Flexural Reinforcement for Moment, M3

Hegquired +Homent —Homent HMinioomam

Rebar Rebar Rebar Rebar

Top (+2 Rxis) 3234 &€0 a.aaag 3234 _€€0 453 _58€
Bottom | Rxis) l454 512 1454 . 512 ZE5.4593 4593 .5€€

Shear Reinforcement for Shear, V2

Bebar Shear Shear Shear Shear
Rv/s Tu phi*Ve phi*Vs K=
2.708 581.053 127.€l3 453 .440 231.005

Reinforcement for Torsion
2 £ t £ T . T

Rebar Rebar Torsion Critiecal LArea Perimeter
At/s A1 Tu Fhi*Tecr Lo Eh
d.00a0 0,000 1l45.32g3 2B€2E€.952 S51705.22%5 l444 . 400

Figure 9.17. SAP 2000 Major Beam Design Summary for the 2nd floor (location 6 m)



ACI 315-14 BERM SECTICH

Element : ledl
Section ID : EC Beam
Comko ID : COMBS

Station Loc :@ 0.000

Fhi (Bending) - a.500
Fhi (Shear) : a._750
Phi(Seis Shear): 0.€00
Phi(Torsion) : 0.750

Design Momesnts, M3

T

Unitz | KN, mm, C

DESIEN Type:Sway Special Unitcs:

D=£00.000
ds=0.000
E=23.725%

L=e000_000

Positive Negative

HMoment Homent

30403.875 -€0807.751

Flexural Reinforcement for Moment, M3

Top (+2 Zmis)
Bottom | Exis)

Shear Reinforcement for
Hebar
Euwis

2.672

Regquired +Homent
Hebar Hebkar
32€.362 d.00aa
le2 233 121 _&75
Shear, V2
Shear Shear
Tu phi*Ve
57€.22¢ 127.8l13

Reinforcement for Torsion, T

Bebar
BEtis
0.0aa

Bebar Torsicon
A1 Tu
d.40a 180_380

B=300.000
dot=€0.000
£c=0.040
£y=0.517

Special
+Homent
20403_.875

-Homent
Hebkar
244772

a_aaa

Shear
phi*Vs
443 .&6l32

Critical
Fhi*Tecr
Z8433_730

Ell, mm, C (Summary)

bEf=300.000
dckb=g0.000
Lt.Wt. Fac.=1.000
fys=0_517

Special
-Homent
-e0807_751

HMinimum
Hebkar
326.362

162 _233

Shear
E
235.4132
Area Perimeter
Ao Th
51705 _2245 1444 400

Figure 9.18. SAP 2000 Major Beam Design Summary for the 3rd floor (location 0 m)

L



ACT 313-14 BEAM SECTICH DESIGH Type:Sway Special Units:

Element : 1e4l
Section ID : RC Ee
Combo ID - CCMBS
Station Loc @ 3000,
Phi {Bending) : [u]
Fhi (Shear) - a
Lhi{Seis Sheax): 0
Phi (Torsion) : a

Design Moments, M3

am

aaa

S50
.750
.00

_750

D=g00 000
ds=0.000

L=g000 _000

Positiwve
Homent

Wegatiwve
Homent

227057 .654 -184452 035

Flexural Reinforcement

{+2 Axis)
2 Axis)

Top
Bottom |

Shear Reinfocrcement
Rebar
Awv/s
0_.7le

for

for Moment,

Hegquired

Rebar
TEl.343
545 441

Shear, V2

Shear
WVu

47 543

(8]

HEeinforcement for Torsion, T

Rebar
RAt/s
0,000

Rebar
Ll
0,000

M2
+Homent
Rebar
0.000
445441

Shear
phi*Ve
127 _€gl3

Torsion
Tu
130,380

L

B=300.000
dct=60.000
fo=0.040
£y=0.517

Special
+Homent
154458 035

-Homent
Hebar
Tel.343
0.0aa

Shear
phi*Vs
115 ._534

Critical
Phi*Tecr
28483.7%90

EM, mm, C (Summary)

b£f=300.000
deb=€0.000
Lt _Wt. Fac.=1_000
fys=0.517

Special
=Moment
-134458 035

Minimum

Hekbar
4593 _5€¢€
453 _5€€

Shear
Vg
235_413

LArea Perimeter
Lo Eh
S51705.22%9 1444 .400

Figure 9.19. SAP 2000 Major Beam Design Summary for the 3rd floor (location 3 m)




L=

Unitz |

ACI 3138-14 BEAM SECTION DESIGH Type:Sway Special Units: EN, mm, C (Summary)
Element 14l C=g00_000 B=300_000 £=300_000
Section ID EC Beam ds=0.000 deot=c0.000 deh=c0.000
Combo ID COoMBES E=29.725 fo=0.040 Lt.Wt. Fac.=1.000
Station Loc €000 .000 L=g00d.0aa £y=0_.517 fys=0_517
Phi (Eending) : 0.800
Phi (Shear) : a.750
FPhi{Seis Shear): 0.g00
Phi(Torsion) : 0.750
Design Moments, M3
Positiwve Negative Special Special
Homent Homent +Homent -Homent
3IE255€.071 -737552.141 2€859€.071 -T7375952.141
Flexural Beinforcement for Homent, M3
Required +Homent —Homent Hinimam
Rebar Rebar Rebar Hebar
Top (+2 Rxis) 3410.740 a.aaa 3410740 453 _5E€
Bottom (-2 Axis) l52e€.403 l52e.403 S00.0%€ 4593 .5€€
Shear Beinforcement for Shear, VI
Hekbar Shear Shear Shear Shear
Ev/s wu phi*Ve phi*Vs Ve
2.775 552 _45¢ 27.€13 454 883 235.413
Reinforcement for Torsion, T
Rebar BEebar Torsion Critical Lrea Perimeter
Etis 2l Tu Fhi*Tcr 2o Fh
0.00o0 0,000 lao.280 224232.750 S51705.2239 1444 400

Figure 9.20. SAP 2000 Major Beam Design Summary for the 3rd floor (location 6 m)



ACT 313-14 BEAM SECTION

Element » ledl
Section ID : RC Beam
Combo ID : COMBES
Station Loc - 0.000
Fhi (Bending) : Q.500
Ihi(Shearc) : 0.750
Phi {Seis Shear): O_.&00
FPhi {(Torsion) : a.750

Design Moments, M2

Flexural Reinforcement

Shear Reinforcement for
Rebkar
Av/s

2_677

Reinforcement for Torsi
Rebar
At/s
a.aaag

=

DESIGHN Type:Sway Special Units:

D=&00_000
ful]
E=23.725

L=&£000 000

Positiwve Megative
Homent Homent
3052.027 -4€l84.0532

for Moment, M3

Reguired +Moment
Rebar Hebar
247.178 0.000
123 .047 52 .285
Shear, V2
Shear Shear
Vu phi*Ve
57€.04¢ 27 _€13
on, T
Hebar Torsicon
21
0.0a00 Z0E.€25

B=300.000
dct=£€0.000
£o=0.040
£y=0.517

Special
+Homent
23052027

—Homent
Rebkar
1235.284
a._0aoa

Shear
phi*Vs
445 432

Critical
Phi*Tcr

283€0_757

EM, mm, C (Summary)

£=300_000
declk=e0 000
Lt.Wt. Fac.=1.000
£ys=0.517

Special
-Homent
—4cl94 053

Hinimum

Rebar
247.178
123047

Shear
e
242 .15¢

Lrea Derimeter
Lo Eh
51705 225 1444 400

Figure 9.21. SAP 2000 Major Beam Design Summary for the 4th floor (location 0 m)




L=

ACT 313-14 BERM SECTION DESIGN Type:Sway Special Units: EN, om, T (Summary)

Elemsnt o led2 D=€00. 000 B=3200.000 bE=300.000
Section ID : RC Beam ds=0_000 det=80 000 deb=e0_000
Combo ID : CCMBS E=25_725 fo=0.040 Lt .Wt. Fac.=1_000
Station Leoc @ 3000.000 L=€000.000 fy=0.517 fys=0.517
Fhi {Bending) : a.500
FPhi (Shear) : a.750
Phi(Seis Shear): 0.&00
Phi {Torsion) : a._750
Design Moments, M3

Positive Negatiwve Special Special

Homent Homent +HMoment -Homent

226352 .501 -188151.53€ 185151 .53€ -188151.53¢

Flexural Reinforcement for Moment, M3

Required +Homent —“Homent Hinimmam

Rebar Rebkar Hebar Hebar

Top 777184 0._aao TIT .14 493 56
Bottom | 445113 545.113 0.0aa 433 _56¢€

Shear Eeinfocrcement for Shear, VI

Bebar Shear Shear Shear Shear
Rv/s Tu phi*Ve phi*Vs K=
0.750 253.2594 27.€13 l25.881 242 .19¢

Reinforcement for Torsion, T

Rebkar Rebar Torsion Critical Lrea Derimeter
At/fs 21 Tu Phi*Tecr Lo Fh
d._aaa 0.0aa 20€_.€25 Z832€0.757 51705 225 1444 400

Figure 9.22. SAP 2000 Major Beam Design Summary for the 4th floor (location 3 m)



T

Units [, mm, € |

ACT 313-14 BEAM SECTICH DESIGN Type:Sway Special Units: EN, mm, C (Summary)

Elemsnt : ledz C=g00.000 B=300.000 £=300.000
Section ID : RC Beam =0_000 det=80_000 delb=&0_000
Combo ID : COMBS .725 fo=0.040 Lt.Wt. Fac.=1.000
Station Loc @ €000.000 L=g000.000 £y=0.517 fys=0_517
Fhi (Bending) : a._500
Phi (Shear) : 0,750
Phi (Seis Shear): O0_€00
Phi (Torsion) : 0,750
Design Moments, M3
Positive Hegative Special Special
Moment Moment +HMoment -Moment
3T7€323.072 -T7527€€.145 3T7€323.072 -T7527€€.145

Flexural Reinforcement for Moment, M3

Reguired +Homent -Homent Minimmim

Rebar Rebar Rebar Rebar

Top Rmis) 347€.875 a.3J0a 347€.875 493 566
Eottom Rxis) lez21l.007 lez21l.007 taa.212 493 .5¢€¢€

Shear Reinforcement for Shear, VI

Rebar Shear Shear Shear Shear
/s Tu phi*Ve phi*Vs k=]
2.80% 5958.243 127 .€13 4708239 242 19

Reinforcement for Torsion
= £ t £ T . T

Rebar Rebar Torsion Critical Lrea Derimeter
Et/s Bl Tu Phi*Tcr Eo Fh
0,000 0,000 20E. €25 283e0.757 51705.223 l444 . 400

Figure 9.23. SAP 2000 Major Beam Design Summary for the 4th floor (location 6 m)



ACI 212-14 BERM SECTION

Element : le4dz
Secticn ID :© RC Beam
Combo ID - COMBS

Station Loc - 0.000

Phi (Bending) : 0.500
Ehi {Shear) : a._780
FPhi(Seis Shear): 0_.&00
Phi(Torsion) : 0,750

Design Moments, M3

DESIGN Type:Sway Special Units:

D=&£00.000
ds=0.000

= 5
L=£000_.000
Positive Hegatiwve
Homent Homent

23694 .833 -4738%_2€¢

Flexural Reinforcement for Moment, M3

Top (42 Rxis)
Bottom (-2 Rxis)

Shear ReinfIcrcement fox
Rebar
Biris
2.€45

Reinforcement for Torsion
= £ t £ T . T

Hebar
Rt/s
0.000

Regquired +Homent
Hebar Hebar
253 .€387 0.04aa
2ZE. 54,704
Shear, VI
Shear Shear
Tu phi*Ve
571l.4€4 127.€l3
Hebar Torsion
Rl Tu
0.000 228.237

U=

B=300.000
dot=£€0.000
fo=0.040
£y=0.517

Special
+Homent
23694 ._633

—Homent
Hebar
150_2€5
0.000

Shear
phi*¥s
443,851

Critical
Phi*Tecr

28473827

EN, mm, C (Summary)

£=300.000
dclk=e0.000
Lt.Wt. Fac.=1_000
£ys=0_517

Special
—Homent
-47389.26¢

Hinipum
Hebar
253 .87

26.

Shear
Vp
240.02€

Lrea Perimeter
Lo Fh
§1705%.22% 1444400

Figure 9.24. SAP 2000 Major Beam Design Summary for the 5th floor (location 0 m)




ACTI 213-14 BERM SECTION DESIGH

Element
Section ID
Combo ID
Station Loc

Phi {Bending) :
Phi {Shear) -

Phi{Seis Shear): 0

Phi({Torsion) :

Design HMoments,

Flexural Reint

Top (+2
Bottom (-

Shear Reinfocrcement

Reinforcemsnt

Figure 9.25. SAP 2000 Major Beam Design Summary for the 5th floor (location 3 m)

Type:Sway Special

led3 D=€00.000
A2C Beam ds=0_000
COMBS E=25_725
3000 .000 L=e000_000
0.500
0.750
-&00
0.750
M3
Positive Megative
Homent Moment
227090.157 -18783€.405
crocement for Moment, M2
Regquired +Homent
Rebar Hebar
Exis) 775,855 o.ooo0
Exis) 545,523 545.583
for Shear, VI
Hebar Shear Shear
Lv/s Tu phi*Ve
0.7582 253.53¢ 127.€l3
for Torsion, T
Hebar Rebar Torsion
At/s AL Tu
0.000 a.00aa zzg2.237

L=

B=300.000
det=€0.000
fo=0_040
£y=0_517

Special
+Homent
1237283€.405

—Homent
Rebar
775.85%9
d.00a

Shear
phi*Vs
125.5922

Critical
Phi*Tcx

28473 .627

Units:

EM, om, C |

£=3200.00
delk=80_00
Lt Wt. Fa
£fys=0.517

Special
=Homent
-1l8783€.405

HMinimum

Hebar
453 .5¢6¢€
453 .5¢6¢€

S1705.225

Summary)

a
a
c.=1_000

Perimeter
Fh
1444 400




T

ACT 218-14 BEAM SECTION DESIGHN Type:Sway Special Units: EN, mm, T (Summary)

Element : 1e43 C=£00.000 B=300.000 £=300.000
Section ID : EC Beam .0oa det=£0.000 dek=€0.000
Comko ID : COMBES E=29.725 fo=0.040 Lt .Wt. Fac.=1.000
Station Loc :@ €000.000 L=€000.000 £y=0_5817 fys=0.517
Phi (Bending) : a.500
Lhi(Shear) : 0.750
Phi{Seis Shear): 0O_&00
Phi (Torsion) - a.750
Design Moments, M3
Positive Negatiwve Special Special
Homent Homent +HMoment -Homent
375€72.810 -751345.&20 T5E7Z.810 -751345.€20

Flexural Reinforcement for Moment, M3

Regquired +Moment -Moment Miniooam

Rebar Rebkar Hebar Rebar

Top (+2 Rxis) 3470.51¢ 0.oo0 2470.51¢ 493 .5¢8¢€
Bottom { Bxis) 1817 .&€74 1el7.e74 575 ._740 493 56

Shear HEeinforcement for Shear, VI

Rebkar Shear Shear Shear Shear
hvfs Vu phi*Ve phi*Vs Ve
2_210 555 _434 27 €13 470.871 240.02¢

Reinforcement for Torsion, T

Rebar Hebar Torsion Critical Lrea Derimeter
Et/s 21 Tu Phi*Tcx Eo Eh
a.0aa 0.00aa 228.237 283473 .€27 891705.22%5 1444 400

Figure 9.26. SAP 2000 Major Beam Design Summary for the 5th floor (location 6 m)



=

ACT 3212-14 BEAM SECTICHN DESIGN Type:Sway Special Units:

Element : le44 D=g00 . 000
Section ID : BC Beam ds=0_000
Combo ID : CCHMBS .725
Station Loc : 0.000 L=€000 0300
Phi (Bending) : a.500

Fhi (Shear) : a.750

Fhii{Seis Shear): 0.€00

Phi (Torsion) : 0.750

Design Moments, M3
Positiwe Hegative
Homent Homent
25€51.881 -59303.7&2

Flexural Reinforcement for Moment, M3

Heguired +Moment

Bebar Rebar

Top (+2 RZmis) 318.1%538 a_0ao
Bottom (-2 Zxis) 158.1%538 11% .48

Shear Reinforcement for Shear, V2

Bebar Shear Shear
Rwis W phi*Vec
z2.€0l 583.437 1z7.€l3

Reinforcement for Torsiom, T

Hebar Hebar Torsion
REt/s 1 Tu
d.00a 0.000 245.783

B=300.000
det=60.000
fo=0_040
£y=0.517

Special
+Homent
29e51.281

=Homent
Rebar
2358 .48
a._aaa

Shear
phi*Vs
435.524

Critical
Fhi*Tcr

28348.557

EN, mm, T (Summary)

£=300.000
deb=e0 000
Lt Wt. Fac.=1.000
fys=0_517

Special
-Homent
-55303_76Z

HMinimum

Bebar
318 _15%
158 _15%

Shear
e
Z34_2€0

RArea Derimeter
Ao EFh
§170%.22%9 1444400

Figure 9.27. SAP 2000 Major Beam Design Summary for the 6th floor (location 0 m)




ACI 318-14 BEAM SECTICN DESIGN

Element : ledd
Section ID : BC Beam
Combo ID : COMBS

Station Loc @ 3000.000

Phi
Fhi
Phi
Fhi

{Bending) - a.500
(Shear): 0.750
{Seis Sheax): O0.g00
{Torsion) : 0.750

Design Moments, M3

Flexural Reinforcement

Top
Bottom

{(+2 Axis)
(-2 RAxis)

Shear Heinforcement fox

Hebar
Bwis
0.731

Beinforcement for Torsi

Rebar
Et/s
0,000

Figure 9.28. SAP 2000 Major Beam Design Summary for the 6th floor (location 3 m)

D=£00.000
ds=0.000

E=25.725

L=c000.000

Dositive
Moment

Hegative
Moment

T372.536 -184716.352

for Moment,

Regquired
Rebar
TE2.275

S4c.21%2

Shear, VI
Shear
Vu
Z50.03Z2

on, T
Rebar
21
a.000

M3
+Homent
Rebar
a.0aad
S4g.218

Shear
phi*Ve
127.€13

Torsion
Tu

LS

Type:Sway Special Units:

B=300.000
doct=£0.000
£o=0.040
£y=0.517

Special
+Moment
1l2471e.3592

—-Homent
Rebar
T62_275

0.000

Shear
phi*Vs
12z .418

Critical
Phi*Tecr

22348 .557

Ell, mm, C (Summary)

£=300.000
dch=e0.000
Lt Wt. Fac.=1_000
£ys=0.517

Special
-Moment
—-1l2471€.352

Hinimuam

Rebar
453 _5E€
4593 .5€€

Shear
Ve
234.2€0

Lrea Derimeter
Lo Eh
1705 225 1444400




LCI 312-14 BERM SECTICH

Element : ledd
Section ID : EC Beam
Comko ID : COMBS

Station Loc : €000.000

Fhi (Bending) - a.500
Phi(Shear): 0.750
PFhi (Seis Shear): 0.€00
Phi {Torsion) : a._750

Design Moments, M3

DESIGN Type:Sway Special Units:

D=£00.000
-00o
E=23.725%

L=e000_000

Positive Hegative

Homent Homent

3E59432.783 -738385.56¢

Flexural Beinforcement for Moment, M3

Top (+2 RExis)
Bottom | Exis)

Shear Reinforcement for
Hebar
Lvis
2.790

Required +Homent
Rebar Rebkar
2414 €50 d.00a
1588 44¢ 1588 _44¢
Shear, V2
Shear Shear
Tu phi*Ve
554 .580 127.813

Reinforcement for Torsion
= £ t £ T . T

Hebar
Lt/s
0.000

Bebar Torsion
A1 Tu
0.00a 245.753

T

B=300.000
dot=60.000
£c=0.040
£y=0.517

Special
+Homent

mm, C (Summary)
£=300.000
dck=g0.000
Lt.Wt. Fac.=1.000
fys=0_517

Special
-Homent

3E5432.783 -T7328€5.56¢

-HMoment

Rebkar
3414 .50
505 _305

Shear
phi*Vs
467367

Critical
Fhi*Tecx

ZB34€.557

Minimum

Rebkar
453 _.5€¢€
453 _5ce

Shear
vp
234.2€0

Rrea Perimeter
Ao Fh
§170%.225 l444 . 400

Figure 9.29. SAP 2000 Major Beam Design Summary for the 6th floor (location 6 m)




ACI 213-14 BERM SECTICH

Element li4ds
Section ID 2C Ee
Combo ID CCMBS
Station Loc a.0aag
Fhi (Eending) : a.
Phi {Sheax) : a.
FPhi{Seis Shear): 0.
Phi (Torsion) : a.

Design Moments, M3

am

S00
750
€0a

750

38384.3921

Positive

DESIGN Type:Sway Special

C=g00.000
ds=0.000
9_725

L=6000_000

Negative
Homent
-7€729.842

Homent

Flexural Beinforcement for Moment, M3
Regquired +Homent
Hebar Hebar
Top (+2 Rxis) 4130594 a.aaa
Eottom (-2 Rxis) 205.023 153.7€7
Shear HEeinforcement for Shear, VI
Rebar Shear Shear
Bvis Tu phi*Ve
2.554 555.543 127.€l3
Reinforcement for Torsion, T
Rebar Hebar Torsion
At/s Rl Tu
0,000 0.000 253.803

e

Units:

B=300.000

£o=0.040
£y=0.517

Special
+Homent
383€4.921

-HMoment
Hebar
30%_320
d.000

Shear
phi*Vs
427.93€

Critiecal
Ehi*Tece
2849%_352

EM, mm, C (Summary)
£=300.000
dclk=e0.000
Lt.Wt. Fac.=1_000
fys=0_517

Special
—-Homent

-TE725.842

Hinimuam

Hebar
413 .0%4
Z05.0Z23

Shear
Vp
2zg.1le2

Perimeter
Fh
1444400

Lrea
Lo
9170%5.229

Figure 9.30. SAP 2000 Major Beam Design Summary for the 7th floor (location 0 m)




LCT 318-14 BEAM SECTICN DESIGN Type:Sway Special Units:
Element leds D=&00._000 B=300_000
Section ID EC Beam ds=0.000 deot=&0.000
Combo ID COMBS E=2%9_.725 fo=0.040
Station Loc 3000000 L=g000.000 £y=0.517
Phi (Bending) : 0.300
Phi (Shear) : 0.750
Fhi(Seis Shear): 0.€00
Phi ({Torsion) : a.750
Design Moments, M3
Positiwve Negatiwve Special
Homent Homent +Homent
227782 .88 —-1801le4.385%7 1801c4._357
Flexural Reinforcement for MHoment, M3
Regquired +Homent —Homent
Rebar Rebar Rebar
Top Luis) T742.751 0.000 T742.751
Bottom 2 RBxis) G943 521 G943 521 0.aad
Shear Reinforcement for Shear, V2
Rebar Shear Shear Shear
hvSs Vu phi*Ve phi*Vs
0.708 245.735 127.€13 lla.1z2
Reinforcement for Torsion, T
Rebar Rebar Torsion Critical
At/ s Rl Tu FPhi*Tcr
0.aad 0.aad 253 .8203 28455 _352

=

mm,

-

£=300.
dck=g0.

Lt Wt

Units | N, mm, C

{Summary)

aaag
aoa
Fac.=1_000

£ys=0.517

Special
-HMoment
—-1801le4_ 357

Hinimuam

Rebar
453 .56¢€
453 566

Shear
p
ZZ8.1les

Area
Lo
51705 _22%

Perimeter
Fh
1444 400

Figure 9.31. SAP 2000 Major Beam Design Summary for the 7th floor (location 3 m)



ACI 313-14 BERM SECTICN

DESIGHN Type:Sway Special

Element le4s C=&00_000
Section ID EC Beam ds=0.000
Combo ID COMBS E=2%2.725
Station Loc €300.004a L=£300.000
Fhi (Eending) : 0.500
Ihi(Shear) : 0.750
Phi {Seis Shear): 0_&€00
Phi{Torsion) : 0.750
Design Moments, M3
Positiwve Wegatiwve
Homent Homent

Flexural Beinforcemsnt for MHoment,

Bxis)
Exis)

Top
Eottom |

Shear Reinficrcement
Rebar
Biris

2.764

Reinforcement
Hebar

Lt/s

0.000

3€0325.734 —-T2Z0E55.587

Required

Hebar
3333.1581
1545.375

for Shear,
Shear
Tu
550,24

for Torsiom, T

Rebar
2l
0._0ao

vz

M3
+Homent
Rebar
a._aao
1545.375

Shear
phi*Ve
127.€13

Torsion
Tu
253 _8303

L=

Units: EN, mm, C {(Summary)
B=300_000 bf=300_.000
dot=&0.000 declk=€0.000
fo=0.040 Lt.Wt. Fac.=1.000
fy=0_517 fys=0_517

Special Special
+Homent —Homent
3e0325.7%4 -T720€559.587
-Homent Hinimuam
Hebar Rebar
3333.181 4533 _5€€
356.71%5 433 .5€¢
Shear Shear
phi*Vs k)=
483.071 2z8.1e8
Critical LArea Perimeter
Phi*Tcr Fh
28455 _352 1444 400

Figure 9.32. SAP 2000 Major Beam Design Summary for the 7th floor (location 6 m)




ACI 213-14 BERM SECTION
Element lede
Section ID EC Beam
Combo ID CCOMBS
Station Loc a.0aa

Phi (Bending) : 0.500
Ehi {Shear) : a._780
Phi (Seis Shear): 0.&00
Phi (Torsion): 0.7580

Design Moments, M3

53175.212

Flexural Reinforcement

-10g352 _423

for Moment, M2

Regquired +Moment
Hebar Hebar
Top (+2 Rxis) 453 .5€€ 0.000
Bottom (-2 Rxis) 284 5355 213 .74%5
Shear Reinforcement for Shear, VI
Hebar Shear Shear
Bvis Tu phi*Ve
2.508 547.423 127 .€l3
Reinforcement for Torsion, T
Bebar Hebar Torsion
Lt/s Rl Tu
0.000 0.000 304,008

L=

DESIEN Type:Sway Special TUnits:
C=&00_000 B=300_000
ds=0.000 dot=€0.000
E=2%.725 fo=0.040
L=£000 0300 fy=0_517

Positive Hegative Special
Homent Homent +Homent

53178.212

-Moment
Rebar
431 .5e82
0.0aa

Shear
phi*Vs
415.810

Critiecal
Phi*Tecr
28435 .300

mm, T (Summary)
b£f=300_.000
delk=€0.000
Lt.Wt. Fac.=1.000
fys=0_517

Special
-Homent

-10s352 _423

Minimam

Rebar
4593 .5€E
2345595

Shear
Ve
Zl5.5€4

Lrea Perimeter
Lo Eh
§170%.229 1444400

Figure 9.33. SAP 2000 Major Beam Design Summary for the 8th floor (location 0 m)




ACI 318-14 BE2ZM SECTICN DESIGN Type:Sway Special Units:

Element : le4de
Section ID : RC Be
Combo ID : COMBS
Station Loc @ 3000,
Phi {Bending) : a.
Phi {Shear) : a.
FPhi{Seis Shear): 0.
Phi ({Torsion) : a.

Design Moments, M3

am

Qoo

500
750
€00

750

D=&00 000
ds=0.000

9.

725

L=c£000.000

Dositiwve
Moment

Hegative
Moment

222948.353 -172215.018

Flexural Reinforcement

EBxis)
(-2 Rxis)

Top
Bottom

Shear Heinforcement
Rebar
Zvis
0.€51

for

for Moment,

Required

Rebar
708 .845
553.2€3

Shear, V2
Shear
Tu

238.853

Reinforcement for Torsion, T

Rebar
At/s
a.aao

Figure 9.34. SAP 2000 Major Beam Design Summary for the 8th floor (location 3 m)

Rebar
1l
a.aao

M3
+Moment
Rebar
0.000a
553.2€3

Shear
phi*Ve
127.813

Torsion
Tu
304 _00&

L=

B=300.000
dct=60.000
£o=0.040
£y=0.517

Special
+Moment
1l72215.018

-Moment
Rebar
708 .845
0.000

Shear
phi*Vs
10%.03%

Critical
Phi*Tecr
258489 _300

FEM, mm, C

£=300.
dck=g0.

Lt Wt

{Surmary)

aaag
aoa
Fac.=1_000

£ys=0.517

Special
-Moment
ls5.0l8

Minimam

Rebar
4593 _58€
453 .5€¢€

Shear
Vg
215.5&64

Lrea
Lo
51705 225

Perimeter
EFh
1444 400




ACTI 213-14 BERM SECTICH

Element lede

Section ID EC Beam
Combo ID COMBS

Station Loc €000.000
Phi {Bending) : 0._.500
Thi (Shear) : d.750
FPhi{Seis Shear): O0.€00
Phi (Torsion): 0.750

Design Moments, M3

344430 _ 03¢

-Ee828€0._072

Flexural Reinforcement for Moment, M3

Shear Reinforcement

Top
Bottom |

{+2 RAxis)
Exis)

1472 _2Z&5

Required +Homent
Hebkar Rebkar
3150.202 a.0a0

1472 265

for Shear, V2

Hebar Shear Shear

Rwfs Tu phi*Ve

2.710 S2l.e0l 127.€l3
REeinforcement for Torsion, T

Rebar Bebar Torsion

Etis A1 Tu

0.00aa a.0aa 304 _00€

L=

DESIGHN Type:Sway Special Units:
C=e00.000 B=300.000
ds=0.000 det=€0.000

9.725 fo=0.040

L=e000.000 Ly=0.517
Fositive Negative Special
HMoment Homent +HMoment

344430.03€

—-Homent

Rebar
31l50.802
207 .0588

Shear
phi*Vs
453 .588

Critical
Phi*Ter
28485300

EXN, om, C (Summary)
£=300.000
deb=€0.000
Lt .Wt. Fac.=1.000

fys=0_517

Special
-Moment

-e888€0._072

HMinimum

Hebkar
4593 _5€¢
453 _5ce

Shear
p
Z15.564

LArea Perimeter
Lo Eh
5170%5.22%5 1444 400

Figure 9.35. SAP 2000 Major Beam Design Summary for the 8th floor (location 6 m)




LS

ACT 212-14 BEZM SECTION DESIGN Type:Sway Special Units: EN, mm, T (Summary)
Element 1&47 D=g00 000 B=300_000 £=300.000
Section ID A0 Beam ds=0.000 det=£0.000 dek=80.000
Comko ID CoMBS . fo=0.040 Lt.Wt. Fac.=1.000
Station Loc 0.aoo0 L=g000. 000 £y=0.517 fys=0.517
Chi (Bending) : 0.500
Fhi (Shear) : 0.750
FPhi{Seis Shear): O0.&00
Phi (Torsion): 0.750
Design Moments, M3
Positiwve Negatiwve Special Special
Homent Homent +Homent -Homent
T2531.€42 -1458€3.224 T25931.€42 -1458963.224
Flexural EReinforcement for Moment, H2
Reguired +Moment -Moment HMinipmam
Rebar Rebkar Rebkar Rebar
Top Rxis) 557.141 a.aaag 557.141 4593 _56€
Bottom | Rxis) 3592.355 2594 .Zce 0,000 3592.355
Shear Reinforcement for Shear, VI
Rebar Shear Shear Shear Shear
A= T phi*Ve phi*Vs e
2.451 532.255 127.€l3 410 .c4e 202.452
Reinforcement for Torsion, T
Rebar Rebar Torsion Critical Area Perimeter
At/fs p-ul Tu Phi*Ter Lo Th
a.aaa a.aaag 338.918 28555.1€7 51705225 1444 400

Figure 9.36. SAP 2000 Major Beam Design Summary for the 9th floor (location 0 m)



ACI 2315-14 BERM SECTION DESIGN Type:Sway Special

Element o led7
Secticn ID :© RC Be
Combo ID : COMBES
Station Loc : 3000.
Phi {(Bending) - a.
Ehi{Shear) : a.
Phi{Seis Shear): 0.
Phi(Torsion) : a.
Design Moments, M3

am

aaa

500
750
€00

750

231037 .¢64¢

Positiwve

D=£00._000
ds=0.000
E=23.725

L=&£000 000

Hegative
HMoment
—-lelz44.15¢

Homent

Flexural Heinforcement for Moment, M3
Heguired +Homent
Rebar Rebar
Top Ruis) €2 .183 0.0aa
Bottom | Axis) SEZ.83¢ SEZ.83¢
Shear Reinforcement for Shear, VI
Rebkar Shear Shear
Av/s Va phi*Vec
a.573 2Z23.554 27 _€13
Beinforcement for Torsion, T
Rebkar Rebar Torsion
At/s Rl Tu
a.0a0 0.000 338.51%

=

Units

B=300.000
doct=£0.000
£o=0.040
£y=0.517

Special
+Homent
lelZd4 . 15¢

=Homent
Rebar
EE2_188
a.0aa

Shear
phi*Vs
55_581

Critical
Phi*Tcr

283555.1€7

Units:

mm, C ({(Surmary)
£=300.000
dclk=e0 000
Lt.Wt. Fac.=1.000
£ys=0.517

Special
—-Homent
-l€lz44 15¢

Hinipum

Rebar
453 _58€
4593 _58€

Shear
e
208452

Derimeter
Fh
1444 400

Lrea
Lo
S1705.22%5

Figure 9.37. SAP 2000 Major Beam Design Summary for the 9th floor (location 3 m)




U=

ACT 315-14 BERM SECTION DESIGHN Type:Sway Special Units: EN, mm, C (Summary)

Element : le47 C=g00.000 E=300.000 £=300.000
Section ID : EC Beam ds=0_000ad deot=0_000 deb=80_000

Combo ID : COMBS 5.725 fo=0.040 Lt.Wt. Fac.=1.000
Station Loc @ €000.000 L=g000.000 f£y=0.517 fys=0.517

Phi (Bending) : a.500

Ehi (Shear): 0,750

Phi{Seis Shear): 0.g00

Phi (Torsion) : a._750

Design Moments, M3
Fositive Hegative Special Special
Moment Moment +Moment -Moment
322488 .312 -€4457€.€24 32E438.312 -€4457c.cZ4

Flexural Reinforcemsnt for Moment, M3

Reguired +Homent -Moment Miniouam

Hebar Rebar Rebar Rebar

Top (+2 Rxis) 2524 550 0.o00 25924 550 453 .5¢8¢€
Bottom (-2 Rxis) 1371 .507 1371 .5407 0.000a 493 586

Shear Reinforcement for Shear, VI

Hebar Shear Shear Shear Shear
Lorfs Tu phi*Ve phi*Vs Ve
2_.€32 588 .542 127 €13 440.525 208._452

HEeinforcement for Torsion, T

Rebar Rebar Torsion Critical Area Perimeter
Etis 21 Tu FPhi*Tecr 2o Fh
0.000 0.000 338.518 28555.1&7 S51705.225 l444 . 400

Figure 9.38. SAP 2000 Major Beam Design Summary for the 9th floor (location 6 m)



ACT 313-14 BEAM SECTIOCN DESIGN Type:Sway Special Units:

Element leds D=&€00.000
Section ID AC Beam ds=0.000
Combo ID CCMBS E=2%_725
Station Loc a._0ao0 L=£000_000
Phi (Bending) : 0.500
Lhi(Shear) : 0.750
Phi(Seis Shear): 0.&00
Phi ({Torsion) : 0.750
Design Moments, M3
Positiwve Hegative
Homent MHoment
987592 _273 -15975584 547
Flexural BReinforcement for Moment, M3
Regquired +Homent
Hebar Hebar
Top {+2 Axis) 817.584 0.000
Bottom (-2 Axis) 453 _5€¢€ 400.€38
Shear Reinforcement for Shear, V2
Rekar Shear Shear
Lv/s Vu phi*Vc
2.378 5Ze.112 27.813
Beinforcement for Torsion, T
Rekar Rekar Torsion
At/s Al Tu
a.000 0.0ao0 351.11%7

Figure 9.39. SAP 2000 Major Beam Design Summary for the 10th floor (location 0 m)

L=

B=300.000
dot=€0.000
£o=0.040
£y=0.517

Special
+Homent
98792273

—Homent
Hebar
217.584
a.0ao0

Shear
phi*Vs
358 ._45%5

Critical
Phi*Tcr
28€le.078

EM, mm, C

£=300.000
dclk=e0 000
Lt . Wt .
£fys=0.517

Fac

Special
=Homent

-157584 547

HMinimuam

Rebar
453 .5¢6¢€
453 _5€€

Shear
p
151 ._%518

Lrea
Lo
91705.22%

{Summary)

-=1_000

Derimeter

Fh
1444 .400




L=

ACT 313-14 BEZM SECTICN DESIGH Type:Sway Special Units: EW, mm, C (Summary)

Element : leds C=g00 . 000
Section ID : RC Eeam ds=0.000
Combo ID - COMBS E S5_725
Station Loc : 3000.000 L=e000_000
Phi (Bending) : 0.500

Ihi(Shear) : 0.750

Phi (Seis Shear) : O.€00

Phi (Torsion) : 0.750

Design Moments, M3
Positive
Homent

Hegative

Homent

235060.5%2 —-146302 367

Flexural Reinforcement for Homent,

Regquired

Rebar

Top (+2 Rxis) 558 _.9592
Bottom (-2 Rxis) 920,450

Shear BReinforcement for Shear, V2

Rebar Shear
Evwis Vua
0.442 20z2.e72

Reinforcement for Torsion
= £ t £ T , T

Hebar Rebar
Lt/s 1
0.000 a.00a0

M3

+Homent
Hebar
0.0aa
S80.450

Shear
phi*Ve
127.€l32

Torsion
Tu
351.117

B=300.000
dot=60.000
fo=0.040
£y=0.517

Special
+Homent
14€302 367

-Homent
Rebar
555.552
0.000

Shear
rhi*Vs
75.08%

Critical
Phi*Tcr
zaela . 078

£=300.000
dehk=€0.000
Lt _Wt. Fac.=1.000
fys=0_.517

Special
-HMoment
—-14€302_3€7

Minimum

Bebar
453 _5€€
453 .5€¢€

Shear
Ve
151.5l%

Lrea Perimeter
Lo Eh
S170%.2259 l444 400

Figure 9.40. SAP 2000 Major Beam Design Summary for the 10th floor (location 3 m)




L=

Units

ACT 213-14 BEZM SECTION DESIGN Type:Sway Special Units: EN, mm, T (Summary)

Element : 1le4a C=€00.000 B=300.000 £=300.000
Section ID : EC Beam ds=0.000 det=£0.000 dek=€0.000

Comkbo ID : COMBS 5.725 fo=0.040 Lt.Wt. Fac.=1.000
Station Loc : &000.000 L=g000 000 £fy=0_517 fys=0_517

Phi (Bending) - a.500

Lhi(Sheax) : 0.7580

Phi{Seis Shear): 0O_&00

Phi (Torsion) - a.750

Design Moments, M3
Positive Negatiwve Special Special
Homent Homent +HMoment —Homent
252€04.735 -585205.4€5 252€04.735 -585205.4€5

Flexural Reinforcement for Moment, M3

Required +Moment -Moment HMinimmam

Rebar Rebkar Hebar Rebar

Top {(+2 Axis) 26€0.583 0,000 2ee0. 983 493 .56¢€
Bottom (-2 RAxis) 123€.013 123€.013 0.aaa 4593 _5€€

Shear Eeinforcement for Shear, VI

Rebar Shear Shear Shear Shear
Ev/s Tu phi*Ve phi*Vs i
2.507 547.821 1z7.€l3 420.007 131.5138

REeinforcement for Torsion, T

Rebar Rebar Torsion Critical Area Perimeter
Atis 21 Tu Fhi*Tecr 2o Eh
0.000 0.000 351.117 22elo.o7g S517059.225 1444 400

Figure 9.41. SAP 2000 Major Beam Design Summary for the 10th floor (location 6 m)



LCI 212-14 BERM SECTICH

Element leds
Secticon ID AC Ee
Combo ID COMBS
Station Loc 0.30aa
Phi (Bending) : a.
Ihi(Shear) : a.
Phi (Seis Shear) : 0.
Phi (Torsion) : 0.
Design Moments, M3

Flexural Reinforcemsnt

Top
Bottom

{+2 RAxis)
{—2 RAxis)

Shear Heinficrcement
Rebar
BEwris
2.300

for T
Rebar
Etis
0.000

Heinfcrcement

C=g00 . 000
am ds=0.000
E=25_725
L=e000_000
500
750
€00
750
Positiwve Hegative
Moment Moment

128762 .212

—-259524 424

for Moment, M3
Hegquired +Homent
Rebar Rebar
loas .24 0.00aa
525.45¢ 525.4%9¢
for Shear, VI
Shear Shear
T phi*Ve
513.043 127.€l3
orsiomn, T
Rebar Torsion
Rl Tu
0,000 303.230

=

DESIGH Type:Sway Special Units:

B=300.000
dot=£€0.000
fo=0.040
£y=0.517

Special
+Moment

129762 .212

—Homent
Rebar
10838 _ 24
0,000

Shear
phi*Vs
385,425

Critical
Phi*Tcr
22805.0e3

mm, C (Surmary)
£=300.000
deb=€0.000
Lt.Wt. Fac.=1_000
fys=0_.517

Special
-Moment
—-255524 424

HMinimum

Rebar
453 _5€€
453 .5€¢€

Perimeter
Eh
l444 400

hrea
Bo
S51705.229

Figure 9.42. SAP 2000 Major Beam Design Summary for the 11th floor (location 0 m)




ACT 2158-14 BERM SECTION

Element : leds
Section ID : RC Beam
Comko ID : CCOMES

Station Loc @ 3000.000

Fhi (Bending) - a.500
Fhi ({Shear) : 0.750
Phi (Seis Shear): 0.&00
Phi({Torsion) : 0.750

Design Moments, M3

DESIEN Type:5way Special TUnits:

D=£00_000
ds=0.000
5.725

L=£000 000

Positiwve Negative
Homent Homent

245028 _347 -125833.520

Flexural Reinforcement

2 Buxis)

Top
{-2 Bxis)

Bottom |

for Moment, M3

Reguired +Moment

Rebar Rebar
513.05% a.0aa
1024 233 1024 233

Shear Reinforcement for Shear, V2

Bebar
Lv/s

0.272

Shear Shear
Vu phi*Ve
173.157 127.613

HFeinforcement for Torsiom, T

Hebar
At/s
0.000

Figure 9.43. SAP 2000 Major Beam Design Summary for the 11th floor (location 3 m)

Hebar Torsion
Al Tu
0.000 303.230

U=

B=300.000
dot=60.000
£o=0.040
£y=0.517

Special
+Homent

EM, mm, C

{Summary)

bLEf=300_000
dck=e0.000

Lt.Wc.

Fac.=1.000

£ys=0.517

Special
-Homent

125233 _520 -125833.520

=Homent
Rebar
513.05%5
a.0aa

Shear
phi*Vs
45.584

Critical
Phi*Tcz
28805.083

HMinimmam

Rebar
453 _58€
453 _58€

Lrea
Lo
91705.229

Derimeter
Fh
1444400




U=

Units [N, mm, €

ACTI 313-14 BERM SECTICNHN DESIGN Type:Sway Special Units
Element 1e45 C=g00_000 B=300_000
Section ID REC Beam 0,000 det=c0.000
Combo ID COMBS 2%.725 fo=0.040
Station Loc €000.000 L=g000.000 fy=0.517
Phi (Bending) : 0.500
Fhi (Shear) : a_.750
Fhi (Seis Shear): 0.&00
Phi (Torsion) : a_750
Design Moments, M3
Positive Negative Special
Homent Homent +Homent
251€€7.041 -503334.081 251€€7.041
Flexural Reinforcement for Moment, M3
Hequired +Homent —Homent
Rebar Rebar Rebar
Top Rxis) 2237.502 0,000 2237.502
Bottom 2 RBuis) 1053 .504 1053 .504 a.3J0a
Shear Reinforcement for Shear, VI
Rebar Shear Shear Shear
Bwrfs Tu phi*Ve phi*Vs
2.331 Sla.l4c 127.€13 350.533
REeinforcement for Torsiom, T
Rebar Rebar Torsion Critical
Lt/s Rl Tu Phi*Ter
a.3J0a a.3J0a 303.230 28805_08€3

: EN, mm, C (Summary)
£=300_000
dckh=c0.000
Lt.Wt. Fac.=1.000
fys=0.517

Special
-Homent
-503334.081

HMinimuam

Rebar
493 .5¢€¢€
493 566

Shear
Ve
170. g4

Perimeter
Ih
1444 400

LArea
Ro
51705 _22%9

Figure 9.44. SAP 2000 Major Beam Design Summary for the 11th floor (location 6 m)




am

S00
750
€00

750

ACTI 318-14 BEARM SECTICN
Element lesd
Section ID RC Be
Combo ID COMB5S
Station Loc 0.000
Fhi {Bending) : .
Fhi (Shear) - a.
Phi{Seis Shear): 0.
Phi (Torsion) : .
Design Moments, M3

10

DESIGH Type:Sway Special Units:

C=g00 . 000
ds=0_000
E=25_725

L=£000.000

Positiwve Hegative
Homent Moment
14384 .863 —-Z0Z5€5.7Z25

Flexural Reinforcement for Moment, M3
Hequired +Homent
Rebkar Hebar
Top (+2 Rxis) 940.821 0.3aa
Bottom (-2 hxis) 453 _58€ 411 .77€
Shear Reinforcement for Shear, VI
Rebar Shear Shear
BEwris Vua phi*Ve
l.le2 323 .308 127.€l2
Reinforcement for Torsiom, T
Rebar Rebkar Torsion
Lt/s 1 Tu
0.0aa a.aaag TE.€45

L=

B=300.000
det=60.000
fo=0.040
£y=0.517

Special
+Homent

mm, T (Summary)
£=3200.000
deb=80.000
Lt . Wt. Fac.=1.000
f£ys=0.517

Special
-HMoment

1l01424.8€3 —-2025€5.725

—Homent
Rebar
g40._821
a._0a0

Shear
phi*Vs
1585.€55

Critical
Phi*Tcr
305384 _588

Minimuum

Rebkar
453 _5ce
453 _5€€

Shear
e
53.3c4

Perimeter
Eh
1444 400

Lrea
Lo
51705 225

Figure 9.45. SAP 2000 Major Beam Design Summary for the 12th floor (location 0 m)




ACI 23158-14 BERM SECTION DESIGH

Element 1es0 C=&00.000
Section ID AC Beam ds=0.000
Combo ID COMBS E=2%.728
Station Loc 3000 .000 L=£000.000
Fhi (Bending) : 0.5%00
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Figure 9.46. SAP 2000 Major Beam Design Summary for the 12th floor (location 3 m)
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Figure 9.47. SAP 2000 Major Beam Design Summary for the 12th floor (location 6 m)



Table 9.35. Floor 1 Major Beam Reinforcement Distribution

Major Beam for Floor 1

Variables End Mid End
SAP 2000 Tension Area, mm?2 494 972 1278
Area, in2 0.77 1.51 1.98
SAP 2000 Compression Area, mm?2 862 619 2760
Area, in2 1.34 0.96 4.28
Tension Bars 4#4 248 2#9
Compression Bars S#S 5#4 6#8
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm
Table 9.36. Floor 2 Major Beam Reinforcement Distribution
Major Beam for Floor 2
Variables End Mid End
SAP 2000 Tension Area, mm?2 268 946 1495
Area, in2 0.42 1.47 2.32
SAP 2000 Compression Area, mm?2 494 719 3225
Area, in2 0.77 1.11 5.00
Tension Bars 4#3 248 3#8
Compression Bars 4#4 2#7 5#9
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm
Table 9.37. Floor 3 Major Beam Reinforcement Distribution
Major Beam for Floor 3
Variables End Mid End
SAP 2000 Tension Area, mm?2 162 945 1586
Area, in2 0.25 1.46 2.46
SAP 2000 Compression Area, mm?2 326 761 3411
Area, in2 0.51 1.18 5.29
Tension Bars 3#3 2#8 6#6
Compression Bars 3#4 2#7 T#8
Shear Reinforcement #3at130mm  #3 at 150 mm  #3 at 130 mm




Table 9.38. Floor 5 Major Beam Reinforcement Distribution

Major Beam for Floor 5

Variables End Mid End
SAP 2000 Tension Area, mm?2 126 946 1618
Area, in2 0.20 1.47 2.51
SAP 2000 Compression Area, mm?2 254 776 3471
Area, in2 0.39 1.20 5.38
Tension Bars 2#3 248 3#9
Compression Bars 4#3 4#5 6#9
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm
Table 9.39. Floor 6 Major Beam Reinforcement Distribution
Major Beam for Floor 6
Variables End Mid End
SAP 2000 Tension Area, mm?2 158 947 1588
Area, in2 0.24 1.47 2.46
SAP 2000 Compression Area, mm?2 318 762 3415
Area, in2 0.49 1.18 5.29
Tension Bars 3#3 248 3#9
Compression Bars 3#4 2#7 6#9
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm
Table 9.40. Floor 7 Major Beam Reinforcement Distribution
Major Beam for Floor 7
Variables End Mid End
SAP 2000 Tension Area, mm?2 205 949 1546
Area, in2 0.32 1.47 2.40
SAP 2000 Compression Area, mm?2 413 743 3333
Area, in2 0.64 1.15 5.17
Tension Bars 3#3 2#8 4#7
Compression Bars 4#4 2#7 T#8
Shear Reinforcement #3at130mm  #3 at 150 mm  #3 at 130 mm




Table 9.41. Floor 8 Major Beam Reinforcement Distribution

Major Beam for Floor 8

Variables End Mid End
SAP 2000 Tension Area, mm?2 285 953 1472
Area, in2 0.44 1.48 2.28
SAP 2000 Compression Area, mm?2 494 709 3191
Area, in2 0.77 1.10 4.95
Tension Bars S5#3 2#8 3#8
Compression Bars 4#4 2#7 5#9
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm
Table 9.42. Floor 9 Major Beam Reinforcement Distribution
Major Beam for Floor 9
Variables End Mid End
SAP 2000 Tension Area, mm?2 392 963 1372
Area, in2 0.61 1.49 2.13
SAP 2000 Compression Area, mm?2 597 662 2985
Area, in2 0.93 1.03 4.63
Tension Bars 2#5 2#8 3#8
Compression Bars S5#4 2#7 6#8
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm
Table 9.43. Floor 10 Major Beam Reinforcement Distribution
Major Beam for Floor 10
Variables End Mid End
SAP 2000 Tension Area, mm?2 494 980 1236
Area, in2 0.77 1.52 1.92
SAP 2000 Compression Area, mm?2 818 599 2661
Area, in2 1.27 0.93 4.12
Tension Bars 4#4 2#8 2#9
Compression Bars 3#6 S5#4 6#8
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm




Table 9.44. Floor 11 Major Beam Reinforcement Distribution

Major Beam for Floor 11

Variables End Mid End
SAP 2000 Tension Area, mm?2 529 1024 1054
Area, in2 0.82 1.59 1.63
SAP 2000 Compression Area, mm?2 1088 513 2238
Area, in2 1.69 0.80 3.47
Tension Bars 2#6 4#6 4#6
Compression Bars 4#6 2#6 6#7
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm
Table 9.45. Floor 12 Major Beam Reinforcement Distribution

Major Beam for Floor 12
Variables End Mid End
SAP 2000 Tension Area, mm?2 494 647 1016
Area, in2 0.77 1.00 1.57
SAP 2000 Compression Area, mm?2 841 326 495
Area, in2 1.30 0.51 0.77
Tension Bars 4#4 247 4#6
Compression Bars 3#6 3#4 4#4
Shear Reinforcement #3at 130 mm  #3 at 150 mm  #3 at 130 mm

Table 9.46. Tensile Reinforcement for Left End of Major Beam, location 0 m

Bottom Reinforcement (Tension Bars)
Floor SAP 2000 Area, Area,
mm?2 Area, in2 Bar Size Area, in2 mm?2
1 494 0.77 4#4 0.79 510
2 268 0.42 4#3 0.44 284
3 162 0.25 3#3 0.33 213
4 123 0.19 2#3 0.22 142
5 126 0.20 2#3 0.20 129
6 158 0.24 3#3 0.33 213
7 205 0.32 3#3 0.33 213
8 285 0.44 S#3 0.55 355
9 392 0.61 2#5 0.61 394
10 494 0.77 4#4 0.79 510




11

529

0.82

2#6

0.88

568

12

494

0.77

444

0.79

510

Table 9.47. Compressive Reinforcement for Left End of Major Beam, location 0 m

Top Reinforcement (Compression Bars)

Floor SAP 2000 Area, mm2 | Area, in2 Bar Size Area,in2 | Area, mm?2
1 862 1.34 SH#5 1.53 987
2 494 0.77 4#4 0.79 510
3 326 0.51 3#4 0.59 381
4 247 0.38 2#4 0.39 252
5 254 0.39 443 0.44 284
6 318 0.49 3#4 0.59 381
7 413 0.64 4#4 0.79 510
8 494 0.77 4#4 0.79 510
9 597 0.93 S#4 0.98 632
10 818 1.27 3#6 1.33 858
11 1088 1.69 4#6 1.77 1142
12 841 1.30 3#6 1.33 858

Table 9.48. Tensile Reinforcement for Mid-Span of Major Beam, location 3 m

Bottom Reinforcement (Tension Bars)

Floor SAP 2000 Area, Area,
mm?2 Area, in2 Bar Size Area, in2 mm?2
1 972 1.51 2#8 1.57 1013
2 946 1.47 2#8 1.57 1013
3 945 1.46 2#8 1.57 1013
4 945 1.46 2#8 1.57 1013
5 946 1.47 2#8 1.57 1013
6 947 1.47 2#8 1.57 1013
7 949 1.47 2#8 1.57 1013
8 953 1.48 2#8 1.57 1013
9 963 1.49 2#8 1.57 1013
10 980 1.52 2#8 1.57 1013
11 1024 1.59 4#6 1.77 1142
12 647 1.00 2#7 1.20 774




Table 9.49. Compressive Reinforcement for Mid-Span of Major Beam, location 3 m

Top Reinforcement (Compression Bars)

Floor SAP 2000 Area, mm2 | Area, in2 Bar Size Area, in2 | Area, mm?2
1 619 0.96 5#4 0.98 632
2 719 1.11 2#7 1.20 774
3 761 1.18 2#7 1.20 774
4 777 1.20 4#5 1.23 794
5 776 1.20 4#5 1.23 794
6 762 1.18 2#7 1.20 774
7 743 1.15 2#7 1.20 774
8 709 1.10 2#7 1.20 774
9 662 1.03 2#7 1.20 774
10 599 0.93 S5#4 0.98 632
11 513 0.80 2#6 0.88 568
12 326 0.51 3#4 0.59 381

Table 9.50. Tensile Reinforcement for Right End of Major Beam, location 6 m

Bottom Reinforcement (Tension Bars)

Floor SAP 2000 Area, Area,
mm?2 Area, in2 Bar Size Area, in2 mm?2

1 1278 1.98 2#9 2.00 1290
2 1495 2.32 3#8 2.36 1523
3 1586 2.46 6#6 2.65 1710
4 1621 2.51 3#9 3.00 1936
5 1618 2.51 3#9 3.00 1936
6 1588 2.46 3#9 3.00 1936
7 1546 2.40 4#7 2.41 1555
8 1472 2.28 3#8 2.36 1523
9 1372 2.13 3#8 2.36 1523
10 1236 1.92 2#9 2.00 1290
11 1054 1.63 4#6 1.77 1142
12 1016 1.57 4#6 1.77 1142




Table 9.51. Compressive Reinforcement for Right End of Major Beam, location 6 m

Top Reinforcement (Compression Bars)

Floor SAP 2000 Area, mm2 | Area, in2 Bar Size Area, in2 | Area, mm?2
1 2760 4.28 6#8 4.71 3039
2 3225 5.00 5#9 5.00 3226
3 3411 5.29 TH#8 5.50 3549
4 3477 5.39 6#9 6.00 3871
5 3471 5.38 6#9 6.00 3871
6 3415 5.29 6#9 6.00 3871
7 3333 5.17 TH#8 5.50 3549
8 3191 4.95 5#9 5.00 3226
9 2985 4.63 6#8 4.71 3039
10 2661 4.12 6#8 4.71 3039
11 2238 3.47 6#7 3.61 2329
12 495 0.77 4#4 0.79 510
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