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Executive Summary

The third technical report consists of analysis of the lateral force resisting system of The
Optimus. The 17 story, 252 ft tall reinforced concrete building is supported by reinforced
concrete 8” flat slabs on reinforced concrete columns. The flat slabs contain 8” deep drop
panels around the columns. The building facade is supported at the perimeter of the floor
slabs. The 1stto the 3@ |level of the building consist of parking spaces and 5t to 17t |evel
consists of office spaces. The roof of the building houses a garden and a gymnasium. The
structure of the building has been optimized and designed to fit with the architecture of the
building.

The lateral force resisting system is an important part of the structural system that helps
stabilize the building and supports the building form wind loads and earthquake effects. The
lateral system of The Optimus consists of a reinforced shear wall core that spans from the base
of the building to the roof. The Optimus contains 14 shear walls spanning North-South direction
and 3 shear walls spanning in East-West direction. All the walls are concentrated around the
elevator shaft and stairwells where continuity can be achieved in the wall system.

The lateral system analysis in this report starts with calculation of wind loads using ASCE 7-10
Directional procedure. The basic wind speed used to calculate wind loads is acquired from the
weather data of the existing location of the building. Seismic loads are calculated using
Equivalent Lateral Force Procedure in ASCE 7-10 and by relocating the building to a location
with similar seismic behavior. The building was relocated because ASCE 7-10 does not contain
seismic information for the existing location of the building.

The wind loads were distributed vertically to determine force at each story and the force at a
typical story was distributed horizontally. Similarly, vertical distribution of seismic base shear
was calculated. The horizontal distribution of wind and seismic loads was carried out using
stiffness values of each shear wall. It was found that two shear walls were critical in carrying
maximum shear and the largest wall was checked for shear and overturning moment. Also.
the stiffness of every story was used to calculate drifts due to seismic and wind loads due to
cracked as and un-cracked section of shear walls. It was found that the drifts at the top story
were under the limiting deflection defined in ASCE 7-10.

Although finite element modeling of the building was performed, the report was not able to
acquire appropriate results from the computer model. This was because of lack of
simplification of the building elements. It was found that simplification of floor diaphragms to
rigid-membrane elements and proper mesh size would help simplify the model for future
computer analysis.
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Building Introduction

Figure 1 Aerial map from Google.com showing the location of the building site.

The Optimus is a new building rising in the economic capital of India. The building is owned by
Lodha Group, one of the prime developers in the city and is designed by Pei Cobb Freed and
Partners Architects LLP, New York. It is part of the large redevelopment project that used to be
a textile mill. The project consists of residential buildings, offices, parking garages and retalil
spaces. The Optimus is mainly an office building designed to cater the needs of small and
medium size companies who look for office spaces in the business district of the city. It is 17
stories tall with 4 stories of parking and ground floor retail.
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The design of The Optimus is functional and elegant. Although the building is located in tight
boundaries it makes efficient use of
space by expanding vertically. To cater
the requirements of the offices, it offers
open and customizable floor space. The
spacing of the structural and
architectural elements offer flexible
partitioning for office areas. The building
provides recreational facilities that

~ include a gymnasium, roof garden, green

W o balcony spaces at every floor and a
o

garden at the lobby area. The 2
basements and first 3 levels are
dedicated to parking with 5t level as
garden, lobby and office. The office
spaces start from 6 to 17t story and 18t
Just like the interior, the exterior of the building is efficient in utilizing the available resources at
the same time maintaining its aesthetic
qualities. The envelope of the building
is designed to fit into the fabric of the
city which also becomes an important
architectural feature of the building.
Three kinds of materials decorate the
facade: metal, stone and plants. The
north facade, that faces residential
apartments, provides a view of green
wall to the apartment buildings and the
south facade provides a panoramic
view of the city to all the office spaces.

y "
Figure 2 Rendering showing roof garden

story contains a roof garden.

Figure 3 Rendering of the building entrance

The south facade is dominated by a bold and modern look with metal cladding and windows

offset inside to provide solar shading in the interior. The front facade facing the main street

shows a play of all materials on the facade: stone, metal and green wall giving a rich look to
the building front.

The structure of the building complements the
architectural features. A successful building is achieved
when its structure and architecture integrate without
compromise. The structure plays an important role in
facilitating the show of different materials on the facade
and in achieving an open floor plan. Most of the columns
in the floor area are pushed to the exterior so that interior
is open. The facade forms the skin of the building
concealing the columns and overall structural system of
the building. This facilitates different architectural
features in the exterior and interior of the building.
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Structural System Overview

Structural system of The Optimus is designed by Leslie E. Robertson Associates (Mumbai). It
has been optimized to increase floor space area, to celebrate the architecture and economize
the overall cost of the building. In order to achieve these goals, reinforced concrete was
chosen as a prime material to design the structural members. The properties of concrete allow
fluidity in design. It also facilitates design changes during construction. Concrete is a preferred
material over steel for construction in India because it is readily available. Also, the labor for
concrete based construction is cheaper as compared to steel The structural system of the
building consists of flat slabs supported by columns and shear walls that sit on a mat

foundation.

Foundations

The geotechnical investigation report was
performed by Shekhar Vaishampayan
Geotechnical Consultants Pvt. Ltd. and
special care was taken to avoid
disturbances to adjacent buildings as the
site is tightly surrounded by factories and
residential buildings. As the building has two
basement floors, the geotechnical
investigation included excavation qualities of
the site. The quality and the bearing
capacity of the soil was determined.

In order to perform the analysis eight
boreholes were drilled and soil samples
were collected and analyzed. It was
discovered that soil properties consisted of
filled up soil, medium to stiff clay, weathered
rock and highly to slightly weathered tuff.
The minimum depth of excavation was
determined to be 12.5 m / 41 feet below
ground level. The basement raft was
decided to be placed 10 m / 33 ft below
ground level. Lateral pressures due to soil
and water table was determined and
basement retaining walls were designed to
support these pressures. The ground water
table was determined to be present at a
depth of 1.00 m / 3.3 ft below ground. This
was a conservative figure chosen by the
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Figure 5: Test Boring Plan

geotechnical consultant to account for the built of water pressures during heavy monsoon

season in the city.
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Gravity Framing System
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Figure 6: ETABS model, 3D view extruded.

The reinforced concrete framing system of The Optimus is developed to fit different types of
floor spaces from the basement to top floor. The column, beam and slab system are chosen to
fit with the architecture of the building as well as to act as architectural elements.

Architecture and structural system integration is seen in the columns of the building that
change its cross sectional properties and layout as the space progresses from basement to
the top of the building. The columns from the basement to the level 5 are rectangular and
oriented parallel to the parking spaces. These rectangular columns transition to circular and
square columns in office spaces from level 5 to the top level. This transition occurs with the use
of transfer girders, columns brackets and adjustments to account for eccentricity in the
columns. The columns sizes range from 1.5 ft to 3 ft in width and 1.5 ft to 7 ft in length. Circular
columns range from 1.5 ft to 3 ft in diameter in the office areas. the building has a peculiar
column with cross section of a parallelogram. This column is located at the entrance of the
building and defines the corner of the building from the base to the top adding to the
architecture.

Beams integrated with flat slab are present in the parking areas.Transfer girders are present at
the fifth level where the floor plan changed from parking to office. Beams are also used to
transfer lateral loads from facade to the shear walls. The 8 - 12 inch slabs connect to the
columns with drop panels ranging about 8 in additional depth. Drop panels mainly exist at
parking spaces and thin drops are added at slabs in office spaces. The slabs also create
interaction between the columns and core walls of the building and help distributing gravity
loads.

December 2, 2012 The Optimus | India 7
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Floor System

Figure 7: ETABS model, 3D view of floor plan.

Floor system of The Optimus typically consist of two-way flat slabs with drop panels. Flat slabs
provide a floor to ceiling height of about
10 to 15 feet which provides ample of
space for mechanical ducts and
electrical wiring. Besides the floor live
loads, the flat slabs support facade that
is attached to the perimeter of the
slabs. The slabs also help transfer
lateral loads from the facade to the Office Space
shear walls around the stairwell and

elevator.

Mechanical and Utility space

Lobby and Elevator space

Figure 8: Division of floor space area for typical office floor.

The slabs are 8” thick and typical size of drop panel is 4'6”x4’6” x 8”. The primary purpose of
the drop panel is to reduce deflections and punching shear in 27°6” long spanning slabs. A
secondary purpose is to help the slab

increase the moment carrying capacity.

However, this is majorly carried by the

top and bottom reinforcement. The drop

panels are not reinforced which proves

that it does not provides minimum

support in transferring slab moments to

columns.

COLLWN ST

Slab depths have been increased to Figure 8: Section of column strip for typical slab

11.5” in fire areas also called refuge areas where there is a higher chance of live load
occurring during a fire. The utility areas that house mechanical equipment have thicker slabs to
support mechanical and electrical equipments. The slabs in parking spaces have larger drop
panels and additional hidden beams to support live load due to vehicles.
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Lateral System
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Figure 9: Shear Walls labelled for a typical office floor plan.

The Main Lateral Force Resisting System consists of shear walls present at the core of the
building. The shear walls envelope the elevator and stairwell which is the best way to achieve

continuity in the walls from bottom to the top
without adding obstructions in the floor area. The
walls span from the base to of the building to the
roof and range 8 inch to 20 inch thick. The walls
connect to each other through the floor slab or
link beams to act as a unified system against
wind and seismic forces. There are 14 short
length walls in the North-South direction and 3
long shear walls in the East-West direction. The
shear wall X1 in the East-West direction is a
major element that is 47 ft long 16 inch thick
supporting the transverse loads. The wall Y1 is a
major element in supporting loads due to torsion
because the wall is located farthest from the
center of rigidity giving a larger moment arm.

Figure 10: Shear walls in 3D extruded view.
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Design Codes

As the building is located in India, the Indian Standard (IS) code is used to design The
Optimus. However, the American codes are used in this report while performing analysis. This
will also provide a comparison between the two codes and also a look into the design from the
perspective of the american rules.

e Minimum design loads for Buildings other than seismic loads

IS Code Description
IS 875 (Part 1): 1987 |Dead loads
IS 875 (Part 2): 1987 |Imposed loads
IS 875 (Part 3): 1987 [Wind loads
IS 875 (Part 5): 1987 |Special loads and load combinations

| = | — | —

e Seismic Provisions for buildings

IS 1893: 2002 Criteria for earthquake resistance
design of structure

IS 4326: 1993 Earthquake resistant design and
Construction of Buildings - Code of
Practice

IS 13920: 1993 Ductile Detailing of Reinforced concrete
Structures subjected for Seismic Forces
- Code of Practice

e Building code requirements for Structural Concrete:

IS 456: 2000 Plain and Reinforced Concrete - Code
of practice
SP 16 Structural use of concrete. Design

charts for singly reinforced beams,
doubly reinforced beams and columns.

SP 34 Handbook on Concrete Reinforcement
& Detailing
IS 1904 Indian Standard Code of practice for

design and construction foundations in
Soil: General Requirements

December 2, 2012 The Optimus | India 10
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IS Code Description

IS 2950 Indian Standard Code of Practice for
Design and Construction of Raft
Foundation (Part —1)

IS 2974 Code of practice for design &
construction of machine foundation

IS 2911 Code of practice for design &
construction of Pile foundation (Part |
10 1V)

e Building code used for Structural Steel

IS Code Description

IS 800: 1984 Code of practice for general
construction in Steel

e Design codes to be used for Tech 3
American codes to analyze the existing conditions.

American Code Description

ACI 318-11 Concrete Design Code

ASCE 7-10 Minimum design loads for
Buildings and Structures for
Dead, Live, Wind and Seismic
loads.

December 2, 2012 The Optimus | India 11



Punit G. Das | Structural Technical Report 3

Materials

Materials used on this project help achieve efficiency in the structural system. This is achieved
by economizing the use of material with respect to increasing height. Hence, higher strength
concrete is used in the shear walls and columns in the lower floors. As we go higher, the
material strength decreases.

Use of the material Indian Code American Code
Material Equivalent
Material
Raft and pile M40 5000 psi
foundations
PCC M15 3000 psi
slabs and beams M40 5000 psi
Perimeter basement M40 5000 psi
wall except Grid A
Perimeter basement M60 7000 psi
wall on Grid A
Walls, Columns and Me0 7000 psi
Link beams from
foundation for 5th floor
Walls, Columns and M40 5000 psi
Link beams from 5th
floor to above

December 2, 2012 The Optimus | India 12
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Concrete
Indian Code American Code

Concrete f’c (psi) Ec (ksi) Equivalent Concrete f'c Ec = 57000Vf’c

Grade type (ksi)

M60 7000 5614.3 High strength 7000 psi 4768.9

concrete 28 days

M40 4700 4584.3 Ordinary ready mix [ 5000 psi 4030.5

M15 1750 2807.2 Ordinary ready mix | 3000 psi 3122.01
fck is 28 compressive strength for f'c - specified compressive strength of
150mmx150mm cube. concrete.
Poission’s ratio = 0.2 Coefficient of thermal expansion = 5.5x106

- . per deg F.
Coefficient of thermal expansion = 9.9x10-0.6

per deg C. Poissions ratio = 0.2

Reinforcement

According to IS: 1786 Fe 415 (Fy = 415 MPa/ |According to ASTM A615, deformed and plain
60 ksi) or Fe 500 (Fy = 500 MPa) steel bars carbon steel bars are used with Fy = 60 ksi.
are used.
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Gravity Loads

The dead, superimposed and live loads used on the project are referred to IS Code provisions
whereas the report uses ASCE 7-10 provisions to calculate live loads. The superimposed dead
loads that are used are provided by the structural engineer because they are loads from actual

materials like floor finishes used on the project. The difference in live loads and calculation
procedures like Live load reduction will cause difference in analysis results. However, the
assumption is that indian code gives conservative results because it accounts for
contingencies in construction and materials used on the project. The tables below show the
difference in loading values between the IS code and ASCE 7-10 provisions.

Typical Dead Loads

IS Code (kN/ m?)

ACI 318-11 / ASCE 7-10 (Ib / ft3)

Normal weight Concrete 25.00 150
Floor finishes / Plasters 20.00 140
. ACI 318-11 / ASCE 7-10
Loading Area Type of Load IS Code (kN/ m?)
(Ib / ft?)
Superimposed Dead 175 366

Parking Space
and Drive-way

Load

Live Load (vehicles)

2.50 non-reducible

40 non-reducible

Live Load (fire truck
over ground floor)

15.00 non-reducible

300 (AASHTO LRFD
Bridge design
standards) - non-

reducible
Superimposed Dead
Covered Entr¥way Load 7.25 151.4
over ground floor .
Live Load 4.00 100
Entrance Lobby, | Superimposed Dead 500 418
Elevator lobbies Load ' '
Live Load 3.00 100
i 2.00 41.8
Mechanical Floor | SuPerimposed Dead
Load
Live Load 7.50 Non-reducible 150 non-reducible
. Superimposed Dead
Electrical room Load 2.00 41.8
over ground floor : , :
Live Load 13.50 non-reducible 282 non-reducible

December 2, 2012
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ACI 318-11 / ASCE 7-10

Loading Area Type of Load IS Code (kN/ m?) (Ib / 12
| Superimposed Dead 150 3133
Stairs Load
Live Load 3.00 100
. Superimposed Dead 450 94
Toilet rooms Load
Live Load 2.00 40
Superimposed Dead 300 627
Typical Office Load
Live Load 4.00 100
. Superimposed Dead
Retail over ground Load 4.575 95.6
floor )
Live Load 4.00 100
N Superimposed Dead 300 627
Eatery and Utility Load
Live Load 5.00 100
OQutdoor Utilit Superimposed Dead
over Level 105, Load 5625 7.5
107 and similar
Live Load 5.00 100
Planted Terrace SuDe”mfoO;gd Dead 12,50 261 1
Live Load 3.00 100
Amenity / Fitness | Superimposed Dead 350 2310
Center Load ' '
Live Load 5.00 100
Water tank over | Superimposed Dead
level 119 Load 3.0 781
Live Load 35 non-reducible 731 non-reducible
Electrical Pane| | Superimposed Dead 500 418
room at ground Load ' :
floor
Live Load 13.50 non-reducible 282 non-reducible
Superimposed Dead
Roof Load 5.50 114.9
Live Load 3.00 Non-reducible 100 non-reducible
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ACI 318-11 / ASCE 7-10

IS Code (kN/ m?)

Peripheral loads

Superimposed Dead

line load over wall
surface

(Ib / ft?)

0.75 16.7

e |ive load reduction

According to IS 875 (part 2) - 1987, section 3.2, live load has been

reduced.

IS Code ASCE 7-10

Walls, columns, piers, their supports and

foundation:
Number of floors % reduction in total
supported live load
1 0
2 10
3 20
4 30
5t0 10 40
over 10 50

Beams, girders and trusses

Supported Area

% reduction in total

live load
less than 50m?2 0
50m?to 100 m? 5
100m?to 150 m? 10
150m2to 200 m2 15
200m2to 250m? 20
Over 250 m?2 25

Reduction in live loads is carried out as per
the provision in ASCE 7-10 Section 4.7.2/

December 2, 2012
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| ateral Loads

Wind and Seismic loads were calculated using ASCE 7-10 provisions. Wind pressures were
used to find story forces and seismic base shear and mass of stories was used to find the story
force due to seismic loads. The calculations are performed manually in Appendix 1.

Wind Loads

The wind loads were calculated using the ASCE 7-10

Part 1 of the MWFRS Directional Procedure (Chapter

27). This procedure was chosen as appropriate for

hand calculations and computer analysis because the

building height is greater than 60 ft and is fairly 2
enclosed. The windward, leeward, sidewall and roof 4 l
pressured were also calculated using the directional L. J
procedure. P LA

The basic wind speed (98.4 miles/hour) was
determined from the weather data of the existing
location in India. The behavior of the wind is
dominated by the location of the building that is closer
to the sea. This was the reason why exposure
category D was chosen for wind pressure coefficient.
Other parameters were chosen based on the location,
the shape of the building and the simplifications made ™
for ease of calculation. The exterior walls of the
building were projected onto East-West and North-
South planes and building was simplified to a cuboid.
The mean roof height of the building is the distance
from the ground to the top of the ceiling of the roof gymnasium, T——
also termed as parapet wall by the architect. The envelope of the B —=—
roof top gymnasium was termed as parapet walls because it’s
the part of the building where shear walls don’t exist and a
separate roof top structure.

The simplification made also affected the calculation of the
natural frequency of the building. Consequently, this affect the '
determinations of gust effects on the building. As the the lateral : e S
force resisting system of the building consist of shear wall core, oo
the following formula was used from ASCE 7-10 to calculate the
natural frequency of the building.

n, = 385(C,)""th

L 100K (A Y A,
i) Ty
aadl / | Y
1+0.83) = |
\Di )

The net wind pressures were calculated using gust effect factors,
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wind load parameters and internal pressures of the building. Wind pressures resulted in higher
base shear in the North-South direction as compared to East-West direction which is evident
because of the slender shape in the building and higher surface area in the north-south
direction. The story forces are collected by the facade which is supported at the perimeter of
the floor slab. The floor slab is flat slab assumed to be a rigid diaphragm. The forces from the
facade are transferred to the shear walls through the floor slab.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Figure 11: Wind pressure diagram in East-West Direction
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Figure 13: Wind pressure diagram in North-South Direction
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Figure 14: Story Force diagram due to wind loads in North-South Direction
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Seismic loads

The seismic loads were calculated using Equivalent Lateral Force Procedure from ASCE 7-10
Chapter 12.8. In order to calculate seismic base shear, the ground accelerations were not
available for the existing location in ASCE 7-10. Therefore, the building was relocated to a
location with similar seismic activity - New York. It was determined from USGS seismic world
maps that the seismic behavior of New York is similar to the existing location of the building.
However, the soil characteristics remained the same that was available in the geotechnical
report of the location of the building. As the lateral system of the building is a reinforced shear
wall, it falls in Seismic Design Category C according to Table 12.2-1, ASCE 7-10 and Seismic
Risk Category Iin ASCE 7-10. The approximate time period of the building was calculated to
be 1.41 seconds using the following formula provided in ASCE 7-10.

The ground accelerations and time
period was used to calculate the seismic
design coefficient. This was further used m

factor the seismic weight of the building -

to get the effective seismic weight and D e o e
finally, the seismic base shear of the

building. According to ASCE 7-10, the

seismic weight of the building consist of self-weight of members, superimposed dead loads
and 25% of the live loads. As the formula for time period does not differ for North-South and
East-West directions, the seismic coefficient remains the same and also, the base shear.
Conceptually, the building will have a higher time period in the North-South direction of the
slender shape and consequently, a lower base shear. However, it would be a conservative
approach to use same base shear in both directions. Also, using this conservative approach
did not make seismic loads to control the lateral system. Generally, it is assumed that the
lateral system tall buildings is controlled by wind loads which was found to be true in the
analysis that is explained further in the report.

Apgrodirmate indementsl pericd

The seismic base shear was vertically distributed according to the mass of each story and
further, distributed horizontally among the shear walls according to the stiffness. The stiffer
shear walls attracted greater shear forces. The calculation of horizontal distribution of forces
and story drifts for wind and seismic loads are explained and compared further in analysis
section of the report.
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live loads
1A
A 2302.0 721.8 491.5 7524 1541.8 9.7 11638.3
3A 2302.0 721.8 491.5 667.9 1368.7 9.7 5561.5
5 2064.4 1249.3 491.5 1289.0 5139 9.7 5617.7
6
3 12488 194.3 491.5 779.8 1243.7 8.6 7933.3
7
3 1460.8 194.3 491.5 77741 325.76 8.6 6516.5
10
:: 12488 | 1943 4915 7798 | 1237 | 86 15866.6
16
11
13
15 1547.7 1943 491.5 885.6 14125 8.6 18160.5
17
Kook level 18) | 2064.4 194.3 491.5 1289.0 5139 9.7 4562.7
Lowd (PS or L) ot COM
SRty DU () | SOU ) weight 1 v
[ Sn e e %E | uE
: :::; :‘: ':,’ : :': ::‘:; Shear Wall K X ¥ WK K*{xory)
e S B S e e X1 989 108.10 53.25 69.80 | 106939.94
3 Yoo | 087 | i ] Bi | % X2 305 137.20 56.35 21.52 41956.23
2 pa s LRy 1 es | e X3 123 147.70 37.59 268 18166.55
: T S s V1 614 602 61.85 17.78 37965.15
3 2197 3038 15 129, 0 Y2 124 31.36 58.84 3.58 727313
t 1285 | €129 | 1414 | 100 | aam Y3 208 31.36 42.05 6.03 8748.23
TR TN T X YT va 160 [T%Y) 4050 462 | 6581
Q2 %77 077 | 100 | %5 Y5 93 43.00 58.88 269 5466.29
x3 43 1243 | wro | 319 Y6 191 5378 41.65 554 7962.35
ot e Y7 353 85.29 45.50 10.24 16081.10
1 3 2108 .00 3136 L0 Y8 63 96.69 48.25 197 3287.56
4 61 16,15 4517 2% Y9 157 108.17 48.2% 4.54 7561.39
= 24 Ju | @ L un Y10 6 108.99 4825 197 3287.56
TR Y < Y11 363 119.17 a7.05 10.65 17294.47
g [ ) i | W | an iz 192 128.62 49.80 557 9572.77
“;‘D '::: ‘:n“ ::: ::: Y13 369 132.46 47.10 10.70 17399.92
AT 5 T TR BT Y14 [T 184.22 48.70 14.14 23775.67
2 W 19.3% 1.8 4380 Total stiffness in X 1417.25
s 3126 57.2¢ 13046 4710 " *
s 4524 "4 14422 45 0 IV 345287
Total Fi7s) . e

December 2, 2012 The Optimus | India 23



Punit G. Das | Structural

Technical Report 3

xxxxxxxx

68 kp > :
10k >
ALK >
§8kip >
Al >
Lig >
PR >
Lo >
“Lhp >
33 kip >
1 ki
M
4 B
ko
e
5k,
o
1.3up -)Q

xxxxxxxx

‘ Base Shear V =759 kip

Figure 15: Story Force diagram for seismic forces in East-West Direction
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Analysis of Lateral Loads

The lateral force resisting system of The Optimus was analyzed using the wind and seismic
loads. Internal shear forces were determined in shear walls using relative stiffnesses. Also,
story drifts were calculated for each story and deflection of the top story was checked. The
internal forces and story drifts were also used to determine the controlling loads - wind or
seismic. Finally, controlling load was used to determine critical shear wall member that was
further checked for shear and overturning moment.

In order to calculate internal forces in shear walls, it was required to calculate the Center of
Mass (COM) of the stories and Center of Rigidity (COR) of the shear walls at each story. It is a
complex processs to calculate COM and COR for every story of a 17 story building. Therefore,
the process was simplified by calculating COM and COR for a typical story (Level 7). This was
assumed to be the same for every story in the building.

COR

COM

Figure 16: Typical office floor plan showing Center of Mass (COM) and Center of Rigidity (COR)

The design wind load cases from ASCE 7-10, figure 27.4-8
were used to calculate wind load effects due to shear and
torsion. These forces were applied to every wall at level 7
and the horizontal load distribution was determined using . - padddag ghaald
wall stiffnesses. The critical wall was the one that had 1 : 1
largest stiffness. The critical load case in East-West e F 1111 rrerh
direction was wind forces in East-West direction without - iz
eccentricity. The wind load in this load case, induced . - padiiay A -
maximum shear in the shear wall labelled as X1 which is 1 2 E 2 1 S
the largest shear wall in the structure - 47 ft long and 20 L ey
inch thick. The wind in North-South direction with a

positive eccentricity induces maximum shear in shear wall
labelled as Y1 because it is furthest from the center of

rigidity providing a large moment arm to resist torsional shear.

CASE 2 CASE ¢
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The vertical story forces due to seismic loads at Level 7 were used to calculate internal shear
forces in walls due to direct shear and shear due to accidental torsion. The walls Y1 in North-
South direction and X1 in East-West direction were determined as critical walls similar to wind
loads. As the base shear due to wind loads was higher than that due to seismic loads, the wall
X1 was checked for shear and overturning moments. The wall X1 has added reinforcement at
the ends which resist overturning moments in positive and negative directions. As a spot
check, the wall X1 was check for its shear and moment capacity. The shear and moment
reinforcement at the boundary elements (the ends of the shear wall) were taken into
consideration for a conservative approach. By applying maximum shear, the wall passed in
shear and overturning moment and the reinforcement was determined to be adequate.

IV1 X1
|

Figure 17: Critical Shear walls X1 and Y1'

CORE WALL 2

Figure 18: Cross-section of core wall at the ground level. Shear Wall X1 highlighted.

As a building becomes taller, it becomes more flexible at higher stories. This causes large
deflections at higher stories which affect the comfort level of the inhabitants. The ASCE 7-10,
Commentary Chapter C mentions that the lateral drift of the building should be in the order of
h/600 to h/400. The story drifts were calculated for wind and seismic forces. This calculation
was carried out by determining stiffness in shear walls at each story due to unit distributed
loads. The unit distributed wind and seismic loads were applied to the stiffness to find story
drift. For ease of calculation and to reduce complexity, the cross-section of shear wall was
assumed to be consistent from the base of the structure to the roof. The thickness and modulus
of elasticity controlled the calculation of stiffness. From the base to level 5, the walls had higher
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thickness and higher strength concrete (5000 psi). Thickness in walls decreased after level 5
and 4000 psi concrete was used as material for walls. Using the provisions of ACI 318-11,
section 10.10.4.1, un-cracked and cracked modifiers were applied to the gross moment of
inertia of the shear walls and drifts were calculated. It was found that the drift due to wind loads
in a cracked section was maximum - 10.2 inches at the roof of the building. Although this value
is higher than the drift limit in ASCE 7-10 - h/400 = 8.67 in, it can be termed as an
overestimated value. The reason for overestimation of story drift is that additional stiffness at
lower stories was disregarded as well as the stiffness offered by the large column at the lower
stories was disregarded for ease of calculation. Hence, additional stiffness due to columns and
additional shear walls in the base would help reduce the deflection at the roof.
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Finite Element Model

Figure 20: 3d view of ETABS Model of The Optimus: Entire structural system, shear walls, beams and and
shear walls

A finite element model of the building was made using ETABS. The model was intended to be
used for finding more accurate values for internal forces and story drifts. Accuracy in results is
achieved by modeling every structural element of the building in ETABS with precision.
Although, the entire building was modeled in ETABS, it became complex enough to fix the
errors that gave skewed results.

Although modeling every structural element in the building is important for accurate results, it is
also important to keep the model relatively simple. Making appropriate simplifications in the
model helps in faster run time, easier debugging and reliable results. In the ETABS model, the
beams were modeled as line elements, floors, shear walls were modeled as shell elements. A
48 inch mesh size was chosen to auto-mesh the floors and shear walls. It is anticipated that the
complications in the computer model was caused because of the use of auto-mesh for shell
elements like floor slabs and shear walls. Using manual meshing would have ensured proper
alignment of the every node which can be an in issue while using automatic meshing. Hence,
simplifications in the model will result in a reasonable model with accurate results. For further
analysis it is planned that the floors will be modeled as rigid-diaphragm membrane elements.
By using rigid-diaphragm membrane elements, modeling program will disregard the effects of
out-of-plane forces in floor diaphragms. This will help in reducing complexity of the model
without much affect on results due to lateral forces. These simplifications help in saving
modeling time while performing a schematic-level analysis on a building structure where the
behavior of a structure is more of a concern than getting accurate results. In order to attain,
accurate and precise results which are more useful at the design-development stage; manual
meshing of shell elements is required.
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Conclusion

Thorough calculations of the effects of wind and seismic forces on The Optimus have resulted
in conclusion that the lateral force resisting system is sufficient to carry the lateral loads at it’s
existing location. The internal forces due to direct shear and torsional forces reveal that the
long shear wall at the core, spanning East-West and the shear wall at the East facade were
critical elements. The largest shear wall out of these two was checked for shear and
overturning moment and it found to be adequate in carrying the required shear and
overturning moments.

It was found that the wind loads controlled the design of the lateral force resisting elements.
The reason for wind controlling lateral system members is that it induces higher base shear
and story drifts as compared to that due to seismic loads. The drifts were calculated for
cracked and un-cracked wall sections and it was found that the drifts at the top story were
slightly above the limiting deflection in ASCE 7-10. It was found that the higher deflection was
attained because of the assumption of using same shear wall layout from the base to the top to
reduce complexity in calculation. If the additional stiffness at the bottom stories were taken into
consideration, then the deflection would fall under the limiting drift as specified in ASCE 7-10.

Although the computer model was useful in acquiring the results due to modeling errors, it was
found that simplifications in modeling elements like the floors and walls would help in reducing
complexity and achieving better and accurate results.
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Appendix 1: Wind Loads
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CHAFTER C26  WIND LOADS - GENERAL REQUIREMENTS
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Wind pressure coefficiants (C,)
E-Wwind | N-Swind
Windward (Use with q,) 08 0.8
Leeward (Use with q,,) -0.28 0.5
Sidewall (Use with q,) 0.7 0.7
Roof (Use with q,) (Ofttoh/2ft) |-1.04,-0.18| -1.04, -0.18
Roof (Use with q,) (>h/2 ft) -0.56, -0.18 -
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Story Elevation (ft) K, q, (Ib/ft)
Ground 0.00 103 21.7
1A 20.34 1.09 229
2A 30.18 1.16 24.5
3A 40.03 1.22 25.7
5 56,92 1.30 27.4
6 70.05 1.35 28.4
7 8317 1.39 29.2
8 96,29 142 30.0
9 109.42 1.46 30.7
10 122.54 148 31.3
11 135.66 1.51 31.8
12 148.79 1.54 324
13 161.91 1.56 328
14 175.03 158 333
15 188.16 1.60 33.7
16 201.28 1.62 341
17 214.40 1.64 34.5
Roof (level 18) 228.28 1.65 34.9
Parapet Lvi 19 240.09 1.67 35.2
PH parapet 252.62 1.68 35.5
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Gurst Effect for NS direction
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Approximate fundamental period for wind loads

Tstruct

2 of b

r Wall name

Height height ft (hi)

Area (1t2)

X1 Al 61.57 hl 228.3 D1 47 2.9912054
X2 A2 19.00 h2 228.30 D2 14.50 0.09 3.09
X3 A3 7.68 h3 228.30 D3 7.80 0.01
Y1 Ad 38.21 ha 228.30 D4 23.30 047
Y2 A5 7.73 h5 228.30 05 5.90 0.01
Y3 A6 1257 hé 228.30 D& 5.90 0.03
Ya A7 9.96 h?7 228.30 D7 7.60 0.01
YS A8 5.81 h8 228.30 08 5.90 0.00
Y6 A9 11,92 h 228.30 09 9.10 0.02
Y7 A10 22.01 hi0 228.30 D10 16.80 0.14 157
Y8 All 4.25 hil 228.30 D11 8.50 0.01
Y9 Al12 9.78 hi2 228.30 D12 8.50 0.02
Y10 Al3 4.25 hi3 228.30 013 8.50 0.01
Yil Ald 22.89 hid 228.30 D14 19.90 0.21
Y12 Al5 11.97 h15 228.30 D15 14.60 0.06
Yi3 Al6 23.00 hi6 228.30 D16 20.00 0.21
Yi4 Al7 30.3% hi7 228.30 D17 23.20 0.37
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N-S Direction
Windward pressure Cp =0.8

et |

4009

Leeward pressure Cp=-05

internal pressure

ot | Bosonts | q oy | Wadbeemme | weralprsure e recmes et peeere
+Gepi*qi -Gepi*gi

Ground 0.00 217 143 136 -13.6 27.9 0.6
1A 20.34 22.9 15.0 13.6 -13.6 28.7 14
2A 30.18 245 16.1 13.6 -13.6 29.7 25
A 40.03 25.7 16.9 13.6 -13.6 30.5 33
5 56.92 274 18.0 13.6 -13.6 316 4.4
6 70.05 284 18.6 13.6 -13.6 323 5.0
7 83.17 29.2 19.2 13.6 -13.6 32.8 5.6
8 56,29 30,0 19.7 13.6 -13.6 333 6.1
9 105.42 30.7 20.1 13.6 -13.6 33.8 6.5
10 122.54 313 20.5 13.6 -13.6 342 6.9
11 135.66 318 20.9 13.6 -13.6 345 73
12 148.79 324 21.2 13.6 -13.6 349 7.6
13 16191 32.8 216 13.6 -13.6 35.2 7.9
14 175.03 333 219 13.6 -13.6 35.5 8.2
15 188.16 33.7 22.1 13.6 -13.6 35.8 8.5
16 201.28 34.1 22.4 13.6 -13.6 36.0 8.8
17 214.40 34.5 22.6 13.6 -13.6 36.3 9.0

Roof (level 18) 228.28 34.9 13.6 -13.6 9.3

| Wind pressure Net pressure | Net pressure
Level Elevation (ft) q, (Ib/ft’) (@°G*C,) +Gepi*al Gepi*a ) )
Al 240.09 75.7 311 13.6 13,6 -17.5 -44.7
2 p D U
: 2 nd pressure internal pressure Net pressure | Net pressure
Level Elevation (ﬂ’ Q. ‘lb’ﬁ ’ (q.G‘.c.) #ch‘ .qi 'chi.qi (., ‘.’
Al 240.09 75.7 435 13.6 13.6 -29.9 -57.1
ROOT P L 1 U U 8
" : nd pressure internal pressure Net pressure | Net pressure
Level | Bevation() | a.(b/f) | (gegec) [Tacpiral | Gepra | () )
0% "fm)“” 24009 75.7 64.7 13.6 136 510 783
s "fw (Cp=- 240.09 75.7 112 13.6 436 2.4 248
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E-W Direction
Windward pressure Cp =0.8

Roof (level 18)

34.9

Leeward pressure Cp =-

internal pressure

internal pressure
.. | Wind pressure Net pressure | Net pressure
Level | Eewtion(R) | o (6/f) | (qegeq) | sacpivai | -Gepitai ) ()
Ground 0.00 21.7 116 13.6 -13.6 253 2.0
1A 2034 229 123 13.6 -13.6 259 -13
2A 30.18 24.5 13.2 13.6 -13.6 26,8 0.5
3A £0.02 25.7 13.8 13.6 -13.6 27.4 0.2
5 56.92 274 14.7 13.6 -13.6 283 1.1
6 70.06 284 15.2 136 -13.6 289 16
7 83.17 29.2 15.7 13.6 <13.6 293 2.1
8 96.29 30.0 16.1 13.6 -13.6 29.7 2.5
9 10942 30.7 16.5 13.6 -13.6 301 2.8
10 12254 313 16.8 13.6 -13.6 304 3.2
11 135,66 318 17.1 13.6 -13.6 30.7 35
12 148.79 324 17.4 13.6 -13.6 31.0 3.7
13 161,51 328 17.6 13.6 -13.6 313 4.0
14 175.03 333 17.9 13.6 -13.6 315 4.2
15 188.16 33.7 18.1 13.6 -13.6 317 4.5
16 201.28 341 183 13.6 -13.6 319 4.7
17 21440 345 185 13.6 -13.6 321 49
228.28 13.6 -13.6 5.1

Wind pressure Net pressure | Net pressure
Level Elevation (ft ]
on(® 1 Al | geare) | secpital | Gopital | (9 ()
Al 240,09 352 51 63 63 ETY S14
. 0 D U
i |
e — - Wind pressure e et pressure| Net pressure
% @*6°G) | +Gepi*al | -Gepi*al + )
Al 240,09 75.7 356 13.6 136 219 -49.2
ROOT P D U
i |
_— s Wind 5 internal pressure PR B
o R a06/f) | (qo6o) | saepitai | Gepitai ) 3
°'°'fw'°"' 240,09 75.7 52.8 13.6 136 392 -66.5
o "gm‘c“" 2401 75.7 528 13.6 136 392 -66.5
V2 w.“““ 240,09 75.7 52.8 13.6 126 -392 -66.5
W2 » ”""'“ 240,09 75.7 528 13.6 1316 392 -66.5
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N-S Direction
Story Force due to Windward pressure

240.0

365

1414.2

1203.5
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Base Shear

Base Shear

Level El'::‘;‘m s w(:.,,mam Ares below {ft') | Ares above (ft')| Tributary area m::,:;"
Ground 0.00 279 0.0 2072.8 20728 57.8
1A 2034 28.7 2072.8 1003.0 3075.7 88.2
2A 30.18 25.7 1003.0 1002.0 2005.9 59.6
3A 40.03 205 1003.0 1721.7 2724.7 83.2
5 56.92 31.6 1721.7 1337.3 3055.0 96.7
6 70.05 323 1337.3 1337.3 2674.5 86.3
7 83.17 328 1337.3 1337.3 26745 87.8
8 96.29 233 1337.3 1237.3 2674.5 89.1
] 105.42 338 1337.3 1237.3 26745 90.3
10 122.54 24.2 1337.3 1337.3 2674.5 91.4
11 135.66 345 1337.3 1337.3 2674.5 92.4
12 148.79 34.9 1337.3 1337.3 2674.5 93.3
13 161.91 35.2 13373 1337.3 26745 94.1
14 175.03 355 1337.3 1337.3 2674.5 94.9
15 188.16 358 1337.3 13373 26745 95.7
16 201.28 26,0 1337.3 1237.3 2674.5 96.3
17 214.40 363 1337.3 1414.2 27514 99.8
228.28 2617.7
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E-W Direction
Story Force due to Windward pressure

Level Elevation |Net Wind pressure N : » 4 > - T—— Story shear

(f) (psh) rea below (ft’) | Area above (ft) (kip)

Ground 0.00 253 0.0 900.7 900.7 22.8
1A 2034 2595 900.7 4358 13365 346
2A 30.18 268 435.8 4358 871.7 233
3A 40.03 274 435.8 748.2 1184.0 32.5
S5 56.92 283 748.2 581.1 13293 37.6

6 70.05 289 581.1 581.1 1162.2 335

7 83.17 293 581.1 S81.1 1162.2 341

8 96.29 29.7 581.1 S81.1 1162.2 345

9 103.42 30.1 581.1 581.1 1162.2 35.0
10 122.54 304 S81.1 S581.1 1162.2 354
11 135.66 30.7 S81.1 581.1 1162.2 35.7
12 148.79 31.0 581.1 581.1 1162.2 36.0
13 161.91 313 581.1 581.1 1162.2 36.3
14 175.03 315 581.1 581.1 1162.2 36.6
15 188.16 31.7 581.1 581.1 1162.2 36.9
16 201.28 319 581.1 581.1 1162.2 37.1
17 214.40 32.1 581.1 614.5 1195.6 38.4

Roof (level 18) 228.28

323

523.0

December 2, 2012
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Case 2: North-South Wind - eccentricity

Total K for direct shearl_3452.87 By- | 20830 | o | -3125

shearwall dft | Ki (ip/in)|xi o o ol s g o] 75%P gy :’:::: T°:':’;':" total shear
XL 335 | 98927 | 11069 000 | 038 | 038
X2 579 | 30498 | 10224 000 | 020 | 0.0
3| 13.06 | 123.00 | 2088 000 | 018 | o018
Y1 -111.91 613.83 7686779 -22.23 7.83 -14.41
Y2__| 8656 | 123.61 | 926047 248 | 122 | 326
Y3__ | 8656 | 20804 | 1558613 754 | 205 | 548
Ya__| 7475 | 15952 | so1228 578 | 136 | a2
Y5 | 7475 | 9285 | 518725 336 | 079 | 257
Y6 | 59.14 | 19117 | 68522 | 14868314| 1251 | -1354s [ 692 | 129 | 564
Y7 -63.33 353.43 1417277 -12.80 2.55 -10.25
Y8 | 2122 | 68.14 | 30692 247 | 016 | -230
Y9 -9.75 156.71 14913 -5.68 0.17 -5.50
10 | 172 | es1a | 200 247 | 001 | -248
i1 | 1279 | 36758 | 60130 1331 | 054 | 1385
Y12 | 2225 | 19222 | 95120 69 | 049 | 745
Y13 | 2616 | 369.43 | 252814 1338 | 110 | -14.48
¥ia_| 3800 | 48821 | 704971 17.68 | 211 | -19.80

Case 2: East-West Wind - eccentricity

Total K for direct shea_1417.25 B | 8856 | # e | -13.28

shearwall  dft | Ki (kipfin) i a(sip 10| maarpr]  75% P gl Bl il SRS
X1 335 | s89.27 | 11069 4373 | 036 | 4337
X2 579 | 30498 | 10224 1348 | 019 | -13.20
X3__| 13.06 | 123.00 | 20988 544 | o018 | et
¥1_| 11191 | 613.83 | 7686779 000 | 750 | 750
Y2__| 8656 | 12361 | 926047 000 | 117 | 117
¥3__| 8656 | 20804 | 1558613 000 | 197 | 197
va__| 7475 | 15952 | so1228 000 | 130 | -130
vs_| 7475 | 9285 | 518725 000 | 076 | 076
Y6 -59.14 191.17 668522 | 14868314 62.6 -0.654 0.00 -1.23 -1.23
Y7 -63.33 353.43 1417277 0.00 -2.44 -2.44
Y& | 2122 | es.ia | 30692 000 | 016 | 016
Y8 | 675 | 15671 | 14913 000 | o017 | 017
Y10 | 172 | es1a | 200 000 | oo1 | oo
Yi1_| 1275 | 36758 | 60130 000 | o051 | o051
Yiz_| 2225 | 19222 | 95120 000 | 047 | o047
Y13 26,16 369.43 252814 0.00 1.06 1.06
¥ia_| 3800 | 4ss21 | 704971 000 | 203 | 203
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Case 7SN NSwind » 75% EW wind

Ki &'{bp Moment | Moment Total Torslonal
Shearwall | am | Xi(Wp/in) oy [maven 7sue N | 7s%p Ew | 1o | R | Dect Shear 4 : total shear
X1 335 | e927 | 11069 29 1 A8
X2 S79 | 10498 | 10224 15 0 ET)
x5 15,06 125.00 NS 4 0 -7
1 11191 | 61383 | 7686779 28 a7 a4
173 6% | 12361 | 976047 % 3 3
3 86,5 | 20601 | 1558613 9 a 14
Ya 7475 | 15952 | 891228 7 3 0
s 7875 | 92.85 | 518725 2 2 6
6 504 | 19117 | 668522 | 1asesise]| 1585 704 1y 12,63 0] 1642 2429 3 ET)
¥7 6333 | 35343 | 1417277 16 5 21
8 2122 | e84 | 3069 3 0 3
Yo 975 | 15671 | a3 7 0 7
Y 172 (o8t 200 -3 0 -3
Y11 1279 | 36758 | 60130 17 1 15
Yo 2225% 192.22 95120 9 1 -5
Yii 2616 | 16943 | 250814 EY] 2 ET)
Yt 3800 | 48821 | 704971 22 5 17
showwall | @ft | (dpiia) ":,'“' wawen | 75%0 NS | TSNP W ';':;‘ ":": Oirect Shaar ""'. "'::‘ total shear
N 735 | w37 | 106 0 3 I
) S 304 8 10224 1% 1 "
xa 1506 | 12300 | 2098 0 3 7
Vi 11191 | 61383 | 7686079 1 0 a7
v #6 | 1361 | 926087 3 5 s
Vi % | 20808 | 1558610 N 0 1
Ve Jars | 1wsr | s 3 s D
s Ta TS A SIRT2S 7 4 S
6 914 19117 ARSI | MaaIe 1555 Ma AR WS ans 4 IS8T 2300 o A0
Y7 B335 | 35343 | 1817277 7 1 19
v 2122 | 6 | wew 1 1 2
v 275 1% 711 14914 s 1 A
Vo 12 | aw | 10 1 0 3
i1 1209 | 36758 | 60130 7 2 5
Y2 3235 | 19222 | wste0 0 2 2
Yis 1616 A 15K14 e S 3
a4 W00 | AESI1 | retert 30 5 K
Max e

Xl &g Mormant | Moment Tonal Tordonst
Shear Wall et | X dpfia) " wiaren | TENP NS | TINPIW amis | omEw Divect Shoar H hear total dhear
x 138 327 110659 A9 006 A9
x 579 104 @ 10224 1% 003 15
x 13 06 123 00 IR 6 203 [
Y1 11191 | 61383 | eI 13 131 11
A R 12368 | 9087 3 o0 2
Yi 8 % 20804 | 1958611 4 oM 4
e e TS 19952 | 89108 ) on 3
Y ra TS a9 8 SIRTES J 013 2
Yo 914 19017 | 6AESI2 | semeine] 1588 A 13545 | N9 4 IR T4 on 4
Yr 63 15343 N 7 43 ?
8 122 - W9 A o 1
Y9 975 1% 71 14911 3 903 3
Y» in - 100 A om A
Yi 1279 167 = 60130 ! 00 R
Y 1225 19 22 95120 4 00 4
¥ii 1616 A3 | IRIA 8 018 2
M 18 00 ARRIY | M9y 10 035 A0
Man e
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Appendix 2: Seismic Loads

Seismic base shear

T OF e i vwilh Suthume
L & b SN )

EQilaay

Coter P e 0,006

» WOt 0 Cs>e0,01
IF OK Th CeoeCn{ 12,8

Floor Slab beams shear walls SDL live loads | facade Total
ZLX 2302.0 721.8 491.5 752.4 1541.8 9.7 11638.3
3A 2302.0 721.8 491.5 667.9 1368.7 9.7 5561.5

5 2064.4 1249.3 491.5 1289.0 513.9 9.7 5617.7
: 1248.8 194.3 491.5 779.8 1243.7 8.6 7933.3
; 1460.8 194.3 491.5 777.41 325.76 8.6 6516.5
10
:: 1248.8 194.3 491.5 779.8 1243.7 8.6 15866.6
16
11
:: 1547.7 194.3 491.5 885.6 14125 8.6 18160.5
17

Roof (level 18)|  2064.4 194.3 491.5 1289.0 513.9 9.7 4562.7
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Center of rigidity at LVL?

Load (PSF or LF) total COM 2
o i i 5 < Shear Wall K x Y %K K*({xory)
X1 989 108.10 53.25 69.30 106939.94
A 662,56 15610 | 1018.67 T8 A0 18,50 X2 305 137.%0 56.3% 21.52 41996.23
B 41.75 26.60 63.35 15.35 43.91 X3 123 147.70 37.59 863 18166.55
C £9.67 3809 | 127.76 | 17.20 62.07 Y1 614 602 6185 17.78 17965.1%
D 59.82 38.12 97.94 45 30 69,95 Y2 124 31.36 S884 353 727313
E 30.09 9.58 39.67 35.50 5L Y3 208 31.36 4205 603 £748.23
F 11.74 9.93 .72 53.20 44.80 Y4 160 43.17 40.90 462 6524.51
G 3649 2067 57.16 015 4685 Y5 93 43.00 5888 2.69 S466.89
H 30.65 19.53 S0.18 105.65 40.50 Y6 191 8. 78 4165 554 7962.3%
! 1689 6.62 2351 13390 | 4140 Y7 353 25.29 45.50 10.24 16081.10
J 5256 135} 44639 13106 6517 Y8 68 96.69 4825 197 1287.5%
K 2397 10.13 34.15 11292 43.60 Yo 157 108.17 4825 454 7561. 59
M 31.76 | 16631 | 47857 | 17850 [ 3065 Y11 363 119.17 47,05 10.65 17298.47
X1 99.74 99.74 | 10810 | S3.25 Yi2 19 128.62 1980 557 957277
i s v13 369 132.46 47.10 1000 | 1739992
- [ S B L
Y2 12.52 12.52 31.36 53,84
; Y3 21.01 21.01 31.36 42.05
3 Y4 1613 16.13 4317 40.90
g S 9.41 241 43.00 53.88
Yo 19.31 19.31 S8.78 41.65
IV 35.65 3565 | 8529 | 4550
§ Y8 689 689 96.69 43.25
s Y9 15.84 1584 | 10817 | 43.25
Y10 629 639 108699 | 43.25
Y11 37.07 37.07 | 11937 | 47.05
Y12 19.39 19.39 | 12862 | 49.80
Y13 37.26 37.26 | 13246 | 47.10
Y14 49.24 924 | 14422 | 4%
Total t 272965
length (1)
Shear Wall h thickness (in inches A Ix ly E G K
X1 95 15.72 564.00 61.57 235022049 4030 1831.8 989.3
X2 95 15.72 174.00 19.00 6901111 4030 18318 305.0
X3 95 11.81 93.60 7,68 806905 4030 1831.8 123.0
Yl 95 19.68 279.60 38.21 35847208 4030 18318 613.8
Y2 95 15.72 70.80 7.73 464912 4030 1831.8 123.6
Y3 95 15.72 118.80 12.97 2196446 4030 18318 208.0
Y4 95 15.72 91.20 9,96 993701 4030 1831.8 159.5
YsS 95 11.81 70.80 5.81 349217 4030 18318 928
Y6 95 15.72 109.20 11.92 1705844 4030 18318 191.2
Y7 95 15.72 201.60 22.01 10733538 4030 18318 3534
Y8 95 6.00 102.00 4.25 530604 4030 1831.8 68.1
Y9 95 13.80 102.00 9.78 1220389 4030 18318 156.7
Y10 95 6.00 102.00 4.25 530604 4030 1831.8 68.1
Y11 95 13.80 238.80 22.89 15660326 4030 18318 367.6
Y12 95 9.84 175.20 11.97 4409772 4030 18318 192.2
Y13 95 13.80 240.00 23.00 15897600 4030 18318 369.4
Y14 95 15.72 278.40 30.39 28266952 4030 1831.8 488.2
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~
Lewvel wi hi ha w etk | Iwl t Nk Cvx x Vg i &y 5% 8y M:
1A 5819 203 2034 | 2407753 0.00 131 71586 00 2083 1042 13.7
2A 5819 98 3018 | 501567 0.00 2189 7573 =8 2083 1042 0.1
IA 5567 98 4003 | 8910904 0.01 A 86 A 146 4 2083 1042 50 6
5.00 18 169 5692 | 18202155 0.01 a9 7495 3970 2083 1042 1033
6.00 397 13.1 7005 | 1M62059 0.01 10.61 7396 603.7 2083 1042 110.5
7.00 3258 131 8317 | 1253784 0.02 1228 7290 8603 2083 1042 1279
8.00 3967 111 5629 | 6779789 0,03 0m 1167 1667 0 2083 1042 1088
9.00 3258 131 ] 10942 | 39007431 0.03 2126 696.7 20469 2083 1042 2214
10.00 3967 131 | 122 4] 99562681 | 13919923150 0.04 1246 6754 3551.% 2083 1042 138.1
11.00 4540 131 | 13566 ) S3558154 0.06 4554 6429 55799 2083 1042 A742
12.00 5067 111 14879 ] Sr510754 0.06 AT RS XA AN s 2083 1042 4MA
13.00 4540 131 | 16191 | 11901 78% 0.0 6186 496 9650.1 2083 1042 6755
14.00 3967 131 17503 ) 1219319 0.0 622 ase .’ 10722 A 2083 1042 6597
15.00 4510 131 | 18816 | 160732853 0.12 87.59 4185 153314 2083 1042 9123
16.00 967 111 Jlror2s ] 6o 012 1K 109 WAV S 2083 1042 2121
17.00 4510 131 | 23440 208703145 0.1% 1173 2413 21802 2083 1042 1184 5
Poof level 1] 453 119 JIR2R| 25772 017 12957 196 212 2083 1042 13495

Lovel wl hi b | ow ek | Twl ek cvx x vidps | * oy % by Mr
1A $819 103 203 2407753 0.00 131 1586 00 886 443 SB
2A 5819 98 | 302 | sw01%7 0.00 289 7573 38 856 a4 128
IA 5562 98 400 8910904 0.01 4 86 IS4 1466 8% 6 443 NS
5.00 S618 169 | s69 | 102355 0.01 9.0 7495 397.0 856 443 439

6.0 3967 1311 o 1M62059 0.01 1061 96 6037 B 6 443 470

7.00 3258 131 | 832 | 22537804 0.02 1228 7290 | ®e03 856 aa3 SAA

8.0 3967 131 9%.3 6T 9789 0.03 100 ez 1667 0 BE6 443 =|e

9.00 5258 131 | 1094 | weorast 0.08 3136 6067 | 10169 | w6 aas 1.

10.00 567 111 1225 | %6681 | 15N om L2 A6 6154 55518 6 443 1458

11.00 4510 131 | 1357 | sissease 0.06 4554 620 | 5509 | w6 aas 3017

12 00 N7 111 JAEN | SIR107M 006 AT 8RS 974 A9 8 L. a0 443 220

11,00 4510 111 | 1619 (117w 0. [ w96 | 96%01 | w6 a4y %10

14 .00 0 111 175%0 121919 o )2 ast. 7 107224 O 443 19%A

15.00 4540 131 | 1882 | 160722853 0.12 87.59 a1g5 | 151314 | 86 aa3 1880

1600 3967 131 2013 116002325 012 LI 309 14778 8% 6 443 188 0

17.00 4510 131 | 2142 [208m314% 015 13.73 2433 | 228922 | =6 aas D18

ool level 18] 4%3 119 2283 Q2371720 017 12957 196 207812 L 10 443 I 0
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Forces in Shear Walls due to Base shear in NS direction at Lev
Total K for direct shear 3452.60 Shaar Sosce 72899
Shear Wall an K (Mpfin) | o aikiph) | 10 di ke ) P Mement arm | Direct Shear ""::‘ Total Shea

xa 330 95930 11069 00 28 28

2 550 305,00 10228 00 15 15

) 13.10 123,00 20988 00 14 14

v1 31150 613.80 7656779 1296 5906 -189.2
vz 3640 12360 S26087 261 93 354
Y3 8660 208,00 1558613 439 156 59.5
vé 7470 159 59 91228 337 103 440
¥5 74,70 $2.80 S18725 195 60 254
6 59.10 15120 68522 | 14858314 7290 7.7 04 9% 02
¥7 6330 35340 1817277 T8 5 194 58,0
Ve 2120 €210 30692 BTy 13 156
Y9 5,80 156,70 24913 333 13 344
Y10 B .10 200 A (X ETE)
i1 12.50 3760 €0130 776 a1 738
vi2 2220 19220 95120 406 37 369
vi3 2620 36940 15284 780 £4 %95
Yid 38.00 4820 704971 -108.1 161 0

Forcen In Shear Walls due to Bave whear in 1-W direction at Lev

Total K for direct shear Mui7.30 Shanr baria 72899
Shear Wall dfe K (dp/in} | a@iviph) | D6 di e » Moment arm | Direct Shear l’o:::l Totdl Show
x 330 989 .30 11069 5088 20 -506.8
b S50 30500 10224 -156.9 11 <1558
3 -13.10 123.00 20983 633 -10 643
Y1 ~11190 613.80 7686779 00 424 424
Y2 36 £0 123 60 926047 00 65 4.6
Y3 -86 40 20800 1558613 00 -11.1 -1
Yé -74.70 159.50 $91228 00 -74 -7 A
Y5 -74.70 92.80 S1E725 00 43 4.3
Y6 +59.10 191.20 668522 1486831427 290 126 00 70 7.0
Y7 £330 35340 417277 00 138 <138
e -21.20 6510 30692 00 0% £.9
Y9 -9.80 156.70 14913 00 09 0.9
Y10 170 £2.10 200 00 01 0.1
Y11 1230 36760 £0130 00 29 29
Y12 2220 192.20 95120 00 6 26
Y13 2620 940 151814 00 &0 6.0
Y14 38.00 48320 T04971 00 115 115
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Appendix 4: Spot check of
Shear Wall
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Appendix 5: Story Drift
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Complete excel sheet calculations for story drift can
be made available upon request. Due to large
number of tables and sheets, the files are not at-
tached to this file.
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