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ABSTRACT

This report aims on the design of a 12-story high-rise residential building located at 6435
Wilshire Boulevard in Los Angeles, California. This region is marked by rapid urban growth and
significant seismic activity. The project responds to increasing housing demands with a
multidisciplinary design strategy that integrates architectural planning, structural analysis,
geotechnical investigation, environmental engineering (drainage system), and construction
management. The building includes 12 residential levels with one basement level with a total 82
residential units. The structural and geotechnical components were developed in compliance with
IBC, ASCE, and local Los Angeles building codes, ensuring the structure can withstand lateral
forces from both wind and earthquakes. Site-specific soil properties were evaluated using
advanced tools such as PLAXIS and Geo5 to perform liquefaction analysis, site response
modeling, and an adequate foundation design. Furthermore, sustainability goals guided the
implementation of LEED-compliant features focused on water efficiency, energy performance,
and environmental impact mitigation. The project also includes a detailed construction
management plan, encompassing cost estimation, scheduling, risk assessment, and safety

strategies, with the completion target set for 2026.

Keywords: high-rise building, Wilshire Boulevard, sustainable design, seismic design, structural

engineering, foundation analysis, LEED, project planning.
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1. Introduction

This project aims to design a 12-storey high-rise residential building in Los Angeles city.
The report will show the step-by-step development, as well as considerations of risks, loads and
design specifications. The exact address of the site, where the building will be located is 6435
Wilshire Blvd, Los Angeles, California, USA. The building is located in a strong wind, high
seismic area that needs to be considered in the design of the building, especially its structural
part. Gravity and lateral loads, including dead, live, snow, wind, and seismic loads, will be
assessed by the structural analysis. Additionally, the design seeks to comply with sustainability
guidelines set forth by Leadership in Energy and Environmental Design (LEED). Furthermore,
considering the seismic characteristics, the foundation design should be appropriately designed
from the geotechnical part. Therefore, the study will evaluate different foundation types from a
geotechnical standpoint in order to determine which is best for a 12-storey residential project. In
addition, the water sewage system will be covered in the environmental part, offering suitable
and effective stormwater and drainage systems. A detailed project schedule will be set up, and
the scope will be precisely defined from the construction management part. Overall, the project
is divided into 4 sections, with people responsible for its completion. The table of responsibilities

is presented below:

Table 1.1. Job distribution

Section Weight Members responsible
Kamila Nuraliyeva
Structural & Architectural 40 Madiyar Assylkhanoy
Aidana Ordabayeva
Geotechnical 39 Assylzada Urazova
Environmental 15 Aidos Kyrkynbay
Construction Management 10 Dias Mukhanov
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1.1. Objectives

The objectives of this project are:
e To perform site response analysis using the PLAXIS2D software;
To conduct deformation analysis using PLAXIS3D software;
To design sheet pile by applying Geo5 software;
To propose a detailed construction procedure;
To ascertain the building's construction management strategy;
To demonstrate the building’s qualification for LEED Silver through sustainable design;
To develop a sustainable drainage system that meets environmental and regulatory
requirements;

1.2. Problem Statement

Los Angeles’ (LA) population is gradually expanding and is estimated to increase up to
4.3 million people by 2029 (Los Angeles City Planning, 2022). The city is undergoing
urbanisation of the city planning by replacing most old buildings with new multi-unit housing to
accommodate the needs of the local population. According to the report provided by the
Department of City Planning, more than half of the new buildings built between the periods of
2010 and 2019 have 50 or more units. This shows the relevance of multifamily residential
buildings in LA, which is the exact reason why the project was decided to focus on building the

residential building.
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2. Architectural Design

2.1.  Overview of the Residential Building

The high rise residential building with commercial premises on the first floor and open
terrace on the fourth floor. The fourth floor contains a cinema room, fitness section and lounge.
The future building will be located in Los-Angeles city, California, USA. The first floor has 7
commercial premises, 9 apartments on 2-3 floors and 8 apartments on 5-12 floors. The total
number of apartments is 82.

2.2.  Site selection

Figure 2.1. Selected site on 3D map (taken from Google Earth)

The site is located at 6435 Wilshire Boulevard, Los Angeles City, California State, USA.
In the last few decades, Los Angeles has grown tremendously. It has therefore increased the need
for housing within the urban centre.

There are a number of key factors that reveal why this site is in an excellent location for
building a 12-story high-rise residential building. Wilshire Street is one of the main streets in Los
Angeles, and the site is located in the Mid-Wilshire and Miracle Mile neighbourhoods, which

makes the location highly desirable. The area is near the business districts and cultural
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landmarks, increasing its appeal to potential residents. Also, Wilshire Blvd is on a major transit
route and thus provides easy access to bus lines. The aforementioned aspects have transformed
this place into an attractive location for new residential developments. From a broader
perspective, population growth coupled with housing shortages thus creates demand conditions
such that high-rise building construction becomes requisite to meet the needs of a burgeoning
city population.

2.3.  Site Analysis

2.3.1. Climate-responsive design and site-specific variables

It is crucial to use climatic data to inform sustainable and energy-efficient architectural
design for residential development on Wilshire Boulevard in Los Angeles, assuring comfort
while lowering dependency on artificial energy. Los Angeles has a wide range of temperatures
throughout the year, which influences design possibilities for thermal comfort and energy
efficiency. The warmest months are July and August, with temperatures reaching 39°C,
necessitating heat gain-reduction strategies. Whereas the coldest temperatures come in December
and January, with the lowest reaching 3°C, effective heating systems are essential to be
comfortable. Overall, temperatures range from 11°C to 24°C, emphasising the significance of
adaptable thermal design to account for seasonal variations (NOAA, 2023).

According to the Meteoblue (2024), southwesterly winds, particularly warm Santa Ana
winds, occur mostly in the autumn and winter. Winds are generally light, however, significant
gusts can occur at certain times of the year, altering ventilation strategies. Natural ventilation
may be done by arranging building openings to take advantage of prevailing winds, which
eliminates the need for mechanical cooling. It should be considered to carefully position

landscape and structural obstacles to protect from strong winds and optimize passive cooling.

2.3.2.  Historical background
The five-story building located at 6435 Wilshire Blvd, LA, CA was built in 1951. There
are also 16-story apartments and 12-story medical buildings being planned to be constructed
nearby (Sharp, 2021). The property is located near restaurants and different facilities, which

makes this location convenient for residents (LoopNet, n.d.).
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Solar access: The duration of the sun is 12 hours 35 minutes and the shadow length
during the day is 0.57 m in the noon (SunCalc, 2024). The visual representation of the solar data

is given in Figure 2.2.

2.3.3.  Orientation
The front of the building is facing south with a slight turn to the southwest, meaning that
all sides, except the back, have natural sunlight throughout the day. This should be considered in

the design of windows and floors.

09 Sep 2024 1226 UTC-7, 6435 Wilshire Bivd, Los Angeles, California, 90048
suncalc org v N F @

Wi :
Shireny |
Iva |

Figure 2.2. The direction of the sun at the chosen location (taken from Suncalc.org)

2.3.4. Cool breeze access
Since LA is located near the ocean, there will always be a sea breeze. The hot weather
results in the occurrence of the sea breeze, which cools the air in the nearby area. The land
surface heats up faster compared to the water. This results in the shift of the cool air to the sun

due to its lighter weight replacing the hot air (NDBC, n. d.).
2.3.5. Site survey

The site is located near several high-rise buildings, with one of them being a 23-storey

office building located right across the street. This might create the problem of being
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overshadowed by the opposite building but it is located on the southwest side of our site, and
overshadowing will most likely occur during the winter evenings. Furthermore, a 12-storey
building is located on the right (west) of the site, which might block the light during sunsets.
There is a slight slope from north to south of the site (Irvine Geotechnical, 2021). The
geotechnical report has indicated that there are two borings, with the fill consisting of sandy clay
and alluvium below the fill. Each borehole was drilled up to 18.3 and 24.4 metres (60 and 80
feet), providing information on soil layers for each depth. The soil layers ranged from medium

dense to dense and firm to stiff (clay).

2.3.6.  Access to transport
Wilshire Boulevard is home to a number of tall buildings, the consulates, and some of the
most well-known institutions in an otherwise level city. It also serves as the most prominent
"skyline" outside of downtown. Eventually, a subway will traverse the whole length of this
multicultural boulevard, carrying passengers from east to west. The figure below represents the

availability of transportation to the selected site.

TRANSPORTATION

& TRANSIT/SUBWAY

La Cienega/Jefferson @ 6 min drive 31 mi
Culver City @ 7 min drive 3.5 mi
Expo/La Brea (@) 7 min drive 3.9 mi
Farmdale @ 9 min drive 4.5 mi
Hollywood/Highland Station m @ 9 min drive 4.9 mi

@ COMMUTER RAIL

Los Angeles =7 17 min drive 9.8 mi
Union Station

[ MeTROLINK L O B O N () | 19 min drive 10.0 mi

() |

Glendale [ metroLin ) ] 19 min drive 10.8 mi
Downtown Burbank [ metroumnie ) | 21 min drive 1M.2mi
Burbank-Bob Hope Airport [ merronic 23 min drive 12.2 mi
4 AIRPORT

Los Angeles International LAX 20 min drive 10.2 mi
Bob Hope gt 24 min drive 13.3 mi

Figure 2.3. Transportation near the area (taken from Loopnet)
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2.3.7. Bushfire risks

Urban-wildland interfaces (WUI) are locations that abut urban environments with a
higher risk of wildfires. These areas are found mostly in the hills and mountains that surround
Los Angeles. This includes regions such as the Santa Monica Mountains and the San Gabriel
Mountains. The Mediterranean climate of southern California is usually described as scorching,
dry summers and warm, rainy winters. Thus, there is a higher risk of fire during the dry season,
particularly when the Santa Ana winds are present and can spread flames quickly.

The California Department of Forestry and Fire Protection, or Cal Fire, reports that there
have been several big wildfires in Los Angeles County, especially in 2018 and 2020. In 2018, the
Woolsey Fire damaged thousands of houses and scorched over 96,000 acres. In recent times,
California has had many megafires that have severely damaged property, human lives, and the
state's economy (1). Over 9,600 fires occurred in 2020 alone, costing the economy billions of
dollars in damages (2). Apart from the financial and societal consequences, it is estimated that
wildland fires are responsible for 32—44% of particulate matter (PM2.5) emissions with an
aerodynamic diameter of less than 2.5 um, making them the primary source of particle
contamination in the US (3).

2.3.8. Stormwater drainage

Figure 2.4. Stormwater drainage map (taken from Los Angeles County Public Works)
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2.3.9. Services
1. Electricity

Supplier: Los Angeles Department of Water and Power (LADWP)

With over 1.5 million users, LADWP is the largest municipal utility in the United States.
It provides power to these consumers. Their main areas of attention are energy efficiency and
renewable energy projects.

2. Natural Gas

Supplier: Southern California Gas Company (SoCalGas)

The biggest distributor of natural gas in the United States is SoCalGas. In addition to
offering natural gas for cooking, heating, and hot water, they also support renewable and
energy-efficient gas initiatives.

3. Water

Supplier: Los Angeles Department of Water and Power (LADWP)

Water supplied by LADWP comes from nearby aqueducts and reservoirs. They are in
charge of encouraging water saving initiatives and preserving the quality of the water.

The Mono Lake Basin, the east slopes of the southern Sierra, and reservoirs are the
sources of water for the aqueducts constructed by the City of Los Angeles. Water from the
eastern Sierra's Owens River is transported by a 223-mile aqueduct that was finished in 1913 and
is a key source of water supply for Los Angeles. The water system gained an additional 50%
capacity in 1970 with the completion of a second aqueduct. An average of 430 million gallons
are delivered to the city daily by the two aqueducts(4).

4. Sewage

Supplier: City of Los Angeles Bureau of Sanitation

Overview: The sewage and wastewater systems of Los Angeles are overseen by the
Bureau of Sanitation. They guarantee that wastewater is properly treated and disposed of in order
to safeguard the environment and public health.

5. Telephone and Internet
Supplier: Various providers, including AT&T, Verizon, and Spectrum.
Overview: Internet, mobile, and landline services are provided in the region by several

telecom providers. Availability could differ depending on the supplier.
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2.4. Leadership in Energy and Environmental Design (LEED)

The U.S. Green Building Council created LEED as an international green building evaluation
system for structures across the globe. The LEED rating system helps buildings maintain
environmentally beneficial construction by promoting efficient land use and preserving resources
while respecting environmental protection provisions. The project seeks to incorporate
sustainability practices through high-impact measures focused on operations and design along
with construction implementation for both environmental and LEED standards. However, mere
certification will not be enough; actual sustainability comes through efficient energy
management, high-performance materials, and state-of-the-art water-saving techniques.

2.4.1. Key Sustainable Design Features

The proposed building design meets LEED requirements by implementing various
environmental strategies from different categories.

1) Energy Efficiency:

LED lighting together with daylight sensors along with Energy-efficient HVAC systems were
installed to reduce energy consumption. Energy monitoring systems implemented in the building
provide time-based information analysis. The tower will get its supply of renewable energy from
the rooftop solar panels installed on top.

2) Water Conservation:

Building water efficiency takes shape through the installment of low-flow toilets as well as
faucets and showerheads. A drip irrigation system delivers water specifically to native and
drought-tolerant plants in outside land areas. The use of reclaimed water provides non-potable
requirements that reduces the overall quantity of water needed.

3) Sustainable Site Planning:

Placing the structure in a dense urban core with adjacent shops and educational institutions and
public transportation services allows residents to reduce their dependence on car travel. Bicycle
facilities available together with a minimal parking area promote eco-friendly transportation
choices. The property area offers open fields alongside facilities for collecting rainwater.

4) Materials and Resources:

Materials selected for the construction met environmental footprint requirements along with
preferences toward recycled and locally available products. The site implements a waste
management system that works to decrease landfill requirements during the construction stage.
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5) Indoor Environmental Quality:

Volatile organic compounds (VOC) materials in the building remain at very low levels to
improve internal air quality. Design elements of this project enhance natural light exposure along
with improved temperature conditions while providing residents with outdoor scenery views.
Real ventilation systems should take preference over artificial air cooling when available.

2.4.2. Site and Community Impact

The development lies within a developed Los Angeles neighborhood that also has commercial,
residential, and retail areas. This reduces urban sprawl and optimizes the usage of existing
infrastructure. Public transport links such as numerous nearby bus stations make it readily
accessible for the dwellers to commute to the rest of the city with the added benefit of lower
vehicle emissions.

The design of the site incorporates accessible green space to encourage interaction with the
external environment while retaining a small building footprint. Such decisions promote the
health of the inhabitants and the external environment.

2.4.3. Key Considerations for LEED Certification

To qualify for LEED certification, a development must comply with specific prerequisites and
earn points for its performance in terms of sustainability. There are four levels in the certification
scheme:

Table 2.1. LEED Certification Levels and Point Requirements

Points Required Focus Areas

Certified 40-49 points Basic sustainability measures

Enhanced energy and resource
Silver 50-59 points efficiency

High-level sustainability
Gold 60-79 points integration

Cutting-edge sustainable design
Platinum 80+ points and performance

This project aims for at least Gold certification by optimizing energy and water use, enhancing
indoor environmental quality, and utilizing sustainable materials.

2.4.4. Water Efficiency and Rainwater Management in LEED
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Water efficiency is a significant component of LEED, and it keeps water use efficient, conserves
water, and lessens the overall environmental impact of a building. All buildings with LEED
certification must utilize state-of-the-art water-saving techniques, such as low-flow devices,
rainwater harvesting, and reuse of greywater.

Table 2.2. Water Efficiency Strategies and LEED Credit Contribution

Water Efficiency

Strategy Description LEED Credit Contribution
Low-Flow Installing water-efficient toilets, faucets,

Fixtures and showerheads to reduce consumption |Indoor Water Use Reduction
Rainwater Capturing and reusing rainwater for

Harvesting irrigation and non-potable uses Rainwater Management
Greywater Reusing wastewater from sinks and

Recycling showers for toilet flushing and irrigation |Water Reuse and Management
Smart Irrigation |Using weather-based irrigation controllers

Systems to minimize water waste Outdoor Water Use Reduction

By incorporating such efficient use of water, such a project can save a significant portion of
potable water, reduce operational costs, and work towards higher LEED certification levels.

2.4.5. Critical Analysis of LEED’s Energy Performance

While LEED-certified buildings have become universally acknowledged for having a positive
impact on the environment, studies have shown mixed levels of actual efficiency in terms of
energy consumption. According to some studies, LEED buildings don't necessarily outpace
non-LEED buildings, and therefore, a thoughtful selection of LEED credits with direct impact on
energy performance is imperative.

Table 2.3. Critical Analysis of LEED’s Energy Performance

LEED Energy Credit Potential Benefit Challenges
Optimized Energy Reduces energy use and

Performance operational costs Requires high upfront investment
Onsite Renewable Enhances sustainability and Site constraints may limit

Energy reduces carbon footprint feasibility

Enhanced Ensures systems operate at peak |Requires ongoing monitoring and
Commissioning efficiency maintenance

Building Envelope Reduces heating/cooling Performance depends on material
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Improvements

demands

selection

To maximize real savings in terms of actual energy, this project will prioritize post-construction
performance tracking, such that energy strategies yield real efficiency improvements and not
mere LEED credits.

2.4.6.

Performance and Certification Outcome

LEED certification approved the building because of its achievements in water efficiency (10
points), indoor environmental quality (10 points) and energy systems (21 points). The
membership of a LEED-accredited individual on the team resulted in one bonus point though
innovation points remained unexplored. There were no restrictions on the pursuit of regional
priority points by this project operating within the Los Angeles area.

The building reached LEED Silver Certification through its 52 points total scoring. The project
demonstrates its commitment to both sustainable building design and decreased energy intake
and enhanced comfort of interior spaces for building occupants.

LEED v4 for BD+C: New Construction and Major Renovation

Project Checklist

Integrative Process

0 | 8 | 0 Location and Transportation
Y Credit LEED for Neighborhood Development Location
N |Credt Sensitive Land Protection
N [creat High Priority Site
v | 2 Creat Surrounding Density and Diverse Uses
Y| s crest Access to Quality Transit
N [orest  [Bicycle Facilities
Y Credit Reduced Parking Footprint
Y| 1 Credt Green Vehicles
0 | 8 | 0 [Sustainable Sites
Y Prereq Construction Activity Pollution Prevention
Y| 1 Credt Site Assessment.
Y 1 Credit Site Development - Protect or Restore Habitat
Y1 Credit Open Space
Y| 3 Credit Rainwater Management
Y| 2 Credit Heat Island Reduction
N |Credt Light Pollution Reduction
0 | 6 [ 0 |Water Efficiency
Y Prereq Outdoor Water Use Reduction
[ Y] Preeq  Indoor Water Use Reduction
52 Preq  Building-Level Water Metering
N |Credt Qutdoor Water Use Reduction
Y| 5 Credit Indoor Water Use Reduction
N [creat Cooling Tower Water Use
Y 1 Credit Water Metering
0 [11] o |Energy and Atmosphere
Y Prereq C issioning and
T Prereq Minimum Energy Performance
[y | Preeq  Building-Level Energy Metering
T Prereq Fundamental Refrigerant Management
N |Credt Enhanced Commissioning
Y | 10 Credit Optimize Energy Performance
v |1 creat Advanced Energy Metering
N |credt Demand Response
N |Credt Renewable Energy Production
N |creit  Enhanced Refrigerant Management
N |Credt Green Power and Carbon Offsets

16
16

a e s oo

10
Required
1

2
1
3
2
1

1
Required
Required
Required

2

6
2
1

33
Required
Required
Required
Required

6
18
1

2
3
1
2

Project Name:

Date:

0/afo0

Materials and Resources

Prereq
Prereq

Credt

Credt

Storage and Collection of Recyclables
Construction and Demalition Waste Management Planning

Building Life- Cycle Impact Reduction

Building Product Disclosure and Optimization - Environmental Product
b .

<-<<-<<-<<-<<|-<°
NN NNNS

N

<|<|<|<|e

4
1
1
1
1

[0 T52] 0 RIS

Credt
Credt

Credt

Building Product Disclosure and Optimization - Sourcing of Raw Materials

Building Product Disclosure and Optimization - Material Ingredients
Construction and Demolition Waste Management

Indoor Environmental Quality

Prereq
Prereq
Credt
Credt
Credt
Credt
Credt
Credit
Credt
Credt

Credt

Credt
Credt
Credt

Credt

Minimum Indoor Air Quality Performance
Environmental Tobacco Smoke Control
Enhanced Indoor Air Quality Strategies
Low-Emitting Materials

C ion Indoor Air Quality Plan
Indoor Air Quality Assessment

Thermal Comfort

Interior Lighting

Daylight

Quality Views

Acoustic Performance

0 Innovation
N [oreat
N_[oreat

Innovation
LEED Accredited Professional

0 Regional Priority

Regional Priority: Specific Credit
Regional Priority: Specific Credit
Regional Priority: Specific Crediit
Regional Priority: Specific Credit

Certified: 40 to 49 points, Silver: 50 to 59 points, Gold: 60 to 79 points, Platinum: 80to 110
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2.5. Design Conditions
The following considerations for design were included in the building design:

e High seismicity
e Strong wind exposure
The building location was in a seismically active zone in Los Angeles, California. As per
site location (6435 Wilshire Blvd), seismic requirements for design exhibited high seismic
factors to be taken into consideration. Short period response acceleration (Ss) and 1-second
period response acceleration (S1) values for the site were 2.34g and 0.84g, respectively. The site

was in Seismic Design Category D with such high acceleration values.

For wind, the site location was in an urban zone with a level of exposure of category B.
The basic wind velocity for a 50-year return period was 42 m/s (94 mph), a value over a region
and one that required specific consideration in the structure's design. The seismic and wind both
presented distinctly high values and played an important role in defining the direction of

structure design.

2.5.1. Design concept
The initial form of our building was rectangular in all directions, however, after
brainstorming with the group, we decided to add a terrace on the 4th floor. This led us to change
plan views for further floors with another structure of apartments. Moreover, the primary plan for
outside parking space was a bit small, therefore the decision on adding more parking lots on the

right side of the building was made.
[ n [ ]
ot - [

Figure 2.6. Development of the plan
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Figure 2.7. Front view of the draft building

2.5.2.  Architectural Design Considerations

2.5.2.1.  Occupancy load for residential and commercial spaces and

occupancy classification

According to Chapter 3 of IBC 2024, the residential floors are considered as R-2, and the
commercial and fourth floor are classified as B (Business Group) and A (Assembly),
respectively. In order to calculate the total occupancy, the occupant load was calculated per
residential and commercial floors. For residential areas occupant load is typically 1 person per
200 square feet and for commercial is 1 person per 150 square feet. By taking the average area as
135 m? (1453 ft?), occupants per floor for residential floor 2-3 is 65, and for residential floors

5-12 is 58 occupants per floor. The total occupancy load is 594 occupants.
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2.5.2.2. Corridors

In both residential and commercial floors the minimum corridor width is 3700 mm, which
satisfies the minimum corridor width of 1117.6 mm (44 inches) per IBC 2024 section 1020.2.
Referring to the IBC 2024 Section 1207.2 the minimum ceiling height should be at least 2286
mm (7 ft 6 in) for habitable spaces and corridors. The buildings floor-to-floor height is shown
below:

- First and fourth floors: 3590 mm (compliant)

- Floors 2-3 and 5-12: 3116 mm (compliant)

All clear heights and corridor widths exceed the minimum requirements.

2.5.2.3.  Parking Spaces

The building accommodated residential and commercial parking spaces both in basements and
outdoors. The demand for parking in terms of 2022 California Building Code (CBC 2022) for
residential and commercial occupancies with respective parking requirements for residential
(R-2) occupancies 1.5 spaces for dwelling unit and visitor unit, respectively, under the code, and
for commercial occupancies 1 for 250 square feet (23.225 m?) of occupiable floor area under the
code, was necessitated. The detailed car parking calculations were:

Residential Parking Requirements

Floors 2-3 accommodated 9 apartments in each (18 in all)

Floors 5-12 contained 8 apartments in each (a total of 64 apartments)

Total residential unit: 82 apartments

Y V YV YV

Required residential parking = 82 x 1.5 = 123 spaces

Commercial Parking Requirements

Y

Ground floor commercial accommodation included 7 individual premises

4

Total commercial square meterage = 869 m?* (9,353 ft*

> Required commercial parking spaces = 38 (rounded up from 37.4
Accessibility Requirements: CBC 2022 Section 11B-208 requirements for accessibility
were met in work:

> 2% of parking spaces have been designed for use as accessible spaces

> Total provided parking spaces: 161 (123 residential and 38 commercial spaces
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> Required accessible spaces = 4 spaces (rounded up from 3.22
> Van-accessible spaces have been incorporated at a 1:6 accessible spaces proportion
Parking Access and Traffic Circulation: In its parking complex, the following have been

incorporated:

> A two-way entrance and exit ramp between street level and basement

> The main entrance and exit ramp was designed with a 1:12 (8.33%) slope, in
conformance with CBC maximum allowable slope for parking structures
Separate entry and exit ramps at basement level for free flow of traffic
Clear directional signage and markings

Adequate turning radii for conventional passenger cars

Y V YV YV

Emergency exits and lights in compliance with code requirements

2.5.2.4. Fire Safety and Evacuation Systems

2.5.24.1.  Stairs
The building accommodated two stairways positioned diagonally in relation to each other in a
configuration designed to maximize efficiency in an emergency evacuation scenario. According
to Section 1005.3.1 of the International Building Code (IBC 2024), one 250 occupancies'
stairway in Residential Occupancy was required. With an occupant count determined at 594 (594
+ 250 = 2.3), two stairways met minimum requirements for safe exiting under IBC 2024 codes.
With a diagonally positioned configuration, in an emergency scenario in case one of the two
stairways became inoperative, occupants in a building could have an alternative escape route at a
significant distance.

The stairway width was calculated at 1500 mm, in excess of IBC 2024 Section 1009.3.2
minimums of 1219 mm (48 inches) minimums between handrails. Added width accommodated
increased circulation during both ordinary use and in an emergency situation. Stairways were
encircled with fire-rated construction and consisted of emergency lights, ventilation, and visibly
conspicuous exit signage at all floors. Stairways both began at the basement level and extended
through to the roof, providing full vertical access through the structure with ongoing fire

separation between floors.
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2.5.2.4.2. Elevator

The building housed four centrally positioned elevators in the building core. Two service
and two passenger elevators made up the elevator system, both larger in dimensions than the
minimum 1370 mm % 2030 mm (54 in x 80 in) for residential and mixed-use buildings over four
stories. Central positioning of the elevator bank helped in efficient vertical circulation and
maintained relatively uniform travel distance between all residential spaces and the elevators.
Positioning maximized access in twelve-story buildings and adhered to multi-story residential

building codes, necessitating a minimum of two elevators for buildings over four stories.

2.5.3.  Architectural software design

Figure 2.8. 3D plan of the building
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Figure 2.16. Site Layout

The design conditions and concept led us to the final helicopter view of our building with
outside parking lots and enlarged territory for construction site and drainage system, as

everything shown in Figure 15.

2.54. Life Cycle365

2.5.4.1. Concrete mixture

Base case: w/c ratio 0.42, fly ash 0%, silica fume 0%, slag 0%
Alternative 1: w/c ratio 0.35, fly ash 15%, silica fume 0%, slag 5% + black steel

Alternative 2: w/c ratio 0.30, fly ash 10%, silica fume 5%, slag 5% + Stainless steel
Alternative 3: w/c ratio 0.36, fly ash 20%, silica fume 10%, slag 0% + black steel

To further regulate the setting time and avoid calcium nitrite infitration, the Calcium

Nitrite inhibitor of SL/m' has been added (Ann et al, 2006). Additionally, in order to determine
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their impact on the concrete's life cycle, the membrane and sealers were applied in various

mixes.

2.54.2. Life cycle cost

The life cycle cost was also incorporated based on the software actual data. The
following material cost figures were applied:

e Concrete - $200/m3

e Black steel - $5.6/kg

e Membrane - $50/m2

e Sealer - $15/m2

e Inhibitor - $1.5/L

® Repair - $400/m2

Additionally, by entering the location of Los Angeles City, the software automatically included
the temperature and chloride exposure. The temperature ranged between 13.8°C and 21.4°C, and
the chloride exposure was 0.68% of the weight of the concrete.

Table 2.1 shows the life cycle costs. It is evident that although other building costs stay
the same, the addition of barriers raises life cycle expenses.

Table 2.4. Total life cycle costs.

Name Construction Cost Barrier Cost Repair Cost Life Cycle Cost
Base case $384,635 $0 $5,694,430 $6,079,065
Alternative 1 $384,635 $0 $4,287,821 $4,672,456

Alternative 2 $1,428,923 $0 $0 $1,428,923
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2.5.4.3. Service life

Service Life

I Base case I Alternative 1 [ Atternative 2 [ Alternative 3
300

250

200

150

Years

100

———————
50 -
0

Base case Alternative 1 Alternative 2 Alternative 3

Alternatives

Figure 2.17. Service life
Figure 2.17 displays the service life of each mixture as determined by LCC. The

Alternative 2 has the longest service life, as can be observed.

2.54.4. Corrosion prevention

The proper application of cementitious ingredients in concrete mixtures is essential to
preventing corrosion. Whereas silica fume, usually added at a concentration of 5% to 10% by
weight of cementitious ingredients, improves impermeability and resistance to chloride
penetration, Portland cement serves as a binder. Utilized at 15% to 30%, fly ash strengthens the
durability of concrete by lowering permeability and reacting with calcium hydroxide. 30% to
50% doses of blast furnace slag increase resistance to alkali-silica reaction and sulfate assault. To
further reduce corrosion, corrosion inhibitors such as calcium nitrite in 5L/m' may be added. To

stop chloride ions from penetrating the structure, a sealer may also be used.
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3.  Structural Design

3.1. Material Selection

Table 3.1. Material selection

Structural element

Construction material

Features

Column

Reinforced concrete

High compressive strength
Durability

Cost-effective

Beam

Partially prestressed concrete

Improved crack control
Balanced Tension and
Compression Capacity

Reduced Deflection

Wall

Concrete masonry

Fire resistance
Moisture resistance

Sound insulation

Roof

Two-way concrete, uniform

thickness slab

Even load distribution
Greater Flexibility in Column
Placement

Good for Large, Open Areas

Foundation

Pile foundation

Versatility in Different Soil
Conditions

Resistance to Lateral Forces
Allows Construction in

Limited Space

Reinforced concrete is good for residential buildings due to its advanced power,

durability, and hearth resistance. Unlike timber, it doesn’t rot, warp, or entice pests, imparting

long-term structural integrity. It additionally withstands harsh climate conditions, which include

hurricanes and earthquakes, higher than substances like metal or brick.
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Reinforcement with metallic bars (rebar) complements its tensile strength, allowing for
bendy designs and larger spans. Additionally, strengthened concrete presents outstanding thermal
mass, assisting to alter indoor temperatures and improve strength efficiency, making it a reliable

and fee-effective preference for houses (Mathai, 2020).

3.2. Non-structural Materials Selection

3.2.1.  Floor finishing
The materials used for floor finishing were selected based on their aesthetic appeal, market

availability, and use in residential constructions. According to the International Building Code's
(2020) standards, the floor finishing's overall thickness, excluding the structural slab, was
determined to be 95 mm. It was mostly composed of the following layers, arranged from top to
bottom

e Cover - ceramic tile on a 13-mm mortar bed

e [eveling - cinder concrete screed

e Water-proofing - single-ply sheet

e Rigid insulation

o Structural slab - reinforced concrete

3.2.2. Ceiling
The ceiling will consist of two layers and will have a thickness of 165 mm:

o Mechanical duct allowance

e Gypsum board

3.2.3. Partition and exterior walls
For the design of partition walls, a hollow concrete masonry unit was chosen. The

advantages of a hollow concrete masonry unit include its high thermal insulation and structural
capabilities, lightweight properties, flexibility and high resistance to fire. Moreover, the partition
walls consist of proper insulation and cement plaster.

The external covering was already mentioned and it will be constituted of fiber cement

cladding.
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Figure 3.2. Exterior wall - sectional view

3.2.4. Roof parapets
A height of one metre was selected for the parapet design since the International Building Code

(2020) stipulates that the minimum height of a roof's parapets must be 762 mm. The autoclaved
aerated concrete used to make the roof parapets will have a thickness of 240 mm. The external
glazing will be composed of the same fibre cement cladding, and the inside side will have a 5

mm layer of cement screed laid. In the end, 250 mm was found to be the parapets' thickness.
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3.3.  Analysis and Design of Gravity Load Resisting System (GLRS)

3.3.1. Calculation of Dead, Live, and Snow Loads

3.3.1.1.  Calculation of Dead Loads
Dead loads calculation include floor loads, ceiling, stairs, and exterior walls with interior.
According to the ASCE 7-10 code the floor loads were calculated in several levels, as the
building has different plan structures with different material types. The final calculations are

shown in the next 3 tables.

Table 3.2. Dead Load of Corridors/First floor

Corridors/First floor

Material type ;l“nllllilcll)(ness Load (kN/m*2)
Ceramic tile 19

Mortar bed 13 077
Cinder concrete screed 40 0.68
Single-ply sheet 10 0.03
Rigid insulation 13 0.04
I;Cafvzcglcrete - stone (including 150 354
Mechanical duct allowance 150 0.19
Gypsum board 15 0.12
Total 410 5.37

Table 3.3. Dead Load of Apartments
Apartments

Material type (TI:::I;‘“"SS Load (kN/m"2)
Linoleum 6 0.05
Cinder concrete screed 40 0.68
Single-ply sheet 10 0.03
Rigid insulation 13 0.04
RC concrete - stone (including 150 3.54
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gravel)

Mechanical duct allowance 150 0.19
Gypsum board 15 0.12
Total 384 4.65

Table 3.4. Dead Load of Roof
Roof

Material type ;l“nllllilcll)(ness Load (kN/m*2)
Three-ply ready roofing 20 0.96
Perlite 80 0.12
Bituminous, smooth surface 0 0.07
Lightweight concrete 50 0.75
lg{rjvcec;lcrete - stone (including 150 354
Mechanical duct allowance 170 0,19
Gypsum board 15 0.12
Total 485 5.56

Furthermore, the calculations of walls were done with the help of two methods, using the
hole span of the building as one for the interior walls, and using span between columns, which is
6 m. The second method infers more efficient calculations for exterior walls as they are located
only on the edges of the building where only edge beams and columns support them.

Table 3.5. Dead Load of Exterior Wall

Exterior Wall
. ) Thicknes |Height Span  |Volume |Density | Mass
Mat 1t Mat 1t
aterial bype THADPE | s mm) |(mm)  |mm) |m3) |kgm3)| (ke)
Exterior finish  |Ceramic tile 15 3500 6000 | 0.315 | 2400 756
Cement plaster [Plaster on tile 5 3500 6000 | 0.105 | 1400 147
Air mﬁl‘tratlon Polyethylene 20 1500 6000 0.42 950 399
barrier fiber
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Insulation Cellular glass 40 3500 6000 0.84 143 | 120.12
Autocl Holl
utoclaved aerated |Hollow conerete) 5, | 3550 | 6000 | 5334 | 1350 | 72009
concrete block  |masonry unit
Air infiltrati Polyethyl
riniiltration —Folycthylene 20 3500 | 6000 | 042 | 950 | 399
barrier fiber
Cement plaster  [Plaster on tile 5 3500 6000 | 0.105 | 1400 147
Total 359 9169.02
Weight |89.9480
(kN) 862
Table 3.6. Dead Load of Interior Walls of 2-3 floors
Interior wall (between and inside the apartments) typical floor (2-3)
. ) Thicknes|Height Span  [Volume |Density | Weight
Material t M 1
aterial type aterial type s (mm) |(mm) (mm)  |m3) |(ke/m3)|(ke)
Cement plaster  |Plaster on tile 5 3500 |474000( 8.295 | 1400 | 11613
Insulation Cellular glass 20 3500 474000 33.18 143 |4744.74
Autocl Holl .
utoclaved aerated |Hollow con'crete 152 3500 |474000 1252.168] 1350 340426
concrete block  |masonry unit 8
Insulation Cellular glass 20 3500 (474000 | 33.18 143 |4744.74
Cement plaster  [Plaster on tile 5 3500 [474000] 8.295 | 1400 | 11613
Total 202 335.118 373142
Table 3.7. Dead Load of Interior Walls of 5-12 floors
Interior wall (between and inside the apartments) floor 5-12
Densit
y
Thicknes|Height | Span Volum [(kg/m [Weight
Material type Material type s (mm) [(mm) |(mm) e (m3) (3) (kg)
Cement plaster Plaster 5 3500 | 435000]7.6125| 1400 [10657.5
Insulation Cellular glass 20 3500 [ 435000( 30.45 | 143 |4354.35
Autoclaved aerated |Hollow concrete 155.29 209648.
concrete block masonry unit 102 3500 | 435000 5 1350 25
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Insulation Cellular glass 20 3500 [ 435000( 30.45 | 143 |4354.35
Cement plaster  [Plaster 5 3500 | 435000(7.6125| 1400 |10657.5
Total 152 231.42 239672
Table 3.8. Dead Load of Parapets
Parapetes
Densit
) ) Thicknes |Height |Span Volum |y Weight
M 1 M |
aterial type aterial type s (mm) |(mm) |(mm) e (m3) |(ke/m |(kg)
3)
Autoclaved aerated |Autoclaved 750 1700l 1283661 55 50 31642.
concrete block aerated concrete 219
Table 3.9. Dead Load of Stairs
Stairs
Riser Thread  [Width |Volume |Density | Weight
Material type Material type height
P P S8 lmm)  |mm) |m3)  |(keg/m3)|(ke)
(mm)
Reinforced concrete |Concrete 190 280 1500 | 3.264 | 2408 785298'95
S1 i
.ab Lan.dmg Waist
height height
(mm)
(mm) (mm)
200 200 150 Load 77.1061
Slab | Landing
width | width | "Eh
(mm)
(mm) (mm)
600 1000 3760
Slab Landing
length length
(mm) (mm)
2200 2750

Floor area = 1656 m2
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3.3.1.2.  Calculation of Live Loads
For the residential building the minimum uniformly, distributed loads based on ASCE

7-16 and 7-10 were identified and shown below (American Society of Civil Engineers, 2017):

e Private rooms and corridors serving them: L,= 1.92 kN /m2
e Public rooms: Lo = 4.79 kN /m2

e Corridors serving public rooms: L0 = 4.79 kN /m2

e Ordinary flat roofs: L,=0.96 kN /m2

e Stairs and exit ways: L 0= 4.79 kN /m2

Live load discount should be implemented for all the uniformly dispersed load except
public rooms in step with ASCE 7-16. The discount for ground dead load ought to be carried out

using the following components:

L =1L,0.25+ j{'—”) (3.1)

LL'T
Live load element factor, K;,, for the structural members will be:

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: K L 2

The floor live load calculations for each structural member can be seen in Table x.

Table 3.10. Floor live load calculations.

Space | Span Reductio| L, L
(m) (m) [Ar(m)]| K. n (KN/m?) | (KN/m?)

Private Exterior

rooms and columns 6 6 18 4 0.631 1.92 1.21

Typical ) .

floor corridors | Interior

serving | columns 6 6 36 4 0.631 1.92 1.21

them 1 Corner | 3 3 9 4 1 192 | 1.92
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columns
Edge
beams 3 6 9 2 1 1.92 1.92
Interior
beams 3 6 18 2 1 1.92 1.92
Interior
columns 6 6 36 4 0.631 4.79 3.02
Exterior
Stairs and | columns 6 6 18 4 0.631 4.79 3.02
exit ways | Interior
beams 3 6 18 2 1 4.79 4.79
Edge
beams 3 6 9 2 1 4.79 4.79
Exterior
columns 6 6 18 4 0.631 4.79 3.02
Interior
columns 6 6 36 4 0.631 4.79 3.02
. Corner
Firstfloor 1 lumns | 3 3 9 4 I 479 | 479
Edge
beams 3 6 9 2 1 4.79 4.79
Interior
beams 3 6 18 2 1 4.79 4.79

Whereas, for roof live load, the following reduction should be applied:

LT = LoRle where 0. 58£LrS0. 96
The reduction factor R, can be determined as follows:

1 for A <18.58m"
R,=12-00114  for18.58m <A <55.74m"  (3.2)

0.6 for A_255.74 m

The reduction factor R, for ordinary flat roofs is 1.

The roof live load calculations for each structural member can be seen in Table 3.11.

50



Table 3.11. Roof live load calculations.

Space Lo L
S A; (m? K R R
(my | Span(m) | Ar(m) | Ky ! 2| (kKN/m?) | (kN/m?)
Exterior 6 6 36 4 0.804 1 0.96 0.77
columns
Interior 6 6 36 4 0.804 1 0.96 0.77
columns
Corner
3 3 9 4 1 1 0.96 0.96
columns
E
dge 3 6 9 2 1 1 0.96 0.96
beams
Interi
nterior 3 6 18 7 1 1 0.96 0.96
beams
3.3.1.3. Calculation of Snow Loads

According to ASCE 7-16, Los Angeles did not experience any snowfall. Therefore, snow

loads are not calculated for design projects (American Society of Civil Engineers, 2017).

3.4. Estimation of Member Sizes

3.4.1. Determination of Structural Layout

To provide more space for residential buildings, the distance between the poles was thus
set to 6 meters. According to IBC code, pole spacing should be in the range of 2.5 m to 7.5 m, so
a spacing of 6 m is suitable (International Code Council, 2024).

Three potential GLRS layouts and the more suitable layout from those was chosen based
on the cost of materials, which was determined by calculating the volumes of structural
members.

1.  Major beams and a two-way slab

2. One-way slab with major beams and one minor beam

3.  Two-way slab with major beams and two minor beams

There was done preliminary member size estimation for the further analysis based on the

followings statements from ACI 318-19 Chapters 7-10 (American Concrete Institute, 2022):
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e The thickness of major beams under a two-way slab without any interior beams is
equal to 10% of its span.
The width of major beams under a two-way slab without any interior beams is equal

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

[ J
span.

e  The width of major beams under a slab with interior beams is equal b = h/2 .

e  The thickness of simply supported minor beams is equal to h = [/16.

e  The thickness of a simply supported one-way slab is equal to h = [/20

3.4.1.1.  Option 1: Two-way slab
The lengths of the slab and of the beam were taken as 6 m . As it was mentioned earlier,
the thickness of major beam (h) is equal to 10% of its length, whereas its width (b) is equal to
_ h
b —_ ﬁ.
h =10%L =0.1*6 =0.6m
major
—_h _
major 15 0.4m
To determine the thickness of the floor slab the moment of inertia of the beam and strip

and the elastic modulus should be calculated. Concrete grade C40 is selected for slabs and

beams. Because they are often used on parts that support heavier structures with heavier weight.

The following calculations were done:
f,=f,=40MPa

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

E =E = 4700\/7C
E_= 4700,[f = 29725.41 MPa

(3.3)

Eb=

I =-bnr*0.35 =-.0.40.6-0.35 = 2.52x10 " m"

b, cr

= 4.22x10 "m"

1 3 1 3
I = F-L-h -0.25 = 3-6-0. 150 °-0. 25

s, cr
After calculating the members’ moments of inertia the stiffness ratio should be

calculated:
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_ Ecblb, cr
(04 Fm =% (3.4)

cs s, cr

-3
29725.41-2.52x10
= — = 5.972
fm 29725.41-4.22%x10

o =05972 > 2
fm

The minimum thickness of slab should be calculated using the formula:

L (0.8+f /200,000)
36+9p

<h<3.5in. (3.5)
where

B=L /L =1

yn' “xn

And the clear span is:

b b .
| =L -8 1o —6_02-02=56m
n

h = 2COHESRER0 = 0.137m > 0.09m (3.5 in.)

For conventional design of slab, h = 0.15 m should be taken. Accordingly, the volume

can be calculated as following:

V(slab) = 6-6:0.15 = 5.4m’
V(beam) = 0.6:0.4-6:4 = 5.76 m’
=54 +576=11.16m"

total, option 1

3.4.1.2.  Option 2: Two-way slab with minor beams
The same procedure was repeated for this option. Thickness of major beam was assumed

to be 8% of its length, whereas thickness of simply-supported minor beam is equal to 1—16.

Thickness of slab was assumed to be 0.150 m.
. =8% *L=0.08*6=0.48m
major
~=0.48/2 = 0.24m
major
I L/16 = 6/16 = 0.375m
b —— 0.375/2 = 0.188m

majo

Then, the moment of inertia and stiffness ratio was calculated.

=L %0.240 *0.48° * 0.35 = 7.74x10 'm"
b, major 12

=-L1%0.188 *0.375 * 0.35 = 2.88x10 "m"

b, minor
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I =—-%3%0.150"% 0.25 = 2.11x10 ' m'
04 . =3.668 and a = = 1.365
f, major f, minor
_ O(f,majar-i-O(f,minm‘ _
O(fm——z = 2.517 > 2

Then, the clear span of slabs with beams measured in long direction, and subsequently,

the ratio of clear span in long to short directions of slab was found.

an _ 3m _
= an ~ 3m 1
l =L—%"W—%"W=3 —0.24 — 0.188 = 2.786m
n

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

_ 2.786(0.8+60000/200,000) _ .
h = 3649 =0.068m < 0.09m(3.5in.)

The minimum thickness of slab should be 0.09 m, thus the initial assumed thickness of

slab, 0.150 m was taken. Subsequently, the volumes of members were calculated:

V(slab) = 3-3-0.150-4 = 5.4m’
V(major beam) = 0.48-0.24-64 = 2.765m"
V(minor beam) = 0.4:0.2:6:2 = 0.96 m’

4 =54+ 2.765+ 0.96 = 9.125m"
total, option 2

3.4.1.3.  Option 3: One-way slab with minor beam

For this last case, the dimensions of major and minor beams were found the same way as
in the previous option.

=0.48m; b =0.24m

major major

h =0.375m=0.4m; b

minor major

0.188m=0.2m

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

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) = 0.48-0.24-6-4 = 2.765m"
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V(minor beam) = 0.4:0.2:6 = 0.48 m’
= 5.4 + 2.765 + 0.48 = 8.645m"

total, option 1

Based on the calculations of measurements and add up to volumes of basic individuals,
the format that comes about within the most reduced volume, and appropriately, the least fetched

was chosen as the layout framework for the full building, for our case it is a one-way slab with a

minor beam.
Table 3.12. Total volumes of slab options
Option Member L, m h, m b, m V otar, M
Two-way slab Slab 6.00 0.15 6.00 11.16
Major beam 6.00 0.48 0.24
Two-way slab Slab 3.00 0.15 3.00 9.125
withminor 7y .o cam 6.00 0.48 0.24
beams
Minor beam 6.00 0.40 0.20
One-way with Slab 6.00 0.15 3.00 8.645
minor beam [y r.:or beam 6.00 0.48 0.24
Minor beam 6.00 0.40 0.20

3.4.2. Estimation of Size Dimensions of Columns

After the calculation of size dimensions of slab, we can calculate major and minor
beams’ dimensions with columns using the self-weight of structural members and dead and live
loads.

Self-weight of beams:

major beam o pRC )

V, cammajor) = 2400 kg/m’-(0.48-0.24-6)m’ = 1659 kg
[ = 3- . . 3 —
minor beam . PRC Vbeam(mlnor) = 2400 kg/m -(0.4-0.2-6) m = 1152 kg

Load combination was applied to estimate the dimensions of columns:

w =1.2D + 1.6L + 0.5L_ (3.6)

Self-weights of major and minor beams transferred to interior column will be:

_ (2-1659+4-12152) k9 .9 81 m/sz = 2.16 kN/m2

beams 36m
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Total dead load transferred to interior column at first floor will be:

=D +D +D =2.16+2.21+5.37=9.74kN/m2

floor beams partition walls finishing,floor
2
Dmof = 5.56 kN/m
L =3.02kN /m2 (critical live load on interior column)
L =0.96 kN/m’
Based on the loads, the load combination on the first floor will be calculated as:
wo= 19(1.2:9.74 + 1.6-3.02) + 1.2-5.56 + 0.5-0.96 = 321.032 kN/m2
Because of the fact that our building is a reinforced concrete structure, we used the ACI
318-19 code to estimate the size (American Concrete Institute, 2022). In addition, the weight of
the columns above the first floor was repeatedly added to the columns of each floor. Moreover,
our building has a basement. We also calculated the size of the columns in the basement. Note
that the floor height above the first floor is 3.5m, and the floor height of the first floor is 4m. This

led to the calculations of exterior and corner columns while making primary calculations of the
interior ones.
P=w A +w , = 321.032 kN/m’-36 m" + 400 kN = 11957.152kN
u u T columns above first floor

cI)Pn = 0.8¢(0. 85fc AC + fyAs) (3.7
Reinforcement ratio was assumed as 1%, hence, AS = 0. 01AC, ¢ = 0.65 (based on ACI
318-19), fc' = 40 MPa, fy = 420 MPa.

cI)Pn = 0.8-0.65-(0. 85-40000AC + 420000-(0.01AC)) = 19864AC

cl)Pn > Pu
19864AC211957. 152

A 20.602m"
If we assume that we have square columns of size a = b=0. 776 m, then our dimensions

of interior columns for 1 floor will be 0.80 m.
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Table 3.13. Column size estimations for exterior, interior, and corner columns on the 1st

floor.
W, Column
D L Ap, m* | kN/m? P,kN [ A,m?> [a=b,m| size,m
Exterior
column 11.32 3.02 18 412.18 | 8509.21 | 0.231 0.481 0.50
Interior
column 7.74 3.02 36 368.80 [13276.94( 0.414 0.644 0.65
Corner
column 12.789 4.79 9 440.74 | 5056.60 | 0.124 0.352 0.40

The same procedure was performed for all 12 floors, including the basement floor.

Table 3.14. Dimensions of columns.

Floors Column size, m
0-2 0.80
3-4 0.75
5-6 0.70
7-8 0.65
9-10 0.60
11-13 0.55

3.4.3. Assigning Loads to SAP 2000
3.4.3.1. Assigning Loads to Chosen 2D Frame
For the material type, all the structural members were designed with C40 concrete and

Grade 60 rebar.
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.x Material Property Data X

General Data

| Material Mame and Display Color CONCRETE C40 _
Material Type Concrete

| Material Motes Modify/Show Notes...

| Weight and Mass Units.

] Weight per Unit Volume N, m, C v-.

| Iass per Unit Volume 25459 2505

lzotropic Property Data

Modulus of Elasticity, E
Coefficient of Thermal Expansion, A
Shear Modulus, G [1.458E=10 '

Other Properties for Concrete Materials

Specified Concrete Compressive Strength, fc 40000000
[] Lightweight Concrete

Shear Strength Reduction Factor

|:| Switch To Advanced Property Display

Conc

= .

Figure 3.3. Material properties in SAP2000: concrete
The frame components were then defined, specifically the major and minor beams and

the varying-sized columns on each floor.
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x Rectangular Section

Dizplay Color -

Section Name
Section Notes Modify/Show Notes...
Dimensions Section
Depth (13) 2
Width (12} 0.5 e o [
3|
- |
T @ e [T
Properties
Material Property Modifiers.
[+ [concreTe can o  SetModifiers.. | | Time Dependent Properfies. .

C.l;ncréte. Iiei.r.t.ﬁn.rcement...

;. Cancel
a)
X Rectangular Section
Section Name Display Color .
Section Notes Modify/Show Notes...
Dimensions Section
Depth (12) z
Width (12 ) 0.24
3
Properties
Material Property Modifiers Section P
[+ |concrere ce0 = [ set Modiiers... Time Dependent Froperties...
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S - -
)(: Rectangular Section

Section Name Display Cobor |
Section Notes [ Modify/Show Notes...
Dimensions Section
Depth (12) z
width (12)
3
Properties
Material Property Modifiers Section Pruperties...

+ | |CONCRETE C40 e Set hiludiﬂers.... | Time Dependent Properties...

Concrete F&einfurcement...

Cancel

:){: Shell Section Data

q

| Section Name siab) Display Color .
Section Notes Modify/Show...
Type Thickness
{® Shell- Thin Membrane 0.15
() shel - Thick Bending 0.15
! O Pate - Thin bt
(O Piate Thick Material Name + || CONCRETE C40 £

| O Membrane Material Angle

O Shell - Layered/Monlinear
Time Dependent Preperties

Set Time Dependent Properties. ..

Concrete Shell Section Design Parameters Stiffness Modifiere

Modify/Show Shell Design Parameters... Set Modifiers. Thermal Proge

d) |

Figure 3.4. Section properties: a) column, b) major beams, ¢) minor beam, d) slab.

The 2D frame building model was created using the parameter definitions, and

unfactored dead, live, and roof live loads were allocated.
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b)
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c)
Figure 3.5. Assigned loads on 2D frame in SAP2000: a) dead load, b) live load, c) roof live load.

3.4.3.2. Assigning Loads to 3D Frame

Similarly to the frame sections, materials and constraints, the building structure was

designed in 3D in SAP2000.
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:I{: Property/Stiffness Modification Factors 4

Property/Stifiness Modifiers for Analysis

Membrane 11 Modifier 1
Membrane 22 Modifier 1
WMembrane 12 Modifier 1
Bending m11 Modifier 0.25

[
[ed
n

Bending mZ2 Modifier

Bending m12 Modifier .25
Shear w13 Modifier 1
Shear v23 Modifier 1
Mass Modifier 1
Weight Modifier 1

Figure 3.6. Slab section property modifiers.
The loads were then distributed on the slab, and because the elevator shafts and stairs do
not have slabs, the loads from the elevators and stairs were distributed on nearby beams

according to the one-way slab's load transfer.
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Figure 3.7. Applied dead area loads on a 3D model in SAP2000
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Figure 3.8. Applied dead frame loads on 3D model in SAP2000
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Figure 3.9. Applied live area loads on a 3D model in SAP2000
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Figure 3.10. Applied live frame loads on 3D model in SAP2000
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Figure 3.11. Applied roof live area loads on a 3D model in SAP2000
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Figure 3.12. Applied roof frame loads on 3D model in SAP2000
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3.5.
3.5.1.

3.5.1.1.

According to the ASCE 7-10 basic wind speed in Los Angeles, California was found as

Wind Loads Including Torsional Effect

Analysis and Design of Lateral Force Resisting System (LFRS)
Calculation of Wind Loads

V = 42 m/s This helped to perform calculations on wind load (ASCE Hazard Tool).

e Exposure category B (city)

e Topographical Effect: K s 1 (flat land)

e Direction Effect: K 0= 0. 85 (main wind load force resisting system (LFRS))

Table 3.15. Constants fr exposure categories

Exposure o z,(m) /& /i, E E C ¢ (m) ; o (M)*
B 7.0 365.76 1/7 0.84 1/4.0 0.45 0.30 97.54 1/3.0 9.14
C 9.5 274.32 1/9.5 1.00 1/6.5 0.65 0.20 152.4 1/5.0 4,57
D 11.5 | 21336 | 1/11.5 1.07 1/9.0 0.80 0.15 108.12 | 1/8.0 2.13

e Height Effect

The velocity pressure exposure coefficient can be calculated by formula:

15 2/a
KZ = 2.01(7) ,forz<I5ft (3.8)
9

2/a
K =2 01(>) ,for15ft<z< z, (3.9)
9

The final calculations for Kz values:

Table 3.16. The results for Kz value calculations

Story h (m) z (m) Kz
13 3,5 46,00 1,112
12 3,5 42,50 1,087
11 3,5 39,00 1,060
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10 3,5 35,50 1,032
9 3,5 32,00 1,002
8 3,5 28,50 0.969
7 3,5 25,00 0.934
6 3,5 21,50 0.894
5 3,5 18,00 0.850
4 3,5 14,50 0.799
3 3,5 11,00 0.739
2 3,5 7,50 0.662
1 4 4 0.807

e QGust effect

The Gust effect was calculated considering 2 possible wind directions.
Forcase 1: B = 37.2m, L = 43.2m, m (number of frames) = 7
Forcase2: B = 43.2m, L = 37.2m, m (number of frames) = 8

Therefore, the Gust effect is calculated for two cases with consideration of different gust
effects on different layouts.

Case 1 (Y-axis)

Since H = 46 m > 18 m, the building is not a “low-rise”. In order to estimate the Gust

factor for the reinforced concrete frames, these equations were comprised:

n =43.5/h" = 43.5/150.919 = 0.476 < | Hz: a flexible building.

z=0.6h=0.6-46=27.6 >z =09.14m

min
1
I = (i) = 0.3(—>)° = 0.271
P 276 .
= T,z 276 0.25
V.=b(% )V—045( . 42 = 24.36m/s
27.6 0.33
n =n =0476L = (% 2 3¢ _ g7 54(222)"* = 136.36:m
_ ol 047613636
N1 - v T 24.36 = 2.664
747N _
R = T 7.47-2.664 = 0.075
n (1+103N) (1+10.3-2.664)
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_ AenH 46047646 413
N, =~ = 223 ™

2

-2
R,=>-—r@1-¢ ") =0213

4.6n B
4.6:0.476-37.2
. = 3.344

T]b = V. 24.36
Rb = 0.254
_ anl o 4540476432
n, = —— = TR = 12.99
R = 0.074

R = \/RnRth(O-Se’*O-”RL) _ . [007502130254-(053+047:0074) _ 33
- B - 0.02 -

_ 0.577 _ : 0.577 _
9p = A /21n(3600n1) + —\/m \/Zln(3600 0.476) + 36000476 4.009
= gQ = 3.4

1 1
Q= poh 063 = 372146 063 0.827
1+0.63(2") 140.63( 3636 )

2 2 2.2
L7IN9, Q 49, R ) = 0.925( 1+1.7~0.271\/3.42-0.8272+4.009-0.3392) — 0.841

1+1.7gvlz 1+1.7-3.4-0.271

1+
G, = 0.925(

L/B=37.2/43.2=0.861<1
External pressure coefficient C,:
Windward = 0.8 and Leeward = -0.5

Case 1 (X-axis)
The same calculations were performed for this case, but only L and B were changed.

o 00y o gea

1+1.7g I

1+
G, = 0.925(

L/B=43.2/37.2=1.161>1
External pressure coefficient C,:
Windward = 0.8 and Leeward = -0.3 (Using Interpolation)

Here are other formulas for calculating pressure and force on each floor:
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Velocity pressure calculation
2
q, = 0.613K K KV (3.10)

Design wind pressure calculation

P = quCp,windward B thCp,leeward (3.11)
Force at top floor
F21 = (B/number of frames)- h21/2 . P21 (3.12)
Force at iy, floor
Fl_ = (B/number of frames) - (Pi+1 - hi+1/2 + Pi - hi/2) (3.13)
Table 3.17. Y-axis wind force calculations on each frame (Case 1)
F per
Pw, Pl frame
Story | h(m) | z(m) Kz q (Pa) Gf (Pa) | P(Pa) [Fi(kN)| (kN)
13 3,5 46,00 | 1,112 |1021,66| 0.841 | 719,46 [1159,06 | 75,46 10,78
12 3,5 42,50 | 1,087 998,82 | 0.841 | 703,37 [1142,98| 149,86 | 21,41
11 3,5 39,00 | 1,060 | 974,59 | 0.841 | 686,31 |1125,92| 147,71 | 21,10

10 3,5 35,50 [ 1,032 | 948,76 | 0.841 | 668,12 |1107,73 | 145,41 | 20,77

9 3,5 32,00 [ 1,002 | 921,03 | 0.841 | 648,60 |1088,20( 142,95 | 20,42
8 3,5 28,50 969 (891,05 | 0.841 | 627,48 [1067,09| 140,31 [ 20,04
7 3,5 25,00 934 [ 858,31 | 0.841 | 604,42 (1044,03| 137,43 [ 19,63
6 3,5 21,50 894 | 822,11 | 0.841 [ 578,93 |1018,54| 134,27 | 19,18
5 3,5 18,00 850 | 781,41 | 0.841 [ 550,28 | 989,88 | 130,75 [ 18,68
4 3,5 14,50 799 | 734,60 | 0.841 | 517,31 [ 956,92 | 126,74 | 18,11
3 3,5 11,00 739 [ 678,85 | 0.841 | 478,05 [ 917,66 | 122,03 | 17,43
2 3,5 7,50 662 [ 608,48 | 0.841 | 428,50 | 868,10 | 116,25 16,61
1 4 4 807 | 741,75 | 0.841 | 522,34 | 961,95 | 128,08 | 18,30

Table 3.18. X-axis wind force calculations on each frame (Case 1)
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F per

Pw, PI frame

Story | h(m) | z(m) Kz q (Pa) Gf (Pa) | P(Pa) [Fi(kN)| (kN)
13 3,5 46,00 | 1,112 |1021,66| 0.864 [ 706,17 | 965,06 | 72,96 9,12
12 3,5 42,50 | 1,087 | 998,82 | 0.864 [ 690,38 | 949,28 | 144,72 | 18,09
11 3,5 39,00 [ 1,060 | 974,59 | 0.864 | 673,64 | 932,53 | 142,26 | 17,78
10 3,5 35,50 [ 1,032 | 948,76 | 0.864 | 655,78 | 914,67 | 139,65 | 17,46
9 3,5 32,00 [ 1,002 | 921,03 | 0.864 | 636,62 | 895,51 | 136,85 | 17,11
8 3,5 28,50 969 [ 891,05 | 0.864 | 615,89 | 874,79 | 133,83 [ 16,73
7 3,5 25,00 934 [ 858,31 | 0.864 | 593,26 | 852,16 | 130,56 [ 16,32
6 3,5 21,50 894 | 822,11 | 0.864 | 568,24 | 827,13 | 126,95 | 15,87
5 3,5 18,00 850 | 781,41 | 0.864 | 540,11 | 799,01 | 122,94 | 15,37
4 3,5 14,50 799 | 734,60 | 0.864 | 507,76 | 770,00 | 118,62 | 14,83
3 3,5 11,00 739 [ 678,85 | 0.864 | 469,22 | 770,00 | 116,42 [ 14,55
2 3,5 7,50 662 [ 608,48 | 0.864 | 420,58 [ 770,00 | 116,42 [ 14,55
1 4 4 807 | 741,75 | 0.864 | 512,70 | 771,59 | 124,88 | 15,61

These calculations were part of the first case out of four, described in ASCE-7. The

equations and the wind direction is shown in Figure x.
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Figure 3.13. Wind load cases description

The further estimations include Case 2 with its torsional effect acting on each floor and

each frame.
e =0. 15 - B (3.14)
e =0.15-37.2 = 5.58
Table 3.19. Direct force component for Case
Story Pw, P1 (Pa) MT (kN-m) [0.75Fi (kN) |F,direct (kN)
13 719,46 180,45 56,59 8,08
12 703,37 177,94 112,40 16,06
11 686,31 175,29 110,78 15,83
10 668,12 172,45 109,06 15,58
9 648,60 169,41 107,22 15,32
8 627,48 166,13 105,23 15,03
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7 604,42 162,54 103,08 14,73
6 578,93 158,57 100,71 14,39
5 550,28 154,11 98,06 14,01
4 517,31 148,97 95,05 13,58
3 478,05 142,86 91,53 13,08
2 428,50 135,15 87,19 12,46
1 522,34 149,76 96,06 13,72
e, = 0.15 - L (3.15)
e, = 0.15 - 43.2 = 6.48
Table 3.20. Direct force component for Case 2 (X-axis)
Story Pw, P1 (Pa) | MT (kN-m) | 0.75Fi (kN) [ Fdirect (kN)
13 706,17 202,62 54,72 6,84
12 690,38 199,30 108,54 13,57
11 673,64 195,79 106,70 13,34
10 655,78 192,04 104,74 13,09
9 636,62 188,01 102,64 12,83
8 615,89 183,66 100,38 12,55
7 593,26 178,91 97,92 12,24
6 568,24 173,66 95,22 11,90
5 540,11 167,75 92,20 11,53
4 507,76 160,96 88,96 11,12
3 469,22 152,87 87,32 10,91
2 420,58 142,66 87,32 10,91
1 512,70 162,00 93,66 11,71
Table 3.21. Direct force component for Case 3 (Y-axis)
F2 per frame
Story 0.75F1 (kN) F1 per frame (kN) 0.75F2 (kN) (kN)
13 56,59 8,08 54,72 7,82
12 112,40 16,06 108,54 15,51
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11 110,78 15,83 106,70 15,24

10 109,06 15,58 104,74 14,96

9 107,22 15,32 102,64 14,66

8 105,23 15,03 100,38 14,34

7 103,08 14,73 97,92 13,99

6 100,71 14,39 95,22 13,60

5 98,06 14,01 92,20 13,17

4 95,05 13,58 88,96 12,71

3 91,53 13,08 87,32 12,47

2 87,19 12,46 87,32 12,47

1 96,06 13,72 93,66 13,38

Table 3.22. Direct force component for Case 4 (Y and X-axis)
Pw, PI1 (Pa) -| Pw, Pl (Pa)-y MT 0.563F1 [ 0.563F2 | F1 direct |F2 direct

Story X axis axis (kN-m) (kN) (kN) (kN) (kN)
13 719,46 706,17 287,55 42,48 41,08 6,07 5,87
12 703,37 690,38 283,18 84,37 81,48 12,05 11,64
11 686,31 673,64 278,55 83,16 80,09 11,88 11,44
10 668,12 655,78 273,61 81,87 78,62 11,70 11,23
9 648,60 636,62 268,31 80,48 77,05 11,50 11,01
8 627,48 615,89 262,58 78,99 75,35 11,28 10,76
7 604,42 593,26 256,31 77,38 73,50 11,05 10,50
6 578,93 568,24 249,39 75,60 71,48 10,80 10,21
5 550,28 540,11 241,61 73,61 69,21 10,52 9,89
4 517,31 507,76 232,66 71,35 66,78 10,19 9,54
3 478,05 469,22 222,00 68,71 65,55 9,82 9,36
2 428,50 420,58 208,54 65,45 65,55 9,35 9,36
1 522,34 512,70 234,02 72,11 70,31 10,30 10,04
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Direct and torsional influence of wind load makes the total force acting on the frame, so
using the frame stiffness we calculate the total force.

Table 3.23. Calculation of wind force on each frame including the torsional effect on the first

floor (Case 2)
Case 2 (X-axis) Case 2 (Y-axis)

Ftorsion Ftotal Ftorsion | Fdirect | Ftotal

Frame (kN) Fdirect (kN) (kN) Frame (kN) (kN) (kN)
A -0.2345 10,67 8,89 1 -28,019 | 13,45 10,01
-0.0753 10,67 9,04 2 -22,415 | 13,45 10,57

C -0.0236 10,67 9,19 3 -16,812 | 13,45 11,13
D 0.0056 10,67 9,35 4 -11,208 | 13,45 11,69
E 0.0236 10,67 9,35 5 -5,604 13,45 12,25
F 0.0753 10,67 9,35 6 3.789 13,45 12,81
G 0.2345 10,67 9,35 7 5,604 13,45 13,37
8 11,208 13,45 13,93

Table 3.24. Calculation of wind force on each frame including the torsional effect on the first

floor (Case 4)
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.5003 10.04 7.54 1 -0.7501 10.3 9.55
2 -1.7859 10.04 8.26 2 -0.5358 10.3 9.77
3 -1.0715 10.04 8.97 3 -0.3215 10.3 9.98
4 -0.3572 10.04 9.69 4 -0.1072 10.3 10.19
5 0.3572 10.04 10.4 5 0.1072 10.3 10.41
6 1.0715 10.04 11.12 6 0.3215 10.3 10.62
7 1.7859 10.04 11.83 7 0.5358 10.3 10.84
8 2.5003 10.04 12.54 8 0.7501 10.3 11.05
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3.5.1.2.  Calculation of Seismic Loads

To calculate seismic loads applied on our building, an equivalent lateral force procedure
will be applied (American Society of Civil Engineers 2017).

From the report of site investigation, the class of soil was found as classification D which
will be adopted for investigating the seismic design parameter for the site. To identify the seismic
parameters of the size, the online map tool was utilised, namely asce 7 hazard tool.online. Since
the building is for residential complex, accordingly, the risk category II has been applied on the
site. Based on the result showing from map tool, the mapped acceleration parameters were
founded as:

S =234g.5S =0.84g

Accordingly, based on the site class, the soil condition correction coefficients were used to find
the adjusted parameters:

F =1,F =15

a v
S, =FS (3.16)
S, =FS, (3.17)

SMS: 1-2.34=2.34g

S, =15-084=126g

Next, the maximum considered earthquake parameters were adjusted for design acceleration

parameters:
S ==%g (3.18)
S ==§ (3.19)
S ==:234=156g
S ==:1.26=084g

The seismic design category was calculated to be E from the calculations of seismic
design parameters (American Society of Civil Engineers, 2017). With this category, the Lateral
Force Resisting System was found to be Special Reinforced Concrete Moment Frame with the
following parameters:

Response modification coefficient, R = 8
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Overstrength factor, Q=3
Design amplification factor, C;=5.5
Importance factor, I, = 1
Furthermore, the periods of design spectrum were calculated:

T =8s
L

_ SDl
T = 0.2 (3.20)

0 DS

_ 0,208 _
T, =0.297 = 0.0108s

T =L (3.21)

0.84

TS=T56= 0.538s

Approximate fundamental period was calculated using the following equation:
t, x
r =¢C hn (3.22)

Where,
T - approximate fundamental period
¢ and x - approximate period parameters defined in ASCE 7-16, 2016
hn - building height above the ground to its highest point (in our building, hn = 46 m)

From Table 12.8-2 in ASCE 7-16, for concrete moment-resisting frames,

¢ =o. 0466, x = 0.9 (American Society of Civil Engineers, 2017). Accordingly, the

approximate fundamental period can be calculated as:
T =0.0466 - 46 = 1.462s

Fundamental period of the structure was calculated by:
T=CT, (3.23)
Where,

C . coefficient for upper limit on calculated period defined in Table 12.8-1. For our building it is

1.4.
T =1.4-1.462 = 2.046s
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Because modal analysis in SAP 2000 was not performed so as to find the T*, it is
assumed that the period will be an approximate fundamental period, which can be used for

regular design procedures (T = Ta = 1.462 s).

The seismic base shear were calculated for ELFr:

V=Ccw (3.24)

Where,

C .- seismic response coefficient

W - effective seismic weight of the building

Firstly, to calculate the seismic response coefficient, the following equation was used:

C =X (3.25)

c =225 =10.195
&

N
1

However, there are limitations for the coefficient values: (1) it should not exceed the

following:
SDl
= <
C T for T<T, (3.26)
c =—22_-0.072 > 0.195— C = 0.072 (controlled)
s 1462(3) s

And it should not be less than:
Cs = 0. 551/(R/Ie) forS,>0.6 g (3.27)

C_=0.5-0.84/(8/1) = 0.0525 > 0.041 — C_= 0.0525 (controlled)

The subsequent step was the calculation of the effective seismic weight, which was
calculated by adding weights of columns, beams, slab, floor finishing, stairs, and exterior and
partition walls. For calculation, the weights of slab, floor finishing, and exterior and partition
walls were given in kPa and were multiplied by floor area, which is 1656 m2. Whereas, other
weights were given in kN. The weights for each floor including roof and exit floor can be seen in
Table 3.25.

Table 3.25. Effective seismic weight calculations

Floors Floor Column Beam | Exterior/partition | Stairs (kN) Floor
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finishing and | weight weight walls, (kN/m2) weight
slab (kN) (kN) (kN)

1 5,37 3584,00 | 247542 2,97 308,428 20178,9
2 5,37 3584,00 | 247542 2,97 308,428 20178,9
3 5,37 3150,00 | 247542 2,97 308,428 19744.,9
4 5,37 3150,00 | 247542 2,97 308,428 19744.9
5 5,37 2744,00 | 2475,42 2,97 308,428 19338,9
6 5,37 2744,00 | 2475,42 2,97 308,428 19338,9
7 5,37 2744,00 | 2475,42 2,97 308,428 19338,9
8 5,37 2366,00 | 247542 2,97 308,428 18960,9
9 5,37 2366,00 | 247542 2,97 308,428 18960,9
10 5,37 2016,00 | 2475,42 2,97 308,428 18610,9
11 5,37 2016,00 | 2475,42 2,97 308,428 18610,9
12 5,37 1694,00 | 2475,42 2,97 308,428 18288,9
13 0 1694,00 | 2475,42 2,97 308,428 9396,2
Roof 5,56 0 0 46 9283,5

Effective

seismic

weight 249976,3

Since effective seismic weight and the seismic response coefficients are known, the

seismic base shear can be calculated:

V= CSW = 0.0525 - 249976.3 = 13123.8 kN

Next, the vertical distribution of seismic forces should be calculated using the following

equation:

Where,

Cc " vertical distribution factor

i=

F =CV
X vx
w h
C =—
vXx Z Wihik

1
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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 as following:
o IfT<05s—k=1
o [fT>25s—>k=2

e T between 0.5 s and 2.5 s should be interpolated as in our case:

k=——e- 1462 + 1 = 1.731

After a series of calculations for each story, the lateral seismic force at each floor can be

seen in Table 3.26. It should be noted that the weight on the roof was added to the 12th floor’s

weight.
Table 3.26. Lateral seismic force at each floor

Floors hi, m Wx, kN Wx*hx "k Cvx Fx, kN
13 46 7898 2290005 0.085767 1046.33
12 42.5 16944.7 4369779 0.16366 1996.6
11 39 17126.7 3888902 0.14565 1776.88
10 35.5 17336.7 3424891 0.128271 1564.87
9 32 17574.7 2977235 0.111505 1360.33
8 28.5 17574.7 2507945 0.093929 1145.91
7 25 17840.7 2096880 0.078534 958.09
6 21.5 18134.7 1704798 0.063849 778.94
5 18 18134.7 1310390 0.049078 598.73
4 14.5 18456.7 968243 0.036263 442.4
3 11 18456.7 643157 0.024088 293.87
2 7.5 18806.7 371673 0.01392 169.82
1 4 18806.7 146515 0.005487 66.94

Total| 204285.3 26700411
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3.5.1.2.1.  Seismic Loads Including Torsional Effect

But since our building is prone to torsional effects because of differences in mass centers
and stiffness, the torsional effect should be taken into account and the seismic force applied to
each frame should be calculated.

First, the center of mass was identified. The slabs, floor finishing, divider, and external
walls must all be used to determine the mass center. Since elevators and staircase shafts lack
slabs, their areas were subtracted from the mass center of our structure, while all other
components were evenly spaced throughout the floor area. It is important to remember that the
building is 42 meters long and 59 meters diagonal. Once the origin has been identified in order to
determine the mass center, the computations

x = 42 m (due to symmetrical nature of the building)

_ Aflaoryflaor_Aelevator shaftyelevamr shaft_Astairs shaft, lystairs shaft, 1_Astairs shaft, Zystairs shaft, 2 3 30
o A —A (3.30)
floor shafts

_ 1764-21-36-21-25.8-3—25.8-21
1764—25.8—36—25.8

=824m

So, mass center: x =21 m, y = 8.24 m.
The stiffness of the moment frame was then calculated in order to find the stiffness
center. First, the following formulas were used to calculate the beams' and columns' cracking

moment of inertia;

1 3

I, = bl - 0.35 (3.31)
1 3
1., ==7bh" - 0.7 (3.32)

The following formula can then be used to determine the frame's stiffness:

I *
12E ccr  ber
D = 2 ( L*¥I  +h*I ) (333)
h c,cr b,cr

Force needed to generate an inter-story rotation:

CF = h - D - #of columns per frame - # of frames (3.34)

The stiffness center can therefore be computed. Appendix A contains detailed
computations.

Accordingly, stiffness center: x” = 21 m, y’ = 21 m (uniform spacing between columns
and major beams).

The eccentricity developed was found to be as:
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In x-axis:

ex=42—42=0m
e =5%-L =0.05-42=2.1m
a X

e =e +e =2.1m

xt X a

In y-axis:
ey=21—8.24=0.1m
ea=5%-L=0.05-42=2.1m
e =e +e =4.2m

yt y a

Torsion moment, direct force, and torsional force will therefore be computed as follows:

T = eF (3.35)
FX
direct = #of frames (336)

T*C *(x.ory)
A (3.37)

torsion w2 2
ZCf (x, ory)

total Fdirect + Ftorsion (3.38)

The table 3.27 shows the direct forces and torsion calculations for the longitudinal and

transverse axes on each floor. The following table shows an example of the readjusted seismic

forces calculated for the longitudinal and transverse axes for each frame on the first level.
Appendix A contains the computations for the other floors.

Table 3.27. Direct forces on each frame and torsion for both axes.

Longitudinal (NS) Traverse (NS)
Floors Fx (kN) Fdirect (kN) Fx (kN) Fdirect (kN)
13 1046.33 261.58 1046.33 95.12
12 1996.6 499.15 1996.6 181.51
11 1776.88 44422 1776.88 161.53
10 1564.87 391.22 1564.87 142.26
9 1360.33 340.08 1360.33 123.67
8 1145.91 286.48 1145.91 104.17
7 958.09 239.52 958.09 87.1
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6 778.94 194.74 778.94 70.81
5 598.73 149.68 598.73 54.43
4 442 .4 110.6 442.4 40.22
3 293.87 73.47 293.87 26.72
2 169.82 42.46 169.82 15.44
1 66.94 16.74 66.94 6.09
Table 3.28. Calculation of seismic force on each frame for the first floor including the torsional
effect.
Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,
Frame kN kN Ftotal, KN| Frame kN kN Ftotal, kN
A 8.4796 16.74 25.22 1 -0.6437 6.09 5.44
B 6.0568 16.74 22.79 2 -0.4598 6.09 5.63
C 3.6341 16.74 20.37 3 -0.2759 6.09 5.81
D 1.2114 16.74 17.95 4 -0.092 6.09 5.99
E -1.2114 16.74 15.52 5 0.092 6.09 6.18
F -3.6341 16.74 13.1 6 0.2759 6.09 6.36
G -6.0568 16.74 10.68 7 0.4598 6.09 6.55
8 0.6437 6.09 6.73

3.5.2.
3.5.2.1.

Assigning Forces to SAP 2000 for Lateral Forces

Assigning Forces to Chosen 2D Frame

The same procedures were applied for LFRS as for GLRS frame loads including Case 2

and Case 4 for Wind loads and Seismic loads, with F direct forces. The forces were assigned in

only a transverse direction showing the procedures in X-direction.
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Figure 3.14. Assigned lateral forces on 2D frame in SAP2000: a) wind loads Case 2, b) wind
loads Case 4, c) seismic loads.
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3.5.2.2.  Assigning Forces to 3D Frame
The lateral forces cannot be applied to joints in order to assign them to a 3D frame.
Instead, SAP2000 uses its internal functions to execute calculations, and the user can define key
parameters for earthquakes, like acceleration periods, fundamental period, response
modification, and so on, and for wind, like wind speed, exposure type, Kzt, gust factor, and so

on.

Figure 3.15. Assigned lateral forces on 3D frame in SAP2000 wind loads Case 2
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Figure 3.16. Assigned lateral forces on 3D frame in SAP2000 wind loads Case 4.
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Figure 3.17. Assigned lateral forces on 3D frame in SAP2000 seismic loads
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3.6. Lateral drift analysis
o 2 ®o @ & 6 © ®
0
H
O
5
H
B 777
Ef/:// /:3
42 m
Figure 3.17. Chosen frame for lateral force calculations
3.6.1. Hand calculation for lateral drift analysis under Wind Load
Table 3.29. Shear Drift on Frame A under Wind Load (Longitudinal Direction).
hi-avg Vi-col | Vavg Ic,cr Ib,er | Ic-avg
Story [hi (mm)| (mm) [ Fi(kN) |Vi(kN)| (kN) (kN) [((mm*4)|(mm”"4)|(mm~4)
3,65E+0(7,74E+0|3,02E+0
13 3500 ([3250,00| 9,12 9,12 0,91 0,46 9 8 9
3,65E+0(7,74E+0|3,65E+0
12 3500 (3500,00| 18,09 | 27,21 2,72 1,82 9 8 9
5,34E+0|7,74E+0(4,49E+0
11 3500 ([3500,00| 17,78 | 44,99 4,50 3,61 9 8 9
5,34E+0|7,74E+0(5,34E+0
10 3500 ([3500,00| 17,46 | 62,45 6,24 5,37 9 8 9
7,56E+0|7,74E+0(6,45E+0
9 3500 ([3500,00| 17,11 | 79,56 7,96 7,10 9 8 9
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7,56E+0|7,74E+0|7,56E+0
8 3500 |3500,00| 16,73 [ 96,29 9,63 8,79 9 8 9
1,04E+1(7,74E+0(8,99E+0
7 3500 ([3500,00| 16,32 | 112,60 | 11,26 | 10,44 0 8 9
1,04E+1|7,74E+0[1,04E+1
6 3500 |3500,00| 15,87 | 128,47 | 12,85 | 12,05 0 8 0
1,04E+1(7,74E+0| 1,04E+1
5 3500 |3500,00| 15,37 | 143,84 | 14,38 | 13,62 0 8 0
1,40E+1(7,74E+0| 1,22E+1
4 3500 |3500,00| 14,83 | 158,67 | 15,87 | 15,13 0 8 0
1,40E+1(7,74E+0| 1,40E+1
3 3500 ([3500,00| 14,55 | 173,22 | 17,32 | 16,59 0 8 0
1,85E+1|7,74E+0[1,62E+1
2 3500 |3500,00| 14,55 | 187,77 | 18,78 | 18,05 0 8 0
1,85E+1(7,74E+0|1,85E+1
1 4000 ([3750,00| 15,61 | 203,38 | 20,34 [ 19,56 0 8 0
Table 3.30. Shear Drift on Frame A under Wind Load (Longitudinal Direction).
db(mm) dc (mm) dt Interstory abs
0,12 0,02 0,14 0,34 38,43
0,48 0,06 0,54 0,80 38,09
0,96 0,10 1,06 1,30 37,29
1,43 0,12 1,55 1,79 35,99
1,89 0,13 2,02 2,25 34,20
2,34 0,14 2,48 2,70 31,95
2,78 0,14 2,92 3,13 29,25
3,21 0,14 3,35 3,56 26,12
3,62 0,16 3,78 3,98 22,55
4,03 0,15 4,17 4,37 18,57
4,42 0,14 4,56 4,75 14,21
4,80 0,13 4,94 5,96 9,46
6,80 0,19 6,99 3,49 3,49
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Table 3.31. Flexural Drift on Frame A under Wind Load (Longitudinal Direction).

M Dqi interstor
Story | (N-mm) | a=b (m) |A (mm?2) fi (rad) | qi(rad) | y(mm) |Absolute
13 3,19E+07( 0,25 62500 |1,06E-10|3,71E-07|5,80E-05( 0,20 1,88
12 1,27E+08( 0,3 90000 |2,93E-10|1,03E-06|5,77E-05( 0,20 1,68
11 2,85E+08| 0,35 122500 [4,83E-10|1,69E-06|5,67E-05| 0,20 1,48
10 5,03E+08| 04 160000 |6,53E-10]2,29E-06|5,50E-05| 0,19 1,28
9 7,82E+08( 0,45 202500 |8,02E-10|2,81E-06|5,27E-05( 0,18 1,09
8 1,12E+09( 0,45 202500 |1,15E-09]4,02E-06|4,99E-05| 0,17 0,90
7 1,51IE+09( 0,5 250000 |1,26E-09|4,40E-06|4,59E-05| 0,16 0,73
6 1,96E+09( 0,55 302500 [1,35E-09|4,72E-06|4,15E-05| 0,15 0,57
5 2,47E+09( 0,55 302500 [1,69E-09|5,92E-06]|3,67E-05| 0,13 0,42
4 3,02E+09( 0,6 360000 [1,74E-09]6,10E-06|3,08E-05| 0,11 0,30
3 3,63E+09( 0,6 360000 [2,09E-09|7,32E-06|2,47E-05| 0,09 0,19
2 4,28E+09| 0,65 422500 |2,11E-09|7,37E-06 | 1,74E-05| 0,06 0,10
1 5,10E+09| 0,65 422500 |2,51E-09|1,00E-05|1,00E-05( 0,04 0,04
Table 3.32. Shear Drift on Frame 4 under Wind Load (Transverse Direction).
hi-avg Vi-col | Vavg Ic,cr Ib,er | Ic-avg
Story [hi (mm)| (mm) [ Fi(kN) |Vi(kN)| (kN) (kN) [((mm*4)|(mm”"4)|(mm"4)
3,65E+0(7,74E+0|3,02E+0
13 3500 (3250,00| 10,78 | 10,78 3,59 1,80 9 8 9
3,65E+0(7,74E+0|3,65E+0
12 3500 (3500,00| 21,41 | 32,19 | 10,73 7,16 9 8 9
5,34E+0|7,74E+0(4,49E+0
11 3500 (3500,00| 21,10 | 53,29 | 17,76 | 14,25 9 8 9
5,34E+0|7,74E+0(5,34E+0
10 3500 (3500,00| 20,77 | 74,06 | 24,69 | 21,23 9 8 9
7,56E+0|7,74E+0|6,45E+0
9 3500 (3500,00| 20,42 | 94,48 | 31,49 | 28,09 9 8 9
7,56E+0|7,74E+0|7,56E+0
8 3500 (3500,00| 20,04 | 114,53 | 38,18 | 34,84 9 8 9
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1,04E+1(7,74E+0(8,99E+0
7 3500 |3500,00| 19,63 [ 134,16 | 44,72 | 41,45 0 8 9
1,04E+1(7,74E+0|1,04E+1
6 3500 |3500,00| 19,18 | 153,34 | 51,11 | 47,92 0 8 0
1,04E+1|7,74E+0[1,04E+1
5 3500 |3500,00| 18,68 [ 172,02 | 57,34 | 54,23 0 8 0
1,40E+1(7,74E+0| 1,22E+1
4 3500 |3500,00| 18,11 [ 190,13 | 63,38 | 60,36 0 8 0
1,40E+1(7,74E+0| 1,40E+1
3 3500 |3500,00| 17,43 | 207,56 | 69,19 | 66,28 0 8 0
1,85E+1(7,74E+0| 1,62E+1
2 3500 ([3500,00| 16,61 | 224,17 | 74,72 | 71,95 0 8 0
1,85E+1(7,74E+0| 1,85E+1
1 4000 (3750,00| 18,30 | 242,47 | 80,82 | 77,77 0 8 0
Table 3.33. Shear Drift on Frame 4 under Wind Load (Transverse Direction).
db(mm) dc (mm) dt Interstory abs
0,48 0,07 0,55 1,35 152,85
1,91 0,24 2,14 3,16 151,50
3,79 0,38 4,17 5,15 148,34
5,65 0,48 6,13 7,06 143,19
7,48 0,52 8,00 8,91 136,13
9,27 0,55 9,83 10,71 127,22
11,03 0,55 11,59 12,45 116,51
12,75 0,55 13,31 14,18 104,06
14,43 0,63 15,06 15,86 89,88
16,07 0,59 16,66 17,44 74,02
17,64 0,57 18,21 18,95 56,58
19,15 0,53 19,68 23,74 37,64
27,04 0,76 27,79 13,90 13,90

Table 3.34. Flexural Drift on Frame 4 under Wind Load (Transverse Direction).
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M Dqi interstor
Story | (N-mm) | a=b (m) |A (mm2) fi (rad) | qi(rad) | y (mm) |Absolute
13 3,77E+07| 0,25 62500 ([1,25E-104,39E-07(6,91E-05| 0,24 2,24
12 1,50E+08| 0,3 90000 (3,47E-10|1,21E-06(6,87E-05| 0,24 2,00
11 3,37E+08| 0,35 122500 |5,71E-10]2,00E-06|6,74E-05| 0,24 1,76
10 5,96E+08| 0,4 160000 |7,74E-10|2,71E-06|6,54E-05( 0,23 1,53
9 9,27E+08| 0,45 202500 |9,50E-10]3,33E-06|6,27E-05| 0,22 1,30
8 1,33E+09| 0,45 202500 |1,36E-09|4,77E-06|5,94E-05( 0,21 1,08
7 1,80E+09| 0,5 250000 |1,49E-09|5,23E-06|5,46E-05| 0,19 0,87
6 2,33E+09| 0,55 302500 |1,60E-09|5,61E-06|4,94E-05( 0,17 0,68
5 2,94E+09| 0,55 302500 |2,02E-09|7,05E-06|4,38E-05( 0,15 0,51
4 3,60E+09( 0,6 360000 |2,08E-09|7,27E-06|3,68E-05( 0,13 0,35
3 4,33E+09| 0,6 360000 |2,50E-09 |8,74E-06|2,95E-05( 0,10 0,22
2 5,11E+09| 0,65 422500 (2,51E-098,79E-06 [2,08E-05| 0,07 0,12
1 6,08E+09| 0,65 422500 (2,99E-09|1,20E-05(1,20E-05| 0,05 0,05
3.6.2. Hand calculations for lateral drift analysis under Seismic Load

The same procedure was performed for the drift analysis under Seismic Loading.

Table 3.35. Shear Drift on Frame A under Seismic Load (Longitudinal Direction).

hi-avg Vi-col | Vavg Ic,cr Ib,er | Ic-avg
Story [hi (mm)| (mm) [ Fi(kN) |Vi(kN)| (kN) (kN) [((mm*4)|(mm”"4)|(mm~4)
3,65E+0|7,74E+0([1,82E+0

13 3500 ([3250,00| 261,58 | 261,58 | 26,16 | 13,08 9 8 9
3,65E+0|7,74E+0(3,65E+0

12 3500 ([3500,00| 499,15 | 760,73 | 76,07 | 51,12 9 8 9
5,34E+0(7,74E+0|4,49E+0

11 3500 (3500,00| 444,22 11204,95| 120,50 | 98,28 9 8 9
5,34E+0|7,74E+0|5,34E+0

10 3500 ([3500,00| 391,22 |1596,17| 159,62 | 140,06 9 8 9
7,56E+0(7,74E+0]6,45E+0

9 3500 ([3500,00| 340,08 |1936,25| 193,63 | 176,62 9 8 9
8 3500 (3500,00| 286,48 |2222,73| 222,27 | 207,95 |7,56E+0|7,74E+0(7,56E+0
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9 8 9
1,04E+1|7,74E+0(8,99E+0
7 3500 |3500,00| 239,52 (2462,25| 246,23 | 234,25 0 8 9
1,04E+1(7,74E+0|1,04E+1
6 3500 |3500,00| 194,74 (2656,99| 265,70 | 255,96 0 8 0
1,04E+1(7,74E+0|1,04E+1
5 3500 |3500,00| 149,68 [2806,67| 280,67 | 273,18 0 8 0
1,40E+1|7,74E+0|1,22E+1
4 3500 |3500,00| 110,60 (2917,27| 291,73 | 286,20 0 8 0
1,40E+1|7,74E+0|1,40E+1
3 3500 |3500,00| 73,47 (2990,74| 299,07 | 295,40 0 8 0
1,85E+117,74E+0|1,62E+1
2 3500 ([3500,00| 42,46 |3033,19| 303,32 | 301,20 0 8 0
1,85E+117,74E+0|1,85E+1
1 4000 |[3750,00| 16,74 |3049,93( 304,99 | 304,16 0 8 0
Table 3.36. Shear Drift on Frame A under Seismic Load (Longitudinal Direction).
db(mm) dc (mm) dt Interstory abs
3,48 0,86 4,34 9,82 759,33
13,61 1,69 15,29 22,04 749,51
26,16 2,63 28,79 34,61 727,47
37,28 3,15 40,43 45,37 692,86
47,01 3,29 50,30 54,48 647,49
55,35 3,31 58,66 62,07 593,01
62,35 3,13 65,48 68,28 530,94
68,13 2,95 71,08 73,47 462,66
72,71 3,15 75,87 77,43 389,18
76,18 2,82 78,99 80,08 311,75
78,63 2,54 81,16 81,78 231,68
80,17 2,23 82,40 95,55 149,90
105,74 2,96 108,70 54,35 54,35

Table 3.37. Flexural Drift on Frame A under Seismic Load (Longitudinal Direction).
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M Dqi interstor
Story | (N-mm) | a=b (m) |A (mm2) fi (rad) | qi(rad) | y (mm) |Absolute
13 9,16E+08( 0,25 62500 |3,04E-09|1,06E-05|1,30E-03| 4,55 40,70
12 3,58E+09 0,3 90000 |8,26E-09|2,89E-05|1,29E-03 | 4,52 36,14
11 7,80E+09( 0,35 122500 (1,32E-08[4,63E-05(1,26E-03 | 4,42 31,62
10 1,34E+10( 0,4 160000 |1,74E-0816,08E-05|1,22E-03| 4,25 27,21
9 2,02E+10( 0,45 202500 |2,07E-08|7,24E-05|1,15E-03| 4,04 22,95
8 2, 79E+10( 0,45 202500 |2,87E-08|1,00E-04|1,08E-03| 3,79 18,91
7 3,66E+101 0,5 250000 |3,04E-08|1,06E-04|9,82E-04| 3,44 15,12
6 4,59E+10 0,55 302500 [3,15E-08]1,10E-04|8,76E-04| 3,07 11,69
5 5,57E+10| 0,55 302500 |[3,82E-08]|1,34E-04|7,66E-04| 2,68 8,62
4 6,59E+101 0,6 360000 [3,80E-08]1,33E-04]6,32E-04| 2,21 5,94
3 7,64E+101 0,6 360000 [4,40E-08]|1,54E-04|4,99E-04| 1,75 3,73
2 8,70E+10| 0,65 422500 |4,27E-08|1,50E-04|3,45E-04| 1,21 1,99
1 9,92E+10( 0,65 422500 |4,87E-08|1,95E-04 | 1,95E-04| 0,78 0,78
Table 3.38. Shear Drift on Frame 3 under Seismic Load (Transverse Direction).
hi-avg Vi-col | Vavg Ic,cr Ib,er | Ic-avg
Story [hi (mm)| (mm) [ Fi(kN) |Vi(kN)| (kN) (kN) [((mm*4)|(mm”"4)|(mm"4)
3,65E+0(7,74E+0|1,82E+0
13 3500 |3250,00( 95,12 | 95,12 | 31,71 15,85 9 8 9
3,65E+0|7,74E+0(3,65E+0
12 3500 (3500,00| 181,51 | 276,63 | 92,21 | 61,96 9 8 9
5,34E+0|7,74E+0(4,49E+0
11 3500 ([3500,00| 161,53 | 438,16 | 146,05 | 119,13 9 8 9
5,34E+0|7,74E+0|5,34E+0
10 3500 (3500,00| 142,26 | 580,43 | 193,48 | 169,77 9 8 9
7,56E+0|7,74E+0|6,45E+0
9 3500 (3500,00| 123,67 | 704,09 | 234,70 | 214,09 9 8 9
7,56E+0|7,74E+0(7,56E+0
8 3500 (3500,00| 104,17 | 808,27 | 269,42 | 252,06 9 8 9
1,04E+1(7,74E+0|8,99E+0
7 3500 ([3500,00| 87,10 | 895,36 | 298,45 | 283,94 0 8 9
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1,04E+1(7,74E+0|1,04E+1
6 3500 |3500,00| 70,81 [ 966,18 | 322,06 | 310,26 0 8 0
1,04E+1(7,74E+0|1,04E+1
5 3500 |3500,00| 54,43 (1020,61| 340,20 | 331,13 0 8 0
1,40E+1(7,74E+0| 1,22E+1
4 3500 |3500,00| 40,22 [1060,83| 353,61 | 346,91 0 8 0
1,40E+1(7,74E+0| 1,40E+1
3 3500 |3500,00| 26,72 [1087,54| 362,51 | 358,06 0 8 0
1,85E+1(7,74E+0| 1,62E+1
2 3500 |3500,00| 15,44 (1102,98| 367,66 | 365,09 0 8 0
1,85E+1(7,74E+0| 1,85E+1
1 4000 |3750,00| 6,09 |[1109,07| 369,69 | 368,67 0 8 0
Table 3.39. Shear Drift on Frame 3 under Seismic Load (Transverse Direction).
db(mm) dc (mm) dt Interstory abs
4,22 1,05 5,27 11,90 920,40
16,49 2,04 18,53 26,72 908,50
31,71 3,19 34,90 41,95 881,78
45,19 3,82 49,01 54,99 839,83
56,98 3,99 60,97 66,04 784,84
67,09 4,01 71,10 75,24 718,80
75,58 3,80 79,37 82,77 643,57
82,58 3,58 86,16 89,06 560,80
88,14 3,82 91,96 93,85 471,74
92,34 3,42 95,75 97,06 377,88
95,30 3,07 98,38 99,13 280,82
97,17 2,70 99,88 115,82 181,69
128,17 3,58 131,75 65,88 65,88
Table 3.40. Flexural Drift on Frame 3 under Seismic Load (Transverse Direction).
M Dqi interstor
Story [ (N-mm) | a=b (m) [A (mm?2) fi (rad) | qi(rad) | y (mm) |Absolute
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13 3,33E+08| 0,25 62500 |1,11E-09|3,87E-06|4,73E-04| 1,66 14,80
12 1,30E+09( 0,3 90000 |3,00E-09|1,05E-05|4,69E-04| 1,64 13,14
11 2,83E+09| 0,35 122500 |4,81E-09 | 1,68E-05(4,59E-04| 1,61 11,50
10 4,87E+09( 0,4 160000 |6,32E-09 | 2,21E-05 [4,42E-04| 1,55 9,89
7,33E+09( 0,45 202500 |7,52E-09 | 2,63E-05 [4,20E-04| 1,47 8,35
1,02E+10| 0,45 202500 |1,04E-08[3,65E-05|3,94E-04| 1,38 6,88
1,33E+10| 0,5 250000 |1,10E-08 |3,86E-05(3,57E-04| 1,25 5,50
1,67E+10| 0,55 302500 |1,14E-084,01E-05|3,18E-04( 1,11 4,25
2,02E+10| 0,55 302500 |1,39E-08|4,86E-05(2,78E-04| 0,97 3,14
2,40E+10| 0,6 360000 |1,38E-08|4,84E-05(2,30E-04| 0,80 2,16
2,78E+10| 0,6 360000 |1,60E-08|5,61E-05|1,81E-04| 0,63 1,36
3,16E+10| 0,65 422500 |1,55E-085,44E-05|1,25E-04| 0,44 0,72
3,61E+10| 0,65 422500 |1,77E-08|7,09E-05|7,09E-05| 0,28 0,28

N W ARl I 0| O

—_

3.6.3. Comparison of lateral drifts for hand, 2D and 3D SAP calculations

Besides the hand calculations, the SAP2000 2D and 3D frames of Frame 4 were
developed to compare and contrast the wind and seismic-induced lateral drifts. Furthermore, for
seismic resistance, each story must act as different resisting frames (ASCE, 2016). Therefore, the
inter-story seismic deflections were amplified to account for the maximum inelastic displacement

(0x) using the following equation:
§ === (3.39)

Where J,, is an interstory elastic deflection and C, is the deflection amplification factor
(e.g., C;,=5.5).
A = 0.020h (3.40)
a SX

Where 4, is the story height (e.g., for our building the story height is 3500 mm for floors
2-12 and 4000 mm for the first floor).
For wind drifts, the inter-story drift was considered as h/600. All the wind inter-story

deflections passed the limit check.
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Inter-story drift comparison of Hand calculation, 2D SAP, and 3D
SAP models for Seismic Load

14
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Inter-story drift comparison of Hand calculation, 2D SAP, and 3D SAP
models for Wind Load
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Figure 3.18. Comparison of lateral deflections for Frame 4: (a) seismic; and (b) wind.

We could notice from Figure a) for Frame 4 that deflections by the 2D and 3D calculation
are close except for hand calculation. It would be noted that in the 3D SAP2000 model wind
loads were specified automatically and, therefore, could be discrepancies from the assumptions
applied in hand-calculated wind loads. However, apart from the seismic deflections, all 3D, 2D

and hand calculations provided almost the same deflections, which confirms that hand and
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SAP2000 calculations are accurate. All drifts were within acceptable drift limits meeting the
needs of the structure.
3.6.4. Internal forces calculations

The internal forces calculated by SAP2000 software for the Frame 4 under different
loading conditions can be seen below

Figure 3.19. Axial force diagram under Dead load in SAP2000.
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Figure 3.21. Moment diagram under Dead load in SAP2000.
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Figure 3.22. Axial force diagram under Wind load in SAP2000.
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Figure 3.23. Shear force diagram under Wind load in SAP2000.
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Figure 3.24. Moment diagram under Wind load in SAP2000.

Internal forces verifications under Point Dead load
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Figure 3.25. Point dead load
Internal forces verifications under Wind load
The internal forces of Frame 4 were calculated for all the floors. The hand calculations
process for other floors is presented in Appendix A. The same was followed for the remaining
floors and the calculated values were obtained using the spreadsheet. The results for all the floors
are presented in Table below.

Table 3.41. The hand calculations of internal forces under wind load.

Internal Column External Column
Axial Shear Internal Axial Shear Internal
Story |Force (kN)|Force (kN) |moment (kN-m)|Force (kN) [Force (kN) | moment (kN-m)
12 0,00 3,59 6,29 -1,05 1,80 3,14
11 0,00 10,73 18,78 -5,23 5,36 9,39
10 0,00 17,76 31,09 -13,54 8,88 15,54
9 0,00 24,69 43,20 -25,92 12,34 21,60
8 0,00 31,49 55,12 -42,30 15,75 27,56
7 0,00 38,18 66,81 -62,62 19,09 33,40
6 0,00 44,72 78,26 -86,80 22,36 39,13
5 0,00 51,11 89,45 -114,75 25,56 44,73
4 0,00 57,34 100,35 -146,39 28,67 50,17
3 0,00 63,38 110,91 -181,60 31,69 55,45
2 0,00 69,19 121,08 -220,26 34,59 60,54
1 0,00 74,72 130,76 -262,23 37,36 65,38
0 0,00 80,82 161,64 -314,08 40,41 80,82
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(Ground)

Comparison of internal forces between 2D, 3D and hand calculations

Comparison of internal forces caused by dead load for Frame 4 by hand, 2D, and 3D

calculations are shown in Figure x. It can be seen from Figure x that axial and shear forces

caused by hand, 2D and 3D calculations are quite close. Although in the bending moment

diagram, moment values of the SAP2000 model were marginally different from the ideal due to

interaction among various elements' stiftness which contributes to the portion of structure.

7000
6000
2000
4000
3000

Axial Force (kN)

2000
1000

Axial force comparison of Hand calculation, 2D and 3D models

13

12

Hand Calculation

11

10
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b)

Moment comparison of Hand calculation, 2D and 3D models
for Frame 4 (Dead Load)
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Shear force comparison of Hand calculation, 2D and 3D
models for Frame 4 (Dead Load)

Hand Calculation

— = e e

20 ==—3D

‘;8{] -

E :j.-.'

L 60

5

i= 40
20
U ;
13 12 1 10 9 8 ¢ 6 &5 4 3 2 1 0

Floors
c)

Figure 3.26. Comparison of internal forces for Frame 4 under dead load: (a) axial force; (b) shear

force; (c) bending moment.
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Likewise, the comparison of internal forces under wind load for Frame 3 can be observed
through figures below that the shear and axial force diagrams in all 2D, 3D and hand calculations
were consistent with one another. Nonetheless, the moment diagram of hand calculations for

lower floors is different because an approximate analysis method was used to calculate the

internal forces through hand calculations.

Shear force comparison of Hand calculation, 2D,
and 3D models for Frame 4 (Wind Load)

35.00

Hand =—2D 3D
30.00

25.00

20.00

15.00

Shear Force (kN)

10.00

5.00 ____,/

0.00

14 12 10 8 6 4 2 0
Floors
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Moment comparison of Hand calculation, 2D, and 3D
for Frame 4 (Wind Load)

120.00

Hand —_—20 - 3D

100.00

80.00

60.00

Moment (KN-m)

40.00

20.00

0.00
14 12 10 8 &) 4 2 0

b)

Moment comparison of Hand calculation, 2D, and 3D
for Frame 4 (Wind Load)
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Hand —_—2D - 3D
100.00

80.00
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Moment (kN-m)
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20.00

0.00
14 12 10 8 B 4 2 0

c)
Figure 3.27. Comparison of internal forces for Frame 4 under wind load: (a) axial force; (b) shear

force; (c) bending moment.
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3.6.5. Load combinations
The load combinations were selected in accordance with ASCE 7-16 Chapter 2. Dead,
live, roof live, earthquake, and wind loads are among the load combinations. The structural study
and design took into account every scenario involving wind loads. 1.2D + 1L = 1Ey and 0.9D +
1Ey were found to be the essential load combinations that formed the greatest moments and

forces during the analysis.

3.6.6.  Structural member design using software

The building's structural design was completed using the SAP2000 software. By using
the ACI 318 design code for reinforced concrete, the program can automatically do the analysis
and determine the percentages of reinforcement for each individual structural part. The structural
design for this project was completed by utilizing SAP2000's capabilities, and it should be

confirmed by hand calculations.

SAP2000

All concrete frames passed the stress/capacity check or are
I Gesigned.

Figure 3.28. The structural design check in SAP2000.
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3.6.6.1. Columns

For the column design, the corner column was taken

- E -

ACI 318-14 COLUMN SECTION DESIGN Type: Sway Special Units: KN, m, C Summazy)

Element : TE56 B=0_300 D=0 800 de=0_0E4

Section ID : col 0-2 Em35000000. Lewmg0000.000 Le.We. Fac.wml. 000
Combo ID : CoMB2 L=3.000 Ey=413€85.473 fys=413€85.473
Station Loc : 0.000 RLLF=1_000

Phi (Compression-Spiral): 0.750
Phi (Compression-Tied) : 0.€50
Phi(Tension Contrelled): 0.500
Fhi (Sheac) : Q.750
Phi (Seismic Shear): a.€00
Phi (Joint Shear): 0.880

AXIAL FORCE & BIAXIAL MOMENT DESIGN FOR PU, M2, M3

Febaz Design Design Design Minismum Minimuam
Area Fu M2 M3 M2 H3
0.00€ T8T2.€1% 4.TE5 312.84¢€ 312.846 312.84€

AXIAL FORCE & BIAXIAL MOMENT FACTORS

Cm Delta_ns Delta s K L

Factor Factor Factor Factor Langth

HMajor Bending(M3) 0.41%5 1.000 1.000 1.000 3.000

Minor Bending (M2) 0.845 1.000 1.000 1.000 3.000
SHEAR DESIGH FOR VI,V3

Rebar Shear Shear Shear Shear

Rvis Vua phi*Ve phi*Vs vp

Hajor Shearx(VZ) 0.000 88.840 g82.825 0.000 0.000

Minor Shear (Vi) 0.000 0.ELS B82.82s5 Q.000 235.548

Figure 3.29. Design information for columns.
3.6.6.2. Major beams

The important positive and negative moments were taken into consideration when designing
major beams. It is reasonable to suppose that the seismic forces would dictate the building's
structural design because the structure is susceptible to severe earthquake loadings. Thus, from
the critical load combinations, both positive and negative moments were extracted. The critical
moments were created at the beam's margins as a result of the horizontal seismic loads.
Therefore, while the top reinforcement will be placed at the margins of the beams, the bottom
reinforcement will be continually designed based on the crucial edge positive moment.
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Element : 5745 D=700.000
Section ID : major beam ds=0.000
Combo ID : COMB2 E=35.000
Station Loc : 0.000 L=3000.000
Phi (Bending) : 0.500

Phi (Shear) : 0.750

Phi(Seis Shear): 0.€00

Phi (Torsion) : 0.750

Design Moments, M3

Positive Hegative
Moment Moment
301337.5€7 0.000

Flexural Reinforcement for Moment, M3

Required +Moment

Rebar Rebar

Top (+2 Axis) 0.000 0.000
Bottom (-2 Axis) 1305.053 1305.058

Shear Reinforcement for Shear, V2

Rebar Shear Shear
Av/s Vu phi*Ve
0.000 192.39%¢ 201.€€0

Reinforcement for Torsion, T

Rebar Rebar Torsion
At/s Al Tu
0.000 0.000 100.25¢€

A

ACI 318-14 BEAM SECTION DESIGN Type:Sway Special Units: KN, mm,

B=400.000
det=€0.000
£c=0.040
fy=0.414

Special
+Homent
301337.5€7

-Moment
Rebar
0.000
0.000

Shear
phi*Vs
0.000

Critical
Phi*Tecr
5€243.439
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c

(Summary)

b£=400.000
dcb=€0.000

Lt.We.

Special
-Moment
0.000

Minimum
Rebar
0.000

574.54¢€

Shear
Vp
3€3.827

Area
Ao
1€159€.229

Fac.=1.000
fys=0.414

Perimeter
Fh
1844.400



L=

S

ACI 318-14 BEAM SECTION DESIGN Type:Sway Special Units: KN, mm, C (Summary)

Element : 5933 D=700.000 B=400.000 bEf=400.000
Section ID : major beam ds=0.000 det=€0.000 dcb=€0.000

Combo ID : CoMB2 E=35.000 £c=0.040 Lt.Wt. Fac.=1.000
Station Loc : 2000.000 L=3000.000 £y=0.414 fys=0.414

Fhi {(Bending) : 0.500

Phi (Sheax) : 0.750

Phi (Seis Shear): 0.€00

Phi (Torsion) : 0.750

Design Moments, M3
Positive Hegative Special Special
Moment Homent +Homent -Homent
15€541.508 —-313083.01€ 15€541.508 -313083.01¢

Flexural Reinforcement for Moment, M3

Required +Homent -Homent Minimum

Rebar Rebar Rebar Rebar

Top {+2 RAxis) 1357.720 0.000 1357.720 974.54¢€
Bottom (-2 Axis) 890.062 €€7.54¢€ 0.000 890.082

Shear Reinforcement £fcor Shear, V2

Rebar Shear Shear Shear Shear
Av/s Vu phi*Vec phi*Vs Vp
0.080 217.€622 201.€€0 15.9%9€l 343.592

Reinforcement for Toxrsieon, T

Rebar Rebar Torsion Critical Area Perimeter
At/s Rl Tu Phi*Tczr Ao Ph
0.000 0.000 5.628 5§597€.25% 1€1556.229%5 1844.400

b)
Figure 3.30. Design information for major beams a) critical positive and b) negative moment.

3.6.6.3. Minor beams

Similarly as for major beams, the critical negative and positive moments were chosen.
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ACI 318-14 BERM SECTION DESIGN Type:Sway Special Units: KN, mm, C (Summary)

Element : 8295 D=500.000 B=300.000 b£=300.000
Section ID : minor beam ds=0.000 det=€0.000 deb=€0.000

Combo ID : COMB2 E=35.000 £c=0.040 Lt.We. Fac.=1.000
Station Loc : 3000.000 L=€000.000 fy=0.414 fys=0.414

Phi (Bending) : 0.900

Phi {Shearz) : 0.750

Phi (Seis Shear): 0.€00

Phi (Torsion) : 0.750

Design Moments, M3
Positive Negative Special Special
Moment Moment +Moment -Moment
129€95.32€ -43318.077 2€088.712 -43318.077

Flexural Reinforcement for Moment, M3

Required +Moment =Moment Minimum

Rebar Rebar Rebar Rebar

Top (+2 Axis) 35€.972 0.000 2€7.729 38€.972
Bottom (-2 RAxis) 822.90€ 822.90€ 0.000 502.70€

Shear Reinforcement for Shear, V2

Rebar Shear Shear Shear Shear
Av/s Vua phi*Ve phi*Vs vp
0.000 0.034 103.981 0.000 €2.425

Reinforcement for Torsion, T

Rebar Rebar Torsion Critical Area Perimeter
At/s Rl Tu Phi*Tcr 2o Ph
0.000 0.000 0.570 22130.314 737€5.729% 1244 .400
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ACI 318-14 BEAM SECTION DESIGN Type:Sway Special Units: KN, mm, C (Summary)

Element z 829 D=500.000 B=300.000 bEf=300.000
Section ID : minor beam ds=0.000 dct=€0.000 dck=€0.000

Combo ID : COMB2 E=35.000 £fo=0.040 Lt.We. Fac.=1.000
Station Loc : €000.000 L=€000.000 fy=0.414 fys=0.414

Phi (Bending) : 0.%00

Phi (Shearx) : 0.750

Phi (Seis Shear): 0.€00

Phi (Torsion): 0.750

Design Moments, M3
Positive Negative Special Special
Moment Moment +Moment -Moment
8€534.028 -1730€8.05¢€ 8€534.028 -1730€8.05€

Flexural Reinforcement for Moment, M3

Required +Moment =Moment Minimum

Rebar Rebar Rebar Rebar

Top (+2 Axis) 1113.€11 0.000 1113.€11 502 .70¢e
Bottom (-2 Axis) 541.755 §41.755 2.000 §02.70€

Shear Reinforcement for Shear, V2

Rebar Shear Shear Shear Shear
Av/s Vu phi'Ve phi*Vs Ve
0.507 173.1€2 103.981 €5.181 €2.429

Reinforcement for Torsion, T

Rebar Rebaxr Torsion Critical Area Perimeter
At/s Al Tu Phi*Tcrx ko Ph
0.000 0.000 0.570 22130.314 737€5.729 1244 400

Figure 3.31. Design information for minor beams a) critical positive and b) negative moment.
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3.6.7. Hand calculations verifications for structural member design
3.6.7.1. Major beams
3.6.7.1.1.  Flexural analysis

The following computations were carried out in order to confirm the reinforcement that
was supplied in SAP2000 for the main beam. The tension side (top reinforcement at the edges)
would be accounted for by the negative moment for the selected frame. It should be mentioned
that the center section of the beam span's compression reinforcement was overlooked.
Additionally, the design was assumed to be tension-controlled, hence ¢ = 0.9.
Negative moment

Mu = 313.083 kN — m

b =400mm, h = 700mm,d = 700 — 2.5in - 25.4mm/in = 636.5mm ~ 630 mm
f'C = 40 MPa (5801 psi), fy = 417 MPa

Mu __ 313.083 __ )
R, = obd>  0.9-500-630 1931.98 kN/m
0'85f'c 2Rn
p = fy [1 - 1 — 0.85f'c] = 0.00477

AS = pbd = 0.0048 - 500 - 630 = 1215.14 mm’

1215.14-417

Asfy = 0.85f" ab —a = o=0=0 = 37.258 mm
B, = 0.85 — 0.05(=50") = 0.76
c =Bil—3g:—§28= 49.027 mm
_630-49.027

g = 0. 003(%) = 0.003( ) = 0.0359 > 0.005 — tension-controlled and

49.027
ductile
The A, = 1357.72 mm* (2.10 in*) will be used for bar selection. Accordingly, at the
negative moment locations, 3#8 bars will be chosen (4, = 2.36 in?). Therefore, the minimum
width of the beam should be checked. With the assumption that #3 stirrups will be used at 200
mm for b,,;,, = 234.95 mm < b = 400 mm.
Positive moment

Mu = 301.337kN — m
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M, 301337 2
R =—t = 2037 _ 1859 498 kN/m

n ¢bd
0.85f" 2R
p=——=[1 —~/1 — 551 = 0.0046

AS = pbd = 0.0046 - 500 - 630 = 1168.189 mm’

. _ 1168.189:417 _
Asfy = 0.85f Cab —a =" = 35.819mm

B, = 0.85 — 0.05(250") = 0.76

g, = 0.003(=5) = 0.003(-*75*%) = 0.0375 > 0.005 — tension-controlled and

ductile
The A4, = 1305.098 mm? (2.02 in?) from SAP2000 will be used for bar selection. Based on
that, for the bottom reinforcement, 3#8 bars will be used (4, = 2.36 in®) for the right end of the
beam. The minimum width assuming the #3 stirrups at 200 will be b,,, = 234.95 mm <b =400

mm. For midspan and left-end the same procedures were done.

3.6.7.1.2.  Shear analysis
V,=217.622 kN and A =1 (normal-weight), ¢ = 0.75

OV = ¢ - ZL\/Fwad = 76.38 kN
Since V, > q)VC shear reinforcement is required
V., =4 /f'cbwd = 203.68 kN and V., =8 /f'cbwd = 407.36 kN

V —¢V
V o=——==18832kN <V_=>S,=d/2 = 12.53in < 14in

S, = Aufytd/VS = 0.2m
S, = d/2 = 0.318m =>  #3 stirrups at 200 mm spacing
S, = Avfytd/VS = 2.959m

Despite the significant variances, the discrepancies may have been caused by various

assumptions about concrete cover and d in SAP2000. On the other hand, Av/s = 1.98 mm should
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be utilized for stirrup design. Stirrups will be used for the primary beam shear design #4. #4

stirrups have a 129 mm?2 (0.2 in2) area.

3.6.7.1.3.  Torsional analysis
From SAP200 7,,= 0.01 kN-m.

A 2
] cp
T = ¢L\/E(—Pw) =5.34kN —m >T_

Torsional reinforcement is not needed

3.6.7.2. Minor beam

For minor beams similar flexural, shear and torsional analysis were performed.
3.6.7.2.1.  Flexural analysis

Negative moment
M = 173.068 kN — m

b = 300mm, h = 500mm,d = 500 — 2.5in - 25.4mm/in = 436.5mm ~ 430 mm

M, 173068 )

R"_ obd®  09:300:430 3027.798 kN/m
0'85]06 ZRn

p=—7F"I[1-~/1— 551 =0.0076
Y c

AS = pbd = 0.0076 - 300 - 430 = 997.40 mm’

997.4*417

Asfy = 0. 85f'cab — a4 = s = 40.776 mm
B, = 0.85 — 0.05(254%%) = 0.75995
c :B%_%_ 53.656 mm
430-53.656

g = 0. 003(%) = 0.003( ) = 0.0214 > 0.005 => section is tension-controlled

53.656
and ductile.

As a result, the bar selection will be based on As=1113.611 mm2 (from SAP2000).

Consequently, 4#6 bars will be employed for the top reinforcement negative moment. For the

minor beam, b min = 184 mm < b = 300mm is the minimum width needed with the #3 stirrups at

150 mm.

Positive Moment
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Mu = 129.695kN — m

oM, 129695 5

R"_ obd®  0.9:300:430 2268.99 kN/m
0.85f" "

P=77 [1—+/1- 0.85f" ] = 0.0056
Y c

AS = pbd = 0.0056 - 300 - 430 = 738.038 mm’

738.038-413

Asfy = 0.85f" ab — a = =755 = 30.173 mm
5801—4000
Bl =0.85 = 0.05(— 50, ) = 0.75995
a _ 30173
Cc ZB—1=W= 39.71mm

e = 0.003(-59) = 0.003(EL3271y = .03 > 0.005 => section is tension-controlled and
t c 39.71

ductile.

According to SAP2000 the As is 822.906 mm?2 (1.275 in2). By comparing the minimum
steel area, SAP2000 result was taken to identify the reinforcement for the right edge of the
selected minor beam. Consequently, the 3#6 bars (4, = 1.33 in?) will be used for the bottom

reinforcement with #3 stirrups at spacing 150 mm.

3.6.7.2.2.  Shear analysis
V,=173.162 kN and A =1 (normal-weight), ¢ = 0.75
PV = ¢ 2, /f'cbwd = 39.285 kN

Since V, > ¢VC shear reinforcement is required

VC1 = 4, /f'cbwd = 104.76 kN and ch = 8, /f'cbwd = 209.52 kN

V —¢V
V <V =——==178.5kN <V _=>S =d/4=4.3in<12in
cl s ¢ c2 2
S, = Avfytd/VS = 0.144m
S2 =d/4 =0.109m =>  #3 stirrups at 100 mm spacing

S,=Af d/V_=3.94m
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3.6.7.2.3.  Torsional analysis
From SAP200 7, = 0.02 kN-m.

A 2
T = ¢M[f' (%) = 142.2kN —m >T
2

Torsional reinforcement is not needed

3.6.7.3. Columns

3.6.7.3.1.  Slenderness ratio check
The structural design of the building received steel reinforcing for all structural column

types. The selected column for verification calculations was a Floor 1 corner column with
dimensions 0.8m * 0.8m. The first step requires examination of column slenderness ratio to
determine its short or slender classification. Our unsheared columns fail to receive lateral support
from the lateral braces or shear walls because of which they are classified as swaying elements. The
following calculation shows the slenderness check for sway columns.

Internal column (800 x 800 mm?)

__ X(El/Dcolumns

Yy = SCEl/Dbeams ~ — 5.97 =>k (from graph) = 2.4

Max klu/r = 34

klu/r = 23 < 34 — Short Column

Corner column (800 x 800 mm?)

_ _Z(El/Dcolumns . _
= 3l Dbeams  — 11.94 = k (from graph) = 3.17

klu/r = 30.4 < 34 — Short Column

Edge column (800 x 800 mm?)

__ X(El/Dcolumns
L|J ~ X(ElI/D)beams

klu/T = 25.3 < 34 — Short Column

= 7.96 => k (from graph) = 2.64
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Figure 3.32. Value for k.
The value of k equal to 2.4 was obtained from the chart to calculate slenderness ratios.
Results indicate that column slenderness ratio remains below the allowable threshold which means

the column needs short-column design subject to both axial and bending loads.

3.6.7.3.2.  Axial and moment analysis
The maximum moments and forces acting on the column were found from the SAP2000
software and are equal to:

Mu = 312.85kN - m
Pu = 7972.62 kN

Using these values the reinforcement ratio could be identified used the following procedure:
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P
P =—=12265.57kN - m
noe

M
Mn= — = 481.3kN - m

S

M
e =—=—=0.04m

PTL

Pn
K = IV 0.479
_ 0.8-0.07*2 _
=——g = 0.825

An interaction diagram for rectangular columns from ACI 318-19 provided the necessary

reinforcement ratio information.

T ——
: ! " | INTERACTION DIAGRAM R6-60.9
2, =0.08 f.=6ksi
- _,';,=ﬁ’|}kil'
14 0.07 7=09
0.06
1.2 p.05
0.04
1U '_ .03
: 0.02
< P p.01
v 08t .
o i
||: -
¥ 06| ]
— ]
04 F ]
02k ]
00 s ala PR T S il Y P s 1A o 4 S g PO Y W S W N T W W 1

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

R,=P,e/f  Ah

Figure 3.33. Interaction diagram.
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According to the values of Kn and Rn, the value of p has been found. The same

procedure was made for the graph with gamma value equal to 0.8.

Pe
Rn = Ag;c'h = 0.024 — from the graphp = 0.01 = 1%

A =0.01%4 = 0.0064 m” = 9.92 in> — 8#10 bar selected

3.6.7.3.3.  Shear analysis
In order to check the shear capacity of the column, VC should be calculated:

V = 128.1kN
ul

V _ =1.168 kN
u2

P
v o=017(1 + o5 )L\/Ebwd = 1117.67 kN

g

(ch/ 2 = 439.4kN > Vu minimum amount of reinforcement is required

Therefore, #4 stirrups at 200 mm spacing
3.6.7.3.4.  Biaxial bending analysis
The Bresler Reciprocal Load Method must be used to assess biaxial bending safety of the

chosen corner column.

Bending moment values for both axes were obtained using the SAP200 software:

M =4.769kN - m
ux

M = 312.846 kN - m
uy
Pu = 7972.619 kN

The procedure according to Bresler Reciprocal Load Method is summarized below:

M
Mny = 06; = 481.302kN — m

M
M = (;x = 7.339kN - m

nx

P
Pn= 5es — 12265.6 kN

y 0.825

x_yy_
M

e =——=0.001

X Pn
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M
e =—==10.039
y n

From the Interaction diagram for rectangular column chart the values obtained for Kn.

K *f *A
P =-—/——-%=751200kN
nx (O]
K *f *A
P =-———%2=27569.2 kN
ny ()

P,= 0.85*f'*A +A (f - 0.85f) = 21764.5kN

Calculating Pn:

——— —P = 101492 kN

Checking the validity of the method:
P = 101492 kN > 0. 1P = 2176. 25 kN — Method is applicable

(an = 65969.8 > Pu — Column is safe against biaxial bending
3.6.7.4.  One-way slab

3.6.7.4.1.  Flexural analysis
Design of interior and exterior slab panels occurred through Direct Design Method

protocols. The exterior dimensions of these slab panels measure 3000mm*3000mm whereas the
column dimensions amount to 800mm*800mm. A minimum limit exists for slab thickness of

200 mm which needs to be checked using corresponding standards.

. 1500 - i
[z ke

| 4
700 * s 550 —fe— ] 550 '|

fdﬂ /
T 1 /

o 400 =

I
Figure 3.34. Slab model.
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beam

1500*200*200/2+400*400*(200+400/2)

1500*200+400*400

= 204.35mm

The moment of inertia of the slab in the long and short direction is:

f

h

min

j— _1 ES ES 3 j— * 9 4
sap = 12 3000 * 200 = 2 *10mm
EIl 10
_ _ b _1596*10 _
@, = e T 7.98

L (0.8+f /200000)

__(3000—800/2)(0.8+420/1400)

36+9p

36+9*1

a. is greater than 2, so the minimum thickness of the slab should be calculated as follows:

= 63.50 mm

= -L* 1500 * (200)* + 1500 * 200 * (100 — 204.35)° + L * 400 * 400° + 400" * (450 — 204.35)° = 1.596 * 10''mm

Hence, a thickness of 200 mm satisfies the minimum requirement criteria. Next, factored loads

have to be calculated:

qu

1

= 5.37 kN/m’

q, = 4.79 kN/m’"

1.2 *5.37 + 1.6 * 4.79

14.108 kN/m’

Now, the total static moments in the both directions can be calculated:

14.108*6(6—0.80)"

u2n —
8 - 8
Mn =0.65M = = 185.97kN — m
Mp = 0.35M = 100.13kN — m
af1=a5=7.9821.0

= 286.11kN — m

Table 3.42. Summary of the interior beam-supported panel design.

Column Strip Middle Strip
M (-ve) (+ve) (-ve) (-ve) (+ve) (-ve)
% of moment 75 75 75 25 25 25
Distribution of
moment Mu
(KN-m) 139.48 75.1 139.48 46.49 25.03 46.49
Mu slab 20.92 11.27 20.92 6.97 3.76 6.97
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(KN-m)

b (m) 15 15 15 15 15 15
Rn (kPa) 575.26 309.75 575.26 191.75 103.25 191.75
Ro 0.0014 0.0007 0.0014 0.0005 0.00025 0.00046
As (m2) 0.00034 0.00018 0.00034 0.00011 0.00006 0.00011
As (in*2) 0.52718 0.28274 0.52718 0.17472 0.09396 0.17472
Asmin (in"2) 0.837 0.837 0.837 0.837 0.837 0.837
As final (in"2) 1.1744 1.1744 1.1744 1.1744 1.1744 1.1744
Bar Selected 8#3 8#3 8#3 8#3 8#3 8#3
Spacing (m) 0.5 0.5 0.5 0.5 0.5 0.5

The moment of inertia of the slab in the long and short direction is:

__1 %
slab 12
(04 = =
fm f

EIb

El

N

1.596*10""

210

3000 * 200° = 2 * 10 mm"

= 7.98

@, is greater than 2, so the minimum thickness of the slab should be calculated as follows:

h

min

L (0.8+f /200000)

(3000—800,2)(0.8+420/1400)

36+9B

36+9*1

= 63.50 mm

The minimum requirements regulate the required thickness as 200 mm. It is vital to examine the

torsional resistance capability of the effective transverse edge beam which is measured by ft:

3
¢ = 3(1 - 252X = 10.01 * 10° mm’"

t

Ci

,C
2E 1

cs S

0.32

Since Bt < 2.5, the interpolated coefficient should be used for the exterior support.

Table 3.43. Summary of the exterior beam-supported panel design.

Column Strip Middle Strip
M (-ve) (+ve) (-ve) (-ve) (+ve) (-ve)
% of moment 97.29 75 75 2.71 25 25
Distribution of
moment Mu
(KN-m) 184.43 76.56 142.17 5.13 25.52 47.39
Mu slab 27.66 11.48 21.33 0.77 3.83 7.1
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(kN-m)
b (m) 3.38 3.38 3.38 3.38 3.38 3.38
Rn (kPa) 948.7 393.8 731.33 26.41 131.27 243.78
Ro 0.0023 0.0009 0.0018 0.0001 0.0003 0.0006
As (m"2) 0.00076 0.00031 0.00058 0.00002 0.0001 0.00019
As (in*2) 1.1744 0.4834 0.90232 0.03224 0.1605 0.29858
Asmin (in2) 1.41244 1.41244 1.41244 1.41244 1.41244 1.41244
As final (in?2) 1.1744 1.1744 1.1744 1.1744 1.1744 1.1744
Bar Selected 6#4 6#4 6#4 6#4 6#4 6#4
Spacing (m) 0.5 0.5 0.5 0.5 0.5 0.5
3.6.7.4.2.  Shear analysis
shear 200 — 20 — 13.675 166.325 mm
dlong 200 — 20 — 13.675/2 = 173.16 mm
short = 7 — 0.75 — 13.675/2 — 13.675 = 156.18 mm
b0 = 4 * (800 + 166.325) = 3865.3mm
fc' = 40 MPa
fy 420 MPa
Vu [l1l2 - (b + davg)(h + davg)] * q,
V = [3000 * 3000 — (800 + 166.325)2] * 14.108/106 = 113.79 kN

u
_ 2z @ _ 2 _
A= \/ @voo0sd, 5 T \/(1+166.325*0.004) = 0.098 < 1, thususe A

_ 1/3) ' N, _
(chz = (0. 66MSp ch +6—Ag)bwd = 134.96 kN — controls

(pVC2 = 134.96 kN > Vu = 113.79 kN — Shear criteria is satisfied

N
OV = @(0.17M[f T + e2)b,d = 256.57 kN
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3.6.7.5. Joint design
The joint design followed the specifications in Chapter 15 of ACI 318-19. The design book
authored by Wight and MacGregor (Wight & MacGregor, 2009) gave the complete calculation

procedures. The figure below shows the free body diagram of the interior beam-column joint.

Vel
Mz
—_—e
Veal
{c) Interor column- (d) Top half of interor
beam joint. column-beam joint.

Figure 3.35. Free body diagram of the beam-column joint.
An interior beam-column joint’s shear was calculated according to the following equation:

=T +C =V, (3.41)

u,joint 2 l

The values in the above equation were calculated below:

T = O(Asfy = 1.25 - 2847 - 0.420 = 1494.675 kN

prl

cC = ocAyf =1.25 1764 - 0.420 = 926.1 kN
prl y

From SAP2000, the column joint:
V = 465.7kN
col

Accordingly, the shear demand on joint:

L= 1494.675 + 926.1 — 465.7 = 1955.075 kN

u,join
The first step involved calculating effective joint width as a necessary condition for shear

strength determination:
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b+b 4004800

b = > - = > =600mm <b_+h =400+ 800 = 1200 mm
j b col

b]_ = 600mm < bb + 2x = 400 + 800 = 1200 mm

A mathematical formula allows the calculation of joint shear capacity:

Vn = Y /f'CAj (3.42)
Where y=1.7
A; 1s the product of b; and 4, and hence:

Vo=, /f'CAj = 1.7-/40 - 600 - 800 = 5160.8 kN
The nominal shear strength requirements should be cl)Vn > Vu. The value of @ can be taken as

0.85 to account for the strain hardening of the reinforcement.

0.85 - 5160.8 = 4386.7 kN = Vv = 1955.075 kN

The safe status of the joint against shear forces emerges from this procedure. An
equivalent method must be used to evaluate shear safety across other directions and the test
results confirmed joint shear limits.

The calculations for spacing requirements followed the method stated in ACI 15.4.2

through this formula:

0.062\/,7'C bs 035bs
AU = max( 7 ' T ) (3.43)
. AS e AL,
s = min( o) yf'cbc' 035?% (3.44)

Accordingly, the minimum spacing with 3#4 ties:

2:129:413.7 2.129.413_7)
0.0621/40-750 " 0.35750

s = min( = min(363.3, 408) = 363.3mm

So, 3#4 ties at 360 mm spacing will be provided to meet the code requirements.
The following criteria should be evaluated to ensure the plastic hinges develop in beams

instead of columns:

M > =3M (3.45)

nc nb

653.5 + 554.2 = 1207.7kN — m 2%(189.3 + 115.6) = 304.9kN — m
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3.6.7.6.
3.6.7.6.1.

Reinforcement detailing

Bar selection and spacing
Table 3.44. Final selected bars for slab and columns.

Component Top reinforcement Bottom Stirrups
reinforcement
One-way slab 6#4 6#4
Reinforcement Ties
Column 0-2 floors (800 x 800 mm) 8#10 #4 at 200 mm
Column 3-4 floors (750 x 750 mm) 8#10 #4 at 200 mm
Column 5-6 floors (700 x 700 mm) 8#9 #3 at 200 mm
Column 7-8 floors (650 x 650 mm) 7#9 #3 at 200 mm
Column 9-10 floors (600 x 600 mm) 6#9 #3 at 200 mm
Column 11-13 floors (550 x 550 mm) 8#7 #3 at 200 mm
Table 3.45. Left end reinforcement for major beams.
Floors Left End Reinforcement (major beam) Shear
Reinforce
Compression Reinforcement Tension Reinforcement (top) ment
(bottom)
Agapronns | Area, in* | Selected | Agapaooos | Area, in® | Selected | #3 stirrups
mm? bar mm? bar at X mm
1 1409.101 | 2.1840 3#8 807.078 | 1.2509 3#6 140
2 1409.101 | 2.1840 3#8 751.068 | 1.1641 2#7 140
3 1405.895 | 2.1790 3#8 696.747 | 1.0799 2#7 150
4 1346.816 | 2.0874 3#8 667.722 | 1.0349 2#7 150
5 1251.937 | 1.9404 2#9 621.061 |0.9626 2#7 150
6 1145.058 | 1.7747 4#6 568.429 | 0.8810 3#5 150
7 1066.863 | 1.6535 4#6 529.876 | 0.8213 3#5 150
8 995.153 | 1.5424 2#8 494486 | 0.7664 3#5 150

134




9 943.257 | 1.4620 2#8 468.853 | 0.7267 4#4 150
10 903.029 [ 1.3996 2#8 448.972 | 0.6959 4#4 150
11 873.079 | 1.3532 2#8 434.164 | 0.6729 4#4 150
12 837.952 | 1.2987 3#6 416.789 | 0.6460 4#4 150
Table 3.46. Mid-Span reinforcement for major beams.
Floors Mid-Span Reinforcement (major beam) Shear
Reinforce
Compression Reinforcement Tension Reinforcement (bottom) ment
(top)
Agapaooos | Area, in® | Selected | Asapaooos | Area, in® | Selected | #3
mm? bar mm?’ bar stirrups at
X mm
1 801.542 | 1.2423 3#6 1409.101 | 2.1840 3#8 250
2 769.011 | 1.1919 3#6 1409.101 | 2.1840 3#8 250
3 743.105 | 1.1517 3#6 1409.101 | 2.1840 3#8 250
4 741.102 | 1.1486 2#7 1409.101 | 2.1840 3#8 250
5 721.65 1.1185 2#7 1409.101 | 2.1840 3#8 250
6 694.964 | 1.0771 2#7 1409.101 | 2.1840 3#8 250
7 685.011 | 1.0617 2#7 1409.101 | 2.1840 3#8 250
8 667.061 | 1.0339 2#7 1409.101 | 2.1840 3#8 250
9 644.025 |0.9982 2#7 1409.101 | 2.1840 3#8 250
10 621.722 | 0.9636 3#5 1409.101 | 2.1840 3#8 250
11 587.203 |0.9101 3#5 1409.101 | 2.1840 3#8 250
12 558.486 | 0.8656 3#5 1409.101 | 2.1840 3#8 250
Table 3.47. Right end reinforcement for major beams.
Floors Right End Reinforcement (major beam) Shear
Reinforce
Compression Reinforcement Tension Reinforcement (top) ment

(bottom)
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Agapaoons | Area, in® | Selected | Agapaooo | Area, in? | Selected | #3 stirrups
mm? bar mm? bar at x mm

1 1409.101 | 2.1840 3#8 708.422 | 1.0980 2#7 140

2 1409.101 [ 2.1840 3#8 754.395 | 1.1692 2#7 140

3 1409.101 | 2.1840 3#8 807.354 | 1.2513 3#6 150

4 1409.101 | 2.1840 3#8 862.153 | 1.3363 3#6 150

5 1409.101 [ 2.1840 3#8 907.657 | 1.4068 3#7 150

6 1458.378 | 2.2604 3#8 960.311 | 1.4884 3#7 150

7 1510.47 |2.3411 3#8 994.159 | 1.5409 3#7 150

8 1557.509 | 2.4140 4#7 1024.697 | 1.5882 3#7 150

9 1587.957 | 2.4612 2#10 1044.45 | 1.6188 3#7 150

10 1606.571 | 2.4900 2#10 1056.52 | 1.6375 3#7 150

11 1618.036 | 2.5078 2#10 1063.952 [ 1.6490 3#7 150

12 1648.081 | 2.5544 2#10 1083.422 | 1.6792 3#7 150

Table 3.48. Left end reinforcement for minor beams.
Floors Left End Reinforcement (minor beam) Shear
Reinforce

Compression Reinforcement Tension Reinforcement (top) ment
(bottom)
Agapronns | Area, in* | Selected | Agapaooos | Area, in® | Selected | #3 stirrups
mm? bar mm? bar at X mm

1 707.828 | 1.0971 3#6 465.444 |0.7214 4#4 110

2 730.458 [ 1.1321 3#6 480.106 | 0.7441 4#4 120

3 746.545 | 1.1571 3#6 490.521 | 0.7603 4#4 150

4 776.413 | 1.2034 3#6 509.838 | 0.7902 4#4 110

5 781.843 [ 1.2118 3#6 513.347 | 0.7956 444 110

6 787.633 | 1.2208 3#6 517.088 |0.8014 2#6 110
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7 791.415 | 1.2266 3#6 519.531 | 0.8052 2#6 110

8 793.995 | 1.2306 3#6 521.198 | 0.8078 2#6 110

9 794.114 | 1.2308 3#6 521.275 ]0.8079 2#6 110

10 790.886 | 1.2258 3#6 519.19 0.8047 2#6 110

11 791.413 | 1.2266 3#6 519.53 0.8052 2#6 110

12 791.303 | 1.2264 3#6 519.459 | 0.8051 2#6 110

Table 3.49. Mid-Span reinforcement for minor beams.
Floors Mid-Span Reinforcement (minor beam) Shear
Reinforce

Compression Reinforcement Tension Reinforcement (bottom) ment
(top)
Agapron, | Area, in? | Selected | Agapaooo, | Area, in? | Selected | #3 stirrups
mm? bar mm? bar at X mm

1 244.076 | 0.3783 2#4 557.058 | 0.8634 2#6 200

2 238.408 | 0.3695 2#4 546.703 | 0.8473 2#6 250

3 243.542 | 0.3775 2#4 547.072 ] 0.8479 2#6 250

4 253.062 | 0.3922 2#4 567.429 | 0.8795 2#6 210

5 254.791 | 0.3949 2#4 571.362 | 0.8856 2#6 210

6 256.634 | 0.3978 4#3 572.485 | 0.8873 3#5 210

7 257.837 [ 0.3996 4#3 574.092 | 0.8898 3#5 210

8 258.658 | 0.4009 4#3 575.897 | 0.8926 3#5 210

9 258.696 | 0.4010 4#3 577.86 0.8956 3#5 210

10 257.669 | 0.3994 4#3 580.688 | 0.9000 3#5 210

11 257.837 [ 0.3996 4#3 581.413 ]0.9011 3#5 210

12 257.801 [ 0.3996 4#3 584.224 1 0.9055 3#5 210

Table 3.50. Right end reinforcement for minor beams.
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standards. The dimensions of #8 and #9 bars measure db as 1 inch and db as 1.128 inches
respectively. The calculation of bar development length in tension depended on the following

mathematical formula:

ld

Reinforcement in Tension:

dt

RRX

— —y'tle’g

ZOA\/fi'C

— need to be hooked bars

R

ZOM/E
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d b for bars #7 and larger

Floors Right End Reinforcement (minor beam) Shear
Reinforc
Compression Reinforcement Tension Reinforcement (top) ement
(bottom)
Agapaooos | Area, in® | Selected | Agapaooo, | Area, in® | Selected | #3
mm’ bar mm’ bar stirrups
at x mm

1 748.217 | 1.1597 3#6 491.602 | 0.7619 4#4 110

2 705.695 | 1.0938 3#6 464.061 | 0.7193 4#4 120

3 689.094 | 1.0680 3#6 453.295 | 0.7026 4#4 150

4 706.396 | 1.0948 3#6 464.515 | 0.7200 4#4 110

5 703.476 | 1.0903 3#6 462.622 | 0.7170 4#4 110

6 696.004 | 1.0787 3#6 457.777 | 0.7095 4#4 110

7 689.791 | 1.0691 3#6 453.747 | 0.7033 4#4 110

8 684.469 | 1.0609 3#6 450.295 | 0.6979 4#4 110

9 681.349 | 1.0560 2#7 448.27 0.6948 4#4 110

10 680.223 | 1.0543 2#7 447.539 | 0.6936 4#4 110

11 678.593 | 1.0518 2#7 446.481 | 0.6920 4#4 110

12 674.405 | 1.0453 2#7 443.763 | 0.6878 4#4 110

3.6.7.6.2.  Development length

The Development lengths of bars followed computations based on the ACI 318-19

(3.46)

db = 44.4 in or 1000.5 mm > 800 mm(column width)




Accordingly, the developed formula is given:

JRUAURURU;
Modified ldh ud =358.98 mm

550 f",
For the Hook parameters D and r were calculated as follows:
D = 6db = 6in(152.4mm), r = D/2 = 3in (76.2 mm)

12d, = 12 in (304.8 mm)

Reinforcement in Comgression
= d = 15.76 400.2 < 0.0003 d
(50 )L\/,) inor mm f Lp

Since ldc less 0. OOOSfleerb use 18 inch or 450 mm
3.6.7.6.3.  Lap splices

The lap splices were also calculated for the beams and columns. For the beam in tension:

LLRURUR
=1 —Md = 358.98 mm

lst dh 55}\\/7
c

For beam in compression:
[ =0. 0005fydb = 30 inor 762 mm

SC
For column:

[ =0. 0005fydb = 26.25inor 667 mm

sc

Table 3.51. Lap splices for columns.

Component Lap splice, mm
Column 0-2 floors (800 x 800 mm) 1059
Column 3-4 floors (750 x 750 mm) 922
Column 5-6 floors (700 x 700 mm) 841
Column 7-8 floors (650 x 650 mm) 841
Column 9-10 (600 x 600 mm) 841
Column 11-13 (550 x 550 mm) 762

3.6.7.7.  Special seismic provisions for reinforcement detailing

3.6.7.7.1. Beams

The high seismicity region of the building demands proper attention to seismic detailing. By

fulfilling the specified criteria in ACI 318-19 code the clear span together with the width-to-depth

ratio achieves compliance. The beams should receive two continuous longitudinal bars at both their

upper and lower sections according to ACI. The strength at joint faces derives from the positive

moment which exceeds fifty percent of the negative reaction. Transverse reinforcement had to
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extend over twice the member depth beginning from the support face and should not exceed d/4,
6db, and 150mm. The first hoop reinforcement received a placement at 50 mm from the primary
support position.
3.6.7.7.2.  Columns
The seismic aspects concerning columns followed the specifications. The included area for
column reinforcement spans from 1% to 6%. The reinforcement crossed the joint's face at distance
[, from both its sides. Design calculations used the column span to determine /, value at one-sixth
measurement which yielded 400 millimeters.
3.6.7.7.3.  Joints
Beams received their longitudinal reinforcing elements by extending them up to reach the
column's far side at the intersections points. The column depth exceeded h>20 db at joints which

the longitudinal steel bar crossed through.

Jydy
6544/f!
8d,

6 in.

lin = 3

(3.47)
3.6.7.8.  Structural serviceability design

3.6.7.8.1.  Deflection
The members should undergo deflection testing before determining the serviceability of the

building. The structure codes supply tables containing minimal specifications for structural shape
thicknesses. The deflection can be ignored if member sizes surpass the minimum requirements of
thickness. The required minimum thickness for this beam member with fy = 60000 psi (413.7 MPa)

should be calculated through the below mathematical expression.
h =—— (3.48)

Where L is the span length. For our building, the minimum thickness of the beam is:

6000
21

hb = = 286 mm < 300 mm (depth of minor beam)

Deflection calculations can be ignored because the selected members are larger than the

minimum beam thickness requirement.
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3.6.7.8.2.  Crack width
The reinforced concrete design requires effective crack control because it maintains
structural safety when subjected to loads. The permit and protection of structures depend on both
checking crack widths along with the wvalidation of permissible code-defined limits. The

calculation of flexural crack maximum widths follows the below stated equation.

w = 0. 076Bhfsﬂ3/dCA (3.49)
w is the estimated crack width (in).
[, is the ratio of the distance to the neutral axis from the extreme tension concrete face to
the distance from the center of the reinforcement.
f; 1s the steel stress.

d. is the cover and A4 is the effective tension area.

d =2.5in
c
A= g5in“é9.8in2 _ 15.4in2

w = 0.076 - 1.2 - (2/3) - 60000 -~/2.5 - 15.4 = 0.0123 in
The allowable crack width for this building is 0.015 in, where the estimated crack width
does not exceed the limit. Therefore, the crack width is satisfactory.

The maximum longitude reinforcing bar spacing can be determined by this specific

formula:
s = [15(‘;—0) ~ 2.5C] (3.50)
40 .
s = 15((2/3)60 — 2.5-2.5) =8.75inor 222.25 mm

Finally, the spacing between longitudinal reinforcement shall be limited to 222.25 mm.
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4. Geotechnical Design
4.1. Site characterization

As previously mentioned, the location of residential building is proposed at 6435
Wilshire Boulevard, Los Angeles, California, that is near to the intersection of San Vicente Blvd
and Wilshire Blvd, which are one of the main streets in Los Angeles. The site is currently
occupied by a 5-story office building and associated exterior 2-level parking structure. The
surface elevation of the site is 54 meters above sea level. The geotechnical investigation report
proposed a mixed-use residential building 6435 Wilshire Blvd, that was published by Irvine

Geotechnical company in 2021 will be used as a main input value for the geotechnical part.

LEGEND if <

5 o2 NUMBER & LOCATION OF BORING

/ ~ ) = GEOLOGIC CONTACT

e : I Bouleyyy

Figure 4.1. Locations of boreholes on the site
The investigation report included 2 boreholes (B-1 and B-2) that were located underneath
the building. The location of the boreholes is in the corners of the site along Wilshire Blvd, the
distance between the boreholes is 30 m. The geotechnical investigation was conducted using a
limited access hollow auger drilling rig, the maximum depth of both borings is 100 feet (30.48

meters). The table provides soil profile data from the borehole B-1. All the soils are classified in
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concordance with USCS (Unified Soil Classification System). The standard penetration test
(SPT) samples have been retained in special air-tight bags in accordance with ASTMD1586-11.
4.1.1. Shear Wave Velocity
Since the site is in seismically active territory, it is highly significant to take into
consideration the dynamic properties of the soil. Therefore, the shear wave velocity will be taken
into account. From the geophysical study on the site conducted by GeoDesign company, it was
investigated that the average value of the shear wave velocity of the upper 100 feet (30.48

meters) of soils, V 1s 923 ft/sec. The graph represents the shear wave velocities and

5(100)
corresponding depths of the soil profile.
Table 4.1. Shear Wave Velocity

Depth Shear Wave Velocity, V_ 30)
(feet) (feet/sec) (meters/sec)
0 620.6 189.2
10 620.6 189.2
10 950.6 285.8
175 950.6 285.8
175 900.6 271.5
225 900.6 271.5
225 890.7 267.8
32.5 890.7 267.8
32.5 1150.6 320.2
45 150.6 320.2
42.5 1230.5 375.1
67.5 1230.5 375.1
67.5 1190.8 362.9
77.5 1190.8 362.9
77.5 1142.6 348.3
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100 1142.6 348.3

Shear-Wave Velocity vs Depth
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Figure 4.2. Shear Wave Velocity vs. Depth graph

From the Figure 32 is seen that the average shear wave velocity VS 30) 1s 332.6 m/sec.

According to ASCE 7-16 (Table 20.3-1), the V range for site class D is 180-360 m/sec.

$(30)
Therefore, the Site Class is D - Stiff Soil. The Seismic Design Category is D and the Risk
Category II.

For concluding the soil profile part, the physical parameters of the soil, which are
elastic modulus, poisson’s ratio should be calculated using the SPT results. Furthermore, the
friction angle, unit weight, and effective stress were calculated.

4.1.2.  Soil profile
Firstly, the N-values from SPT were obtained and adjusted for the field conditions,
considering corrections for borehole diameter, rod length, hammer type and sampler, as
represented in the equation below:

_ Nn,npngn,
N60 =20 4.1)

Where,

N 60 is a corrected standard penetration number for the field conditions;

n, is a hammer efficiency;

144



N, is a borehole diameter correction;
n, is a sampler correction;
N, is a rod length correction;

According to the geotechnical investigation, the hammer efficiency depends on the type
of hammer. During the test automatic trip hammer (ATH) was used, the average percentage of

hammer efficiency for ATH is 80% (Biringen, 2008). According to ASTM D6066 the values N,
N M, equals to 1, 1, 0.75, respectively.
The value of N g0 CaN be changed due to effective overburden pressure, therefore N g0 AN
be corrected to a standard atmospheric pressure value:
(N60)1 = CNN60 (4.2)
Where,
C e the correction factor is calculated using different relationships:

Table 4.2. Correction Factor Relationships

Liao and Whitman (1986) Seed et al. (1975) Peck et al. (1974)
_ 20
€y =121 W | TR
— L C) =1-1.25lo : “
v, = €y, 9 .

>0.25

a

For cohesionless soil, the unit weight was calculated using the formula below:

y = 16 + 0.1 ><N60
Formula for calculating the effective overburden pressure:
00’ =y XH
Where, p_ = 101.33 kN/m";
The C s correction factor is taken as the averaged value of the following three different
formulas. Following N 60 value is calculated. The table below represents the Standard Penetration

Test results and calculated corrected values.
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Table 4.3. Corrected Values of SPT Results

' C
o,
Dsj r?lflfn Soil Type N Neo ’ 2 C )1 C )2 Cu )3 ' (N60)1
pth, kN /m (ave)
1.5 Sandy Clay | 5 37 29.55 185 | 1.67 1.41 1.64 61
(CL)
Silty Clay
3.0 L) 19 20 54.06 137 | 134 | 121 1.31 26
4.6 Sand (SP) 35 37 90.71 1.06 | 1.06 | 1.04 1.05 39
Silty Sand
52 ) 14 15 90.94 1.05 | 096 | 1.04 1.05 16
6.1 Silty Sand |, 21 | 11056 | 096 | 087 | 0.97 0.96 20
(SM)
Clayey Sand
7.6 with Gravel | 16 17 | 13452 | 087 | 085 | 0091 0.87 15
(SC)
Clayey Sand
10.7 with Gravel | 28 29 | 203.03 | 071 | 062 | 0.77 0.69 21
(SC)
12.2 Silty Sand 26 27 | 22890 | 067 | 056 | 0.73 0.65 18
(SM)
15.2 Silty Clay 15 16 | 26743 | 062 | 047 | 068 0.59 9
(CL)
18.3 Sandy Clay | 12 | 31419 | 057 | 039 | 062 0.52 6
(CL)
213 Silty Clay |19 | 20 | 38379 | 051 | 028 | 056 | 045 9
(CL)
235 Silty Sand | 9 73 | 54828 | 043 | 008 | 0.44 0.32 23
(SM)
27.4 Silty Sand | 57 | 59561 | 041 | 003 | 041 0.29 16
(SM)
30.5 Gravelly 81 86 | 75049 | 037 | 0.01 0.33 0.20 18
. Sand (GW) . : . . '
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The elastic modulus is calculated by evaluating the average value of three different E .

values. The methods of Kulhawe and Mayne (1990), Bowles (n.d.), Webb (n.d) will be used for

calculating the elastic modulus value.

Table 4.4. Elastic Modulus

E1' MPa Ez’ MPa E3, MPa
Kulhawe and Mayne Bowles Webb E  MPa
Soil Type (1990) (n.d.) (n.d.) ave’
_ E =500 x (N_) + 15)
Eg a(N6O)1pa 6074 E =358 x((N,) +5)
o = 5, sand with fines E =300 x ((N6o)1 +6) !

Sandy
Clay (CL) 45000.0
Silty Clay

(CL) 15000.0
Sand (SP) | 19820.1 27060.0 15795 20891.7
Silty Sand

(SM) 7919.2 6489.1 7385.7 7264.7
Silty Sand

(SM) 10345.1 7925.6 9099.9 9123.5

Clayey
Sand with | 75,5 4 6255.9 7107.4 6962.9

Gravel

(SC)

Clayey
Sand with | 4543 7 8043.2 9240.2 9275.7

Gravel

(SC)
Silty Sand

(SM) 9107.9 7193.0 8225.7 8175.6
Silty Clay

(CL) 15000.0
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Sandy
Clay (CL) 50000.0
Silty Clay

(CL) 15000.0
Silty Sand

(SM) 11768.3 8768.3 10105.5 10214.0
Silty Sand

(SM) 8337.3 6736.7 7681.2 7585.1
Gravelly

Sand 8904.4 16287.5 8081.8 11091.2

(GW)

The method of calculation for friction angle is similar to elastic modulus. Firstly, the

friction angle will be calculated using three different formulas, and then the average value will be

taken as a final value of ¢'.

First formula for friction angle, Wolff (1989):

@ =27.1+ 0.3(N_) — 0.00054((N_) )’ (4.3)
1 607 60”
Kulhawy and Mayne (1990):
' » N 0.34
¢, = tan (—G. ) (4.4)
122+203(,)
Hatanaka and Uchida (1996):
@', = /15. 4(N60)1 + 20 (4.5)
Table 4.5. Friction angle calculations
Soil Type (P'1 ’ D (p'z ’ ° (P'3 ’ D (p'ave !
Sandy Clay (CL) 43.43 62.36 50.67 52.16
Silty Clay (CL) 34.64 54.29 40.16 43.03
Sand (SP) 38.01 55.50 44.54 46.02
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Silty Sand (SM) 31.66 44.47 35.51 37.21
Silty Sand (SM) 33.00 46.36 37.73 39.03
Clayey Sand
with Gravel 31.44 40.58 35.12 35.71
(SC)
Clayey Sand
with Gravel 33.11 41.05 37.90 37.35
(SC)
Silty Sand (SM) 32.32 38.06 36.64 35.67
Silty Clay (CL) 29.87 29.48 32.02 30.46
Sandy Clay (CL) 28.92 24.44 29.77 27.69
Silty Clay (CL) 29.78 26.31 31.82 29.30
Silty Sand (SM) 33.78 32.46 38.91 35.05
Silty Sand (SM) 31.89 28.21 35.92 32.01
Gravelly Sand
(GW) 32.21 26.86 36.45 31.84

The Poisson’s ratio is calculated by using the formula below, according to Das and

Sivakugan (2019):
no= 0.1+ 0.3(5>) (4.6)

The cohesion values are not provided in the geotechnical investigation report. Therefore,
SPT results can be used for estimating the soil cohesion, especially in cohesive soils like clays.
In order to get more precise cohesion values, the second method will be also used - correlation
from direct shear test.

According to the report, by performing the drained direct shear test in accordance with
ASTM D3080/D3080M-11, the peak and ultimate cohesion value were evaluated.

Where,

Peak Cohesion = 41. 14 kN/m".

Ultimate Cohesion =11.97 kN/ m’.

For non-cohesive soil, such as sand, gravels, the cohesion value is taken as 0.
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For estimating the cohesion of cohesive soils using SPT N 60 values, the empirical

correlation was used:

¢ = 2 4.7)

Where,

k is a empirical correlation factor ( range: 10-15)

The table below provides the cohesion values calculated by both methods, and the
average value would be taken as a final soil cohesion.

Table 4.6. Cohesion calculations

¢, ¢,
kN /m’ kN /m” ave”
Soil Type )
kN/m
From SPT From Direct Shear
Test
Sandy Clay (CL) 38.6 41.14 39.87
Silty Clay (CL) 9.7 11.97 10.84
Sand (SP) 0 0 0
Silty Sand (SM) 0 0 0
Silty Sand (SM) 0 0 0
Clayey Sand with
Gravel (SC) 0 0 0
Clayey Sand with
Gravel (SC) 0 0 0
Silty Sand (SM) 0 0 0
Silty Clay (CL) 22.6 11.97 19.29
Sandy Clay (CL) 49.5 41.14 45.32
Silty Clay (CL) 3.1 11.97 7.54
Silty Sand (SM) 0 0 0
Silty Sand (SM) 0 0 0
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Gravelly Sand (GW) 0 0 0
Table 4.7. Soil profile with characteristics
SPT 1 . , | % E, »
Depth, m | Blows/ 3 | ooy | USCS | @ 2| wp Description
foot | kKN/m” | € (%) kN/m kN/m a
Sandy Clay - grey
0-0.61 61 0 17.4 SC 0 52.16 0 |45000.0 | brown, moist,
firm to stiff
Clayey Sand -
0.61-2.1 26 15.0 27.9 SC 0 43.03 | 41.23 |6962.9 moist to wet,
dense
2.1-4.0 39 18.9 6.6 CL 1084 | 4602 | 5406 |15000.0 | Sity Clay-very
moist, porous
208917 Sand (medium to
4.0-4.8 16 16.6 25.9 SW | 1084 | 3721 | 9.71 | coarse) - moist,
dense
Silty Sand
4860 | 20 | 162 | 280 | sMm 0 | 3903 | 9094 | 72047 | (mediumto
coarse) - moist,
medium dense
Silty Sand -
6.0-7.3 15 15.8 24.7 SM 0 35.71 | 110.56 | 9123.5 | slightly moist,
medium dense
Clayey Sand with
73-109 | 21 184 | 234 SC 0 3735 | 13452 | 6962.9 | Some Gravel-
moist, medium
dense
Clayey Sand with
10.9-149 | 18 17.5 22.1 | SC-SM 0 35.67 | 203.03 | 9275.78 | some Gravel &
Silty Sand
14.9-17.9 9 164 | 264 CL 1929 | 3046 | 267.43 | 15000.0 | Silty Clay - moist,
very dense
179201 | 6 180 | 240 | cL | 4532 | 27.69 | 314.19 | 500000 | Sa0dyClay-
moist, stiff
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20.1-21.6 9 17.2 25.2 CL 4532 | 2930 | 352.10 |50000.0 | SandyClay-
moist, stiff

Silty Clay &

21.6-22.5 | 23 16.8 271 | CL-SW | 7.54 | 35.05 | 383.79 | 40000.0 | Medium to coarse
Sand

225244 | 16 192 | 213 SW 0 33.98 | 54828 | 10214.0 | Silty Sand - moist,
very dense

24.4-28.3 18 15.5 29.1 SM 0 3280 | 595.61 | 7585.1 | Silty Sand - moist,
very dense

28.3-293 | 32 18.2 25.6 GW 0 3201 | 63054 | 500000 | Sandy Gravel -

moist, very dense

293305 | 28 170 | 243 | sw 0 3184 | 75049 | 110912 | Oravelly Sand-

moist, very dense

The interior group of piles has 9 piles (3 piles on each side). The diameter of the pile is

450 mm. The corner group of piles has 4 piles with a diameter of 400 mm. Whereas, the exterior

group of piles consists of 6 piles with the same diameter of 400 mm. The following figure

represents the illustration of the soil profile with the group of piles for the inner columns:

Silty Clay

Sand

Silty Sand

Clayey Sand
with Gravel

Clayey Sand

with Gravel and

Silty Sand

Silty Clay

Figure 4.3 Soil Profile Illustration
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4.2. Liquefaction and LPI Analysis

Liquefaction is a process, which happens during an earthquake when saturated sediments
experience strain reversals repetitively. These reversals lead to a rise in pore water pressure, that
in turn, causes an approach of internal pore pressure to overburden pressure. Meanwhile, the
shear strength of the soil decreases toward zero. The liquefied soils can lead to the settlement, 3
since it may be subject to excessive strain or flow. Liquefactions affects soil layers below the
groundwater table, and particularly include silty sands and loose-dense to medium-dense sands.
To prevent possible risks, it is vital to do the analysis of the liquefaction potential. Therefore, to
estimate the risks, the Liquefaction Potential Index should be calculated.

According to a geotechnical report, in Boring-1 the depth of the groundwater
table is 39.5 feet (13.4 m), and the elevation is 105 feet (32.0 m). In Boring-2 the depth of the
groundwater table showed 43 feet, while the elevation is 103 feet. In the area of the site,
historically the highest groundwater table equals approximately 18 feet (5.5 m).

Since the soil layers that are higher than the groundwater table have a low moisture
content percentage, it can be estimated that the potential liquefaction on the site is moderate.
Nevertheless, the LPI (Liquefaction Potential Index) and Liquefaction analysis is provided in the
report, the method correlated SPT values. The conducted procedure established by T.L. Youd, et.
al. (1996), NCEER-96-0022, SCEC SP117, CGS SP117A, 2008 Guidelines for Evaluating &
Mitigating Seismic Hazards & .M. Idriss & R.W. Boulanger (2008). Overall, included basic
analysis of Soil Liquefaction during earthquakes.

The method proposed by Idriss and Boulanger (1971) is correlated with SPT values:

(N60)1 = Nm X CN X CE X CB X CR X CS (4.8)

Where,

(N 60)1is a corrected N-value of SPT;

Nm is a N-value of SPT;

C N is a overburden correction factor;

C ‘ is a energy ratio correction factor (1.30 for auto-hammer);
C 5 is a borehole diameter correction factor (1.15 for d=6-8’);

C B is a length of rod correction factor (range: 0.75-1.00);
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Cs is a samler correction factor (range: 1.00-1.30);

For no sample liner:

(NVg,)

C5:1+ 00

(4.9)

(N 1) 60cs value is a normalised blow count of SPT for energy ratio, overburden pressure,

and fine content. Mostly, it is adjusted to represent clean sand conditions. The formula below

represents the formula of (N 1) 60cs value, according to geotechnical report:
(N1)6OCS =K X (N60)1 (4.10)

Where,

K S is the fines content correction factor (1 for clean sands);

The values of cyclic stress ratio (CSR) and cyclic resistance ratio (CRR) were taken from
the geotechnical report, and represented in the table below. The stress reduction factor, ry was
also provided in the report. The value for MSF (Magnitude Scaling Factor) is 1.5, and the
average design magnitude earthquake for our area is 6.36. The procedure by Tokimatsu & Seed,

1987, and modified for spreadsheet by Idriss & Boulanger, 2008.

Horizontal Ground Acceleration = 0.975%;

Analysed Groundwater Depth = 59.06 m;

Average Wet Unit Weight = 18.85 kN /mg;
Design Magnitude Earthquake = 6.36;

Table 4.8. LPI Calculation by Tokimatsu & Seed (1987)

Depth, m | Soiltype | Ngy | Moo, | WDgous | MSF | 1, CSR | CRR
1.524m [Clayey Sand| 284 | 47 47 099 | 0411 | 2.000
3.048m | Silty Clay | 154 | 22 2 15 | 098 | 0406 | 2.000
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6.096 m | Silty Clay | 26.0 33 44 0.95 0.418 2.000
9.144 m |Clayey Sand| 27.3 27 37 0.93 0.488 1.744
12.192 m | Silty Sand | 33.8 30 38 0.85 0.494 2.000
15.240 m | Silty Clay | 19.5 14 14 0.77 0.478 2.000
18.288 m | Sandy Clay | 11.7 8 8 0.69 0.448 1.287
21.336 m | Silty Clay | 14.3 9 9 0.60 0.409 2.000
24.384 m | Silty Sand | 114.4 80 80 0.52 0.364 2.000
27.432 m | Silty Sand | 70.2 46 46 0.44 0.314 2.000
30480m | TV | o553 | 65 65 036 | 0261 | 2.000
Sand
The Factor of Safety is calculated using the formula below:
CRR
FS = X MSF (4.11)
The LPI was calculated using the formula by Iwasaki et al. (1980) below:
20
LPI = [ F(2) - w(2)dz (4.12)
0
F(z)y =1 — Fi,for Fl_ <1.0;
F(z) = 0, otherwise
w, = 10 — 0.5z
Where,
F; is the factor of safety against liquefaction;
z 1s the depth from the earth surface;
w(z) is the weight function;
Table 4.9. LPI estimation
Depth, m Soil type FC FS F, LPI
1.524m | Clayey Sand 0.0 4.87 0 0
3.048 m Silty Clay 0.0 4.93 0 0
6.096 m Silty Clay 58.0 4.78 0 0
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9.144 m Clayey Sand 43.9 3.57 0 0
12.192 m Silty Sand 28.4 4.05 0 0
15.240 m Silty Clay 0.0 4.18 0 0
18.288 m Sandy Clay 0.0 2.87 0 0
21.336 m Silty Clay 0.0 4.89 0 0
24384 m Silty Sand 0.0 5.49 0 0
27432 m Silty Sand 0.0 6.36 0 0
30480m | Oravelly 0.0 7.66 0 0
Sand

According to the tables provided above, since the Factor of Safety > 1, and Plasticity

Index > 18, the potential for liquefaction is very low.

4.3. Site Response Analysis (SRA)

The site is located in the seismic active region, and as it was mentioned, the site class
according to the shear wave velocity is D (stiff soil). The risk category is II, and the seismic
design category is D.

The site response analysis was implemented using the Plaxis 2D. For the dynamic
multiplier the site related motion data, an accelerogram was used. The data was used from the
“Center for Engineering Strong Motion Data” site, Response Spectra Los Angeles La Habra
Earthquake. The figure below represents the input data:
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Figure 4.4. Motion data from La Habra earthquake.
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After entering the motion data, and assigning the dynamic multiplier the line
displacement was set. The displacement was assigned only from x direction (prescribed),
whereas the displacement y was fixed:

Attributes library
CE:IE Geometry
= Ci\l Line displacements
=t CE: LineDisplacement_1
= C_i_: LineDisplacement_1_1
Displacement,,: Prescribed
Displacementv: Fixed
Distribution: Uniform
Uy oo reft 1.000m
= Ci\: DynLineDisplacement_1_1
[=}- Multiplier ,: DisplacementMultiplier_1
Signal: Table
Table: 161 rows
Data type: Accelerations
Drift correction:
Scaling type: Scaling factor
Value: 1.000
Mulﬁplier\r,: <not assigned =
=) (EQ,D Groundwater flow BCs
@[] GWFlowBaseBC
= Ci\l Soils

Figure 4.5. Linear displacement set (Plaxis 2D)
The following figure represents the phase stages in plaxis 2D. The calculation type of the
second stage was “Dynamic” chosen automatically by program. The dynamic time interval is
20s:

‘f Initial phase [InitialPhase] = = MName Value Loginfo for last calculation
() Phase_1 v £ General Al |eK

D Phase_1

Start from phase Initial phase -

Calculation type j\v\ Dynamic -

Loading type Staged construction +

Pore pressure calculation tv - Camments

Thermal calculation type Ignore temperature *

Dynamic time interval 20,00 s

First step

Last step

Design approach (Mone) -

Spedial option 1]

Deformation control parameters

= Mumerical control parameters

Max cores to use 256
Max number of steps store 1
Use compression for result O

Use defaultiter parameters O

Max steps 1681
Time step determination Manual -
MNumber of sub steps 11
Tolerated error 0.01000
Max unloading steps 5
Max load fraction per step 0.5000
Over-relaxation factor 1.200
Max number of iterations &0

W

P SR T O -~

Figure 4.6. Phases of site response analysis in Plaxis 2D.
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The figures below represent the results of the site response analysis, which include
acceleration chart, fast fourier transformation chart, PSA graph:
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Figure 4.7. Acceleration (x direction) vs time chart.
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Figure 4.8. Fast fourier transformation chart.
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Figure 4.9. PSA vs period graph.
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Total displacements u, (scaled up 0.500 times) (Time 20.00 s)

Incremental displacements | Au| (scaled up 5.00%102 times) (Time 20.00 s)
Maximum value = 0,1828%10-3 m (Element 179 at Node 1585) Maximum value = 0.3959 m (Element 188 at Node 1225)
Minimum value = -1.117 m (Element 169 at Node 1381)

Figure 4.10. Total displacement results.

4.4. Design of the foundation

The foundation design depends on several factors including location, soil profile, design of
the building, which determines the most suitable type of foundation for the given conditions. The
location of the site determines the soil and seismic considerations. The site is located in LA,
which includes both fine and coarse grained soils in the profile and high risk of frequent
earthquakes in the area. As it was also mentioned, the project includes 12 storey building with a
basement. Moreover, there is a shift from low density soils to denser materials in the soil profile.

159



Therefore, it was decided to use driven piles in a group. The material for the piles was
determined as reinforced concrete, since it is more resistant to corrosion, have high load capacity
and perform well in seismic conditions.

Negative skin friction is a critical consideration in pile foundation design, which refers to the
downward force exerted on a pile due to the relative settlement of surrounding compressible soils
(Das & Sivakugan, 2019). In this case, the upper portion of the soil profile consists of 4 m
compressible fill that will be removed during excavation. As this layer will be eliminated, it does
not contribute to negative skin friction. Additionally, although another compressible soil stratum
exists at a deeper depth, it lies beyond the lateral contact area of the piles and thus does not
interact with the pile shaft. As a result, the influence of negative skin friction on the overall axial
load-bearing capacity of the piles is deemed minimal and can be reasonably disregarded in
design calculations (Das & Sivakugan, 2019).

4.4.1. Shallow foundation

4.4.1.1.
Factored load combination equation in accordance with ASCE-7 is represented below:

1.2D + 1.6D + 0.5L_ (4.13)

Loads Summary

Where,
D, L - Dead and Live load;
Lr - Roof live load;

From the structural part, there are three types of columns (exterior, interior, corner), the
following table represents the calculated values of factored load for three types of columns.

Table 4.10. Factored Load for Columns

P Whole
Geotech Column A, m’ W kN/m® P , kN u
unfactored t u Area, kN
5,997 Exterior 18 412,18 8509,21 163224
10572,9 Interior 36 368,80 13276,94 238985
3,301 Corner 9 440,74 5056,60 15867
Critical load for
columns 13276,94 238985
4.4.1.2. Pad Foundation

Meyerhof’s Bearing Capacity Method is more versatile for varying soil conditions.

Moreover, this method considers the shape, depth, and load inclination on the foundation.
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For shallow foundation the factor of safety, FS is 3.

The ultimate allowable bearing capacity is evaluated by following formula:

qu
d,, = Fs (4.14)

According to Meyerhof’s method the formula for ultimate bearing capacity, q, is:

—c N
q,= CNchchchi + quFququqi + yBNyF F F

FE (4.15)

Where,
¢ - cohesion;
q - effective stress at the bottom of the foundation;
Y - unit weight of soil;
B - width of the foundation;
F ,F ,F -shape factors;
cs’ qs’ys
ch, qu, Fyd - depth factors;
F ,F ,F -inclination factors;
yii " oyi’ vy
N o N e Nv - bearing capacity factors;
For shallow foundation, the foundation shape is square B X L, where B = L.

For square shallow foundation, the shape factors are calculated using the formulas below:

B N
F =1+ @Y (4.16)
Fo=1+ (H)tang’ (4.17)
Fo=1- 0.4(3) (4.18)

D
For conditions, ?f > 1and @' > 0, formulas for the depth factors:

D
Fa=1+ 2tang'(1 — sin(p')zatan(Tf) (4.19)
B 1-F
ch - qu N N tang' (420)
Fyd =1

Load inclination factors are calculated using the formula below:
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= = ——LZ
F,o=F =0-2) (4.21)

F =1-21 (4.22)

The formula for vertical effective stress at the bottom of the foundation:

q=vD f (4.23)
The bearing capacity factors:
NC = (Nq — 1)cote (4.24)
N = tan’ (45 + L)e" " (4.25)
NY = 2(Nq + Dtano' (4.26)

The height of the basement level of the building is 4.0 m, and assumed value of

embedded depth, D P 1s 2m. According to the soil profile table, the bottom of the shallow

foundation is on a silty sand layer.
Values of cohesion, friction angle, embedded depth:
c' = 0;

@' = 39.03;

Calculated bearing capacity values for shallow foundation:

N = tan2(45 + w) % eﬂtan(39,03)
a 2

= 163.799

N = (163.799 — 1) x cot(39.03) = 200.826

c

Ny = 2(163.799 + 1)tan(39.03) = 267.191

Calculated values of shape factors for shallow foundation:

163.799
FCS_ T+1x 200.826

F =1+ tan(39.03) = 1.811

= 1.816

F =1-04x1=0.6
ys
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Equation of depth factor, with unknown value B:
F =1+ 2tan(39.03)(1 - sin(39.03)) tan” (&) = 1 + 0.22tan” (=)

0.22tan_1(%)
200.826xtan(39.03)

— 2y _
F =1+ 0.22tan ()

C

Fyd=1

All factors of inclination equals to 1, since § = 0:

F =F =F =1
ci qi yi

Vertical effective stress for the bottom of the foundation is calculated for silty sand

(medium dense) layer:

3
Yoy = 20.87 kN/m

q = 20.87 kN/m° x 2m = 41.74 kN/m’
The equation of the ultimate bearing capacity for shallow square foundation with

unknown B, in particular for exterior and corner foundations:

q,= 0+ 41.74 - 163.799 - 1.811 - (1 + 0.22tan” (=) -1 +—- B -267.191 - 0.6 - 1 - 1

_1 2
q, = 12381.75 + 2723.99tan” () + 80.16B

For square foundation:

-2
Dypud = p (4.27)
qu
q.,= Fs (4.28)
The design must meet following condition:
CIload - qall (4.27)
qu
<=5 (4.28)

The critical value for total load was taken from the interior column, thus the

Q,., = 13276.94kN .

12381.75+2723.99-tan_1(%)+80.168 13276.94
2

3 B
The calculated foundation length is B=1.66 metres. Although, in accordance with

the Building Code in Los Angeles the width of the column satisfies the requirement (B=1.89 m >
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472.5 mm), the shallow pad foundation is not suitable for constructing high-rise buildings. This

type of foundation has a risk of failure of resistance of dynamic as well as vertical loadings.

Therefore, the shallow pad foundation is not suitable for the proposed high-rise residential

building.
Table 4.11. Dimensions and Bearing Capacity Results of Pad Foundation
Interior Column Exterior Column Corner Column
B, m 1.66 1.32 1.02
Quoaa N 13276.94 8509.21 5056.60
q, kN/m’ 15457.67 15177.29 14906.56
FS 3 3 3
q., kN/m’ 5152.56 5059.09 4968.85
q, , kN/m’ 4945.56 5085.03 5197.59

The calculated values of the bearing capacity of pad foundation satisfies the
requirements. However, there is a possibility that the shallow foundations will not be able to
resist dynamic loading. Furthermore, it is not sufficient for horizontal loading. Therefore, these
foundations are rarely used for high-rise structure support and construction and are not typically
used for residential building design.

4.4.1.3. Mat Foundation

The geotechnical report suggests to use the mat (also known as raft) foundation, since the
load can be distributed evenly, however, the suggestion was provided for the construction of an
8-storey building. Since we are designing for a 12-storey building, we would need to calculate
the bearing capacity. According to Das & Sivakugan (2018), the mat foundation is usually
applied for soils with lower bearing capacity, such as silts and clays, which corresponds to our
case. Given that the largest and critical load was calculated to be 13627.97 kN, the load on each
of the partial areas divided by 36 internal columns would be 378.55 kN/m?. For the calculation of
bearing capacity, we assume that the embedded depth is 1 m and the foundation lays on the silty

sand layer.
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The values used to calculate the bearing capacity are:
c' = 0kN /m2

y = 15.80 kN/m’
@ = 39.03°
B=L=42m

We also calculated bearing capacity factors:

Nq _ tan2(45 + 39.03 )entan(39.03)

. = 56.2

__562-1
Nc ~ tan(39.03) 68.1

N = 2(56.2 + 1)tan(39.03) = 72.7

Shape factors:

_ 56.2 N _
F o=1+1- (5D =182

_ B _
F =1+ —tan(39.03) = 1.81

F =1-047=06
Ys

Depth factors:

— 1 —
ch— 1+0.4-—-5=101

F =1+ 2tan(39.03)(1 ~ sin(39.03))" = = 1.005

Fy =1
Inclinations factors:
Since the load is purely vertical, § = 0, which means
F. = Fql_ = Fyi =1
q,=aNF F F + %yBNyFYSFdew_

q,= 15.8 - 56.2 -1.81 -1.005 -1 +%- 15.8 - 42 - 72.7 - 0.6 - 1 = 16088.36kN/m2

Using Meyerhof’s formula mentioned above, we obtain the ultimate bearing capacity

equal to 26510 kN/m?.
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The vertical effective stress is equal:

q = 20.87 kN/m> x 1m = 20.87 kN/m"

The net ultimate capacity:

q,. . =4q —q=16067.49 kN/m’

u(net)

The allowable bearing capacity can be now calculated:

q

_ u(net) __ 2
Dynety = " Fs = 5355.83 kN/m

Although the calculated allowable bearing capacity is meeting the requirement, the
settlement should be considered too. Since the mat foundation is located at the sand layers, in
accordance with Terzaghi & Peck (1948), the maximum and critical settlement value for mat
foundation is 0.05 m.

Net bearing capacity equation considering the settlement:

N
Qoer = 505" d( )

Where,

N, = 20;
D
F,=1+0.33(55) =1+0.33*=101

= 2% 1,01 * 2L = 429.25 kN/m’

net 0

The allowable bearing capacity:

ey 42925

2
qa”(net)— s = T3 = 143.08 kN/m

After calculating the net allowable capacity, it is seen that the q., (net)< 9o Therefore,

the mat foundation will not be considered for a foundation design of our high-rise building.
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4.5. Deep Foundation : Pile Foundations

4.5.1.  Single Pile

The bearing capacity of a single pile is influenced by many factors, that include the pile
geometry, soil properties, installation method etc (Elsamny, 2017). However, one of the main
factors influencing the total bearing capacity is the calculated value of bearing capacity at the
end of pile and the skin friction. From the practical perspective, the ultimate bearing capacity can
be represented by the following equation:

Qu = Qp + Qs (4.29)
Where,
Qp - load-carrying capacity of the pile point, kN;

QS - skin resistance, kN;

The skin resistance, also known as a frictional resistance can be calculated by soil and
pile interface. It will be calculated by implementing a, 3, A methods.
According to the typical dimensions of the concrete circular pipes, the diameter of the

pile for high-rise buildings should be 0.61 m. By calculating the area and perimeter of the pipe,

the values are 0.2921 mm” and 1.916 m, respectively.

Table 4.12. Single Pile Dimensions

Area, m” Perimeter, m
, Diameter, m
“ZD XD
0.2921 1.916 0.61

The material of the single pile foundation is assumed to be reinforced concrete, since it is
an acceptable type of material that is used for a construction of high-rise buildings with seismic
soil-structures (Sharma, 2020). Furthermore, the D=0.61 m is the typical diameter of the pile
foundation of reinforced concrete material.

The bearing capacity of the piles depends on the soil layers, thus on the length of the pile

itself. Therefore, both clay and sand layers will be considered as the end of the pile could be
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located in either layer. However, the depth of the structure of the building underground

including all the elements, such as basement level, slabs, that equals to 3.5 m should be included.

4.5.2. Point-Bearing Capacity
4.5.2.1. Point-Bearing Capacity in Sand Layer
As it was mentioned, the depth of the structure underground should be also considered,
therefore the end of the pile with assumed length of 8 m will be located at the depth of 11.5 m.
The point-bearing capacity will be calculated by using several methods.
Ist Method: Meyerhof’s Method for Sand
The formula of Qp for piles in sand and ¢' = 0:
= = ' : <
Qp qup qu Nq < qul (4.30)
Where, the limiting point resistance, q . is found by the formula below:
q,= 0. SpaNq*tancb' 4.31)
Where,
p= 100 kN /m2 (atmospheric pressure);q’

' - effective soil friction angle;

The end of the pile will rest in the silty sand layer, from the table 4.5 (Friction angle) the

friction angle of the layer is equal to 35. 71" According to the table of interpolated values of N q*

based on Meyerhof’s theory, the N q* is equal to 168 for ¢' = 35. 71", Considering the values, the

limiting point resistance:

q =19*18.9+0.8*16.6 +1.2*16.2 + 1.3 *15.8 + (10.5 — 7.3) * 18.4

q' = 148.05 kN/m’
Calculating for Qp:

Qp = 0.292m" * 148.05 kN/m2 * 168 = 7262.74 kN > qul = 1763.16 kN

4q,= 0.292 m>* 0.5 * 100 kN/m" * 168 * tan(35.71") = 1763.16 kN

The point-bearing capacity for the first method is Qp = 1763.16 kN.
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2nd Method: Vesic’s Method
The method proposed by the Vesic (1977) for estimating the point-bearing capacity of the
pile is based on the “expansion of cavities” theory. According to the parameters of the effective

stress, the formula for Qpis represented below:

Qp = Apr = Ap(c N +o/N_ ) = Apco N_ (4.32)
The mean effective ground stress at the depth of the pile point is calculated by the

following formula:

, 1+2K0

(4.33)
Where,

K .= 1 — sind' (earth pressure coefficient at rest);
NC , N . - bearing capacity factors;

According to the Vesic’s method, the bearing capacity factor, N G* depends on the reduced
rigidity index of the soil that is calculated by the formula below:

N =f(U) (4.34)

I

r

L =Tz (4.35)

Where,

I - rigidity index;

E_- modulus of elasticity of soil;

W - Poisson’s ratio of soil;

A - An average value of volumetric strain in the plastic zone that is below the pile point;

E =m * p,= 200 * 100 = 20000 MPa

'—25 35.71-25
po=0.1+0.3(35>) = 0.1 + 0.3(=5;) = 0.261

A = 0.005(1 —M)pi = 0.005(1 — 227122y 14805 _ 0232

20 20 100

a
[ = E _ 20000 — 7459
r 2(14+w*q*tan (¢") ~ 2(1+0.261)*148.05*tan(35.71) :
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L 74.52

I = T+1 A 147452000232 59.32

Ko =1 — sin(35.71) = 0.416

142K *
o, =(—)q == (—52) * 148.05 = 90.41

According to the table of bearing capacity factors proposed by Vesic (1977), and based

on the theory of expansion of cavities: NC* = 97.5and N G* = 71.9.

Q =0.292 m’ * 90.41 kN/m” * 71.9 = 1898. 78 kN

3rd Method: Coyle and Costello’s Method
According to the analysis proposed by Coyle and Castello (1981), the formula for

calculating the point-bearing capacity in sand:

Q =qN A (4.36)

Where,
N q* is a bearing capacity factor obtained from the Variation of N q* with L/D graph based
on Coyle and Castello (1981);

7

L
o = oo — 11.48

For ¢' = 35. 71 and L/D = 11.48, the N q* The value from the graph is 55. Therefore, the
point-bearing capacity:

Q = 0.292 m’ * 148.05 kN/m" * 55 = 2377.68 kN

4th Method: SPT-based using Meyerhof’s formula

The Meyerhof’s formula (1976) for ultimate point resistance is given by:
= L
q,= 0. 4paN60 > = 4paN60 (4.37)

Where,

qp — ultimate point resistance;
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p — atmospheric pressure;

N60 — corrected N — value of the SPT;

The N, can be obtained using the pile point about 10D above to 4D below:

37+15421+17+29+27+16
Neo: - = 23.14 = 23

To obtain the bearing capacity factor, both sides of the formula should be multiplied by

the area of the pile, resulting in:

_ L
Q =A X 04pN <A x4pN,

Which gives the value of the bearing capacity factor as:

7

—— < 0.292 - 4 - 100 - 23

Qp= 0.292 - 0.4 - 100 - 23 -

3101.52 kN < 2702.75 kN
Meaning that the value of the bearing capacity equals 2702.75 kN.

5th Method: SPT-based using Briaud’s formula
The formula by Briaud et al. (1985) was stated as:

0.36
qp = 109. 7pa(N60) (4.38)

Which can also be modified to:

Q =4 x19. 7p (N )"*°=0.292 - 19.7 - 100 - 25"°° = 1524.9 ~ 1525 kN

The point-bearing capacity of the pile with length 7 m was calculated using five different
methods. Using the same procedure, the process was repeated for other piles with different
lengths (L=8m, 9m, 10m, 11m) with the same diameter D=0.61m. The following table provides
the calculation results:

Table 4.13. Results of the Point-Bearing Capacity in Sand

Length Coyle & | SPT based
cne . Depth, Meyerhof’ Vesic’s oyie ase SPT based
of the Pipe, m Layer < Method Method Costello’s on on Briaud
m Method Meyerhof
|
7 105 |ClveySand | o016 | 189878 | 237768 | 270275 | 178246
with Gravel
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1
8 1ns | ClveySandt oo g0 | 248268 | 2955.19 | 370587 | 178329
with Gravel
9 12.5 Silty Sand 1729.13 2013.93 3106.23 3769.83 1798.14
10 13.5 Silty Sand 1729.13 2127.20 3461.28 3703.09 1782.46
11 14.5 Silty Sand 1729.13 2296.51 3826.54 3433.33 1716.24
4.5.2.2.  Frictional Resistance in Sand Layer
Method 1: Equation 12.15
According to the equation 12.15 (Das & Sivakugan, 2018), the formula for frictional
resistance Q, in soil layer is:
QS = YpALf = ZpALKG'OtanS' (4.39)
Where,
p - perimeter of the pile, m;
f - frictional resistance;
K - effective earth pressure coefficient (=1.5);
G'O—effective vertical stress at the depth under construction;
6'—soil-pile friction angle;
AL—thickness of the soil layer.
Table 4.14. Skin Friction of Sand Layers
Layer Depth Z, m o, kN /mz f fo Qs sana kN
Clayey Sand 0.61-2.1 1.49 38.74 39.825 61.512 175.607
Sand 4.0-4.8 1.8 28.8 24.709 24.357 84.003
Silty Sand 4.8-6.0 1.2 26.4 24.005 23.682 54.450
Silty Sand 6.0-7.3 1.3 28.6 23.359 44.257 1100.235

172




Clayey Sand 7.3-10.9 3.6 75.6 65.155 63.409 437.372

Clayey Sand [ 10.9-14.9 3.6 75.6 61.663 63.409 437.372

The unit frictional resistance for the pile with the length of 7 metres will be equal to:

f=1.5"-12512 - tan(28.57°) = 102.3 kN/m’

The skin friction of the pile is going to be the sum of skin friction in each sand layer,

which will give the value of:

Q=120 + 74.7 + 39.6 + 92 + 374 + 222 3.2 - 0.61 = 1171.325 kN

Method 2: Coyle & Costello’s Method
Coyle and Costello (1981) suggested the equation below for the calculation of frictional

resistance in sand:
Q =f pL = (Ko tand)pL (4.40)

Where,

00' — average effective overburden pressure;
0" — soil-pile friction angle (= 0.8¢")

Method 3: Meyerhof’s Method

According to Meyerhof (1976) method, the average unit frictional resistance:
fav = 0. 002pa(N60) (4.41)

Where,

N, - average standard penetration resistance;

Method 4: Briaud’d Method

—.0.29
f.=0.224p (N ) (4.42)

Table 4.15. Frictional Resistance in Sand

173



Length of Coyle & .
Depth the Pile Layer Eq. 12.15 Costello Meyerhof | Briaud

73105 | 7m | Cl@veySandwith oo a0 b 40834 | 2837.99 | 34160.98
Gravel (SC)

109-11.5 | gm | ClaveySandwith) oo b 0sas | 304331 | 34225.05
Gravel (SC)

109-12.5 | om | ClaveySandwith) o000 | 197005 | 325240 | 3433256
Gravel (SC)

Clayey Sand with

1423.03 2980.79 3461.27 34439.32
Gravel (SC)

10.9-13.5 10m

Clayey Sand with

1606.30 4278.32 3669.26 34542.87
Gravel (SC)

10.9-14.5 IIm

4.5.2.3. Point-Bearing Capacity in Clay Layer
From the soil profile table, the clay layer starts at a depth of 14.9 m. Therefore, for
calculating the point-bearing capacity for the clay layer, the length of the pile will be 12 m, thus
the end of the pile will be at the depth of 15.5 m.

Ist Method: Meyerhof’s Method for Clay
Qp = NC cuAp = 9cuAp (4.43)
Where,

c - undrained cohesion of the soil;

The cohesion of the silty clay layer at the depth of 15.5 m was calculated as c = 19.29 kN/ m’.
Qp = 9cuAp =9 * 19.29 * 0.292 = 50.69 kN

2nd Method: Vesic’s Method for Clay
According to the proposed method by Vesic (1977), for ¢ = 0 condition, the net ultimate
point bearing capacity of a pile can be calculated by the following equation:
Qp = qup = ApcuN . (4.44)
According to the theory of expansion of cavity:

*

N =
c

e

TC
(ln[rr+ D+—+1
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rr r 3cu
15000
Irr =929 = 259.21

N =4@n@s59.2D) + 1) + %+ 1 =1131

Qp = ApcuN*C = 0.292 * 19.29 * 11.31 = 63.73 kN

The table below represents the results of the point-bearing capacity of the clay layer by
proceeding the same procedure for piles with lengths (L=13m, 14m, 15m, 16m, 17m, 18m). The
calculated values by both methods showed quite similar results, therefore the average

point-bearing capacity was used.

Table 4.16. Results of the Point-Bearing Capacity in Clay

ofthe Pipe,m | Deptem | Laver | MOEUER | hor | G Y
12 15.5 Silty Clay 50.69 63.73 31.86
13 16.5 Sandy Clay 119.10 155.90 77.95
14 17.5 Sandy Clay 119.10 155.90 77.95
15 18.5 Sandy Clay 119.10 155.90 77.95
16 19.5 Sandy Clay 119.10 155.90 77.95
17 20.5 Sandy Clay 119.10 155.90 77.95
18 21.5 Silty Clay 53.98 75.20 37.60

4.5.2.4. Frictional Resistance in Clay Layer

The skin resistance of piles were determined using several methods: A-method, a-method,

and B-method.

A-method
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According to the method proposed by Vijayvergiya and Focht (1972), the average

frictional resistance can be calculated by using the following equation:

f. = Ao, + 2c) (4.45)

Where,

o 0' - mean effective vertical stress;
¢ - mean undrained shear strength;

Since the value of A decreases with the pile penetration depth, the total skin resistance

can be determined by the following formula:
Q. =pLf (4.46)
The mean effective stress for the length of the entire embedment can be found by

summation of the areas from the diagrams of the vertical effective stress, and divided by the total

length. Thus, the mean effective stress:

F— A1+AZ+A3+... _ Cu1L1+Cuzlz+Cu3l3+"'
0o L - L

Since it is a calculation of the frictional resistance of the pile in the clay layer, the length

of the pile is 12 m and the basement level 3.5 m. Thus, the L = 15.5 m.

- 5.184+4+19.728+26.637+225.216+4+257.76+((70+9.84) /2*0.6 2
o= 2 (« YZ0O). — 52 66 kN/m

According to the variation of A graph correlated with pile embedment length, the A for

L=12 m pile is 0.227. Thus, the average unit skin resistance:
f. = Ao, + 2c) = 0.227(52.66 kN/m" + 2 * 19.29 kN/m") = 410.79 kN/m’
p=mn*D=314*0.61m = 1.916m

0 = 1.916m * 12m * 410.79 kN/m’ = 476.279 kN/m’

s, clay
The total frictional resistance of the 12 m pile will equal to the sum of the skin resistance

of the clay and sand layers:

L=12m: QS=QS’Sand+Q

s, clay

Q = 175.607 + 196.414 + 84.003 + 54.450 + 1110.235 + 437.372 + 437.372 = 2319.846 kN

s, sand
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QS = 2319.846 + 476.276 = 2796.122 kN

Table 4.17. Frictional resistance in Clay by A-Method

Ler:fth’ De::lth, Layer 0_0' A f av Q s, clay Q g kN
12 15.5 Silty Clay | 52.660 0.227 20.711 476.279 | 2796.119
13 16.5 |Sandy Clay| 37.061 0.218 16.489 410.797 | 2730.637
14 17.5 |Sandy Clay | 38.911 0.209 16.195 434.507 | 2754.347
15 18.5 |Sandy Clay| 39.531 0.2 26.034 748.346 | 3068.186
16 19.5 |Sandy Clay| 39.780 0.195 25.432 779.773 | 3099.613
17 20.5 |Sandy Clay| 40.014 0.189 24.693 804.457 | 3124.297
18 21.5 |Sandy Clay| 39.794 0.184 23.999 827.846 | 3147.686

o-method

The a-method is a total stress method, and the frictional resistance is expressed the

following way:

f = ac (4.47)

u

QS =Y fpAL =3 acupAL (4.48)

The alpha values were identified using the interpolated alpha values based on the

Terzaghi (1996) table. Thus, the alpha values for both clay layers:
Sandy Clay: a = 0.71;

Silty Clay: a = 0.920;

Q =0.92*19.292* 2 * m*0.61 * (15.5 — 14.9) = 40.79 kN /m’
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Q =0q +Q = 2319.846 + 40.79 = 2360.64 kN

s, L=12m s, sand s, cla

f-method
According to the B-method, the unit frictional resistance for the single pile can be found

the following way:
f = BGO' (4.49)
B =K X tand’; (4.50)

Where,

(])R' - drained friction angle;

K - earth pressure coefficient;

Thus, the frictional resistance load:
QS =¥ - sinq)'R) * tanq)'RG'o pAL

QS = (1 — sin (30.46)) * tan(30.46) * 267.43 * 1.92 * (15.5 — 14.9) = 89.16 kN

Q mtom = L gang T @y ay = 2319846 + 89.16 = 2409.01 kN

The following table demonstrates the results of the frictional resistance by proceeding the
same procedure for other dimensions of the piles. The final values of the skin resistance was
taken as an average of three methods:

Table 4.18. Frictional Resistance in Clay

I}illg}t:]gf Depth Layer A method, Q_| o method, Q_| B method, Q_ QS’ e
12 15.5 Silty Clay 2796.12 2360.66 2409.01 2521.93
13 16.5 Sandy Clay 2730.64 2392.15 2583.60 2568.80
14 17.5 Sandy Clay 2754.35 2444.64 2758.19 2652.39
15 18.5 Sandy Clay 3068.19 2518.64 2971.45 2852.76
16 19.5 Sandy Clay 3099.61 2641.96 3178.06 2973.21
17 20.5 Sandy Clay 3124.30 2765.28 3384.67 3091.42
18 21.5 Sandy Clay 3147.69 2888.61 3595.42 3210.57
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After completing all the steps for all dimensions of piles, the critical values of
point-bearing capacity and frictional resistance were chosen for comparing the bearing capacities
with the column loads that are transferred to the foundation. The following table demonstrate the

bearing capacities, where the allowable bearing capacity is calculated by using the formula

below:
Qu
Qall = — (4.51)
Where, the factor of safety, FS=3;
Table 4.19. Results of Ultimate and Allowable Bearing Capacities for Single Pile
Length
of the Pipe, [ Depth, m Layer Qp' kN Q kN Q, kN Qur kN
m
Cl Sand
7 10.5 gyey an 2977.68 1171.325 4549.005 1516.34
with Gravel
Cl Sand
8 11.5 DY S 995519 | 1140509 | 5095.699 | 1698.57
with Gravel
9 12.5 Silty Sand | 3106.23 1267.118 | 5373.348 | 1791.12
10 13.5 Silty Sand | 3461.28 1423.032 | 5884.312 | 1961.44
11 14.5 Silty Sand | 3826.54 1606.300 | 6432.840 | 2144.28
12 15.5 Silty Clay 31.86 2521.93 3553.79 1184.60
13 16.5 Sandy Clay | 77.95 2568.80 3646.75 1215.58
14 17.5 Sandy Clay 77.95 2652.39 3730.34 1243.45
15 18.5 Sandy Clay 77.95 2852.76 3930.71 1310.24
16 19.5 Sandy Clay 77.95 2973.21 4051.16 1350.39
17 20.5 Sandy Clay 77.95 3091.42 4169.37 1389.79
18 21.5 Sandy Clay 37.60 3210.57 4248.17 1416.06

Table 4.20. Applied Loads on the Foundation
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Column | A, m’ W, kN/ m’ P , kN P, Whole
Area, kN
Exterior 18 412.18 8509.21 163224
Interior 36 368.80 13276.94 238985
Corner 9 440.74 5056.60 15867

By comparing the loads, it is seen that the allowable bearing capacity loads are lower
than the applied loads on the foundation, therefore the single piles will not be used for the design

of the foundation of our high-rise building.
4.5.2.5. Negative Skin Friction

According to Das and Sivakugan (2019), the negative skin friction, that is a downward
drag force, should be considered under certain conditions:
e C(lay fill is placed over granular soil, so the fill consolidates and pulls down on the
pile.
e Granular fill is placed over soft clay, so the clay consolidates and pulls down on
the pile.
e The settlement cause, due to the water table lowering, increases the stress in clay.
Since our soil profile does not include these conditions along the pile, there is no need in

calculating the negative skin friction.

4.5.2.6.  Group of Piles

In order to calculate the bearing capacity of the group of piles, the group efficiency
should be calculated first. By finding the group efficiency, it will be determined whether the piles
may act as a block or as individual piles. It can be determined by simplified analysis for friction

piles in sand:
2(n1+n2—2)d+4D

n B 2:Qu B pnan

(4.52)

Where,
p- perimeter of the pile;

n,n,- number of piles;
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Q

o ultimate bearing capacity (group pile);

Qu - ultimate bearing capacity (single pile);

The minimum center-to-center pile spacing: d=2.5D;

If center-to-center pile spacing (d) is large, than n > 1 (piles act as individual piles).
Therefore, the ultimate bearing capacity of the group of piles for both cases:

n>1: Qg w = EQu (individual piles)
n <1 Qg(u) = nZQu (block of piles)

For the high-rise building, it is recommended to design a pile cap including the seismic
condition in Los Angeles city. The dimension of the pile cap can be found using the following
equations:

Width: Bg = (n,— 1d + 2(D/2)
Length: Lg = (n1 — 1d + 2(D/2)

According to the structural layouts of the building, the total number of the columns is 64.
Therefore, the total number of the group of piles is also 64, however in accordance with the load
distribution table, the exterior, interior and corner group of piles will have different dimensions.

The diameter of the corner and exterior piles: D = 0.4 m;

The diameter of the interior pile: P = 0.45 m;

Thus, the minimum spacing, d:

d =0.4* 2.5 = 1m (exterior and corner piles)
d = 0.45 * 2.5 = 1.125 m (interior piles)

By using these equations, the following table contains the calculated preliminary

dimensions of the group cap and the group of piles:

Table 4.21. Preliminary Design of the Group Piles

Corner Column Exterior Column Interior Column
n. (x-axis) 2 3 3
n, (y-axis) 2 2 3
Diameter of pile, m 0.4 0.4 0.45
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Spacing d, m 1 1 1.125
Width Bg, m 2.4 2.4 3.6
Length Lg, m 24 3.6 3.6
Length, m 9 9 9
Perimeter, m 1.26 1.26 1.41
Area, m’ 0.13 0.13 0.16

Each type of column will have a different type of group of piles in accordance to the table

above. The figure below represents the preliminary layout of the group of piles and its location.

2400 - - o ]

ool

1200—
6™,
6?0 )

Figure 4.11. Corner Group of Piles Figure 4.12. Interior Group of Piles

3600

5o &
5 o

2400
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Figure 4.13. Exterior Group of Piles

The point-bearing capacity and the frictional resistance should be calculated for the
following dimensions by proceeding the same procedure as the single pile. By choosing the most
critical values of the bearing capacity for the group of piles, the point-bearing capacity was
calculated by Coyle and Costello (1981) method, and the skin resistance by Meyerhof’s (1976).

Table 4.22. Point-Bearing Capacity of Group of Piles

Type of ' * ' Q, kN
Column Length, m| Depth, m L/D O Nq q o
C d
orner an 9 12.5 25 | 3567 50 183.41 | 2677.79
Exterior
Interior 9 12.5 20.0 35.67 52 183.41 2784.90
Table 4.23. Frictional Resistance of Group of Piles
Type of Length, m| N p kN/m f AL, m p, m Q. kN
Column ’ 60 a ’ ’ s
Corner and 9 2371 100 4743 | 1257 | 2270.43
Exterior
Interior 9 23.71 100 4.743 1 1.414 2504.23

The group efficiency, for each type of pile is calculated next:

2(34+2—2)*1+4*0.4

= = 1.01
T]extferior [ 1.26*3*2 ]
[ 2(242-2)*144%04 1 _
T]corner - [ 1.26%2*2 ] =111
2(3+3-2)*1.25+4%045 1 _
ninterior - [ 1.57*3*3 ] = 0.84

The ultimate bearing capacity of the corner group of pile:

Qu(g) = Z(Qu + Qs) =2*2*(2677.79 + 2270.43) = 19792.88 kN
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The allowable bearing capacity of the group of piles is calculated by dividing the ultimate

bearing capacity to the factor of safety 3:

Q

_

u@

19792.88

all(9) ~ FS

3

= 6597.63 kN

By comparing the number with calculated applied load for the columns, the ultimate

bearing capacity of the group of piles is larger, which satisfies the design:

Q = 6597.63 kN > Q = 5056, 60 kN
all(g) column
Table 4.24. Results of the Bearing Capacities of the Group of the Piles
Type of
Column n QP' kN er kN Qul kN Qu(g)' kN Qall(g)’ kN QCOlumn'
Exterior | 1.01 [ 2677.79 2270.43 4948.21 29689.28 | 9896.43 8509.21
Corner 1.11 | 2677.79 2270.43 4948.21 19792.85 | 6597.62 5056.60
Interior | 0.84 | 2784.90 2504.23 5289.13 | 47602.16 | 15867.39 | 13276.94
4.6. Design of the foundation: axial loading

4.6.1.

Axial bearing capacity : hand calculations

After selecting the proper type of foundation for our building, the hand calculations for

the bearing capacities of each pile was calculated in Capstone 1. As it was mentioned, there are

three types of group of piles, that differ with dimensions: exterior, interior, corner. The following

table represents the loads of the columns presented from the structural parts that transferred to

the foundation.

Table 4.25. Column Loads Transferred to Foundation.

P Whole
Geotech Column A, m W ,kN/ m’ P, kN u
unfactored t u u Area, kKN
5,997 Exterior 18 412,18 8509,21 163224
10572,9 Interior 36 368,80 13276,94 238985
3,301 Corner 9 440,74 5056,60 15867
Critical load for
columns 13276,94 238985
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According to the given table of the loads acting from the columns, the preliminary design

of the group of piles was presented in the previous work. From the preliminary design of the

group of piles the minimum spacing between piles was taken as d=1m and d=1.125 m. However,

to prevent negative interactions, and excessive settlement, it was decided to increase the spacing.

For corner and exterior: d = 3D = 3 *0.4 = 1.2

For interior: d = 3D = 3 * 0.45 = 1.35

Generally, increasing the spacing between piles increases the efficiency of the pile group.

This is because when piles are placed too close together, their stress zones overlap, reducing their

individual load-bearing capacities due to group effects. Thus, the efficiency of each type of pile

ism > 1.

As it was mentioned, the bearing capacity of the group piles, Qu @ depends on the

efficiency, which can be calculated using the formulas below:

2(n1+n2—2)d+4—D

]’] =
pnan

Table 4.26. Efficiency of the Piles.

Corner Column Exterior Column

Interior Column

Efficiency, 1

1.273 1.167

1.085

Bearing capacity formula:

Q,, = NZQ,=nI@,+0Q)

Table 4.27. Results of the Bearing Capacities of the Group of the Piles

Type of

Coomn | M | G N | Qe QRN Qg KN Qo NQ e
Exterior | 1.17 | 2677.79 2270.43 4948.21 | 34736.53 | 11578.84 | 8509.21
Corner 1.27 | 2677.79 2270.43 4948.21 | 2513691 | 8378.97 5056.60
Interior 1.09 | 2784.90 2504.23 5289.13 | 51886.37 | 17295.46 | 13276.94
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4.6.2. Hand calculations of settlement
The estimation of total settlement can be done using Vesic’s method (1977), by

calculating the three components: elastic shortening of the pile (Se ( 1)), settlement of the pile due
to the working load at the pile point (se (2)) and the settlement of the pile due to the working load
at the pile shaft (se (2)). Therefore, the total elastic settlement of the pile head is given as:

s = Se(l) + Se(2) +

e Se3

Elastic shortening of the pile, S 1y €an be expressed by the following formula:

1

(QWP+EQWS)L
Se(l) = T (4.53)
Where,

2677.8
3

pr — working load at the pile point; = = 892.6 kN;

2270.4

QWS — working load along the pile shaft, = ==

= 756.8 kN;

Ap — cross-sectional area of the pile point, 0.503 m?;

L —pile length, = 9 m;

Ep — modulus of elasticity of the pile material; = 4700% = 24.69 GPa;
¢ — constant, 0.67,

The constant € is taken as 0.67, since the skin friction increases with depth (Das &

Sivakugan, 2019). Thus, the first component is equal:

_ (892.6+0.67-756.8)9
e(l) 0.503-24.69

= 0.001m

Second component is the magnitude of settlement, S oy which is described as:

2

Ry 4.54
Se T TE. C ol D (4.54)
1774504

2
Sy =~ gee (1 = 0.285)0.85 = 0.0796

Where.

wp_,
A b
P

4., point load per unit area at the pile point; =

E T modulus of elasticity of soil at/below the pile point;
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M — Poisson’s ratio of soil for 25° < ¢' < 45°%, = 0.1 + 0. 3(L2—025 );
I wp influence factor; =0.85;

no= 0.1+ 0.3(F5") = 0.285

Lastly, third component is calculated as:
P 2
Sy = DL, 1 - uS)IWS (4.55)

Where,
p — perimeter of the pile, =1.257 m;

I e influence factor;

The influence factor can be calculated as:

I =2+ 0.35\— = 3.66
ws

Therefore:

756.8-0.4

2
Se(3) = m(l — 0.285 )3 66 = 0.003

The elastic settlement of the single pile can now be found as a sum of the three
components:

+ + s, )=0.001+0.095+0.003= 0.099m

Se - Se(l) Se(Z) 3

Finally, we can use the following formula to find the elastic settlement of group piles:

B
sg = DS,

Table 4.28. The values of the settlement for each type of column by Vesic’s method (1977)

Type of Piles D, m Bg, m s, m Sy m
Corner 0.40 2.4 9.90 22.9
Exterior 0.40 2.4 10.9 24.2
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Interior

0.45

4.5

9.90

32.7

Settlement of the group of piles can be calculated by the following formula by Meyerhof:

_ 0.96, {B i

Where,

S
g(e)

(mm

) = N

60

Lg — length of the pile group section, m;

Bg — width of the pile group section, m;

N
60

— average standard penetration number;

I — influence factor, = 1 — L/SBg > 0.5

4)

The calculated values of the settlement for each column is represented in the table below:

Table 4.29. The values of the settlement for each type of column by Meyerhof’s method

g?lfn(q)lf Lm Qg' kN q, kN/ m’ Lg' m Bg’ m 60 I Sg T
Corner 9 8378.97 | 1454.68 2.4 24 34 0.53 33.8
Exterior 9 11578.84 | 1340.14 3.6 24 34 0.53 31.1
Interior 9 17295.46 | 914.016 4.5 4.5 34 0.58 29.8

Table 4.30. Comparison of settlements complicated by software and hand calculations

Hand calculations Software calculations
Type of Piles Meyerhof Vesic Geo 5 Plaxis
Corner 33.8 22.9 22.8 10.5
Exterior 31.1 24.2 25.0 15.6
Interior 29.8 32.7 23.2 21.5
Table 4.31. Comparison of hand calculation and software results
Exterior Interior Corner
Geo5 Hand calc Geo5 Hand calc Geo5 Hand calc
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Quay KN | 24024 34736 27909 51886 18653 25136
Qusy ¥V | 6107 4948 4580 4948 6616 5289
Qup kN i 11579 i 17295 i 8379
FS 3.01 3 3.81 3 3.16 3
Sp Mm 22.8 31.1 23.2 31.4 25 33.8

4.6.3.  Analysis of each pile group using Plaxis 3D

The analysis of each pile group was done using Plaxis 3D software. The piles were analysed as
embedded beams with Mohr-Coulomb model. The values for the parameters were assumed based
on the type of the piles used - reinforced concrete with unit weight of about 25 kN/m’. Pile caps,
basement walls and floors were taken as plate models with respectful values. The following
figures represent the total displacement of the soil in the software. The results of the output

values are represented in Table ... above.

Total displacements |u] (scaled up 500 times) (Time 32.00 day) Total displacements |u] (scaled up 500 times) (Time 32.00 day)
Maximum value = 21,54%10 -+ m (Element 1493 at Node 50) Maximum value = 15.57%10-3 m (Element 383 at Node 47)

Figure 4.14. Software analysis results of interior (left) and exterior (right) pile groups
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Total displacements |u| (scaled up 500 times) (Time 32.00 day)
Maximum value = 10.46%10 -3 m (Element 332 at Node 42)

Figure 4.15. Software analysis results of corner pile groups

4.6.4.  Analysis of all pile groups using Plaxis 3D

The total deformation of the foundation was determined using the software, consisting of several
phases. The analysis was done in 6 stages - excavation (1 and 2), construction of walls and piles,

application of loads, and consolidation settlement analysis (5 and 6).

Total displacements |u] (scaled up 1.00%103 times) (Time 32.00 day)
Maximum value = 24.52%10 3 m (Element 19713 at Node 1000)

Figure 4.16. Software analysis of all pile groups
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4.7.  Design of the foundation: lateral loading

4.7.1. Hand calculation of lateral bearing capacity

The calculation of lateral loading of the piles is essential for ensuring the safety of the
foundation. Thus, the lateral load of the single pile is calculated, where the horizontal load is
chosen as the most critical. From the table below provided by the structural part, it is seen that
the corner columns are experiencing largest lateral loads. Whereas, the internal columns vice

versa surrounded by other structural elements, so they can be considered as more shielded:

Table 4.32. Lateral loads for each group of piles

Column Number of | Combination F , kN F , kN Lateral load of
piles of load * Y column, kN
Corner 4 1.2D+1E+1L 350.2 420 105.00
Exterior 6 395.2 396.1 66.02
Interior 6 0.9D+1E 382.5 371.7 61.95

Now, the subgrade modulus is calculated using the formula below:
k =n *z
z h
Where, 1 . modulus of subgrade reaction (constant);

z - depth of the layer;

Table 4.33. Modulus of subgrade for the depth z

Depth, m Description n, kz
0.61 Sandy Clay 2000 1220

1.5 Clayey Sand 4000 6000

1.9 Silty Clay 1200 2280

0.3 Sand (medium to 10000 8000
) coarse)

12 Silty Sand (medium 16000 19200
’ to coarse)
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1.3 Silty Sand 16000 20800

Clayey Sand with 16000 57600
3.6
some Gravel
Clayey Sand with 16000 64000
4 some Gravel & Silty
Sand

The modulus of elasticity, E ) is calculated using the compressive strength of concrete, f C':

E = 4700\/70'

According to the LA building code, for the site with the seismic design category D and

the risk category II, the minimum value of compressive strength should be f C' = 35 MPa.

Whereas, the moment of inertia is calculated using the following way:

4
nD
] =

p 64

Then the characteristic length of the pile is calculated using the formula below:

5| 1 5/ 25500 * 10° * 0.00201
—_ —L2P — ' —
T I, 16000 1.26m

The length of the piles is taken as 9 m, knowing that 5*T=6.31 m < 9m, thus the piles are

long.

Rankine passive earth pressure coefficient:
2 l
Kp = tan (45 + —‘g—)

Section modulus of the pile:

Yield moment of the interior pile:

M = SF = 313.25
y y
Where, F - yield stress of the material of the pile, MPa;

The ultimate lateral resistance is then found using the graph for piles in soils with sand
presented by Das & Sivakugan (2019). The ultimate lateral resistance should be found for three

types of column (corner, interior, exterior) using the calculated value of yield moment. The graph
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and the table of bearing capacities is represented below. Furthermore, the allowable bearing

capacity is calculated using the formula below, and the actor of safety is taken as 3:

Q
— —ug
Qall FS

As it was mentioned, according to Das & Sivakugan (2019), FoS = 3.
Table 4.34. Comparison of load bearing capacity and lateral load

Column Q,, KN Q, kN Qrorar KN
Corner 478.31 159.44 119.56
Exterior 338.16 112.67 56.36
Interior 363.08 121.03 60.51

Now, comparing the values of allowable bearing capacity and the lateral load bearing

capacity for the particular type of column, it is seen that Qall > Q lateral Thus, each type of

column has a larger value of allowable bearing capacity than the exerted lateral load. Overall, the

structure can be considered as satisfactory.

L1000

=& Sand
S o™ ree-headed pile \
S 100
= Restrained pile
3
= 10
]
g ¢
= ==
= D
-t 3 >on
ST ™ TN Al
| AV , |

0.10 1.0 10,0 100.0 10000 10,0000

Yield moment, —
D'yK,
(a)

Figure 4.17. Ultimate lateral resistance graph.
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4.7.2. Hand calculation of lateral deflection

The elastic method was used for evaluating the lateral deflection of the structure. The

lateral deflection of the pile head at Xz at z=0 can be calculated using the formula below:

s/ M,
n= E I
pp

For clay:

K = pressure (kN/mz)
" displacement (m)

_ 4/ KD
p= 4E |
pp

Whereas, the pile deflection at any depth can be evaluated using the formula below:

' QgT3 ' MgTz
xz(z) =Ax =7 +Bx =7
pp pp

Using the table 12.15 provided by the Das & Sivakugan, that is also in the appendix part,

the values of Ax' and Bx' can be found. By applying the values on the formulas above, the

calculated lateral deflection of one pile is represented in the table below:

Table 4.35. Lateral load deflection for each pile on different layers

x (2), x (2), x (2),
Depth, . , ? ? ’
Layer Description AX B x mm mm mm
m

corner exterior interior
1 0.61 Sandy Clay 2.435 1.623 14.404 14.093 13.270
2 1.5 Clayey Sand 1.496 0.752 7.748 7.581 7.138
3 1.9 Silty Clay 0.142 -0.070 0.100 0.098 0.092

Sand
4 0.8 (medium to -0.075 -0.089 -0.619 -0.606 -0.570
coarse)

5 1.2 Silty Sand -0.05 -0.028 -0.271 -0.266 -0.250
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(medium to

coarse)

6 1.3 Silty Sand -0.009 0 -0.026 -0.026 -0.024

Clayey Sand
7 3.6 with some 0 0 0 0 0

Gravel

Clayey Sand
with some
Gravel &
Silty Sand

The figure below represents the pile deflection graph for three types of columns with
respect to the soil layers. The deflection on x-axis was taken from the table above xz(z).

Brom's method was used for calculating the deflection of the pile head:

3/5, \2/5
x (ED" (n,)

Dimensionless lateral deflection = 0L
9
Dimensionless length = n * L
Since the soil profile on the site is mostly sand, silty sand and sand with some gravel, the
graph of the solution of Brom’s for estimating deflection of pile head was used in sand and

represented in a figure below:
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Lateral Pile Deflection

Depth, m

r T T T T T 1
-5 0 5 10 15 20 25 30
Deflection, mm

—e—Corner column  —— interior column exterior column

Figure 4.18. Lateral Pile deflection

The deflection of the pile head was calculated using three different methods, which are
the elastic method, Brom’s method and the Lpile method using Excel. The following tables
represent the results obtained:

Table 4.36. Results of the deflection using Elastic method

Corner Exterior Interior

14.40 14.09 13.27

Table 4.37. Results of the deflection using Brom’s method

Corner Exterior Interior

9.60 9.39 8.85

From the results it is seen that the deflections are in allowable range, therefore it can be
considered that the design is satisfactory.

196



JLU

Sand

oL

OHE,E, 1, )™

Restrained
pile

XAz

laterul deflection,

Dimensionless

Dimensionless length, nl
(a)

Figure 4.19. Brom’s method for estimating deflection of pile for sand

4.8. Design of the Group Piles

Group piles are used when a single pile is insufficient to carry heavy loads, itr 1 especially
common for large span and high-rise buildings (Das, 2010). The load is distributed across
multiple elements to ensure structural safety and minimization of the settlement of the structure.
Furthermore, group piles are particularly effective in soft or compressible soils where individual
pile capacity is limited (Poulos & Davis, 1980). The reinforced pile cap and reinforced piles
should be further designed to resist shear and bending load, and meet the acceptable

requirements. The design procedure was held according to Ray S. (1994).
4.8.1.  Pile cap reinforcement design

The size of the pile cap can be calculated using the formula below:
L=d(n1— 1) +2*1.5D
B =d(n2— 1)+ 2*1.5D

For the corner and interior group piles the caps are square. The corner spacing, the
distance between the center of the pile and the corner of the cap can be calculated using the

formula below:
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h = 1.5D

min
First, the analysis of loads acting on the pile cap should be done. Particularly, it should
include weight of the pile cap:

W =h*y = 0.675 * 24 = 16.2 kN/m’

pc concrete

Weight of backfill for interior cap:

2
— k — * —
be =h You= 0.5* 18 =9.0kN/m

Furthermore, it should contain the weight of the superstructure and columns, the
following table represents the loads that act on the pile cap:

Table 4.38. Loads acting on the pile cap

Dead Load, kN Live Load, kN Wp(:’ kN /mZ be kN /mz WSC> KN /mz

90.79 73.73 16.2 9.0 164.52

The total weight, W is calculated first:

W=W +W +W =162+ 9 + 139.32 = 164.52 kN/m’
pc bf load

According to Ray S. (1994) and ASCE 7, including both seismic load and wind load, the

load combinations are as follows:

LC1= 1.2D + 1.6L

LC

5 1.2D + 1L + 1W

LC3 =1.2D + 1L + 1Ex

Now, by applying the load factors to the dead load, we get:
1.2*W = 1.2 * 164.52 = 197.424 kN/m2

1L4*W = 1.4 * 164.52 = 230.328 kN/m"
For interior cap, since the shape is square, the moment sections 1-1 and 2-2 calculation

equations are the same and equals to:

o an  435%q*L° | 435*197.424*1725°
B R R - = 1277.73 kNm

_ 435*230.328%1.725°

LAW:M' = M' :

= 1490.68 kNm

198



Reaction forces:

<
<
<
®

S

Vertical load:

P=(L2orLON+W +W,_

Moment about x-axis:
M =M +Ne +Hh+M *
xx X y y x
Moment about y-axis:

M =M +Ne +Hh+M *
vy y x x y

.. _ 2
About x-axis: Ixx =)y

2
ADOUZ -dXl1Ss. I - E X
y yy

Q3 = 1131.46 kN and Q4 = 1005.12 kN

M"11 = 1.4(Q3 + Q4) = 1.4(1031.46 + 1005.12) = 2851.212kNm

M" =0.5(Q, +Q,+Q,) =1527.44 kNm

Combined bending moments:

= M11 + M 0= 4159.21 kNm

M22 = M'22 + M"22 = 2462.02 kNm

For reinforcement design in the x and y directions, steel bars with diameters of 32 mm
and 25 mm, respectively, were used. The concrete is assumed to have a compressive strength of
5 MPa, while the yield strength of the reinforcing steel is 460 MPa. According to ACI 318-19,
the minimum concrete cover for structural elements in direct contact with soil is 75 mm. Based
on these parameters, the required reinforcement area in the pile cap is found using the equations
below:

d =h —cover—O.S*db =700 — 75 - 0.5 *32 = 609mm

x pile cap ar

As it was mentioned, fcu = 35 N/mm2 and fy = 460 N/m‘m2
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K = My, 415921
f. bd" 35¥3000%609°

= 0.107

z=d(0.5++/(0.25 - 55) ) < 0.95d

z = 609(0.5 +\/(0.25 —=20) ) = 525.014 < 0.95d = 578.55

4 = My 4159.21

st 0.87f z T 0.87*460%525.014

— 28187.21 mm”

A
#of bars = —— = 28810847_'221 = 35.05

bar

4350 mm

36 = 120.83 mm

Spacing =

use 33 #32 mm at 120.83 mm spacing

Pile cap design in y direction for the interior column was implemented using the same

procedure:
d =h — cover — 0.5d =700 —75—-32—-0.5%*25 =619.5mm
y pile cap bar
K = My _ _ 415921 _ 0. 065
f, bd" 35¥3000%619.5 '

z=d(0.5 ++/(0.25 - 55) ) < 0.95d

z = 619.5(0.5 + \/(0.25 — 22) ) = 564.50 < 0.95d = 581.875

4 = M, 415921

st 0.87f z T 0.87*460%564.50

— 18410. 68 mm”

#of bars = A, 1841068

A 491.44
bar

= 38

4350 mm

™ = 114.47 mm

Spacing =

use 38 #25 mm at 114.47 mm spacing
By applying the same procedure to other two columns (exterior, corner), the pile cap

design reinforcement is represented below:

Table 4.39. The pile cap reinforcement design
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Group Piles | A, mm dx, mm dy, mim Design in x Design in y
Exterior 600 512 481 44 #32mm @ 100mm | 49 #25mm @ 90mm
Interior 700 620 609 33#32mm @ 125mm | 38 #25mm @ 115mm
Corner 600 512 481 40 #32mm @ 85mm | 25 #25mm @ 150mm

Single Pile Reinforcement

The design of the reinforcement in each individual pile is implemented by checking the

slenderness first. The slenderness check is evaluated using the procedure below:

=Bl =12%9=10.8m

e
Where, 3 = 1.2 for piles in pile cap;

L8 _ 95 qg (slender pile)
R~ 045 — P

2
L K = 10.8°

J— * —
@ = Z000n T 2000%0.45 1=0.13m

M =Q *a=0630.33kN * 0.13m = 81.56kNm
add min

M =M+M =91.98 + 81.56 = 173.54 kNm
mag add
Mo, 17354
e = Qmmg =03 = 0-275m
e _ 0275 _
B =025 = 122
M 173.54 2
M _ 1533 _ 1 904 kN
h’ 0.45° 904 kN /m
hS
k = - = 0.83

Thus, the corresponding reinforcement:

4 = AT 022516 2543, 4 mm’
st 100 100 - :

8 #20mm bars (A=2512 mm")
Shear check:

mex 17354 _
2 =gy = 0.168 < 0.6h = 0.3

max
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Since it meets the requirement, there is no need for a shear check.

Table 4.40. Individual pile cup design requirements

Group Piles D, m L /h M /h3 p A mm’ Design

Exterior 0.4 27 2.76 2.9% 3052.1 12 #20 mm
Interior 0.45 24 1.904 1.6% 2543.4 10 #20 mm
Corner 0.4 27 2.76 2.9% 3815.1 15#20 mm

4.8.2.  Pile cap reinforcement design GeoS check

By applying all the values and selected reinforcement type to the Geo5 software, we get

satisfactory results as it is shown in the figures below:

Interior Column.:
SHEAR :
SATISFACTORY (8,2%)

BENDING + COMPR. :
SATISFACTORY (6,8%)

Reinforcement ratio :
SATISFACTORY (25,3%)

0,45

Figure 4.20. Geo5 results of interior reinforced pile.
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Exterior Column:

SHEAR:

SATISFACTORY (8,8%)

BENDING + COMPR. :

SATISFACTORY (7,8%)

Reinforcement ratio :

SATISFACTORY (16,7%)

0,40

e

Figure 4.21. GeoS5 results of exterior reinforced pile

Corner Column:

SHEAR :
SATISFACTORY (8,2%)

BENDING + COMPR. :
SATISFACTORY (6,7%)

Reinforcement ratio :
SATISFACTORY (13,3%)

0,40

o

over =750m

Figure 4.22. GeoS5 results of corner reinforced pile

The figure below is visual representation of the reinforced interior group of pile designed

in AutoCAD software:

4500

750

]
®
]
| b

10 #2

33 #32

Figure 4.23. Interior pile cap reinforcement design.
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3600

N [redirasessadlifesssssadl ..ﬁl i

X
\49 #29) g
12 #e A4 #3

Figure 4.24. Exterior pile cap reinforcement design.

2400

Figure 4.25. Corner pile cap reinforcement design.

4.9. Sheet Pile design

Steel sheet piles were selected as the primary retaining system to resist lateral earth
pressures due to their constructability, durability, and cost-effectiveness. In comparison to other
retaining walls, for instance, cast-in-place walls, they are installed by driving or pressing into the
ground, significantly reducing construction time (Coduto, 2001). Furthermore, according to
FHWA (2006), geotechnical and environmental testing revealed low potential for corrosion and

sulfate attack, which makes it even more suitable.

An important consideration in the design was the method of installation. Among the two

common approaches, which are dredged and backfilled. The backfill method was selected due to
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the site’s predominantly granular soil conditions. In the backfilled method, sheet piles are
installed first to create a stable barrier, and then the excavation is carried out behind the wall.
Once the target depth is reached, the excavated area is filled with engineered backfill material,
which is typically compacted in layers. This method allows for better control over soil

compaction, reduces wall deformation, and enhances overall stability (Terzaghi, Peck, & Mesri,

1996).

Backfilling also provides an opportunity to improve drainage and reduce hydrostatic
pressure by incorporating free-draining materials or geosynthetic drainage systems behind the
wall. Furthermore, since the site did not require deep excavation below the groundwater table,
dewatering challenges were minimized, this in turn making the backfill approach both practical
and cost-efficient. Based on these conditions, a cantilever sheet pile system was selected, which
does not require anchorage and is effective for moderate wall heights (Tomlinson & Woodward,

2015).

4.9.1. Hand calculations of sheet pile design

In order to design a proper sheet pile design, first the Rankine earth pressure coefficient is
calculated.

Active earth pressure coefficient:
2 '
— _ @
Ka = tan (45 )
Passive earth pressure coefficient:
2 '
Kp = tan (45 + -(;L)

An excavation depth is 4 m, therefore the minimum length of the sheet pile is 4 m. Using this

depth the soil profile details is presented below:
y = 16.82 kN/m’

@ =39.39
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Step 1. Using this details of the soil profile the earth pressure coefficients:

K = tan’(45 — 22 = 0.224

39.39
2

K = tan’ (45 + 2222y = 4.473
Step 2. A Factor of safety is applied to the passive earth pressure coefficient to account for soil

variability, overestimation risks, construction disturbances, and structural stability. This ensures a

conservative and reliable design that prevents failure.

K, 4473

Kp(design) =G = = 2.237

Step 3. The active pressure at L=4 m:
o' = YLK = 16.82 * 4 * 0.224 = 15.07 kN/m"

Step 4. The depth at ' = O:

LK 4%0.224

Ly =%k = 223720228 = 0-445m
p(design) a
Step 5. The pressure at L = 4 m:
° 5 - yLKp(design) + yL(Kp(design) B Ka)

0'5 = 16.82 * 4 * 2.237 + 16.82 * 4 * (2.237 — 0.224) = 285.94 kN/m2

Step 6. The area of the pressure diagram is calculated using the formula below:

_ 1 1 ., _ 1507%4 15.07%0.445
P =50 L+50 L =304 220022 = 33,49

Step 7. The centroid of the pressure diagram is evaluated by this formula:

- _ LK =K i) _ H20224-2237) _ 4 qg..
3K —K) 3(2.237-0.224) '
p(design) a
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o' 285.94

A = = = 8.44
1 Y esiom KD 16.82(2.237—0.224)
. 8P _ 8-33.49 _
Az T oy K) ~ 16.82(2.237-0.224) 7.91

p(design)_ a

6P[22y(1( -K )+o']
p s 6-33.49[2-1.18-16.82(2.237—0.224)+285.94]

A = —— = > = = 64.12
3 Y (K ~K) 16.82°(2.237—0.224)
P[6EUI5+4P] 33.49[6:1.18:285.94+4:33.49
A =— = 3386l 38 =~ 63.05
4 Y (K,~K) 16.82°(2.237-0.224)

Step 8. L , can be calculated using the following equation:

4 1 4 ' 2 ' v
L4+A1L4—A2L4—A3L4—A4—0
L4=3.27

Step 9. D

theory’

theory L3 + L4 = 3.715m

So, the total length of the sheet pile can b evaluated by the sum of the Dtheory and L, for safety

reasons the value is also will be increased to 25-30%. Thus, mel =8.03m

Step 10. 0, 0,:
6'3 = L4(Kp - Ka)y = 3.27(2.237 — 0.224) * 16.82 = 110.72 kN/m2

o', =0+ yL (K —K) = 28594 + 16.82 * 3.27(2.237 — 0.224) = 396.66 kN /m’
4

Step 11. LS:

o' L —2P
110.72*3.27-2*33.49
[ =———= = 0.58m
5 o' 4o, 110.72+396.66
Step 12. Zero shear force, z':

. 2P _
z' = —Y(K,,—Ka) 1.406 m

Step 13. Maximum bending moment, Mmax:
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_ - 1 _ L 12 _ i T .
Mmax = P(z+ z') [2 4 (Kp Ka)]( 3)z' = 82.08kN - m/m

According to the ASTM A328, for traditional sheet pile design using ASD the allowable
stress is 170 MPa.

M. 7285 -4 3
S = o = 170000 4.28 * 10 m /mof the wall

For the sheet pile design, considering the calculated forces and moments, the sheet pile
section PZ 27 was chosen. The figure below represents the sheet pile section from the Geo5

software:

307,0

! 457,0 !

Figure 4.26. Sheet pile section PZ 27
The following table represents dimensions and characteristic details if PZ 27:
Table 4.41. Dimensions and characteristic details for sheet pile PZ27

Section PZ 27
Width 457.2 mm
Height 304.8 mm
Flange Thickness 9.525 mm
Web Thickness 9.525 mm
Section Modulus 0.000494 m*/m
Moment of Inertia 0.0000767 m*
Wall Weight 131.82 kg/m?
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L=4m

L3=0.45m|

285.94 kN/m2

14=3.27

P=33.49 kN/m

15.07 kN/m*2

m

396.66 kN/m*2

Figure 4.27. Sheet Pile Design.

Mmax=82.08 kN-m

Table 4.42. Results of Geo5 software analysis

Max. Bending [ Total depth, | Section AlL Stress, | Type of Sheet pile Displacement,
Moment, M modulus, I |o steel type GEOS
max total all
82.08 kN m 8.03 m 0.000494 170 MPa ASTM Pz 27 4.8 mm
m?*/m
A328
4.9.2.  GeoS software analysis of sheet pile design

For evaluating maximum displacement and maximum pressure, the Geo5 software is

used. The excavation process consisted of 4 phases. First, sheet pile installation (section PZ 27)

and excavation of the first phase to the depth of 2 m. The second stage included the first layer of

anchors at the depth of 1 m. The next stage included another excavation to the further 2 m, total

excavation depth is 4 m. The last step is installing the second layer of anchors at the depth of 3

m. The figures below represents the diagram of bending moment and shear force:
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Geometry of structure Bending moment Shear force
Length of structure = 8,55 m Max. M = 259,93 kNm/m Max. Q = 322,14 kN/m
Depth in soil = 4,55 m

L 0,00 0,00
\4'30 2,00 2,00
= 4,00 4,00 -95,60),
s
3,92 // 6,00 5993 600
: 7 m;
—0;64 | 800 8,00 1 2214
biod T T T 000 Labobet T hoooo Fababe T 000
[kPa] [kNm/m] [kN/m]

Figure 4.28. Bending moment and shear force diagrams (Geo 5).

In sheeting check section, the maximum displacement and the maximum pressure acting
on the structure was evaluated:

Geometry of structure Displacement of structure Pressure acting on structure
Length of structure = 8,00m Max. disp. = 4,8 mm Max. pressure = 36,68 kPa
16,53
/ 0,00 3 6,68
' Koo
1,3mm /000N 1,00 ‘,::‘:‘:::O,:o:':‘:“g
: 5 (OEEA
oamm 700K 20 SR
: 500 e
4,00
5,00
6,00
7,00
8,00 -15/61
Ly 777 T A PPN
[mm] [kPa]

Figure 4.29. Displacement and pressure diagrams (Geo 5).

The following figures represent the details on installed sheet pile PZ 27. Furthermore, the
bending and shear check:

Geometry : Sheet pile : PZ 27 Influence of normal force : \normal force - do not consider hd
Stage : (envelopes from all stages) | FF Modify
Partial factor on load : 1,00 [H

Max. displacement = -24 mm

Max. shear force on 1m of wall Q,,,;, = 43,76 kN/m

Max. moment on 1m of wall Mz, = 20,04 kNm/m

Figure 4.30. PZ 27 sheet pile section details.

BENDING : SATISFACTORY (5,0%)
SHEAR: SATISFACTORY (5,8%)

Figure 4.31. Bending and shear check in Geo5.
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The following figure represents the visual representation of the anchored wall, sheet pile
design in Geo 5 software:

o
=0
' No. Anchor force | Max. allow. force | Utiliz. | Verification Results
IEI IkN] [%] Verification of decisive row of anchors : @l In detail
70,00 262,71 26,65 is satisfactory
2 70,00 375,47| 18,64/is satisfactory | Anchor No-: 1

Specified anchor force = 70,00 kN
Computed max. allowable anchor force = 262,71 kN

SATISFACTORY

Figure 4.32. Sheeting check in Geo 5.

4.10. Construction Procedure

Every construction process requires adequate site preparation, which in turn will ensure
structural integrity, construction efficiency, long-term safety etc. Proper execution at this phase
minimizes delays and unexpected costs during later stages of construction (Smith, 2020). These
stages are site clearing, surveying, soil testing, site investigation, plan design, excavation process
etc. The following sections will provide a more detailed choice of each stage for our construction
of the “Ivory residence” residential building in Los Angeles.

Site Clearing

According to Northey & Gribble (2013), this involves the removal of vegetation, debris,
existing pavements, or obsolete structures that may obstruct new construction. Removing surface
layers also allows engineers to inspect subgrade conditions early. Since the site has an existing
old building, it will require demolition and the removal of the existing asphalt sidewalk in front
of the building, to ensure a proper site for excavation.

Site Surveying
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Surveying defines legal boundaries and marks key locations for excavation, foundation
layout, and utility connections. It is vital not only for construction accuracy but also for
complying with local zoning codes and building permits (Chudley & Greeno, 2016). Advanced
surveying tools like GPS total stations and 3D laser scanning can be used to increase accuracy
and speed of this process.

Soil Testing

Geotechnical investigation is essential for evaluating the subsurface conditions.
Parameters such as soil strength, compressibility, permeability, and bearing capacity are
determined through laboratory and in-situ tests. These results influence the whole foundation
design decisions, which include the foundation type, retaining wall type etc. therefore, this stage
can be considered one of the most significant, if needed the soil should be improved. For
instance, in cases where the native soil is unsuitable, ground improvement techniques such as
vibro-compaction or soil stabilization may be used (Das & Sobhan, 2018).

Site Investigation

A multi-phase investigation (preliminary, detailed, and supplementary) is conducted to
gather comprehensive data on subsurface geology, groundwater level, and potential hazards such
as liquefaction, expansive soils, or contamination. This data supports the design of stable and
durable foundations and retaining systems (Craig & Knappett, 2012).

Site Plan Implementation

A well-developed site plan ensures optimal placement of buildings, equipment zones,
utilities, and access roads. It also addresses logistics for materials, worker circulation, and
environmental considerations like erosion control. Effective site layout reduces equipment idling
time and enhances overall productivity (Gould & Joyce, 2009).

Sheet Pile Installation

We decided to go with the vibratory driving method for installing the sheet piles because
it suits the conditions of our site—a large-scale excavation with a mixed soil profile of clay and
sand, and a depth requirement of around 8 meters. This method stands out as both efficient and
cost-effective, especially for layered soils like the ones we're dealing with. One of the biggest
advantages is how quickly the piles can be installed, thanks to vibratory hammers that reduce soil
resistance during driving (Das & Sobhan, 2018).

While the method does generate some vibration, our site isn’t close to any sensitive structures, so
that’s not a major concern. And in case we encounter tougher soil layers, we have options like
jetting or predrilling to help with installation (Tomlinson & Woodward, 2015; FHWA, 2006). All
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in all, this method gives us a solid balance between performance, speed, and cost, which makes it
the right fit for our project.

Excavation

Excavation proceeds once sheet piles are in place. This stage consists of several phases.
The first stage of excavation is applied to the depth of 2 m, and the one layer of the inclined
anchors is attached to the sheet pile. In the second stage, the site is excavated further to 2 m with
a total depth of excavation of 4 m. Since the value of deformation is bigger than allowed, the
second layer of anchors is installed. The result of the excavation is shown in Figure X.

Figure 4.33. Total displacement for excavation

Pile Installation

For our project, we decided to use the vibratory driving method to install the sheet piles.
Since the vibratory hammers make the process quicker and more efficient by reducing resistance
as the piles are driven into the ground. It's also a cost-effective solution, especially for projects
like ours where speed and efficiency matter (Das & Sobhan, 2018). Since our site doesn’t have
any nearby structures sensitive to vibration, this method won’t pose any risk in that regard.

In addition, if we run into tougher soil layers, we can use techniques like jetting or
predrilling to help with the installation (Tomlinson & Woodward, 2015; FHWA, 2006). To keep
things accurate during construction, we’ll also use guide frames for alignment and dewatering
systems if needed.
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5. Environmental Part

Environmental engineering is a discipline that throws light on different urban challenges in the
areas of stormwater management, sustainable construction, and public health. Unlike other
engineering streams, such as structural engineering or aerospace engineering, environmental
engineering pertains to finding appropriate solutions that can realistically sustain pressing
ecological and urban demands. Stormwater management from the perspective of environmental

engineering sustainability, water quality, and resilience in cities.

The next part of the project primarily deals with a residential development grading and drainage
system. The key objective here will be to develop an effective methodology for stormwater
runoff management with due consideration for environmental sensitivity and municipal and state
statutes. This project stitches together appropriate technical design, environmental analysis, and

regulatory compliance to ensure the project's sustainability for a long period.

5.1. General Information

It is located at 6435 Wilshire Boulevard, Los Angeles, California, a region faced with high
sensitivity to urban density and intersectoral environmental issues. Los Angeles enjoys a
Mediterranean type climate that includes dry summers and rainy winter seasons. This wide
variation in climatic conditions now calls for a stormwater management system able to handle a

great deal of rainfall in seasonal periods without erosion and flooding into the urban areas.

The topographical study could tell that the general slope of the natural topography around the
site was from north to south. Its elevation, in fact, tumbles down from 45 m to 43 m. This slopes
up some opportunities as well as challenges in designing a grading and drainage system.
Efficient design of drainage is critical in avoiding water accumulation, protecting the structure of

the building, and maintaining regulations.

5.2. Legal Requirements

The drainage system design is carried out in compliance with the ordinance and regulatory

requirements of the City of Los Angeles and California State. Regulatory compliance assures the
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impending environmental standards that minimize the possible penalties or construction delays

on this project. Key regulatory documents include:

Los Angeles Municipal Code, Section 66.03:

e Proper stormwater diversion to avoid the pollution of natural water bodies.
e [mplementation of runoff retention systems.

e Compliance with the water quality objectives set by the city.

EPA National Pollutant Discharge Elimination System (NPDES):

e Reduce pollutants in stormwater discharges from construction sites.

Los Angeles County Drainage Design Manual:

e Provides the guidelines for hydrology and drainage calculations.
e Recommends the use of best management practices such as permeable pavements and

bioswales.

Thus, these regulations ensure that the drainage system is contributive to environmental

sustainability as well as protective of public health.

5.3. Topographical Analysis

The land structure in the site really affects the way we design the storm water system.
You can refer to Figure 39 below. It evidences the fact that our project area is lower compared to
the land surrounding it. An in-depth assessment as to how water flows evidences that it generally
moves towards a place where the building is located. This goes to mean that we have to come up

with a drainage system to manage this flow effectively.
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Figure 5.1. Flow Direction and Project Area Topography (taken from Topographic Map)

Site Layout
The site consists of:

e A residential building in a central location.

e Parking lots to the north and east, using permeable materials to recharge the groundwater.
e A south-side terrace and main entrance.

e (learly defined property boundaries and easements to meet municipal permitting

standards.
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Figure 5.2. Site-Specific Contour Map (taken from Contour Map Creator)

Figure X introduces that the natural slope of the site well will inform where drainage
elements and grading adjustments could happen from north at elevation 45 to south at elevation
43. Water flows downhill towards the southern boundary, thereby requiring strategic

infrastructure to avoid erosion and overflows.

Figure 5.3. Existing Infrastructure and Municipal Drainage System (taken from_City of
Los Angeles)

Figure X displays the current municipal drainage infrastructure around the area of the project

site. More specifically, it gives a close-up view of underground pipes and catch basins that are
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hooked up in such a way as to establish a system that handles storm water within the city. This
system is of utmost importance in draining water from the urban area, thereby minimizing the

chances of the area being flooded and ensuring proper disposal of runoff.

5.4. Grading Plan

Table 5.1. Excavation plan

Site Area Elevation Range Action Explanation
Top Boundary 45 Minor Cut | Use a high point for surface runoff
(North) directions.
Building Perimeter 44.8 —44.5 Fill or Cut | Ensure water flows away from the

building, and does not collect near

the home foundation.

Parking Lot 44.5 down to 43.0| Fill (upper) & | Provide a gradual grade to allow

Cut (lower) |surface drainage to the catch basins.

Catch Basin Areas 42.5-43.0 Cut Create local depression to capture
water at designated drainage points.

Bottom Boundary | 43.0 (or lower) Cut Maintain the low elevation in the
(South) ground for natural runoft direction.

Grading considerations in planning will control the natural topography of the site in order
to divert water away from critical structures. The grading adjustments involve strategic cuts and

fills to create appropriate slopes for the management of stormwater.
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5.5. Drainage Infrastructure
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EASEMENT AREA
Street name: Wilshire Blvd
LEGEND:

6435 Wilshire Boulevard, Los Angeles City, California State, USA.
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CB - Catch Basin

SC - Stormwater Connection Location DATE: 11.06.2024

SAN - Sanitary Sewer Connection Location .

PP - Porous Parking Lot DRAWN Bv: GROUP 7 DRAINAGE AND GRADING PLAN
DS - Downspout Location CHECKED BY: PROFESSOR

EL - Elevation (Height of Retaining Wall) CAD FILE: CIVIL_LDWG

Figure 5.4. Grading and Drainage Plan

The various natural and engineered components of the drainage system merge to handle

stormwater in an effective manner. Major elements of a drainage system include:

e (Catch Basins (CB): Set at low points for the purpose of catching storm water runoft from
parking lots and terraces.

e Downspouts (DS): Around the building, provide for the conveyance of roof runoff into
the underground drainage.

e Stormwater and Sanitary Sewer Connections: These are needed to take excess water into
the municipality systems in order to dispose of it.

e Porous Parking Lot (PP): Its material is permeable to allow the reduction of surface

runoff and increase groundwater recharge.

These features make for easy integration within the municipal infrastructure, hence reducing

flood risks and enhancing the effectiveness of water management.
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5.6.  Structural Elements

e Retaining Wall: Located on the northern edge, it serves the purpose of slope stabilization
and erosion control.

e Terrace and Building Entrance: Graded to prevent water accumulation, slopes are

terminated at catch basins.

5.7.  Design Purpose
This plan is intended to:

1. Capture and convey stormwater through provided infrastructure.

2. Support environmental sustainability through using natural infiltration techniques to
reduce runoff.

3. Follow local regulations related to stormwater and wastewater management.

4. Ensure the site is cleared, safe, operational, and ready for construction to start.

5.8.  Site Drainage and Runoff Management Plan

The Rational Method serves as a traditional hydrological tool for peak discharge estimation at
the project site. A collective analysis of rainfall intensity with ground surface condition together
with drainage area permits runoffs to calculate probable totals through this method. Researchers
used their findings to create improved stormwater management infrastructure which ups the

sustainability level and supports flood reduction while meeting local stormwater standards.
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Figure 5.5 . Runoff Management Plan
5.9. Methodology

Calculations followed this procedure:

Classification of Surface Types: Each section of the site is divided into different surface types, as

roof areas, areas with asphalt surfaces, parking areas, porous paving.

Determination of Coefficient of Runoff (C): The surface type's permeability ranges a scale from

0.3 for landscaping surfaces to 0.9.

Rain Intensity Calculation: A design rain intensity of 3.132 in/hr was used in a 5-minute, 5-year

storm event as per local Los Angeles, California.

Time of Concentration Calculation: Applying Manning’s formula and the velocity-based

approach, time of concentration for varied sections on the site was calculated.
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5.10. Rainfall Intensity Calculation

For a 5-year, 5-minute storm event in Los Angeles, California, the given rainfall depth is 0.261

inches.

The below is the figure from NOAA official site, where rainfall intensity was identified:

3 % z é‘ Z . b JIE i = | Name: Los Angeles, California, USA'
2 % o o g g - H 3 Latitude: 34.0642°
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4 5 L ] 7§ W Olympic Bivd 3
& £ " T
v ki § ) U™, .
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o % & P 5 W Pico Blyg H
> k) iy s & yenic®Blvy
- u Wy <
2 8th 5, .
;E Vw Washing! Ivd
2km g i - ———SamtaMomica Fwy—————— |
gy 2y o e a— 3% : Source: ESRI Maps
~ o e WAdams Bivd — § ** Source: USGS
POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 6, Version 2
PF tabular PF graphical Supplementary information E} Print page
(
PDS-based precipitation frequency estimates with 90% confidence intervals (in int:hes)1
N Average recurrence interval (years)
Duration
1 2 5 10 25 50 100 200 500 1000
s-min 0.149 0197 0.261 0.315 0.390 0.449 0.511 0.576 0.667 0.739
(0.125-0.180) | (0.164-0.238) | (0.217-0.316) | (0.260-0.385) | (0.311-0.494) | (0.350-0.582) | (0.388-0.680) | (0.425-0.790) | (0.470-0.956) | (0.503-1.10)
10-min 0.213 0.282 0.374 0.451 0.559 0.644 0.733 0.826 0.956 1.06
(0.179-0.258) | (0.235-0.340) | (0.312-0.453) | (0.372-0.551) | (0.445-0.708) | (0.502-0.834) | (0.556-0.975) | (0.609-1.13) (0.674-1.37) (0.720-1.58)

Figure 5.6. Identification of Rainfall Intensity from NOAA
Time of concentration calculation:

1. Sheet Flow Travel Time

O 933

s ) X

<[]

[ =3.132 in/hr (rainfall intensity for a 5-year, 5S-minute storm)

tl_

n=0.011 (roughness coefficient for smooth asphalt)
L =50 m (estimated sheet flow length)
S =0.02 ft/ft (transverse)

2. Shallow Concentrated Flow Travel Time
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V=1328xK xS

k =0.619 (intercept coefficient for paved area)
S =0.015 ft/ft (longitudinal)

3. Total time:
TT = Tt1 +V

So, calculating for every area we obtain this table:

Table 5.2. Runoff Coefficient Calculation and Total Time of Concentration Table

Surface Type Length (m) Width (m) Area(m?) Runoff  Weighted C Flow Tt) (Tt2) T_o)
Coefficient Length (m)
)
Roof Area 42 36 1512 0.9 1360.8 42 143  2.81 425
Asphalt Area 1 40 5 200 0.9 180.0 40 139 2.68 4.07
Asphalt Area 2 20 5 100 0.9 90.0 20 0.92 1.34 2.26
Parking Area 1 35 20 700 0.9 630.0 35 1.28 2.34 3.63
Parking Area 2 30 15 450 0.9 405.0 30 117  2.01 3.18
Parking Area 3 25 10 250 0.9 225.0 25 1.06 1.67 2.73
Porous Parking 30 25 750 0.5 375.0 30 8.54 2.01 10.55
Landscape Area 1 10 5 50 0.3 15.0 10 291 0.67 3.58
Landscape Area 2 12 6 72 0.3 216 12 3.25 0.80 4.05

Using Rational Method Formula:

Q=CxIxA

Q = Peak runoff (CMS or CFS)
C = Runoff coefficient
I = Rainfall intensity (m/hr)

A = Drainage area (hectares)
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Table 5.3. Peak Runoff Estimations

Runoff Peak Runoff
Surface Type Coefficient (C)| Area (ha) (CMS) Peak Runoff (CFS)

Roof Area 0.9 0.1512 0.0109 0.385
Asphalt Area 1 0.9 0.0200 0.0014 0.051
Asphalt Area 2 0.9 0.0100 0.0007 0.025
Parking Area 1 0.9 0.0700 0.0050 0.176
Parking Area 2 0.9 0.0450 0.0032 0.112
Parking Area 3 0.9 0.0250 0.0018 0.063
Porous Parking 0.5 0.0750 0.0030 0.105
Landscape Area 1 0.3 0.0050 0.0001 0.005
Landscape Area 2 0.3 0.0072 0.0002 0.006

So total Peak Runoff for the area (Q) in CFS (Cubic Feet per Second) is 0.928 CFS.

5.11.  Trapezoidal Gutter Design

A trapezoidal cross-section was used to manage surface runoft along parking and landscape

arcas.

Design Parameters:

e Bottom width, b=0.25 m

e Depth, y=0.1m

e Side slope, z=1

e Slope: 1% (CPC requirement)

Computed Flow Capacity:

e Area, A=0.035m2
e Wetted perimeter, P=0.533 m
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e Hydraulic radius, R=0.0657 m

e Resulting Q=0.038 m3/s
Compliance Check:

e Required peak runoff: 0.0263 m?/s

e Provided capacity: 0.038 m?/s — adequate

This confirms the gutter system meets the critical storm event design requirement with a margin

of safety.

5.12.  Storm Drain Pipe Design

To carry accumulated runoff from the catch basins, a 10 inches internal diameter storm drainage

pipe made of HDPE/PVC was chosen.

Design Highlights:

e Pipe Area: A=0.0507 m2

o Wetted Perimeter: P=0.798 m

e Hydraulic Radius: R=0.0635 m

e Manning’s n=0.013, Slope S=0.005

Resulting Flow Capacity:

1
Q= 0.013

x 0.0507 x (0.0635)""> x (0.005)"* ~ 0.0439 m’/s (= 1.55 cfs)

This exceeds the estimated overall site runoff of 0.928 cfs, which signifies optimal and adequate

design.
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+— Roadbed Width ———

Q = 0.0439 m’/s = 1.55 cfs
(Optimal and Sufficient)

Figure 5.7. Storm drain pipe cross-section

5.13.  System Integration and Compliance
Key Major Results include:

e The peak flow design specifications have been successfully achieved for each part.

e The system fulfills drainage requirements specified by CPC together with the specific
rules of Los Angeles City.

e PVC/HDPE is the material used in the system which complies with both EPA guidelines
and environmental standards.

e Trapezoidal gutter systems successfully collect water runoff before municipal storm drain

systems transport it to the public water management facilities.
Design advantages include:

e Additional capacity created through resilience protects structures from flooding events at
their most extreme level.

e Drainage systems succeed in preventing soil deterioration while allowing water to enter
the soil.

e The cost remains affordable when standard construction processes combined with regular

materials are used as the building elements.
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A general summary of storm drainage system design parameters is shown in this table together

with dimensional specifications and flow capability requirements consistent with CPC and local

code.

Component

Roof Gutters

Downspouts

Parking Gutters

Inlets

Drain Pipe

5.14.

Table 5.4. Stormwater Conveyance Components and Design Specifications

Size[Type

6-inch K-style

3 (0.5 cfs each)

Trapezoidal (0.25x0.1 m)

Surface grates

10-inch PVC

Conclusion

Slope

1/8 in/ft

Vertical

1%

N/A

0.5%

Capacity

~1.5 cfs

~1.5 cfs total

1.34 cfs

N/A

1.65 cfs

Compliance

CPC 110112

CPC 110112

CPC 1101.7

Local code

CPC 1101.8

Based on the site topography and existing infrastructure, the environmental section

describes how to design a stormwater management system for a residential project. To

effectively manage runoff, and prevent water accumulation, we created a complete grading and

drainage scheme. Our result is that strategically placed catch basins and permeable pavement

mitigate surface runoff and promote groundwater recharge. We ensure that the project meets

environmental and functional requirements, complies with regional regulations, and of course,

promotes long-term sustainability. These efforts should provide a solid foundation for a

sustainable, environmentally friendly stormwater system that supports environmental

conservation and urban resilience.
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6. Construction Management

6.1. Project charter
Table 6.1. Project charter
General information
Project title 12-story high-rise residential-commercial building in Los Angeles, CA,
USA

Project start date: Project end date:

October 2024 September 2026
Purpose The objective is to build a high-rise residential structure that complies with

the most recent structural, geotechnical, and LEED criteria in a Downtown
commercial district.

Advantages:
The residence will offer pleasant flats to its occupants.
Environmentally conscious building practices.

Trade is essential to the downtown region.

Project scope

The development of an original design incorporating engineering,
management, geotechnical, and architectural elements.

e Monitoring and managing the building process.
e Supply and disposal of materials.

e Maintenance of buildings.

e Records

Project
Outcomes

A residential structure with 12 stories
Patio

Parking space available

One floor is used for business
Rooftop level entry

Nk =

Risk and
Problems

Possibility of extra expenditures

hazards to the environment

Improvements to the design made during construction
Unexpected foundation base and soil problems
Workplace safety risks that arise during building process

Assumptions

The structure will be built according to a schedule.
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e Every contractor, worker, and stakeholder completes the project with
pleasant outcomes.

e The structure's construction will be secure and robust during
earthquakes.

e Over 150 individuals will be able to live in flats in this skyscraper.

e Sales of residences and other commercial activity will finance the
project.

e There will be sufficient space for safe car movement.

Planned budget $55,683,354.13
Stage Deadline Status
Preliminary site evaluation 15.09.2024 Done
Financing calculation 10.10.2024 Done
Primary construction design and 27.12.2024 Done
) confirmation
Milestones
Final construction design and 07.01.2025 Pending
confirmation
Structural part 23.04.2026 Pending
Finishing part 15.07.2024 Pending
Construction project closure 27.08.2026 Pending

Kamila Nuraliyeva, Madiyar Assylkhanov

Team members Aidana Ordabayeva, Assylzada Urazova,

Aidos Kyrkynbay, Dias Mukhanov

6.2.  Feasibility study

Before starting every construction project a thorough analysis should be undertaken. As a
20-story high-rise residential building is a large and complex project, preliminary investigation
should be done, proving that project is viable. A feasibility study below analyzes each aspect of

the future project.
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Site analysis: The selected site is located in the Downtown business area, meaning there
are shopping malls, restaurants and office complexes near. The construction site has enough
space to carry out construction processes and place material stockpiles. Also, this space will be
used after construction for parking and the courtyard. The building will be located on the south
side of the site for safe and quick movement of the vehicles and convenient exit/entrance to main
streets.

Design and development plan: From initial stages of construction the preliminary design
of the residential building was developed taking into account the future improvements. The 3D
design was created using building codes and requirements, particularly California Building
Codes and Los Angeles Building Codes, which needs specific approvals. The structural,
geotechnical, energy efficiency and LEED standards required to be followed for better quality
and maintenance in seismic zone.

Environmental impact assessment: As Los Angeles is in a seismic zone and due to the
complexity of residential building the environmental regulations should be complied, according
to California Environmental Quality Act. The potential risks related to environmental causes and
their mitigation ways were identified. During the construction process the waste materials
stockpile was considered, which will be recycled in future. Also, disposal management will be
developed for usage of residents to minimize negative impacts from waste materials.

Legal analysis: The legal requirements should be maintained, in order to face all
regulations and compliances. As it mentioned design and environmental analysis, at the
beginning stages approvals are needed from local government. Also, in the planning phase clear
and comprehensive contracts with contractors, property agreements and document approvals
should be completed. It needs consultation of legal professionals to follow Los Angeles
construction laws. Also, workers safety and rights should be considered according to Labor
Laws.

Economic impact analysis: The construction phases of residential building will create
jobs both directly and indirectly, including engineers, construction workers, architects, project
managers and other services related to material transportation. Also, this construction positively
affects infrastructure development in the selected area, contributing to improvement of sector
growth. The 20-story residential building will provide more than 400 people with apartments and

the first floor will be used for commercial purposes. It is suggested that the minimum rent cost
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for one apartment for a month will cost $2700, price per square foot planned to be $900 and area
for commercial purposes will be rent starting from $1200 per square foot. The payback period is
planned to be in the next few years after construction.

Project schedule and timeline: After determining the project scope the work breakdown
structure and scheduling were improved for effective work distribution and organization of
project stages. During the creation of timetable potential delay days because of weather
conditions, holidays and other non-working days were taken into consideration. Nevertheless, the
project will be completed in an approximate time range.

Based on feasibility study the construction project can be completed successfully and
serve local residents with high-quality apartments. Also, due to its deliverables and benefits
stakeholders, investors and users will be satisfied with the result. The well-chosen location of the
20-story residential building faces all the needs and demands of residents. Thus, this project is

viable in every aspect, which is provided through feasibility study.

6.3.  Cost/benefit analysis - RS Means

It 1s important to prepare an accurate cost estimation, thus it is one of the challenges
faced in the construction industry. Nowadays, there are sufficient strategies, techniques and
softwares to get detailed cost estimation of the project, in order to mitigate the financial losses.
To analyze the cost for high-rise residential building the RSMeans (RSM) was used. It is reliable
to calculate the construction cost and determine productivity benchmark, which is marketed by
the Gordian Group (Nicolas, Monjurul, & Ming, 2018). This software purposed to give
up-to-date information about cost to estimate and control general project budget for engineers,
architects and contractors. With the help of RSMeans users get an opportunity to find
productivity rates overhead and profit rates with a related time and location of the construction
project (Nicolas, Monjurul, & Ming, 2018).

Model: Apartment, 8-24 Story with Brick Veneer / Reinforced Concrete

Default Building Image a o
$10,800,169.06 NATIONAL AVERAGE 20 Yes
; ST
" -\
. PN Building Cost Location Stories (Ea) Basement it
1 N

$900.01 12,000 10.00 $0.00

Cost per S.F. Floor Area Story Height Additive Cost

Figure 6.1. Estimated values from RSMeans
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A 20-story residential building with a basement overall cost according to RSMeans is
shown in the figure above. It seems that cost per square foot of current construction is higher
than average cost per square foot in Los Angeles ($550-$700) (Drexell Luxury Homes, 2023).
However, taking into consideration the presence of the basement, high quality reinforced
materials, location and other benefits and deliverables, which are mentioned in project charter,
the cost is appropriate.

After, the materials cost was determined per square foot, taking into account the average
cost for cities in the USA.

Table 6.2. Cost Estimation from RSMeans

Quantity (% of|Cost Cost
Total |per S.F.

A Substructure 5.54% [$37.60 [$451,251.65

A1010 [Standard Foundations $0.70 |$8,391.72

Pile caps, 6 piles, 8' - 6" x 5' - 6" x 37",
40 ton capacity, 14" column size, 458 K
column 1.65 $0.25 |[$3,053.79

Pile caps, 12 piles, 11'- 6" x 8'- 6" x 49",
40 ton capacity, 19" column size, 900 K
column 1.24 $0.44 [$5,337.93

A1020 |Special Foundations $22.47 [$269,621.93

Steel H piles, 100" long, 400K load, end
bearing, 6 pile cluster 1.65 $5.34 |$64,055.17

Steel H piles, 100" long, 800K load, end
bearing, 12 pile cluster 1.24 $8.01 $96,082.76

Grade beam, 30' span, 52" deep, 14"
wide, 12 KLF load 542 $9.12  1$109,484.00

A1030 |Slab on Grade $0.29 [$3,480.00
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Slab on grade, 4" thick, non industrial,

reinforced 600 $0.29 [$3,480.00
A2010 [Basement Excavation $0.19 [$2,280.00

Excavate and fill, 10,000 SF, 8' deep,

sand, gravel, or common earth, on site

storage 600 $0.19  1$2,280.00
A2020 [Basement Walls $13.96 |$167,478.00

Foundation wall, CIP, 12' wall height,

pumped, .591 CY/LF, 28.79 PLF, 16"

thick 542 $13.96 |$167,478.00

65.94 $5,374,750.

B Shell % $447.90 |74
B1010 [Floor Construction $80.27 [$963,183.26

Cast-in-place concrete column, 24"

square, tied, 900K load, 12' story height,

567 1bs/LF, 4000PSI 1166.47 $18.96 |$227,462.24

Cast-in-place concrete column, 12",

square, tied, minimum reinforcing, 150K

load, 10'-14" story height, 135 Ibs/LF,

4000PSI 1718.14 $9.97 |$119,582.54

Cast-in-place concrete column, 16",

square, tied, minimum reinforcing, 300K

load, 10'-14" story height, 240 Ibs/LF,

4000PSI 1718.14 $13.67 |$164,082.37

Cast-in-place concrete column, 20",

square, tied, minimum reinforcing, S00K

load, 10'-14' story height, 375 Ibs/LF,

4000PSI 1718.14 $19.54 [$234,526.11
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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 11400 $17.38 1$208,620.00

Flat slab, concrete, with drop panels, 6"

slab/2.5" panel, 12" column, 15'x15' bay,

75 PSF superimposed load, 153 PSF total

load 600 $0.74 |$8,910.00
B1020 [Roof Construction $0.83  [$9,960.00

Roof, concrete, beam and slab, 25'x25'

bay, 40 PSF superimposed load, 20" deep

beam, 9" slab, 152 PSF total load 600 $0.83  [$9,960.00

$3,572,864.

B2010 [Exterior Walls $297.74 100

Brick wall, composite double wythe,

standard face/CMU back-up, 8" thick, $3,572,864.

perlite core fill, 3" XPS 86720 $297.74 (00
B2020 [Exterior Windows $63.72 1$764,581.33

Windows, aluminum, sliding, standard

glass, 5'x 3' 1445.33 $63.72 |$764,581.33
B2030 |Exterior Doors $2.97 1$35,658.21

Door, aluminum & glass, without

transom, wide stile, hardware, 3'-0" x

7'-0" opening 0.33 $0.11 |$1,315.86

Door, aluminum & glass, without

transom, non-standard, double door,

hardware, 6'-0" x 7'-0" opening 0.16 $0.11  [$1,361.38
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Door, aluminum & glass, sliding patio,

tempered glass, premium, 6'-0" x 7'-0"

opening 10.17 $2.75 1$32,980.97
B3010 |Roof Coverings $2.38 [$28,503.94
Roofing, single ply membrane, EPDM,
60 mils, loosely laid, stone ballast 600 $0.08 |$1,008.00
Insulation, rigid, roof deck, extruded
polystyrene, 40 PSI  compressive
strength, 4" thick, R20 600 $0.21 [$2,526.00
Roof edges, aluminum, duranodic, .050"
thick, 6" face 542 $1.27 |$15,284.40
Flashing, aluminum, no backing sides,
019" 542 $0.25 1$3,046.04
Gravel stop, aluminum, extruded, 4", mill
finish, .050" thick 542 $0.55 1$6,639.50
11.96
C Interiors % $81.27 [$975,254.81
C1010 [Partitions $46.63 [$559,563.73
Concrete block (CMU) partition, light
weight, hollow, 6" thick, no finish 3200 $2.77 [$33,280.00
Metal partition, 5/8"fire rated gypsum
board face, 1/4" sound deadening
gypsum board, 2-1/2" @ 24", same
opposite face, no insulation 7466.66 $4.21 |$50,549.33
Furring 1 side only, steel channels, 3/4",
16" OC 6400 $1.38 |$16,512.00
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Gypsum board, 1 face only, exterior

sheathing, fire resistant, 1/2" 6400 $0.55 1$6,592.00

Add for the following: taping and

finishing 6400 $0.36  [$4,288.00

1/2" fire rated gypsum board, taped &

finished, painted on metal furring 86720 $37.36 ($448,342.40
C1020 [Interior Doors $8.55 |$102,545.46

Door, single leaf, kd steel frame, hollow

metal, commercial quality, flush, 3'-0" x

7'-0" x 1-3/8" 83.91 $8.55 1$102,545.46
C1030 |Fittings $10.32 |$123,817.54

Cabinets, residential, base, hardwood, 1

top drawer & 1 door below x 24" W 61.07 $2.60 [$31,179.23

Cabinets, residential, wall, two doors x

48" wide 30.53 $1.76  [$21,132.25

Cabinets, residential, counter

top-laminated plastic, stock, economy 1810.28 $5.96 |$71,506.06
C2010 |Stair Construction $3.74 |$44,838.62

Stairs, steel, pan tread for conc in-fill,

picket rail,12 risers w/ landing 3.55 $3.74 1$44,838.62
C3010 |Wall Finishes $2.22  $26,698.66

Painting, interior on plaster and drywall,

walls & ceilings, roller work, primer & 2

coats 20266.66 $1.50 [$18,037.33

Ceramic tile, thin set, 4-1/4" x 4-1/4" 1066.66 $0.72  [$8,661.33
C3020 |Floor Finishes $5.28 |p$63,310.80
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Carpet tile, nylon, fusion bonded, 18" x

18" or 24" x 24", 24 oz 6360 $2.41 |$28,874.40

Carpet tile, nylon, fusion bonded, 18" x

18" or 24" x 24", 35 oz 3000 $1.30 [$15,630.00

Vinyl, composition tile, maximum 1440 $0.37 1$4,406.40

Tile, ceramic natural clay 1200 $1.20 |$14,400.00
C3030 [Ceiling Finishes $4.54 [$54,480.00

Gypsum board ceilings, 1/2" fire rated

gypsum board, painted and textured

finish, 7/8"resilient channel furring, 24"

OC support 12000 $4.54 [$54,480.00

16.32 $1,330,432.

D Services % $110.87 (39
D1010 |Elevators and Lifts $13.93 |$167,172.41

Traction, geared passenger, 3500 Ib,15

floors, 10' story height, 2 car group, 350

FPM 0.33 $13.93 [$167,172.41
D2010 |Plumbing Fixtures $6.67 $80,070.22

Kitchen sink w/trim, countertop, PE on

CI, 24" x 21", single bowl 10.17 $1.29 [$15,421.66

Laundry sink w/trim, PE on CI, black

iron frame, 24" x 20", single compt 0.99 $0.15 |[$1,797.52

Service sink w/trim, PE on CI, corner

floor, 28" x 28", w/rim guard 1.24 $0.34 [$4,065.52

Bathroom, three fixture, 2 wall plumbing,

lavatory, water closet & bathtub, stand

alone 10.17 $4.90 |$58,785.52
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D2020 [Domestic Water Distribution $8.42 1$101,029.66

Electric water heater, commercial, 100<

F rise, 50 gallon tank, 9 KW 37 GPH 10.17 $8.42 [$101,029.66
D2040 [Rain Water Drainage $0.25 $3,035.17

Roof drain, DWV PVC, 4" diam, diam,

10" high 0.41 $0.05 [$602.07

Roof drain, DWV PVC, 4" diam, for

each additional foot add 62.06 $0.20 [$2,433.10
D3010 |Energy Supply $8.24 1$98,880.00

Apartment building heating system, fin

tube radiation, forced hot water, 30,000

SF area,300,000 CF vol 12000 $8.24  1$98,880.00
D3030 [Cooling Generating Systems $9.49 |$113,880.00

Packaged chiller, air cooled, with fan coil

unit, medical centers, 40,000 SF, 93.33

ton 12000 $9.49 |$113,880.00
D4010 [Sprinklers $3.02 [$36,276.37

Wet pipe sprinkler systems, steel, light

hazard, 1 floor, 10,000 SF 792 $0.25 [$3,001.68

Wet pipe sprinkler systems, steel, light

hazard, each additional floor, 10,000 SF |[11196 $2.60 [$31,236.84

Standard High Rise Accessory Package

16 story 0.07 $0.17 |$2,037.85
D4020 |Standpipes $22.96 1$275,550.00

Wet standpipe risers, class III, steel,

black, sch 40, 6" diam pipe, 1 floor 15 $20.06 |$240,750.00
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Fire pump, electric, with controller, 5"

pump, 100 HP, 1000 GPM 1 $2.58 1$31,000.00

Fire pump, electric, for jockey pump

system, add 1 $0.32  [$3,800.00
D5010 |Electrical Service/Distribution $24.20 [$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 $8.65 [$103,800.00

Feeder installation 600 V, including RGS

conduit and XHHW wire, 2000 A 200 $8.18  [$98,200.00

Switchgear installation, incl switchboard,

panels & circuit breaker, 120/208 V, 3

phase, 2000 A 2 $7.37 1$88,450.00
D5020 |Lighting and Branch Wiring $9.43 |$113,188.00

Receptacles incl plate, box, conduit, wire,

10 per 1000 SF, 1.2 W per SF, with

transformer 12000 $3.81 [$45,720.00

Wall switches, 2.5 per 1000 SF 12000 $0.59 [$7,080.00

Miscellaneous power, 2 watts 12000 $0.56 [$6,720.00

Central air conditioning power, 3 watts |12000 $0.62 [$7,440.00

Motor installation, three phase, 460 V, 15

HP motor size 4 $0.87 [$10,480.00

Motor feeder systems, three phase, feed

to 200 V 5 HP, 230 V 7.5 HP, 460 V 15

HP, 575 V 20 HP 400 $0.38  1$4,548.00
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Incandescent fixtures recess mounted,

type A, 1 watt per SF, 8 FC, 6 fixtures

per 1000 SF 12000 $2.60 |$31,200.00
D5030 |Communications and Security $4.24  [$50,900.56

Communication and alarm systems, fire

detection, addressable, 100 detectors,

includes outlets, boxes, conduit and wire |0.14 $0.97 |$11,678.90

Fire alarm command center, addressable

with voice, excl. wire & conduit 1 $1.04 |$12,425.00

Communication and alarm systems,

includes outlets, boxes, conduit and wire,

intercom systems, 100 stations 0.11 $1.26 |$15,082.76

Communication and alarm systems,

includes outlets, boxes, conduit and wire,

master TV antenna systems, 30 outlets  |0.11 $0.39  [$4,693.90

Internet wiring, 2 data/voice outlets per

1000 S.F. 10.8 $0.58 [$7,020.00
E Equipment & Furnishings 0.24% [$1.62 |$19,381.41
E1090 |Other Equipment $1.62 |$19,381.41

Architectural equipment, appliances,

range, 30" free standing, 1 oven, gas,

average 10.17 $1.03 |$12,408.58

Architectural equipment, appliances, dish

washer, built-in, 2 cycles, economy 10.17 $0.58 [$6,972.83
F Special Construction 0%
G Building Sitework 0%
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$8,151,071.
SubTotal 100% [$679.26 |00
25.00 $2,037,767.
Contractor Fees (GC,Overhead,Profit) % $169.81 (75
Architectural Fees 6.00% |$50.94 ($611,330.33
User Fees 0.00% [$0.00 [$0.00
$10,800,169
Total Building Cost $900.01 .08

The table above shows total net cost including materials, contractor fees, architectural

fees, labor and overhead.

6.4. Work Breakdown Structure

The project scope is work that should be done in order to get the desired output. Changes
will occur, thus the project scope management involves the processes to manage the changes and
to ensure that the project will be conducted on time and within the planned budget. The scope of
the project is determined by work breakdown structure (WBS), which include alterations through
formal procedures. WBS plays an important role in planning the whole framework of the
construction project. It is a product-oriented grouping of the elements of the project in a
graphical way for the organization and subdivision of the entire project scope (Tejaswini,
Swetha, & Rajendra 2017). Therefore, WBS is an essential project tool, which requires
significant planning and considerable thought to be developed and implemented, and also to
minimize influence of changes of subsequent parts as it applies to the wide range of project
activities. Moreover, WBS is considered as a base for planning, scheduling, estimation and
control procedures. A comprehensive WBS increases the probability of the successful
completion of the project.

The PMBOK Guide was followed to create the WBS for current residential building
construction. The main 5 milestones were subdivided into appropriate processes. The Lucidchart

application was used to design the WBS scheme.
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Figure 6.2. WBS for construction of residential building
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6.5.

Scheduling

Project scheduling is also one the important parts of the construction activities. To

manage, organize and complete projects in a timely and financially manner with high quality

results, clear scheduling is needed. Also, it influences the successful conduction of the

construction, as proper schedule keeps the project on track, assigns responsibilities and resources

to appropriate disciplines. It results in cost reduction, mitigation of time, budget and delays
related risks (Darshana & Nagare, 2021).

To create an effective schedule and Gantt chart the Microsoft Project software was used.

Due to its provided tools, simple interface, flexibility and convenience the detailed Gantt chart

was designed. During the creation of it, non-working days and official holiday days in

Los-Angeles were taken into consideration. Also, with the help of MS project the critical path

was determined. It is shown in the red color sequence of the activities. The duration of the entire

project is 669 days.

D frask Fazk Name Duration  [start Finish
Mode 2023 Qtr4, 2023 Qtr 1, 2024 Qtr 2, 2024 Qtr 3, 2024 Qtr &, 2024 Qtr 1, 2025 Qtr 2, 2025 Qtr 3, 2025 Qtr 4, 2025 Qtr 1, 2026
fug | Sep | Oct | Nov | Dec | Jan |Feb | Mar | Apr |May [ Jun | Jul |Aug |Sep | Oct [Nov | Dec | Jan | Feb | Mar | Apr [May [ Jun | jul [Auq | Sep | Oct | Nov |Dec | Jan |Feb | Mar
O |m  Project 669 days Fri9/1/23 Wed 3/25/26|
[ (e Planning 8Adays  Fi9/1/3 Wed12/27/23| | —
[2 g Project Initiation  30days  Fri9/1/23 Thu10/12/23 —
I Feasibility Study 10days  Fri9/1/23 Thu9/14/23 i
4 Financing 20dsys  Fri®/15/23 Thu 10/12/23
[ |y Preliminary drawing27 days  Fri 10/13/23Mon 11/20/23 a
[® | Jobsite layout  20days  Fri 10/13/23Thu 11/9/23 1
[7 | Floor Plans 20days  Fri 10/13/23Thu 11/9/23
[ 5 Roof plan 3days Fri 11/10/23Tue 11/14/23 it
P Buildinglayout 7days  Fri 1/10/22Mon 11/20/23 |
10w Permits 27 days Tue 11/21/2Wed 12/27/23
[ Contracts 20days  Tue 11/21/2Mon 12/18/23 Nl
[2] Property 20days  Tue Mon 12/18/23
Agreement 11/21/23
IREN Document Reviev7days  Tue 12/19/2Wed 12/27/23 %l
[1a] Document 7days Tue Wed 12/27/23
L Approval 12/19/23
5 | Site Work 5days  Thu12/28/2Wed3/27/24
[16 | Site Cleaning 1Adays  Thu12/28/2Tue 1/16/24
[7 5 Site surveying 0days  Wed 1/17/2Tue 2/27/24
[1e ] Soil Testing 20days  Wed 1/17/2Tue 2/13/24 e 1
[19 |4 Site Plan Design ~ 14days  Wed 2/28/2Mon 3/18/24
[20 |, Site Investigation 10days  Wed 1/17/2Tue 1/30/24 m l
[21] Drainage Installatio 7 days. Tue 3/19/24Wed 3/27/24 H
(27 | Structural 301days Thu3/28/24Thu 5/22/25 i 1
BN Foundation 48days  Thu3/28/24Mon 6/3/24 h
24 |, Grading 7days  Thu3/28/24Fria/5/24 1
[ ] Leveling 3days  Mond/8/24 Wed 4/10/24 1
i Excavation 7 days Thu 4/11/24Fri 4/19/24 l
[ 27 Footingand Piers 10days  Mon4/22/2Fri 5/3/24 il
28 SlabonGrade 21days  Mon 5/6/24 Mon 6/3/24
[ 2 o Basement 49days  Tue6/4/24 Frig/of24 %
[ 30 [ Columns 21days  Tue®/4/24 Tue 7/2/24 7
31, Slabs 28days  Wed 7/3/24Fri 8/9/24
[32 |m 1.20Floors 15adays  Mon8/12/2Thu 3/13/25
EERP Slabs 140days  Mon 8/12/2Fri 2/21/25 1
3] Columns 100days  Mon 8/12/2.Fri 12/27/24 i
[35] Beams 100days  Mon 8/12/2.Fri 12/27/24
[36 | Stairs 14days  Mon 2/24/2 Thu 3/13/25
[37 |mm Walls %0days  Mon 12/30/Fri 5/2/25
3] Exterior %0days  Mon12/30/ Fris/2/25
[38 ], Interior 90days  Mon 12/30/ Fri 5/2/25
[0 Roofing 2adays  Mon 2/24/2Thu 3/27/25
[#17]; slab 7days Mon 2/24/2 Tue 3/4/25
(42 Jmy Roof access floor 17 days ~ Wed 3/5/25Thu 3/27/25
[537] Columns Sdays Wed 3/5/25Tue 3/11/25
[2a] Beams Sdays Wed 3/12/2Tue 3/18/25
[5] slab 7days Wed 3/19/2Thu 3/27/25
[#6 |4 Roof parapets  7days Wed 3/5/25Thu 3/13/25
[47 o Structural Inspectioi 14 days ~ Mon 5/5/25Thu 5/22/25
[ ] Compliance Ched 14 days  Mon 5/5/25 Thu 5/22/25 im
[Tas]; Structural ladays  Mon5/5/25 Thu 5/22/25
L Integrity Testing ){
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Finishing 177days  Fri5/23/25 Mon1/26/26 ¢ 1
Windows and Doors21 days  Fri 5/23/25 Fri 6/20/25
Window 2dsys  FriS/23/25 Fri6/20/25 bl
Installation
33 Exteriordoors 21 days Fri 5/23/25 Fri 6/20/25
Intallation
Interior Finishes ~ 65days  Mon6/23/2Fri 5/18/25 l_l
Drywall lddays  Mon6/23/2Thu 7/10/25 il
Flooring 30 days Fri 7/11/25 Thu 8/21/25 1
Ceiling 2days  Frigf22/25 Fri9/19/2s
Interior Doors 21days  Mon9/22/2Mon 10/20/25
5 Doors Installation14 days ~ Mon 9/22/2 Thu 10/9/25 1
60 |, Trimand molding21 days  Mon 9/22/2 Mon 10/20/25
61 ] Rough In 10days  Tue 10/21/2Mon 11/3/25
[z |, HVAC 10days  Tue 10/21/2Mon 11/3/25 )
[ ] Plumbing 10days  Tue 10/21/2Mon 11/3/25 m
64 ] Electric 10days  Tue10/21/2Mon 11/3/25 m
& Specialty 10dsys  Tue 10/21/2Mon 11/3/25
56 Painting 60days  Tue 11/4/25Mon 1/26/26 H
E/ Interior Painting 30days  Tue 11/4/25Mon 12/15/25 il
68 Wall covering ~ 30days  Tue 12/16/2von 1/26/26
[69] Project Closure R2days  Tue 1/27/26Wed 3/25/26 %
[70] Final Inspections  14days  Tue 1/27/2€Fri 2/13/26
Quality Assurance 7 days Mon 2/16/2Tue 2/24/26
Safety 7days  Mon2/16/2 Tue 2/24/26 i
Energy Efficiency 7 days Mon 2/16/2 Tue 2/24/26
Cleaning l4days  Wed2/25/2Mon3/16/26
SiteClesnup  14days  Wed 2/25/2Mon 3/16/26 e
[7] Interior Cleaning 14days  Wed 2/25/2Mon 3/16/26 il
7 Documentation 7days Tue Wed 3/25/26
Control 3/17/26

Figure 6.3. Gantt Chart for the residential building construction

6.6. Risk management

Each construction project is associated with taking the risks, so contractors and owners
should prepare for the potential occurrence of any cases. In order to avoid bankruptcy and
stopping the project risk management analysis should be conducted. In the construction industry,
the identification of risks is based on determining types of risks, their characteristics and
estimation of probability. The effective risk management does not mean determining the risks
after or during the construction processes, but including the protection against negative aspects
of all risks and comprehensive analysis. After that maximum beneficial decisions will be taken
using analytical and mathematical tools. Taking into account all parameters and probability of
the risks the investors decide to preserve risk assurance, neutrality toward risk or aversion of it.
The final assessment of the risk management also considers the impact of each risk on the
environment (Pawel, 2021).

The table below shows types of risks, their description, probability and severity level and
their mitigation measures. It should be noted that types of risks were identified by researching
seismic conditions, governmental regulations and their frequency in previous residential projects
construction in Los Angeles.

Table 6.3. Risk Assessment

ProTable
5.2.bability |Severity|Mitigation measures

Types of

risks Description of the risks
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Inaccurate architectural and Effective collaboration
D1 |engineering designs Medium High between clients and leaders
Design changes during Enhance interdisciplinary
D2 |construction Medium High coordination during design
m_“’w High _[Regular code reviews
Define well the scope of the
F1 |Budget overruns Medium Medium |work
Fluctuations in cost of Explore alternative or
F2 |material and labor Medium Medium |unconventional materials
Have a written record of
Financial Low Medium |your terms
Include in contract
Weather-related delays and documents about expected
E1l |disruptions Medium Medium |weather conditions
Environmental impact
assessments and regulatory Investing in sustainable
E2 |compliance Medium Medium |materials and techniques
Environ
mental Low High Find any possible dangers
Sc |Delays in obtaining Finalize clear and detailed
1 [|approvals Medium High |plan and schedule
Sc Improve recruitment
2 |Labor shortages Medium High strategies
Sc Manage changes
Schedule |3 [Changes in project scope  |Medium High continuously
Construction site accidents Provide safety trainings to
S1 |and injuries Medium High workers
Lack of compliance with Implement policies to met
S2 |safety regulations Medium High  |non-compliances
Low High Implement control measures
Unforeseen soil or Properly done construction
Geotech [G1 [foundation issues Medium Medium |surveys and studies

nical
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Landslides, subsidence, or

soil erosion

Medium

Implement drainage system

Strength connection
between building

High High connections
Establish healthy working
L1 |Labor disputes and strikes [Medium Medium [environment
Provide development
L2 [Shortages of skilled labor  |[Medium Medium |programs
Labor [L3 |Worker productivity issues [(Medium Medium |Limit overtime work
Changes in government Monitoring government
Political |P1 policies or regulations Medium High policy changes
and Geopolitical factors Use predictive supply
external P2 [affecting the supply chain [Medium High analytics
Scope changes initiated by Get approval to any changes
C1 |the client Medium Medium |and understand its impact
Make a detailed
Changes in project documentation and
Change C2 |requirements Medium Medium [communicate with team
Manage Automate change
ment Low Medium [management process

After identification of the risks the risk management matrix or risk control matrix was

created. It helps to capture the likelihood of each risk and evaluate possible damage caused by

them. The figure below represents propagation and severity of all identified risks. The levels

were decided by 3 categories: low, medium and high. Most of the risks were evaluated as

medium impact risks. Only one risk from geotechnical type of risk (Seismic risks in

earthquake-prone areas) was indicated as high impact risk, which is associated with location of

residential building in seismic zone.
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Figure 6.4. Risk Management matrix

6.7. Quality Management Plan

Quality control is necessary for any construction project. The main elements of the
project's quality management strategy are as follows: Quality planning, according to the Project
Management Institute (2017), includes creating standards and processes, figuring out what has to
be done, setting quality targets, and working with the project team. Inspections, testing, and
audits are performed as part of quality assurance to ensure that the work complies with the norms
and specifications for quality. Any issues will be identified and fixed soon away, according to the

Project Management Institute's 2017 report.

The process of fixing problems found during the quality assurance phase is known as
quality control. This comprises determining the root cause of the problem, creating a solution,

implementing it, and making sure the problem is fixed (ASQ Quality Glossary, 2022).

To guarantee that all project participants are aware of the quality standards and
procedures, quality training is essential. It will be changed to become a project-specific quality

management system that focuses on planning, assurance, control, and training. Every member of
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the project team must be aware of and have access to the quality management system

documentation (Project Management Institute, 2017).

1. Risk Avoidance

10. Education Agency

Acceptance 2. Running Start

3. Multi-Level

9. Dynamic Teaming Governance

CHARACTERISTICS OF
QUALITY PROJECT

MANAGEMENT
8. Solution 4. Interoperability

Sustainability Standard Maintenance

7. Project Planning . 5. Internal and External
and Monitoring Project Management

6. Policy and Technical
Project Management

Figure 6.5. Quality Management Steps
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6.8. Procurement planning/ Stakeholder analysis

HIGH
High influence High influence
and low stake: and high stake:
Handle with care Top priority
Low influence Low influence
and low stake: and high stake:
Low priority Need help to participate
LOW
LOW STAKE HIGH STAKE

Figure 6.6. Interest-influence effect

Careful construction management is needed for the 12-story residential building project at 1952
Avenue of the Stars in Los Angeles, California. Two essential elements of construction
management are organizing the procurement procedure and carrying out a stakeholder analysis.
The Code of Practice for Project Management for Construction and Development states that
procurement planning entails selecting qualified vendors, evaluating suppliers, and drafting
purchase orders and contracts (CIOB, 2018). The project team must keep a careful eye on the
procurement process to make sure supplies arrive on schedule, track suppliers' performance, and
handle any possible problems.

To find out who is worried about the project, how much they care, how powerful they
are, and how their actions could affect it, a stakeholder analysis is crucial. According to the
Project Management Institute's Guide to the Project Management Body of Knowledge (PMI,
2017), a stakeholder analysis should be conducted in order to identify stakeholders, assess their
interest and influence, and develop a management plan. For example, they need to plan how they

will interact with stakeholders, collect data, and ask for and act upon their feedback.
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By using thorough procurement planning and stakeholder analysis, the project team can
ensure that supplies, machinery, and services are acquired on time and at a reasonable cost, as
well as that all parties involved are kept informed and involved throughout the project.

Figure X below displays the Stakeholders Map for Residential Building Construction.

Stakeholder Role Contribution to Project v O Interest v @ Influence +

Property Owner Project initiation
Architect Residential building design High v Moderate v
Civil Engineer Building design and construc ~ Moderate v Moderate v
Construction Contractor Project management
Subcontractors/Suppliers Construction activities Moderate v Moderate v
Governmental Authorities Approvals and inspections  Moderate -
Financial Institutions Funding support Moderate v
Utility Companies Service provision Low v Moderate Y
Environmental Consultants Environmental compliance Moderate A Low v
Legal Advisors Legal aspects of the project Moderate v Low v
Future Residents Resident preferences Moderate A Low v

Figure 6.7. Stakeholder Matrix

6.9. Construction Safety

All parties participating in a building project should prioritize construction safety control
since it is crucial for both the workers and the smooth operation of the construction operations.
OSHA standards and other safety laws and ordinances should be adhered to when developing a
residential structure. The special team must first create a safety plan, and employees must be
informed of all risks, hazards, and safety measures. Additionally, the safety strategy must be
updated as development progresses. Employees should also wear personal protective equipment
and receive training on how to avoid or manage potential risks. In addition to worker safety, all

site visitors should abide by safety regulations. Additionally, procedures on building sites
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shouldn't endanger public safety. It has to do with the movement of materials, their inventory,

loud noises, and other things (Almaskati, 2024).

/

Training

Safety Culture

1 Learning and
\ Reporting

Figure 6.8. Construction Safety Measures

st Hierarchy of Controls

ngineering Isolate people
Controls from the hazard
Administrative | Change the way

Controls people work
Protect the worker with
Personal Protective Equipment

Least
effective

Figure 6.9. Hazard management hierarchy (Department of Labor Logo United
Statesdepartment of Labor 2016)
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OSHA's hierarchy of controls is typically used to categorize safety precautions according to their
efficacy. Choosing the most effective risk avoidance strategy is beneficial. Professionals
frequently use the hierarchy of controls as a framework. The degrees of controls are depicted in
the above picture along with descriptions, namely for people protective equipment, engineering
controls, administrative controls, substitution, and elimination (Almaskati, 2024).

The potential hazards on the building site are included in the table below along with an
assessment of them. The results show that noise is the least dangerous risk among the others,

while working at a height has the highest ranking.

Risk Description = Likelihood (1-5) = Severity (1-5) = Risk Score =

Likelihood (1-5): 2

Fire and Blast Hazards 2 4 8
Structural Failure 2 5 10
Noise Levels 2 2 4

Likelihood (1-5): 3

Slips, trips, and falls 3 3 9
Insufficient Personal Protective 3 3 9
Temperature Extremes 3 3 9
Electrical Dangers 3 4 12
Entrapment Risks 3 4 12
Hazardous Material Storage 3 3 9
Hand-Arm Vibration Disorder 3 3 9

Likelihood (1-5): 4

Working at elevated heights 4 4 16

Figure 6.10. Construction risk register
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6.10. Construction site planning

Construction site layout planning is one of the crucial parts in planning processes of
construction. It defines where different facilities at different phases of construction will be
located. These facilities can be temporary or fixed, which are required for specific construction
activities. The distribution and location of tools and facilities defined by space availability on the
site. Also, the sizes and types of the facilities used during each construction stage can vary
(Ganiyu et al., 2021).

The construction site planning for the current high-rise residential building is located in
the intersection of West 12th and South Grand Avenue streets, thus it was important that the
construction process should not interfere with traffic movement in these streets. It is 110 meters
in length and 48 meters in width, which creates enough space for different stocks and roads for
vehicle movement.

The building area is on the south side of the site opposite to all stockpiles. The equipment
and motor park, reinforcement stockpile, material stockpile and excavated ground areas are
located next to each other in a row on the north side of the construction site. The road connects
all the stocks and the main office buildings for quick, safe and convenient transportation.
However, the construction pit is in a safe distance from the road. The waste material stock and
office buildings are located on the west side. However, waste material stock is placed far from all

areas in order to prevent any discomfort and intervention for workers and construction processes.
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Figure 6.11. The construction site layout planning
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7. Conclusion

This capstone project represents a tall order of multidisciplinary effort in designing and
analyzing a 12-storey high-rise residential building located at 6435 Wilshire Blvd, Los Angeles,
California. The main aim of this project is to deliver a structurally sound, environmentally
sustainable, functionally optimized building that can meet regulatory standards and urban
housing needs for a growing metropolis like Los Angeles. Fully integrated architectural,
structural, geotechnical, environmental, and construction management considerations make sure

that no area of modern high-rise design is overlooked.

By taking into consideration gravity and lateral loadings such as wind and seismic forces,
the structural analysis was performed in SAP2000 to assure stability and strength in resisting
lateral loads. The ultimate choice of the whole superstructure in reinforced concrete is very
durable, offers good economy, and may be designed to behave well under seismic action - an
important consideration in the highly hazardous zones of Los Angeles. Some of these innovative
structural solution designs entail the gravity load-resisting system and the lateral force-resisting
system, which really show advanced engineering principles applied to safety and efficiency

requirements.

The geotechnical point of view was highly considered owing to poor soil characteristics
and seismic hazards. On this basis, pile foundations were decided upon to ensure stability over a
long period and reducing seismic hazards. This kind of foundation also accommodates the
project's scale while optimizing feasibility in the urban environment. The geotechnical design

gives safety to the building concerning liquefaction and ground motion.

Natural lighting, ventilation, and energy-efficient systems ensure leading architectural
design, functionality, and sustainability. Mixed-use spaces, including commercial premises at the
ground floor and residential units on higher levels, add an economic dimension and a value
which would increase with community living. Three thoughtful layouts with terraces,
recreational facilities, and means for emergency evacuation meet IBC 2024 and provide full

support to comfort and safety for occupants.
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The design process was driven by the principle of environmental sustainability: the
project considers LEED certification goals, such as energy efficiency, water conservation, and
sustainable materials. Site-specific management and drainage systems of stormwater will have
lesser environmental impacts and at the same time address local regulations. This is a clear
indication of how the project aims to reduce its carbon footprint andlong-term operational

efficiencies.

The project, from the perspective of construction management, reflects a practical,
well-thought-out execution strategy. For proper resource mobilization and mitigation of risks, it
considers a well-worked-out detailed work breakdown structure and project schedule. Cost
analysis, with acknowledgment of the limitation in data due to RSMeans 2018 values, projects
the costs realistically. Therefore, the plan should provide room for flexibility to incorporate

updated material costs and labor fees that would ensure the financial viability of the plan.

The project is not just a technological feat, but it is also an embodiment of good and
responsible engineering practice. Ethical considerations played an important role in underlining
integrity, transparency, and cooperation amongst team members. The adherence to national and
international standards throughout the design process guarantees that the building meets the

highest safety and sustainability benchmarks.

This capstone project embodies the meeting of innovation, sustainability, and
functionality in a form that answers urban needs for housing. Advanced engineering tools
combined with regulatory compliance and environmental stewardship make this high-rise
residential building design exemplary for future urban development. While this project was
successfully able to achieve its objected, the cost estimation could be refined, alternative
materials further explored, and in-service performance monitoring implemented to make any
future work adaptable and impactful. Conclusively, the discussed project will satisfy the demand
for housing in Los Angeles while providing a guideline for how high-rise constructions can be

sustainably and resiliently made.
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9. Appendix

9.1.

Appendix A

Calculations of stiffness of moment frame on each level
Table 9.1. Calculations of stiffness of the moment frame.

Transverse | Longitudinal
Column Minor b,
Floor size [Ic,cr, m4 |Ib,er, m4| Ibyer [D,kN/m| h,m [Cf, kN/rad | Cf, kN/rad
1 0.65 |1.04E-02|7.74E-04| 0.00448 | 2741 4 109625 32888
2 0.65 |1.04E-02|7.74E-04| 0.00448 | 3601 3.5 126030 37809
3 0.60 |7.56E-03|7.74E-04 | 0.00448 | 3545 3.5 124084 37225
4 0.60 |7.56E-03|7.74E-04 | 0.00448 | 3545 3.5 124084 37225
5 0.55 |5.34E-03|7.74E-04 | 0.00448 | 3464 3.5 121239 36372
6 0.55 |5.34E-03|7.74E-04 | 0.00448 | 3464 3.5 121239 36372
7 0.50 |3.65E-03|7.74E-04 | 0.00448 | 3343 3.5 117003 35101
8 0.45 |2.39E-03|7.74E-04| 0.00448 | 3160 3.5 110613 33184
9 0.45 |2.39E-03|7.74E-04| 0.00448 | 3160 3.5 110613 33184
10 0.40 |1.49E-03|7.74E-04 | 0.00448 | 2885 3.5 100964 30289
11 0.35 |8.75E-04|7.74E-04 | 0.00448 | 2478 3.5 86745 26024
12 0.30 |4.73E-04|7.74E-04 | 0.00448 | 1921 3.5 67236 20171
13 0.25 |2.28E-04|7.74E-04| 0.00448 | 1260 3.5 44099 13230

Calculations of total lateral seismic force including torsional effect for each floor

Table 9.2. Calculation of seismic force on each frame including the torsional effect (Floor 2).

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, KN | Frame kN kN Ftotal, kN
A 21.5106 42.46 63.97 1 -1.6329 15.44 13.81
B 15.3647 42.46 57.82 2 -1.1664 15.44 14.27
C 9.2188 42.46 51.67 3 -0.6998 15.44 14.74
D 3.0729 42.46 45.53 4 -0.2333 15.44 15.21
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E -3.0729 42.46 39.38 5 0.2333 15.44 15.67
F -9.2188 42.46 33.24 6 0.6998 15.44 16.14
G -15.3647 42.46 27.09 7 1.1664 15.44 16.6
H -21.5106 42.46 20.94 8 1.6329 15.44 17.07

Table 9.3. Calculation of seismic force on each frame including the torsional effect (Floor 3).

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 37.2228 73.47 110.69 1 -2.8256 26.72 23.89
B 26.5877 73.47 100.05 2 -2.0183 26.72 24.7
C 15.9526 73.47 89.42 3 -1.211 26.72 25.5
D 5.3175 73.47 78.78 4 -0.4037 26.72 26.31
E -5.3175 73.47 68.15 5 0.4037 26.72 27.12
F -15.9526 73.47 57.51 6 1.211 26.72 27.93
G -26.5877 73.47 46.88 7 2.0183 26.72 28.73
H -37.2228 73.47 36.24 8 2.8256 26.72 29.54

Table 9.4. Calculation of seismic force on each frame including the torsional effect (Floor 4)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 72.2463 110.6 182.85 1 -5.4843 40.22 34.73
B 51.6045 110.6 162.2 2 -3.9174 40.22 36.3
C 30.9627 110.6 141.56 3 -2.3504 40.22 37.87
D 10.3209 110.6 120.92 4 -0.7835 40.22 39.43
E -10.3209 110.6 100.28 5 0.7835 40.22 41
F -30.9627 110.6 79.64 6 2.3504 40.22 42.57
G -51.6045 110.6 59 7 3.9174 40.22 44.14

8 5.4843 40.22 45.7

Table 9.5. Calculation of seismic force on each frame including the torsional effect (Floor 5)
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Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 97.7759 149.68 247.46 1 -7.4223 54.43 47.01
B 69.84 149.68 219.52 2 -5.3016 54.43 49.13
C 41.904 149.68 191.59 3 -3.181 54.43 51.25
D 13.968 149.68 163.65 4 -1.0603 54.43 53.37
E -13.968 149.68 135.71 5 1.0603 54.43 55.49
F -41.904 149.68 107.78 6 3.181 54.43 57.61
G -69.84 149.68 79.84 7 5.3016 54.43 59.73

8 7.4223 54.43 61.85

Table 9.6. Calculation of seismic force on each frame including the torsional effect (Floor 6)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 127.2051 194.74 321.94 1 -9.6563 70.81 61.16
B 90.8608 194.74 285.6 2 -6.8974 70.81 63.92
C 54.5165 194.74 249.25 3 -4.1384 70.81 66.67
D 18.1722 194.74 21291 4 -1.3795 70.81 69.43
E -18.1722 194.74 176.56 5 1.3795 70.81 72.19
F -54.5165 194.74 140.22 6 4.1384 70.81 74.95
G -90.8608 194.74 103.87 7 6.8974 70.81 77.71

8 9.6563 70.81 80.47

Table 9.7. Calculation of seismic force on each frame including the torsional effect (Floor 7)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,
Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 156.4606 | 239.52 395.98 1 -11.8771 87.1 75.22
B 111.7576 | 239.52 351.28 2 -8.4837 87.1 78.62
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C 67.0545 239.52 306.58 3 -5.0902 87.1 82.01
D 22.3515 239.52 261.87 4 -1.6967 87.1 85.4
E -22.3515 | 239.52 217.17 5 1.6967 87.1 88.8
F -67.0545 | 239.52 172.47 6 5.0902 87.1 92.19
G -111.7576 | 239.52 127.76 7 8.4837 87.1 95.58

8 11.8771 87.1 98.98

Table 9.8. Calculation of seismic force on each frame including the torsional effect (Floor 8)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 187.1326 | 286.48 473.61 1 -14.2055 104.17 89.97
B 133.6662 | 286.48 420.14 2 -10.1468 104.17 94.03
C 80.1997 286.48 366.68 3 -6.0881 104.17 98.09
D 26.7332 286.48 313.21 4 -2.0294 104.17 102.14
E -26.7332 | 286.48 259.74 5 2.0294 104.17 106.2
F -80.1997 | 286.48 206.28 6 6.0881 104.17 110.26
G -133.6662 | 286.48 152.81 7 10.1468 104.17 114.32

8 14.2055 104.17 118.38

Table 9.9. Calculation of seismic force on each frame including the torsional effect (Floor 9)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 222.1491 | 340.08 562.23 1 -16.8636 123.67 106.8
B 158.678 340.08 498.76 2 -12.0454 | 123.67 111.62
C 95.2068 340.08 435.29 3 -7.2273 123.67 116.44
D 31.7356 340.08 371.82 4 -2.4091 123.67 121.26
E -31.7356 | 340.08 308.35 5 2.4091 123.67 126.08
F -95.2068 | 340.08 244.88 6 7.2273 123.67 130.89
G -158.678 | 340.08 181.41 7 12.0454 123.67 135.71

8 16.8636 123.67 140.53
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Table 9.10. Calculation of seismic force on each frame including the torsional effect (Floor 10)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 255.5514 | 391.22 646.77 1 -19.3992 142.26 122.86
B 182.5367 | 391.22 573.75 2 -12.6478 142.26 129.61
C 109.522 391.22 500.74 3 -7.5887 142.26 134.67
D 36.5073 391.22 427.72 4 -2.5296 142.26 139.73
E -36.5073 | 391.22 354.71 5 2.5296 142.26 144.79
F -109.522 | 391.22 281.7 6 7.5887 142.26 149.85
G -182.5367 | 391.22 208.68 7 12.6478 142.26 154.91

8 17.707 142.26 159.97

Table 9.11. Calculation of seismic force on each frame including the torsional effect (Floor 11)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,

Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 290.174 44422 734.39 1 -22.0275 161.53 139.51
B 207.2671 | 444.22 651.49 2 -15.7339 161.53 145.8
C 1243603 | 444.22 568.58 3 -9.4403 161.53 152.09
D 41.4534 44422 485.67 4 -3.1468 161.53 158.39
E -41.4534 | 44422 402.77 5 3.1468 161.53 164.68
F -124.3603 | 444.22 319.86 6 9.4403 161.53 170.98
G -207.2671 | 444.22 236.95 7 15.7339 161.53 177.27

8 22.0275 161.53 183.56

Table 9.12. Calculation of seismic force on each frame including the torsional effect (Floor 12)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,
Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 326.0551 | 499.15 825.21 1 -24.7512 181.51 156.76
B 232.8965 | 499.15 732.05 2 -17.6795 181.51 163.83
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139.7379 | 499.15 638.89 -10.6077 | 181.51 170.9

46.5793 499.15 545.73 -3.5359 181.51 177.97

-46.5793 | 499.15 452.57 3.5359 181.51 185.05

-139.7379 | 499.15 359.41 10.6077 181.51 192.12

Qlm|m| Il o

-232.8965 | 499.15 266.25 17.6795 181.51 199.19

| I ||| | W

24.7512 181.51 206.26

Table 9.13. Calculation of seismic force on each frame including the torsional effect (Floor 13)

Transverse Longitudinal
Ftorsion, | Fdirect, Ftorsion, | Fdirect,
Frame kN kN Ftotal, kN | Frame kN kN Ftotal, kN
A 1329145 | 261.58 394.5 1 -10.0897 95.12 85.03
B 105.6987 | 261.58 367.28 2 -7.2069 95.12 87.91
C 37.9756 261.58 299.56 3 -4.3242 95.12 90.8
D -37.9756 | 261.58 223.61 4 4.3242 95.12 99.44
E -105.6987 | 261.58 155.88 5 7.2069 95.12 102.33
F -132.9145 | 261.58 128.67 6 10.0897 95.12 105.21
9.2. Appendix B

Calculations of total lateral wind forces including torsional effect for each floor

Table 9.14. Calculation of wind force on each frame for Case 2 including the torsional effect

(Floor 2).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN)  |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -1.5241 10.91 9.39 1 -0.4332 12.46 12.02
2 -1.0887 10.91 9.83 2 -0.3094 12.46 12.15
3 -0.6532 10.91 10.26 3 -0.1856 12.46 12.27
4 -0.2177 10.91 10.70 4 -0.0619 12.46 12.39
5 0.2177 10.91 11.13 5 0.0619 12.46 12.52
6 0.6532 10.91 11.57 6 0.1856 12.46 12.64
7 1.0887 10.91 12.00 7 0.3094 12.46 12.77
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1.5241

10.91

12.44

0.4332

12.46

12.89

Table 9.15. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 3).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -1.6332 10.91 9.28 1 -0.4579 13.08 12.62
2 -1.1666 10.91 9.75 2 -0.3271 13.08 12.75
3 -0.6999 10.91 10.21 3 -0.1962 13.08 12.88
4 -0.2333 10.91 10.68 4 -0.0654 13.08 13.01
5 0.2333 10.91 11.15 5 0.0654 13.08 13.14
6 0.6999 10.91 11.61 6 0.1962 13.08 13.27
7 1.1666 10.91 12.08 7 0.3271 13.08 13.40
8 1.6332 10.91 12.55 8 0.4579 13.08 13.53
Table 9.16. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 4).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.2171 11.12 8.9 1 -0.6156 13.58 12.96
2 -1.5836 11.12 9.54 2 -0.4397 13.58 13.14
3 -0.9502 11.12 10.17 3 -0.2638 13.58 13.32
4 -0.3167 11.12 10.8 4 -0.0879 13.58 13.49
5 0.3167 11.12 11.44 5 0.0879 13.58 13.67
6 0.9502 11.12 12.07 6 0.2638 13.58 13.84
7 1.5836 11.12 12.7 7 0.4397 13.58 14.02
8 0.6156 13.58 14.19
Table 9.17. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 5).
Case 2 (X-Axis) Case 2 (Y-Axis)
Frame Ftorsion | Fdirect [Ftotal (kN)| Frame Ftorsion | Fdirect |Ftotal (kN)
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&N | N &N | N
1 -2.3107 11.53 9.21 1 -0.6368 14.01 13.37
2 -1.6505 11.53 9.87 2 -0.4549 14.01 13.55
3 -0.9903 11.53 10.54 3 -0.2729 14.01 13.74
4 -0.3301 11.53 11.2 4 -0.091 14.01 13.92
5 0.3301 11.53 11.86 5 0.091 14.01 14.1
6 0.9903 11.53 12.52 6 0.2729 14.01 14.28
7 1.6505 11.53 13.18 7 0.4549 14.01 14.46
8 0.6368 14.01 14.65
Table 9.18. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 6).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.392 11.9 9.51 1 -0.6552 14.39 13.73
2 -1.7086 11.9 10.19 2 -0.468 14.39 13.92
3 -1.0251 11.9 10.88 3 -0.2808 14.39 14.11
4 -0.3417 11.9 11.56 4 -0.0936 14.39 14.29
5 0.3417 11.9 12.24 5 0.0936 14.39 14.48
6 1.0251 11.9 12.93 6 0.2808 14.39 14.67
7 1.7086 11.9 13.61 7 0.468 14.39 14.85
8 0.6552 14.39 15.04
Table 9.19. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 7).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.4644 12.24 9.78 1 -0.6716 14.73 14.05
2 -1.7603 12.24 10.48 2 -0.4797 14.73 14.25
3 -1.0562 12.24 11.18 3 -0.2878 14.73 14.44
4 -0.3521 12.24 11.89 4 -0.0959 14.73 14.63
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5 0.3521 12.24 12.59 5 0.0959 14.73 14.82
6 1.0562 12.24 13.3 6 0.2878 14.73 15.01
7 1.7603 12.24 14 7 0.4797 14.73 15.2
8 0.6716 14.73 15.4
Table 9.20. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 8).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.5298 12.55 10.02 1 -0.6865 15.03 14.35
2 -1.807 12.55 10.74 2 -0.4903 15.03 14.54
3 -1.0842 12.55 11.46 3 -0.2942 15.03 14.74
4 -0.3614 12.55 12.19 4 -0.0981 15.03 14.94
5 0.3614 12.55 12.91 5 0.0981 15.03 15.13
6 1.0842 12.55 13.63 6 0.2942 15.03 15.33
7 1.807 12.55 14.35 7 0.4903 15.03 15.52
8 0.6865 15.03 15.72
Table 9.21. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 9).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.59 12.83 10.24 1 -0.70 15.32 14.62
2 -1.85 12.83 10.98 2 -0.50 15.32 14.82
3 -1.11 12.83 11.72 3 -0.30 15.32 15.02
4 -0.37 12.83 12.46 4 -0.10 15.32 15.22
5 0.37 12.83 13.2 5 0.10 15.32 15.42
6 1.11 12.83 13.94 6 0.30 15.32 15.62
7 1.85 12.83 14.68 7 0.50 15.32 15.82
8 0.70 15.32 16.02
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Table 9.22.

Calculation of wind force on each frame for Case 2 including the torsional effect

(Floor 10).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.6451 13.09 10.45 1 -0.7126 15.58 14.87
2 -1.8894 13.09 11.2 2 -0.509 15.58 15.07
3 -1.1336 13.09 11.96 3 -0.3054 15.58 15.27
4 -0.3779 13.09 12.71 4 -0.1018 15.58 15.48
5 0.3779 13.09 13.47 5 0.1018 15.58 15.68
6 1.1336 13.09 14.23 6 0.3054 15.58 15.89
7 1.8894 13.09 14.98 7 0.509 15.58 16.09
8 0.7126 15.58 16.29
Table 9.23. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 11).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.6968 13.34 10.64 1 -0.7243 15.83 15.1
2 -1.9263 13.34 11.41 2 -0.5174 15.83 15.31
3 -1.1558 13.34 12.18 3 -0.3104 15.83 15.52
4 -0.3853 13.34 12.95 4 -0.1035 15.83 15.72
5 0.3853 13.34 13.72 5 0.1035 15.83 15.93
6 1.1558 13.34 14.49 6 0.3104 15.83 16.14
7 1.9263 13.34 15.26 7 0.5174 15.83 16.34
8 0.7243 15.83 16.55
Table 9.24. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 12).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.7452 13.57 10.82 1 -0.7353 16.06 15.32
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2 -1.9609 13.57 11.61 2 -0.5252 16.06 15.53
3 -1.1765 13.57 12.39 3 -0.3151 16.06 15.74
4 -0.3922 13.57 13.18 4 -0.105 16.06 15.95
5 0.3922 13.57 13.96 5 0.105 16.06 16.16
6 1.1765 13.57 14.74 6 0.3151 16.06 16.37
7 1.9609 13.57 15.53 7 0.5252 16.06 16.58
8 0.7353 16.06 16.79
Table 9.25. Calculation of wind force on each frame for Case 2 including the torsional effect
(Floor 13).
Case 2 (X-Axis) Case 2 (Y-Axis)
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.1709 6.84 4.67 1 -0.58 8.08 7.5
2 -1.7264 6.84 5.11 2 -0.4143 8.08 7.67
3 -0.6203 6.84 6.22 3 -0.2486 8.08 7.84
4 0.6203 6.84 7.46 4 0.2486 8.08 8.33
5 1.7264 6.84 8.57 5 0.4143 8.08 8.5
6 2.1709 6.84 9.01 6 0.58 8.08 8.66
Table 9.26. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 2).
Transverse Longitudinal
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.5614 9.36 6.8 1 -0.7684 9.35 8.58
2 -1.8296 9.36 7.53 2 -0.5489 9.35 8.8
3 -1.0977 9.36 8.27 3 -0.3293 9.35 9.02
4 -0.3659 9.36 9 4 -0.1098 9.35 9.24
5 0.3659 9.36 9.73 5 0.1098 9.35 9.46
6 1.0977 9.36 10.46 6 0.3293 9.35 9.68
7 1.8296 9.36 11.19 7 0.5489 9.35 9.9
8 2.5614 9.36 11.93 8 0.7684 9.35 10.12
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Table 9.27.

Calculation of wind force on each frame for Case 4 including the torsional effect

(Floor 3).
Transverse Longitudinal
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.6846 9.36 6.68 1 -0.8054 9.82 9.01
2 -1.9175 9.36 7.45 2 -0.5753 9.82 9.24
3 -1.1505 9.36 8.21 3 -0.3452 9.82 9.47
4 -0.3835 9.36 8.98 4 -0.1151 9.82 9.7
5 0.3835 9.36 9.75 5 0.1151 9.82 9.93
6 1.1505 9.36 10.51 6 0.3452 9.82 10.16
7 1.9175 9.36 11.28 7 0.5753 9.82 10.39
8 2.6846 9.36 12.05 8 0.8054 9.82 10.62
Table 9.28. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 4).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN)  |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.8135 9.54 6.73 1 -0.844 10.19 9.35
2 -2.0096 9.54 7.53 2 -0.6029 10.19 9.59
3 -1.2058 9.54 8.33 3 -0.3617 10.19 9.83
4 -0.4019 9.54 9.14 4 -0.1206 10.19 10.07
5 0.4019 9.54 9.94 5 0.1206 10.19 10.31
6 1.2058 9.54 10.75 6 0.3617 10.19 10.55
7 2.0096 9.54 11.55 7 0.6029 10.19 10.8
8 0.844 10.19 11.04
Table 9.29. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 5).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
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1 -2.8548 9.89 7.03 1 -0.8564 10.52 9.66
2 -2.0391 9.89 7.85 2 -0.6117 10.52 9.9
3 -1.2235 9.89 8.66 3 -0.367 10.52 10.15
4 -0.4078 9.89 9.48 4 -0.1223 10.52 10.39
5 0.4078 9.89 10.3 5 0.1223 10.52 10.64
6 1.2235 9.89 11.11 6 0.367 10.52 10.88
7 2.0391 9.89 11.93 7 0.6117 10.52 11.13
8 0.8564 10.52 11.37
Table 9.30. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 6).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.9467 10.21 7.26 1 -0.884 10.8 9.92
2 -2.1048 10.21 8.11 2 -0.6314 10.8 10.17
3 -1.2629 10.21 8.95 3 -0.3789 10.8 10.42
4 -0.421 10.21 9.79 4 -0.1263 10.8 10.67
5 0.421 10.21 10.63 5 0.1263 10.8 10.93
6 1.2629 10.21 11.47 6 0.3789 10.8 11.18
7 2.1048 10.21 12.32 7 0.6314 10.8 11.43
8 0.884 10.8 11.68
Table 9.31. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 7).
Transverse Longitudinal
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -2.9227 10.5 7.58 1 -0.8768 11.05 10.18
2 -2.0876 10.5 8.41 2 -0.6263 11.05 10.43
3 -1.2526 10.5 9.25 3 -0.3758 11.05 10.68
4 -0.4175 10.5 10.08 4 -0.1253 11.05 10.93
5 0.4175 10.5 10.92 5 0.1253 11.05 11.18

275




6 1.2526 10.5 11.75 6 0.3758 11.05 11.43
7 2.0876 10.5 12.59 7 0.6263 11.05 11.68
8 0.8768 11.05 11.93
Table 9.34. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 8).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.8306 10.76 7.93 1 -0.8492 11.28 10.44
2 -2.0218 10.76 8.74 2 -0.6066 11.28 10.68
3 -1.2131 10.76 9.55 3 -0.3639 11.28 10.92
4 -0.4044 10.76 10.36 4 -0.1213 11.28 11.16
5 0.4044 10.76 11.17 5 0.1213 11.28 11.41
6 1.2131 10.76 11.98 6 0.3639 11.28 11.65
7 2.0218 10.76 12.79 7 0.6066 11.28 11.89
8 0.8492 11.28 12.13
Table 9.35. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 9).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.8924 11.01 8.11 1 -0.8677 11.5 10.63
2 -2.066 11.01 8.94 2 -0.6198 11.5 10.88
3 -1.2396 11.01 9.77 3 -0.3719 11.5 11.13
4 -0.4132 11.01 10.59 4 -0.124 11.5 11.37
5 0.4132 11.01 11.42 5 0.124 11.5 11.62
6 1.2396 11.01 12.25 6 0.3719 11.5 11.87
7 2.066 11.01 13.07 7 0.6198 11.5 12.12
8 0.8677 11.5 12.37
Table 9.36. Calculation of wind force on each frame for Case 4 including the torsional effect

(Floor 10).
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Transverse Longitudinal
Ftorsion Fdirect Ftorsion Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.6922 11.23 8.54 1 -0.8077 11.7 10.89
2 -1.923 11.23 9.31 2 -0.5769 11.7 11.12
3 -1.1538 11.23 10.08 3 -0.3461 11.7 11.35
4 -0.3846 11.23 10.85 4 -0.1154 11.7 11.58
5 0.3846 11.23 11.62 5 0.1154 11.7 11.81
6 1.1538 11.23 12.39 6 0.3461 11.7 12.04
7 1.923 11.23 13.15 7 0.5769 11.7 12.27
8 0.8077 11.7 12.5
Table 9.37. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 11).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -2.3549 11.44 9.09 1 -0.7065 11.88 11.17
2 -1.682 11.44 9.76 2 -0.5046 11.88 11.38
3 -1.0092 11.44 10.43 3 -0.3028 11.88 11.58
4 -0.3364 11.44 11.11 4 -0.1009 11.88 11.78
5 0.3364 11.44 11.78 5 0.1009 11.88 11.98
6 1.0092 11.44 12.45 6 0.3028 11.88 12.18
7 1.682 11.44 13.12 7 0.5046 11.88 12.38
8 0.7065 11.88 12.59
Table 9.38. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 12).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN)  |Ftotal (kN)
1 -1.8556 11.64 9.78 1 -0.5567 12.05 11.5
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2 -1.3254 11.64 10.31 2 -0.3976 12.05 11.66
3 -0.7953 11.64 10.84 3 -0.2386 12.05 11.81
4 -0.2651 11.64 11.37 4 -0.0795 12.05 11.97
5 0.2651 11.64 11.91 5 0.0795 12.05 12.13
6 0.7953 11.64 12.44 6 0.2386 12.05 12.29
7 1.3254 11.64 12.97 7 0.3976 12.05 12.45
8 0.5567 12.05 12.61
Table 9.39. Calculation of wind force on each frame for Case 4 including the torsional effect
(Floor 13).
Transverse Longitudinal
Ftorsion | Fdirect Ftorsion | Fdirect
Frame (kN) (kN) |Ftotal (kN)| Frame (kN) (kN) |Ftotal (kN)
1 -1.2358 5.87 4.63 1 -0.3708 6.07 5.7
2 -0.9828 5.87 4.89 2 -0.2948 6.07 5.77
3 -0.3531 5.87 5.51 3 -0.1059 6.07 5.96
4 0.3531 5.87 6.22 4 0.1059 6.07 6.17
5 0.9828 5.87 6.85 5 0.2948 6.07 6.36
6 1.2358 5.87 7.1 6 0.3708 6.07 6.44
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TABLE 12.15 Coefficients for Long Piles, k. = m,z

z A, A, A, A, A, B, B, B, B, B,
0.0 2435 ~ 1623 0.000 1.000 0.000 1.623 ~1.750 1.000 0.000 0.000
0.1 2273 - 1618 0.100 0.989 -0.227 1.453 ~1.650 LOOD  —0007  —0.145
0.2 2112 ~1.603 0.198 0.956 -D422 1.293 ~1.550 0999 0028 0259
0.3 1.952 ~1.578 0.291 0.906 -0.586 1143 ~1.450 0994  —008  —0343
0.4 1.796 —1.545 0.379 0.840 ~0.718 1003 -1.351 0987  —0.095  —0401
0.5 1644 ~1.503 0.459 0.764 -0.822 0.873 -1.253 0976  —0.137  -0436
0.6 1.496 ~1454 0.532 0.677 -0.897 0.752 ~1.156 0960  —0.081  —0451
0.7 1353 ~1.397 0.595 0.585 ~0.947 0.642 ~1.061 0939 0226  —0449
0.8 1.216 ~1.335 0.649 0.489 ~0973 0.540 ~0.96% 0914  -0270  -0432
0.9 1086 ~1.268 0.693 0.392 -0977 0.448 ~0.878 0885  —0312  —0.403
] 0.962 ~1.197 0.727 0.295 ~0.962 0364 —0.792 0852  -0350  —0364
12 0.738 —1.047 0.767 0,108 ~D885 0.223 —0.629 0775 -0414  —0268
14 0.544 ~0.893 0772 -0.056 ~0.761 0112 —0.482 0688  —0456  —0157
16 0381 ~0.741 0746 —0.193 ~0.609 0.029 —0.354 0594 0477 —0M47
18 0.247 ~0.59 0696 —0.298 0445 —0.030 —0.245 D498  —0476 0.054
20 0.142 ~0.464 0628 —0371 0283 —0.070 —0.155 D404 —0456 0.140
30 —0075 ~0.040 0225 —0.349 0226  —0.089 0.057 0059  —0213 0.268
40 —0.050 0.052 0000 —0.106 0201  -0.028 0049 -2 0.017 0.112
50 —0.009 0025 —0.033 0.015 0.046 0.000 ~0.011 -0.026 0029 0002

Based on Drilled Pier Foundations, by R. J. Woodward, W. 5. Gardner, and D. M. Greer. McGraw-Hill. 1972,

Figure 9.1. List of coefficients for long piles

TABLE 12.16 Representative Values of n;

My,
Soil kN/m*

Diry or moist sand

Loose 18002200

Medium S500-7000

Dense 15,000-18,000
Submerged sand

Loose 10001400

Medium 3500-4500

Dense Q000 —12,000

Figure 9.2. Values of n, coefficient for different types of soils
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E Modify soil layers
1
| SBadd || S@mset || SZpekte |
x 0.000
¥ 0.000 Soillayers  water Initial conditions Preconsolidation  Surfaces  Field data
== Layers Borehole_1
E3 Material Top Bottom
1 Sandy Clay[1] 0.000 -0.6100
2 Clayey Sand[2] -0.6100 -2.100
S0 3 sity Clay[3) 2,100 4,000
4 Sand[4] -4.000 -4.800
o 5 Silty Sand[5] 4,800 -6.000
&  Sity Sand[5] 5.000 -7.300
ean 7 Clayey Sand with some  -7.300 -10,90
8 Clayey Sand with some  -10.20 -14.90
9 l Silty Clay[9 -14.50 -17.90
20,00 v Claylel
10 . Sandy Clay[10] -17.90 -20,10
11 Sandy Clay[11] -20,10 -21.60
-25.00
‘I :I.Z.Silty Clay &Medium to «  -21.80 -22.50
13 Silty Sand[13] -22.50 -24.40
30,00
14 . Silty Sand[14] -24.90 -28.30
@ Boreholes

Figure 9.3. Soil profile input in Plaxis 2D and 3D

Total displacements |u] (scaled up 2.00*10 times)
imum value = 0.6583=10 3 m (Element 4047 at Node 118)

Figure 9.4. Software analysis of corner pile as a volume element
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Axial forces N (scaled up 5.00%10 2 times) Shear forces Q; 5 (scaled up 0.0200 times) Bending moments My, (scaled up 0.0500 times)
Maximum value = -15.27 kN Maximum value = 24,60 kN Maximum value = 15,40 kN m

Minimum value = -304.4 kN Minimum value = -25.69 kN Minimum value = -8.127 kN m

Figure 9.5. Axial and shear forces of pile volume element analysis

Figure 9.6. Excavation of the soil with the help of beams and sheet piles
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Figure 9.8. Sheet pile and group pile in Plaxis 3D
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