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RIT; Global Village

chester, NY

function | residential / commercial
. B size | 122,000 sf
project team ; : levels | four stories + mech pent.
1 cost | $57.5 million
owner | rochester institute of technology construction dates | march 2009 - sept 2009
architect | architectural resources cambridge delivery method | cm at risk
construction manager | the pike company
civil | erdman anthony
structural | lemessurier consultants
mechanical | ibc engineering
lighting / electrical | lam partners

‘._ ; ; d ‘ architecture

global village is a european-inspired complex that incorporates themes and materials to represent
different regions from around the world; including marble from italy and wood panel siding from
denmark. commercial space is located on the first and second floors while campus housing is
located on the third and fourth floors. commercial and retail space consists of two dining facilities,
a post office, salon, wellness center, sports outfitter, and a convinience store. the “u” shape

footprint creates a courtyard that features a removable stage, gas fireplace, glass fountain, and
outdoor seating.

structure

foundation | isolated spread and continous strip footing
superstructure | steel concentrically braced frame. ground
floor comprised of 6" concrete slab. second and third floor
consists of lightweight concrete slab on metal decking supported
by wide flange beams and girders. upper floors comprised of
wood flooring and wood framing.

mechanical | 15 demand-controlled ahu’s, 14 vav, ranging from 2,000 to
9,600 cfm. vav boxes with reheat coils and fcu's are located throughout the
building.

lighting | three 333 kva from existing t-splice. main power is 120/208v with a
150kw 3p / 4w emergency generator. exterior features led and metal halide
lighting while interior uses cfl and fluorescent lighting.

CHRIS VANDELOGT
STRUCTURAL http://iwww.engr.psu.edu/ae/thesis/portfolios/2012/CDV5014/index html
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Executive Summary

Global Village is a European-inspired complex that provides commercial and residential space for the
campus at the Rochester Institute of Technology in Rochester, NY. Each location has been designed to
incorporate themes and materials that represent different regions from around the world, including
marble from Italy and wood siding from Denmark. Global Village is a four-story building that also
supports a fifth story dedicated to mechanical equipment; making it rise to an overall height of 62.5
feet. The building is constructed of steel with metal deck and lightweight concrete at the first, second,
and third floors while the other floors have wood framing. The building’s main lateral-resisting system
consists of concentrically braced frames in both directions.

This report focusses on altering the existing dual structural system to a more uniform system. Concrete
was chosen as the main material since most on-campus residential buildings are constructed of either
concrete or masonry. A reinforced concrete flat plate was then selected for the gravity system due to its
flexibility to work around the floor plan. Columns were placed as best as possible to avoid altering the
floor plan. However, some interior columns interfered with the fan coil unit areas located on the third
floor and thus the fan coil units had to be relocated. A new floor plan for the second floor was also
designed as a result of the new column layout.

After the column layout was finalized, column sizes were found using hand calculations and verified
using spColumn. The size of the column was mainly dependent on the unbalanced moment transferred
by eccentricity of shear. Multiple slab thicknesses and column sizes were tried and a 20” by 20” column
with (8) #10 bars was determined to be adequate. A slab thickness was then found using Table 9.5c of
ACI 318-08. The table gave a minimum slab thickness of 8.25” but since deflection checks were
inadequate, the slab thickness was increased to 8.5”. In order to calculate the required reinforcement
due to gravity loads, a spreadsheet following the direct design procedure was created. The spreadsheet
was also used to design the reinforcement for the moment connections.

To analyze the proposed buildings lateral system, a model was built in ETABS and was used to check
story drift and to find column moments in order to design the moment connections. These moments
were input into the unbalanced moment section of the spreadsheet and the reinforcement was
designed. The maximum drifts in both the N-S and E-W Directions were controlled by loads due to
seismic. The total drift from ETABS in the N-S Direction is 1.751” and 1.488” in the E-W Direction; which
are well below the allowed 10.441”. As a note, a maximum total drift of 1.696” caused by wind in the N-
S Direction is below the allowable 1.740”. As a result, the lateral system is adequate for drift.

As a result of using concrete as the main structural material, many areas in construction and building
serviceability are improved. The use of concrete provides a more durable building and improves the fire
rating. A drawback of using concrete is that the cost of the proposed building is more than triple the
cost of the existing building. RSMeans was used to calculate the cost of each system and it was found
that the proposed structure costs $1,826,436 where the existing design was calculated to cost $571,588.
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Purpose

The purpose of this report is to alter the existing dual steel-wood structural system to a uniform
structural system. This report will detail the design of the gravity and lateral systems of the proposed
structure and provide checks for adequacy. A comparison of the proposed structure to the existing
structure will be accomplished through an architecture breadth and also through a construction
management breadth.

Introduction

Global Village is a mixed-use building that provides commercial and residential space for the campus
at RIT. Global Village has achieved LEED Gold certification and has been designed to be community
friendly. In total, the Global Village project provides 414 beds for on campus living and 24,000 square
feet of commercial and retail space.

The $57.5 million dollar project consists of three independent
structures on the campus at RIT. The main four-story Global
Village building (Building 400) is 122,000 square feet and the two
additional three-story Global Way buildings (Buildings 403 and
404) are 32,000 square feet each. The main project team
includes RIT as the owner, Architectural Resources Cambridge as
the architect, and The Pike Company as the CM-at-Risk. Eleven
other firms were also employed to handle MEP, lighting,

Figure 1: GVP is Building 400 (Global Village
. Building). GVC and GVD are Buildings 403 and
acoustics, and so forth. 404 (Global Way Buildings). Courtesy of RIT.

Commercial space is located on the first and second floors, which consist of two dining facilities, a post
office, salon, wellness center, sports outfitter, and a convenience store. Campus housing is located on
the third and fourth floor which provides room for 210 beds. There is also a fifth floor; however, it is
used primarily as a mechanical penthouse. Building 400’s unique “U” shape creates a courtyard that
features a removable stage, gas fireplace, and a glass fountain. See Figure 1 for a campus map of the
Global Village complex. The area also includes outdoor seating with tables equipped with umbrellas.
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The 28,000 square foot courtyard is also heated to extend its use during the winter and to minimize
winter maintenance.

The facade of Building 400 is made up of a cement fiber board
rain screen, brick masonry veneer, and flat seamed sheet metal
with aluminum clad wood windows, and a coated extruded
aluminum storefront.

Global Village Building 400 is a LEED Gold Certified Building.
Green aspects include a green roof above the restaurant, daylight
sensor lighting, and sensors to shut off mechanical equipment :
when windows are opened. Global Village is located on a sustainable site that is walk-able and transit
oriented, encourages low-emitting vehicles, and reflects solar heat. The building reduces water
consumption through water efficient landscaping and technologies such as high-efficiency toilets,
faucets, and shower heads. Through the implementation of several energy efficient systems, the
building is predicted to use 29.4% less energy. To encourage sustainable energy, seventy percent of
the building’s electricity consumption is provided from renewable sources (wind) through the
engagement in a two-year renewable energy contract. Construction of Global Village included waste
management recycling, air quality control, and low emitting materials. Along with regional materials,
recycled content were also installed that constitute 20% of the total value of the materials in the
project.

Global Village is a part of RIT’s campus outreach program. The buildings not only provide student
housing and retail space, but were also designed to be community friendly and to provide students with
a global living experience. Global Village is LEED Gold certified and the courtyard created promotes
outdoor activity.
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Existing Structural Overview

The structure of Global Village Building 400 consists of steel and wood framing on a concrete foundation
wall. The first, second, and third floor slabs use a lightweight concrete on metal decking system while
the fourth floor, mechanical penthouse, and roof use wood framing. The lateral system consists of
concentrically braced frames in both directions.

Foundation

In January 2009, Tierney Geotechnical Engineering, PC (TGE) provided a subsurface exploration and
geotechnical investigation for Global Village. TGE performed 14 test borings and 2 test pits on the site
of Building 400 and recommended foundation types and allowable bearing pressures along with seismic,
floor slab, and lateral earth pressure design parameters.

In general, the borings and test pits encountered up to 8 inches of topsoil at the ground surface, or fill.
The fill, generally consists of varying amounts of silt, sand, and gravel. At several locations, the fill also
contained varying amounts of construction-type debris and deleterious material such as asphalt, topsoil,
and wood. The fill was generally encountered to depths of approximately 4 to 8 feet. Below the fill,
native soils with a very high compactness were encountered. Overall, most of the structure’s
foundation is on very compact glacial fill.

From these results, it was determined that the structure may then be supported on a foundation system
consisting of isolated spread and continuous strip footings. TGE recommends an allowable bearing
pressure of 7,500 psf to be used in the foundation design. It was also recommended by TGE that, due to
lateral earth pressure, retaining walls are to be backfilled to a minimum distance of 2 feet behind the
walls with an imported structural fill. To prevent storm run-off, permanent drains should also be
installed behind all retaining walls.

Floor System

The first floor consists of a 6” concrete on grade slab. For the second and third floors, the floor system is
comprised of 3%"” lightweight concrete slab on 3” composite metal (18-gage) decking. Individual steel
deck panels are to be continuous over two or more spans except where limited by the structural steel
layout. The rest of the floors are made up of wood framing with %” plywood sheathing. Shear stud
connectors are welded to beams and girders where appropriate. See Figure 2 for details.
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Framing System

The framing grid that Global Village possesses is very unique and very complicated. The bay sizes on
each floor vary dramatically and the beams don’t line up on each side of the transfer girders. The
framing is also not consistent between floors. There is no simple consistent grid except for a couple
areas highlighted in Figure 3. In these highlighted areas, the beams vary from W18x35 to W16x31 while
the transfer girders vary from W14x22 to W21x44. Column sizes also vary significantly throughout the
structure where the majority is in between W10x54 to W12x106.
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Figure 3: 2™ Floor (left) and 3" Floor (right) framing plans. Typical bays on each
level highlighted. Courtesy of RIT. Drawings not to scale.
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Lateral System

The lateral load resisting system consists of concentrically braced frames and wood shear walls, each
acting on separate floors. Braced frames are used between the ground and the third floor while shear
walls are placed on the third, fourth, and fifth (penthouse) floors.

The lateral HSS bracing ranges in size where the majority is HSS7x7x%. See Figure 4 for details and
placements of the braced framing used on the second floor. The shear walls are made of wood blocking,
consisting of 2x4’s, and sheathing. These wood shear walls are used due to the use of wood structuring
above the third floor. For placements and details, see Figure 5.

e A ETE P TP f PR | = .
W21x93 W2Ix93 : ‘| 7 1 b i T ‘ T t}ﬂ :' =
AN JE IREHE KRRRE XRENE :in
. | G ke 1 1 {5
LR X IEE i_{ K ] € Ty = T
_ I e P : LTL F4
ST E SIS SN,
¢ - i o =
! 0 3 - e 7~ X £9
i + = s Ty
72) TYPICAL BRACING DETAL e - %?’% __j Second Floor o
Figure 4: Typical bracing details and placement of bracing on 2™ Floor. T = = ey @
Courtesy of RIT. Drawings not to scale. £ - WB-11 B / =
=4 &0 - i

II‘IHIIII\

Ei 1 i ‘

|<|III|H|

Sw7

Fourth Floor

7.
oy -
/ f ALL VERTICAL JONTS
u fiz. 16 0.c.
| ™
- = THIRD FLOOR {

=~ 4

GIRDER TRUSS ——{t—
SEE $-5.01

10 M
PENTHOUSE §-2.28

PROVIOE SOLID———
aaaaaaa

g K, saues Figure 5: Typical shear wall
= = details and placements used on

P the 4" Floor. Courtesy of RIT.

:N : \\\\\\\\\\\\\ & Drawings not to scale.

52.26
FOURTH FLOCR

FOURTH FLOGR

WS,
S sCheouie
A MIED PLIvO0e-—

P

THRD FLOOR

YoLo, com.
i
3) swz
(3) sw

Page

April 4,2012

10
RIT GLOBAL VILLAGE




Christopher VandeLogt

Final Report

Structural Option

Load Path and Distribution

As the facade collects the forces due to wind, they are
transferred to the slabs of the building. The slab forces are
then transferred to the braced frames that run parallel to
the load. As shown in Figure 6, this load is then resisted by
the beam and HSS cross bracing. The blue arrow represents
the lateral load acting on the braced frame while the red
arrows show the load within the members.

Seismic loads originate from the mass of the structure itself.
These loads are created predominantly from the slabs of the
structure. When seismic loads are created by ground
motion, the braced frames incur the forces from the slabs
and transfer them to the foundation and thus to grade.
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Figure 6: Lateral load path through a HSS cross braced
connection. Courtesy of RIT.
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Design Codes

Below is a list of codes and standards that the design team used on Global Village. As a comparison,
codes and standards used for this report are given.

Design Codes

Design Codes:
e American Concrete Institute (ACI) 318-99, Building Code Requirements for Reinforced Concrete
e American Concrete Institute (ACl) 301-99, Specifications for Structural Concrete for Buildings
e ACI Detailing Manual-1994 (SP-66)

CRSI Manual of Standard Practice (MSP 1-97)

Structural Welding Code — Reinforced Steel (AWS DI.4-92)

Code of Standard Practice for Steel Buildings & Bridges (AISC 1992)

Part Il published in the Timber Construction Manual (AITC 4™ Edition)

e National Design Specification for Wood Construction (NF.PA, 1991 Edition)

Model Codes:
e 2007 Building Code of New York State / 2003 International Building Code
e 2007 Fire Code of New York State / 2003 International Fire Code
e Accessibility: BCNY Chapter 11, 2003 ICC/ANSI 117.1
e Electrical Code of New York, NFPA 70 2005
e 2007 Mechanical Code of New York State / 2003 International Mechanical Code
e 2007 Plumbing Code of New York State / 2003 International Plumbing Code

Standards:

e American Society of Civil Engineers (ASCE) 7-02, Minimum Design Loads for buildings and
Other Structures

Thesis Codes

Design Codes:
e AISC Steel Construction Manual, 14" Edition
e American Concrete Institute (ACI) 318-08, Building Code Requirements for Structural Concrete

Standards:

e American Society of Civil Engineers (ASCE) 7-10, Minimum Design Loads for buildings and
Other Structures
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Material Properties

Listed below are materials and their strengths used in Global Village. These material strengths are
followed best as possible in this report.

Steel
Unless Noted Otherwise F,= 50 ksi (A992 or A588 Grade 50)
Where Noted by (*) on Drawings F,= 36 ksi (A36)
Square and Rectangular HSS (Tubes) F,= 46 ksi (A500 Grade B)
Round HSS (Pipes) F,= 46 ksi (A500 Grade C)
Anchor Bolts (Unless Noted Otherwise) F,= 36 ksi (F1554)
High Strength Bolts (Unless Noted Otherwise) F. = 105 ksi (A325)
Metal Deck F,= 33 ksi (A653)
Weld Strength F, = 70 ksi (E70XX)

Concrete

Slabs-on-Grade 4000 psi (Normal Weight)
Walls, Piers 4000 psi (Normal Weight)
Concrete on Steel Deck 3000 psi (Light Weight)
Topping Slabs & Housekeeping Pads 3000 psi (Normal Weight)

Other
Bars, Ties, and Stirrups 60 ksi
Masonry F’'.» = 3000 psi
Wood Fy, = 1000 psi (Bending Stress)

F, = 70 psi (Shear Stress)

* Material strengths are based on American Society for Testing and Materials (ASTM) standard rating

* Other wood strengths are given in the structural drawings
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Simplifications

For the purposes of this report, only the north leg of Global Village will be analyzed, see Figure 7.
Reasoning behind this decision was due to greater wind and seismic loads acting on this section of the
building as found in previous technical reports.

Due to the unique shape of the first floor, the building in this report will be dimensioned as the second
and upper floor dimensions used in the existing building. The full story grade level change on either side
of the building is also neglected and both sides are assumed to be exposed to lateral loads.
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Figure 7: Expanded view of the 2" Floor of the north leg. Courtesy of RIT.
Drawings not to scale.
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Problem Statement

As mentioned above, Global Village consists of two different structural systems. A steel frame is used
between the ground and third floor while wood framing is used on the third and fourth floor,
mechanical penthouse, and roof. The use of different structural materials within the building is very
complex and is very complicated to design. Not only does the designer have to have an extensive
knowledge of both wood and steel design, the designer must also consider the connection between the
steel and wood. An outside firm may have to be contacted to design or analyze the connections, which
in turn requires more communication, time, and money.

Using different structural materials also has an impact on how the lateral system is designed. In order to
accommodate the lateral loads, this building has two types of lateral systems. Concentrically braced
frames are used on the bottom floors where steel is used. These braced frames rise to the third floor
where wood shear walls are then used on the floors above. The wood shear walls are made up of 2x4’s
similar to shear walls used in residential structures.

In terms of construction, different materials require more coordination from the construction manager.
Additional contractors may also have to be hired for their knowledge of structural wood construction.
Figure 8 shows the complexity of typical wood sections. This impacts the schedule and cost of the
project which are significant for university buildings.
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SUPPORTS  s¢ pousLe souasw sLocks as CHECK WEB FILLER WEB FILLER
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1-JOIST. 2x4 MIN.

STAGGER 8D
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SPLITTING

BEARING
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Figure 8: Typical wood sections and details. Courtesy of RIT.
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Proposed Solution

To speed up the design and construction process, it is proposed to use reinforced concrete throughout
the entire structure. Replacing the steel-wood framing system with an entire concrete system will
minimize extra considerations that the existing dual structure creates. By using a uniform structural
system, the additional firms and contractors that are needed in the design and construction of the dual
system can be eliminated. This saves time and improves communication throughout the entire project.

To structure the proposed building, a flat plate system will be used. To accommodate lateral loads,
moment connections will be assessed in ETABS. Breadth topics will then be completed to compare the
existing to the proposed building.

Breadth Topics

Breadth topics are used to compare the existing building to the proposed building. A construction
management breath will examine the constructability of re-design and address the predominant use of
concrete and masonry in university buildings. An architecture breadth will also be completed to analyze
any changes that the proposed building creates.

Construction Management

The purpose of the construction management breadth is to assess the constructability of re-design. A
study will be completed as to why most university buildings are constructed of concrete and/or
masonry. This will involve contacting professionals at the Office of Physical Plant at Penn State.
Professionals at RIT will also be contacted in order to determine the use of steel and wood in Global
Village.

The information found will be used to compare the proposed building to the existing building in terms of
constructability. This entails general reality checks and examining any improvements in construction
methods, safety, or use of recycled materials. A reduction of field labor will also be checked.

Architecture

Designing the proposed building could have several impacts on the architecture of the building. The use
of wood creates a more flexible floor plan than concrete. This is due to wood frames using load bearing
walls instead of columns used in concrete structures. In a concrete system, the column placement
affects the bay size which in turn affects the floor plan. Columns may also create an aesthetically
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unpleasing effect if not appropriately incorporated into the theme of the space. Therefore, the column

layout will need to consider the current floor plan and appearance of the space.

Adjustments to the floor plan and appearance of the existing building will be analyzed using Revit.
Renders of newly designed spaces considering column placements will be completed for the proposed

building.
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Gravity Loads

Dead, live, and snow loads were found primarily through the use of the AISC Steel Construction Manual
and ASCE Standard 7-10. These loads were then compared to the loads used by the design team for

consistency.

Dead and Live Loads

Although the structural drawings only gave a

typical floor partition allowance of 20 psf as a dead

load, dead loads were found or assumed by using

the AISC Steel Construction Manual and textbooks

on structural design. For a summary of assumed
superimposed dead loads used, see Table 1.

Most live loads, however, were provided in the
structural drawings. These loads were compared
to live loads found using Table 4-1 in ASCE 7-10
based on the usage of the spaces. The results are
given in Table 2. Most live loads found match designer loads except for fan and mechanical
equipment room loadings. Since these were not able to be found in ASCE 07-10, the loads were taken
from the design team to be consistent.

Structural Option

Superimposed Dead Loads

Description Load (psf)
Superimposed DL 5
MEP Allowance 10
Partitions 15
Acoustical Ceiling 5
Slab (8%4”) Self Weight 106
Roofing 18

Table 1: Summary of superimposed dead loads

Live Loads

Space ?_i:gr;;:fl; b;‘;edl'(:,icf’) Reference
Lobbies and Common Areas 100 100 ASCE 7-10: Residential
1* Floor Corridors 100 100 ASCE 7-10: Schools
Typical Floors 40 40 ASCE 7-10: Residential
Stairways 100 100 ASCE 7-10: Stairways
Fan Room 80 80 Assumed
Mechanical Equipment Rooms 150 150 Assumed
Mechanical Floor Walkways - 30 ASCE 7-10: Residential - Attics
Roof Live Load _— 20 ASCE 7-10: Roofs
Table 2: Comparison of design live loads and live loads used
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The roof snow load was calculated in accordance
to Chapter 7 of ASCE 7-10. The factors used to find

Snow Loads

the roof snow load can be found in Table 3. Using Variable

the flat roof procedure, the roof snow load was

determined to be 30.8 psf where the snow load Exposure Factor, C.

used by the design team was 39 psf. Since the
factors used here match the factors listed on the
structural drawings, the difference must be the
equation used to calculate the flat roof snow load.

Flat Roof Snow Calculations
Value
Ground Snow Load, pq (psf) 40
1.0
Thermal Factor, C; 1.0
Importance Factor, [ 1.1
Flat Roof Snow Load, ps (psf) 30.8

On the structural sheet, the flat roof snow load Table 3: Snow load factors
procedure was used but in accordance with the

“2007 Building Code of New York State.” Therefore, it may be valid that the equations used to
calculate roof snow load differ between ASCE 7-10 and the 2007 Building Code of New York State.
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Lateral Loads

In order to analyze the lateral system of Global Village, wind and seismic loads were calculated for this
report. Wind loads were calculated using the MFRS (Directional) Procedure and seismic loads were
calculated using the Equivalent Lateral Force Procedure outlined in ASCE 7-10. A summary of the story
forces for both wind and seismic can be found at the end of this section.

Wind Loads

Winds loads were calculated using the Main Wind-Force Resisting System (Directional Procedure)
outlined in Chapter 26 and 27 of ASCE 7-10. Global Village was found to be categorized as a Type
Occupancy and Exposure Category C. General building dimensions, constants used, and calculation of
gust factors for the direction normal to the long dimension (length) are given in Table 4. General
building dimensions, constants used, and calculation of gust factors for the direction normal to the short
dimension (width) are given in Table 6.

Calculations were done on Microsoft Excel to reduce calculation errors and save time. The wind
pressure calculations in the long dimension are given in Table 5. The wind pressure calculations in the
short dimension are given in Table 7. A summary of the wind pressures calculated in both directions can
be found in Figure 9. As a note, internal pressure was not included in the calculations because internal
pressure can be considered self-cancelling unless there are large openings in the structure.

The structural sheets provide values to which the designer used but no overall base shear or wind
pressures. The calculated values are similar to the values used in design except the designer’s Basic
Wind Speed is 90 mph where the value that was calculated was 120 mph. This is due to the different
versions of ASCE 07. The designers used ASCE 7-02 where the values calculated for this report were
from ASCE 7-10.
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Normal to Long Dimension (Length)

Building Dimensions

Length (ft) Width (ft) Height (ft)
223.0 52.8 62.5
Constants
V (mph) = 120 Cp leeward = -0.5
ky= 0.9 Cosides = -0.7
ky = 1.0 Cp roof:<h/2 = -1.3
Cp,windward = 0.8 Cp roof:sh/2 = -0.7

Gust Factor Calculations

Zpar Izbar Lzbar Q G
37.50 0.196 512.95 0.84 0.84

Table 4: Building dimensions, constants, and gust factors

Floor | Helght | k| @00/ | iy | gojie) | (o | (/s | (/e
2nd 14.0 0.850 26.634 17.98 -15.07 -21.10

3rd 26.6 0.953 29.862 20.16 -15.07 -21.10

4th 37.3 1.024 32.086 21.66 -15.07 -21.10

Pent 48.0 1.080 33.841 22.84 -15.07 -21.10

Roof 62.5 1.140 35.721 2411 -15.07 -21.10 -39.18 -21.10

Table 5: Wind pressure loads normal to long dimension
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Normal to Short Dimension (Width)

Building Dimensions

Length (ft) Width (ft) Height (ft)
223.0 52.8 62.5
Constants
\ (mph) = 120 cp,leeward = -0.5
kd = 0.9 Cp,sides = -0.7
kzt = 1.0 Cp,roof:<h/2 = -1.3
cp,win(:lward = 0.8 cp,roof:>h/2 = -0.7
Gust Factor Calculations
Zpar Izbar Lzbar Q G
37.50 0.196 512.95 0.90 0.87
Table 6: Building dimensions, constants, and gust factors
. 2 Pwind Plee Pside
14.0 0.850 26.634 18.62 -15.61 -21.85
26.6 0.953 29.862 20.88 -15.61 -21.85
373 1.024 32.086 22.43 -15.61 -21.85
48.0 1.080 33.841 23.66 -15.61 -21.85
62.5 1.140 35.721 24.97 -15.61 -21.85
Table 7: Wind pressure loads normal to short dimension
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Figure 9: Summary of wind pressures
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Seismic Loads

Seismic Loads were calculated using the Equivalent Lateral Force Procedure outlined in Chapters 11 and
12 of ASCE 7-10. While performing the procedure, many seismic values were found which are noted in
Table 8. Concrete moment connections in both directions were chosen as the proposed building’s
lateral system. This corresponds to a Response Modification Coefficient value of 3. Spectral Response
Acceleration values were taken directly from the USGS website instead of using the ASCE maps to
provide a more accurate result.

The structural drawings give a list of values that the design team used. Comparing these with the values
calculated; it was found that all values were exact except for the Response Modification Coefficient.

The weight of each floor was then computed using the dead loads listed in the gravity loads section of
this report. As a note, 20 percent of the flat roof snow load and the full mechanical room live load were
added per section 12.7.2 of ASCE 7-10. See Table 9 for calculations and Figure 10 for a summary of
forces acting on the building.

Seismic Variable Value Reference Drawings
le 1.25 Table 1.5-2 -
Ss 21 USGS Website 21
S; .06 USGS Website .06
Site Class C Geotechnical Report C
Occupancy Category 11 Table 1.5-1 -
Sos .168 Table 11.6-1 17
Sp1 .068 Table 11.6-2 .06
Seismic Category B Table 11.6-1 B
R 3.0 Table 12.2-1 5.0
in 6 sec Figure 22-12 =
C .02 Table 12.8-2 -
X .75 Table 12.8-2 -
T, 445 sec -
T .7565 sec =
Cs .038 Equation 12.8-2 .038

Table 8: Seismic values
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Floor Floor Weight, | Story Height, w.h.k C Story Story Overturning
w, (k) h, (ft) o "" Force (k) | Shear (k) | Moment (k-ft)
Ground 2345 0.0 0.00 0.00 0.0 361.1 0.0
2nd 1760 14.0 89799.12 0.09 33.8 361.1 473.2
3rd 1760 26.7 185685.30 | 0.19 69.9 327.3 1863.3
4th 1698 37.3 260630.10 | 0.27 98.1 257.4 3662.1
Pent 1735 48.0 354584.69 | 0.37 1335 159.3 6406.4
Roof 335 58.0 68682.22 0.07 25.9 25.9 1499.4
Sum: 9632 959381.4 1.00 361.1
V ok V ok
Base Shear (V=C,W) = 361 Total Overturning Moment = 13904
Table 9: Seismic calculations
Seismic Loads
259k —=---mmimim o — 5¥
133.5k 48’
98.1k 37'-4"
69.9 k 26’-8”
33.8k 14’
| !
<&— V=361k
U M = 13904 ft-k
Figure 10: Summary of seismic loading
Page
25
April 4,2012 RIT GLOBAL VILLAGE




Final Report

Christopher VandeLogt LI Structural Option

Column Layout

As stated in the structural overview, the existing building uses a steel frame between the ground and
third floor while wood framing is used on the third and fourth floor, mechanical penthouse, and roof.
The use of wood framing on the residential third and fourth floors creates a more flexible floor plan
which needs to be considered when creating the column layout for the proposed structure. The steel
framing in the existing building primarily affects the second floor plan which is just academic fit-out
space and can easily be adjusted. Therefore, the column layout needs to work around the third and
fourth floor plans.

In order to use a flat plate structural system, the efficient bay width needed to be in between 15 and 25
feet which split the width of the building into thirds. The building length was then split up depending on
where columns could be placed in the existing third and fourth floor plans. As a note, the third and
fourth floor plans are identical and the third floor plan was used to position the columns. Column lines
where then placed and column locations where edited so that the center of each column would not
exceed 10 percent of the bay width from the column line. This was done in order to use the direct
design method to design the gravity system. For dimensions of the column line spacing, see Figure 11.

Figure 11 also shows which columns will affect the architecture or floor plan, highlighted in green. More

information on how each column affects the floor plan or architecture along with a solution will be given
later on in this report in the architecture breadth.
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Gravity System

A concrete flat plate structural system was chosen primarily for its
flexibility to work around the floor plan. A flat plate also provides
a thinner and lower costing floor than the other floor types. A slab
with beams was not an option since the columns would have to
line up and the ceiling heights would be severely affected. The
other option would be a flat slab but since spans were relatively
small, a flat plate was sufficient. A Flat Plate differs from a Flat
Slab by not having drop panels, see Figure 12.

Since the spans differ considerably throughout the proposed
structure, an Excel spreadsheet was used to design the gravity
system. The spreadsheet was mainly used to design the

Figure 12: Two-Way Flat Plate floor
construction. Courtesy of RSMeans

reinforcement due to gravity and lateral loads but the spreadsheet was also used to design the columns,
calculate the slab thickness, check for deflection, and more. For complete gravity system calculations of

the sections discussed below, see Appendices E-J.

Materials used in designing the gravity system were the same materials used on the existing system. As
shown above in the materials section, a concrete compressive strength, f'¢, of 4000 psi and a rebar yield
strength, f,, of 60 ksi were used in order to be consistent. Although not specified in the structural
drawings, #5 bars were used for the slab reinforcement and #10 bars were used to reinforce the

columns.
A summary of the gravity loads used for each floor | Total Loads
can be found in Table 10. The live loads displayed Floor -
were then reduced through the live load = Dead (psf) Live (psf)
reduction equations given in Section 4.7.2 and Zrd 141 100
Section 4.8.2 of ASCE 7-10. A live load of 150 psf 3 141 40
for the penthouse floor is used where mechanical 4" 136 40
rooms are located and 30 psf elsewhere. Live Pent 141 150/ 30
loads were not reduced when 100 psf was Roof 23 20(L,) / 30.8(S)
exceeded which corresponds to the mechanical Table 10: Gravity loads by floor
rooms and the entire second floor.
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Column Size Calculations

The ground column on grid lines F - 2, see Figure 11, was used to design the columns for the entire
structure. This column was used since it incurs the greatest load due to having the largest panel size of
19’-6” by 18’-1”. Only one column was designed to reduce the construction costs of producing multiple
sized columns throughout the floor plan. The size of the column is also uniform between stories and the
weight of the columns above the ground floor is considered into the design.

The size of the column was mainly dependent on the unbalanced
moments transferred by eccentricity of shear. Multiple slab
thicknesses and column sizes were tried and a 20” by 20” column
was the most economical. The shear capacity was found to be 190
psi where the shear due to the applied loads was 184 psi.

To reinforce the columns, (8) #10 bars are used with an edge [ F

spacing of 2.5”. The total compressive strength and moment

capacity was then checked using the strength interaction curve.

The total compressive force due to the applied loads was found to

be 437 kips with a maximum moment of 121 ft-kips. This is well in

the interaction curve given that the pure compression capacity is

1245 kips and the column has a balanced-strain strength of 394 il

kips by 361 ft-kips. A check was also done using the spColumn Figure 13: Balanced-strain interaction curve
analyzed in spColumn

software and determined to be adequate, see Figure 13.

Calculation of Slab Thickness

A maximum clear span of 18’-4” and equations from Section 9.5.3 of ACI 318-08 were used to calculate
the required slab thickness. A minimum slab thickness for an interior panel was calculated to be 6.67”
where the minimum slab thickness for an exterior panel was 8.07”. Since there are no edge beams, the
thickness required for an exterior panel was increased by 10 percent. For construction purposes, the
slab thickness would be rounded to 8.25".

Deflection checks were then performed on the maximum panel size and the slab was determined to be
inadequate. The thickness was then rounded to 8.5” and deflection was no longer an issue. For the
deflection calculations, it was assumed that 25 percent of the live load is sustained and 90 percent of
the immediate deflection due to dead load occurs before partitions are installed. It was also considered
that nonstructural attached elements would be damaged by excessive deflection. The deflection limit
from Table 9.5b of ACI 318-08 gives a value of .5” where the maximum calculated deflection was .448".

Wide beam action and punching shear were also checked on the maximum bay sizes and proved to be
adequate. Punching shear controlled over wide beam action with an ultimate shear of 114.6 kips. The
shear capacity was calculated to be 146.7 kips.
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Gravity Reinforcement Design

To calculate the reinforcement required for gravity loads, the direct design method was used.
Reinforcement required for the moment connections will be discussed later on in the lateral analysis
section of this report. The direct design method was allowed to be used to design the reinforcement
since the structure met all the conditions needed in order to follow this method.

Due to the extensive process of finding the reinforcement for each bay; calculations for a corner,
exterior, and an interior bay are given in Appendix G. A summary of the required reinforcement for the
second floor can be found in Figures 15, 16, 17, and 18. The numbers listed refer to the amount of #5
bars that are equally spanned over the distance given. For the required reinforcement of each floor see
Appendix H. As a note, the bars spanning in the long direction would be placed lower in the slab and
the bars spanning in the short direction would be placed on top of the long direction bars.

Stairwell Corner Design

A separate analysis needed to be completed for the stairwell corner because of the complexity of the
area, see Figure 14. Due to the elevator shaft, the analysis done for the rest of the building was not able
to be performed. Therefore, it was decided to use beams and girders to transfer the load to the
columns. Two beams, highlighted in red, and one girder, highlighted in green, were designed. A
summary of the sizes along with reinforcement required are given below.

V]

221-6Il
Blg B1: b=14”, h=20" with (3) #9 bars
r B2: b=18", h=25" with (5) #9 bars
(T G2: b=12", h=25" with (3) #9 bars
7

]
10/l

G 1 BZ Sr Figure 14: Stairwell corner support design
o
. i
.
il
2
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Figure 17: Gravity reinforcement required for the 2" Floor (Part A)

April 4,2012




Final Report

EEN Structural Option

Christopher VandeLogt

«O0T-6T 0-61 «0T-91 «0-.0C 0-61 «0T-9T1
L sl 1 L ]
_ LT LI ] L - |
> | |— | e— | ¥— |<—>] D |e—>| ¥/ | <> | —>
85 LT 88 | WS 1T REAN W «00T 18 | 88 T 88 | WLS pida LS | T8 00T IS
S ot S 3 ot g S 6 S S T S 5 0T S S 6 S
85 LT 488 | S ST S | a8 00T | L3s | u8s H2T 88 | s ST 5 | a5 | o0t T8 o
S o7 S S 0T S 5 3 S S TT S S 0T S S & 5 i
| YYD —— [ «—> | — o [ || — > |e— | v
% % % WS HTT «£S | IS 00T s H2T 85 | LS HTT 48 | .xe 00T TS
7 0T T B T gl ey THLT N TomT | e e e
| /> | D le— | «—— | e— L 6 9 8 ArFIV A.wlv A[NV AFV A%v A%v 3 9
B ]
A d | —
—>| €&/ | ¥—> €] e——> | 6e—> | e |e—>| «—> | &—
TS LT A8 s | owor | Las | s BET IS5 | .18 2T B s A B
£ T 9 S 6 S ] s L L T 9 S 6 [
1S KT i 00T L8 | L8 SET e S T I8 | 7S 00T 1S 5
S T S S 3 S S TT S S L s 175 3 5 N
> «—> €] > | €—> | > || ¢/ | |3 Q
IS KT B8 | g 00T i SET a5 | LI KT e 00T T8
T 1 S| 6 i e T . | . i N 6 ST
€ 1 D — ] = u
.05 ST 05 | .08 20T W05 | .08 AOFT 05 | .08 2T e S 20T g
z T 9 |9 g 5| T9 T z 2 T 9= | 7=y B T
05 ST 08 | .0s 20T W05 | .08 T 05 | .08 ST 05 | .os 20T 08 o
S TT S T =t i T e | T T = T o N
S 8 S 1T S 5 T S g 8 S mm
«08 &1 08 | .05 20T Q5| .08 LT 08 | .08 KT 05 | .05 20T .08
B T S S 3 S S 5 S ] S T i S
e e DSle—— e «— >
1% M ) ™ M i (1 |
¥ 2= L L LT

Figure 18: Gravity reinforcement required for the 2" Floor (Part B)
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Lateral Analysis

To analyze the lateral system of Global Village, a model was built using ETABS as shown in Figure 19.
The geometry of the building was assumed to be a rectangular prism with dimensions: 223’-0” long by
52’-10” wide by 58’-0” high. The height of the building was changed to a flat roof mainly because of a
lacking knowledge of ETABS to make a sloped roof. A height of 58’-0” was chosen since this is the
midpoint of the roof and where the centroid of the roof weight would be located. Columns, shown in
green, are 20” by 20” as found above and the slabs were modeled as rigid diaphragms with the weight
of each floor used in the seismic analysis. Concrete beams, shown in yellow, with a width equal to that
of the columns and a depth equal to that of the slab were spanned between each column to represent
the moment connections.

As stated in the simplifications section, the building model did not take into account the 14’-0” grade
level change from one side of the building to the other. Instead, the model was designed to have the
same ground to roof height on each side.

Using this program, relative story drifts were obtained and then compared to accepted values.
Moments due to lateral loads were also obtained in order to design the moment connections which will
be explained later in this report.
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Figure 19: North leg of Global Village modeled in ETABS
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Lateral Load Summary

A summary of the lateral loads acting on the building found from the lateral loads section is shown
below in Figure 20. These loads were input into the ETABS model using load cases discussed below in

order to analyze and design the proposed building’s lateral system.

Wind: Y-Axis Loads

43.7 k — &
88.8 k - 48’
88.9 k = 374"
93.6 k > 26'-8"
101.5 k = 14°
51.7k | o'

B,=223 <—— V=468.2k
& =33.45 N\ A M=14032 frk
Wind: X-Axis Loads

W07k ——= ] —  §g

21.8k = 48’

21.8 k = 374"

229k - 26'-8"

248k = 14’

12.6 k o’

B,=528 < V=1147k
=792 A M=3438ftk

Figure 20: Summary of lateral loads acting upon north leg of Global Village
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Applied Loads

Eight different load cases were input into ETABS, two of which are for seismic forces acting in the X and Y-
Directions. The other six are for the various wind load cases described in Figure 27.4-8 of ASCE 7-10 or in
Figure 21 below.
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Figure 21: Wind load cases used in ETABS. Courtesy of ASCE 7-10 Figure 27.4-8.
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Lateral Movement

Story Drift is a serviceability consideration and is defined as the displacement of one level with respect to
the level below it. ETABS was used to find the maximum story drift caused by both wind and seismic
forces in the X and Y-Directions. These values were then compared to allowable values outlined in ASCE 7-
10. For seismic, Table 12.12-1 in ASCE 7-10 was used to find an allowable story drift of 0.015h,,. For wind,
an allowance of h/400 was used. As shown in Table 11, the maximum story drifts for both seismic and
wind in the X and Y-Directions are below the allowable values proving that this lateral system is acceptable
for drift.

Story Drifts (in)
Seismic Wind
Level
Dy Frame By frame Bpiowable By frame By frame Bpiowable

Roof 0.079 0.091 1.800 0.019 0.114 0.300
Pent 0.141 0.160 1.921 0.031 0.189 0.320
4th 0.201 0.223 1.921 0.046 0.267 0.320
3rd 0.272 0.300 2.279 0.066 0.378 0.380
2nd 0.178 0.193 2.520 0.046 0.261 0.420
Total Drift 0.871 0.967 10.441 0.208 1.209 1.740

V ok V ok V ok V ok

Table 11: Maximum story drifts found using ETABS

Overturning Moment

From Figure 20 in the lateral load summary section, wind loads control the overturning moment of the
building. The wind forces in the Y-Direction result in an overturning moment, M,, of 14,032“"‘. The
critical moment occurs in the direction with the least depth, corresponding to the Y-Direction of the
model or the width of the building.

To resist this moment, the building weight is multiplied by the moment arm. The moment arm in this
case is half the building width. The resisting moment, Mg, calculates out to 254,445ft'k which is much
greater than M,. Therefore, the building has the capacity to withstand the overturning moment due to
both wind and seismic loads.
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Lateral Load Moments

To design the moment connections used for the
buildings lateral system, the maximum moments

in the columns for each story in both the X and Y-
Direction were found using the ETABS model. The

controlling load case in the X-Direction was due to

earthquake loads. Wind load Case 2 was the

controlling load case for the Y-Direction. See

Floor Lateral Load Moments (ft-k)
X-Direction Y-Direction
2" 96 68
3" 118 64
4" 106 43
Pent 48 19

Table 12 for a list of the moments found for each
story and direction.

Lateral Reinforcement Design

Table 12: Lateral load moments

These moments were then input into the unbalanced moment section of the spreadsheet to calculate
the required reinforcement for the moment connections. Due to the amount of calculations; a corner,
exterior, and an interior bay are given in Appendix G. A summary of the required reinforcement for the
second floor can be found in Figures 22, 23, 24, and 25. As in the gravity system reinforcement plans,
the numbers listed refer to the amount of #5 bars that are equally spanned over the distance given. For
the required lateral reinforcement of each floor see Appendix J.
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Figure 22: Lateral reinforcement required for the 2" Floor (PartA)
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Figure 24: Lateral reinforcement required for the 2" Floor (Part A)
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Figure 25: Lateral reinforcement required for the 2" Floor (Part B)
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Architecture Breadth

An architecture breadth is completed in order to address the
impacts that the new structural system produces and to provide O—f=
a possible solution. Since the original design uses wood on the
residential floors, the floor plan will be affected due to the
placement of the concrete columns. A column layout was made
to work around the architecture as best as possible but some
areas could not be avoided.

i

In total, there are 15 areas on the third floor that are affected
by the column placements. All of these areas occur due to
interior placed columns and most columns affect bathrooms
and fan coil unit spaces. Out of the 15 areas, eight column
locations directly affect fan coil unit spaces and six locations

affect bathroom spaces. Even though the columns placed in the O
bathrooms take up space, the bathroom areas are still
manageable and thus no alteration needs to be done.
Therefore, only the changes to the fan coil unit spaces and the L5
column in the corridor area will be addressed. The columns ‘ Lﬁl
affecting these areas are highlighted in green in Figure 26. o i '

J
Ly

r
Suitp 3040

o

;

Apartmerjt

Even though the academic fit-out space on the second floor can
easily be adjusted, many changes were made to the floor plan. ©O—

L

i

Almost every wall was moved since the walls followed the steel : ' F——
L

E

columns in the existing floor plan. This produced long narrow
classrooms or rooms with columns in the middle of the space. A %

In order to specifically show the solution and changes made to ©® ] I o
the floor plan, expanded areas are shown both before and after S
modifications have been made. Revit was used to display the

- il
changes in the floor plan and provide 3D images. Since these O— 2 ,_DEL .
.

areas are similar to other locations in the building, any
alterations made can be considered to be replicated.

Due to the third and fourth floor being identical, any changes
applied to the third floor are also considered to be changed on < , —
the fourth floor. The ground floor was not analyzed in this
report since the area !s mainly open énd designed by.the retail Figure 26: Column grid layout over 3" Floor Plan
owners. The mechanical penthouse is also not examined here of Global Village. Columns in green signify that
due to minimal adjustments needed. the architecture or floor plan will be affected

< o o~ —
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Fan Coil Unit Area Re-Design

Figure 27 shows a portion of the third floor plan from the existing building while Figure 28 shows the
modifications that have been made due to the placement of the columns, shown in blue. The main
alteration in the floor plan is that the fan coil unit space was moved to the other side of the door way.
This creates a narrower entrance and also a narrower kitchen. Figure 28 also shows the column taking
up space in the bathroom but not necessarily disrupting the space to where it needs to be modified.

Badroom Living Roam
..-"” —L J ‘\\.. ..(."’ ‘l J .\\\__.
4 ]=.=r 1= ‘j
— u 1} [r
"\.{f / Ec Kitehen
A be Lol il

Figure 27: Original fan coil unit area modeled in Revit

Beadroonm Living Room

Figure 28: Modified fan coil unit area modeled in Revit
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Figure 29 shows the original floor plan

Corridor Area Re-Design

and view of the corridor space while Figure 30 shows the

modifications that have been made due to the placement of the columns. To make the column more
aesthetically pleasing, the space has been transformed into a lounge area with a small table around the

column to put books or drinks.

Figure 29: Original corridor area modeled in Revit

Figure 30: Modified corridor area modeled in Revit
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2" Floor Re-Design

Figure 31 shows the existing second floor plan while Figure 32 shows a possible solution to the new
column layout. As a result of smaller bay sizes, the width of the rooms decreased producing long
narrow classrooms. Classrooms were put where the maximum spans occur in order to obtain the
greatest width possible. Storage areas were place where the smallest spans occur since the width would
not be acceptable for a classroom. Rooms that have columns in the middle of the space were chosen as
computer labs since visibility or aesthetics are not considered a necessity.
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Figure 31: Original 2" Floor Plan modeled in Revit
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Figure 32: Modified 2" Floor Plan modeled in Revit
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Const. Management Breadth

A construction management breadth is completed in order to assess the constructability of re-design for
the proposed structure. This includes a study on why most university buildings are constructed out of
concrete or masonry. This information would then be used to compare the proposed building to the
existing building based on improvements in construction methods, safety, and more.

Study of Residential Buildings

To find out why most university buildings are made of masonry or concrete, David Manoz who is the
assistant director of housing at Penn State, was contacted. He stated that most on-campus housing uses
concrete as the main material for its durability and fire rating. Concrete buildings can last for a long
time without any upkeep or maintenance. Even if the room isn’t equipped with sprinklers, the structure
will still be fine after a fire. A couple of fires actually occurred in the dorms and nothing was damaged
aside from the student’s belongings. Other benefits of using concrete are that you get a stiffer
structural system and it provides good proofing between rooms.

There are some advantages of using wood for a structural system. The main reasons are that it is a lot
cheaper and initial construction is easier. It also increases the flexibility of the floor plan since it’s not
restrained by bay sizes like in concrete or steel. However, even though the initial cost may be lower,
maintenance costs become higher and the durability of the structure is a lot less.

After talking to David Manoz, Jim Yarrington who is the director of construction services at the
Rochester Institute of Technology was contacted to find the main reason behind the use of wood in
Global Village. The main reason was in fact driven by cost. The building was intended to be all steel and
concrete in the initial design but was cost-prohibitive. By switching to this steel-wood hybrid system,
the third building of the complex was affordable and thus a larger volume of rooms was constructed.

Cost Analysis

Since the building cost needed to be considered, a cost analysis between the proposed and existing
building was completed. It was found, as from the study, that the proposed system is more than triple
the existing building’s cost. Through the use of RSMeans, it was determined that the total cost of the
existing steel-wood system is $571,588.23 where the proposed buildings structure was calculated to
cost $1,826,436.50.

Constructability

In terms of constructability, the use of concrete would improve many areas in construction. Even
though wood can be considered to be more recyclable, less construction waste is produced if concrete is
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used. This is primarily due to wood having to be cut if not adequately sized where concrete is just
poured. Since the buildings materials are uniform throughout the structure, construction should be
faster since fewer firms are involved. The use of one main material also improves safety since the firm
providing the work is mainly specialized in this material. A drawback of using concrete is that more field
labor is required since the structural system is basically made on-site instead of structural members
being shipped to the site as done in steel construction.
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Conclusion

The overall goal of this project was to alter the dual structural system to a more uniform system. Global
Village consists of two different structural systems. Steel framing is used on the bottom half of the
building while wood framing is used on the top half. The use of different structural materials within the
building complicates the design and requires more people to be involved than a uniform structural
system.

Concrete was chosen due to its predominant use in most on-campus residential buildings. A reinforced
flat plate system was then selected in order to avoid altering the existing floor plan. Through
calculations along with deflection and unbalanced moments checks, it was determined that an 8.5” slab
supported by 20” by 20” columns with (8) #10 bars was adequate. Slab reinforcement was then found
using a spreadsheet following the direct design method.

Since the building is relatively short, it was determined that moment connections in both directions
would be sufficient to accommodate lateral loads. Eight different lateral load cases were analyzed on a
model of the proposed building using ETABS. Moments found in the columns were then input into the
unbalanced moment section of the spreadsheet to calculate the required reinforcement for the moment
connections. Story drift values were taken directly from ETABS and compared to allowable values
outlined in ASCE 7-10. The maximum story drift that the lateral frame induced was 1.751” in the N-S
Direction as a result of seismic loads. This is much less than the allowable 10.441”. As a note, the
maximum wind drift of 1.696” is also below the allowable 1.740” for wind loads.

Although columns were placed as best as possible to avoid altering the existing floor plan, some areas
could not be avoided. An architecture breadth was completed in order to analyze these changes and to
provide a solution. In total, 15 areas were affected by the column placements but only eight locations
needed to be modified. Most of these areas were due to columns being placed where fan coil units
were located. As a result, the fan coil units were relocated which in turn made the entrance and kitchen
spaces narrower. A new floor plan for the second floor was also required due to the new column layout.

The use of concrete provides many benefits for on-campus residential buildings. Buildings made of
concrete are more durable and offer sound proofing benefits which may be desired in dormitory
buildings. The fire rating of the building is also improved and maintenance costs tend to be lower than
other materials. The drawback of using concrete is that it is a more expensive structural system.
RSMeans was used to calculate the cost of each system and it was found that the proposed structure
costs $1,826,436 where the existing design was calculated to cost $571,588.

Although the proposed building would be more durable and have lower maintenance costs, the upfront
cost of the structure is too great and would not be permitted due to budget constraints. The
preliminary design of the existing building was a steel and concrete frame but in order to construct a
third building in the project, the hybrid structural system needed to be used.
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Appendix A: Typical Plans and Details
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Appendix B: Wind Load Calculations
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Appendix C: Seismic Load Calculations

Variable Value Reference Equivalent Lateral Force Procedure
l= 125 Table 1.5-2 C= 0.02 Table 12.8-2: Other
S= 0.21 USGS X= 0.75 Structures
Si= 0.06 USGS n= 62.5 ft
Site Class: c Geotech Report = 0.445 sec
F.= ¢2; Table 11.4-1 = 17 Table 12.8-1
F,= 1.7 Table 11.4-2 T= 0.756 sec
Se= 0.252 k= 1.128
Sieis 0.102 G= 0.070
Sps= 0.168 G 0.037
Spi= 0.068 Csmin 0.010
Category: B Table 11.6-1,2
R= 3 Table 12.2-1: Ordinary RC Use Cs= 0.037
Moment Frame
T= 6sec Fig 22-12
Weight of Floors
1% Floor: 2" Floor: 3" Floor:
SDL= 5 psf SDL= 5 psf SDL= 5 psf
MEP= 10 psf MEP= 10 psf MEP= 10 psf
Partitions= 15 psf Partitions= 15 psf Partitions= 15 psf
Slab= 106.3 psf Ceiling= 5 psf Ceiling= 5 psf
MEP Equip= 150 psf Slab= 106.3 psf Slab= 106.3 psf
Bioaai= 4314 ft? Bicia= 12456  ft* B d= 12456 ft*
Acther= 12456 ft?
Weight: 2345 kips Weight: 1760 kips Weight: 1760 kips
4" Floor: Penthouse: Roof:
SDL= 5 psf SDL= 5 psf SDL= 5 psf
MEP= 10 psf MEP= 10 psf Framing= 15 psf
Partitions= 15 psf Partitions= 20 psf Insulation= 3 psf
Ceiling= 0 psf Ceiling= 0 psf 20% Snow= 6.16 psf
Slab= 106.3 psf Slab= 106.3 psf
MEP Equip= 150 psf
Arora= 12456  ft’ Apiech= 744 ft? Aot 11487
Actner= 11487
Weight: 1698 kips Weight: 1735 kips Weight: 335 kips
Page
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Seismic Forces
Building C
Floor Floor Weight, |Story Height, h, wihit c Story Force |Story Shear] Overturning
w, (K) (ft) o 'x (k) (k) Moment (k-ft)
Ground 2345 0.0 0.00 0.00 0.0 361.1 0.0
2nd 1760 14.0 89799.12 0.09 33.8 361.1 473.2
3rd 1760 26.7 185685.30 0.19 69.9 327.3 1863.3
4th 1698 373 260630.10 0.27 98.1 2574 3662.1
Pent 1735 48.0 354584.69 0.37 133.5 159.3 6406.4
Roof 335 58.0 68682.22 0.07 25.9 25.9 1499.4
Sum: 9632 959381.4 1.00 361.1
v ok v ok
Base Shear (V=C,W) = 361 Total Overturning Moment = 13904
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Appendix D: Story Loads

Wind: Y-Axis Loads

43.7 k 58'
88.8 k a8’
88.9 k 37'-4"
93.6 k 26'-8"
101.5 k 14
51.7k | o
B, =223 < V=468.2k
8=3345 A M=14032 frk
Wind: X-Axis Loads
107 ——— =} - B 58
218 k ag’
21.8 k 37'-4"
229k 26'-8"
24.8 k 14
126 k I o
B, =528 < V=114.7k
&=792 A M=3438ftk
April 4,2012
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Appendix E: Column Calculations

Flat Plate With No Edge Beams (By Direct Design Method)

Lo o™ 20 ft Iy= 17 ft Is T 1 Is gl
f= 4000  psi Ig= 1667 ft R Frame C +
f= 60000  psi b= 16833 # [
W= 35 psf I= 19 ft b : Middle 2 T bl [ > il s >
w= 100 psf lg= 20 ft |
Yoot 1= 20 in Width,,= 9.5815  ft 1 Frame B = TI= Mid 3 Mid 4
oot 200 20 in Widthy= 18.0815 ft l
e & ; i # 1. x Middle 1 ; | [« FD-»/«— FrameE —»|<— FrameF —»
1517 ft Width,= 84165 ft s ’L l 'de
1533 ft Width=  17.9165  ft - o - =
1733 ft Width;= 195  ft ' 12 ' h Tk ' h ' h Tk
15.00 ft Need to change orientation so 12 > 11 Note: Make sure |, >,
1833 ft
Column Design of Ground Floor Columns
Trial Column Roof Slope= 2 / 12 —_ - I d
b= 20 in T 23 psf [ ] [ [ J 3
h= 20 in Wisou™ 20 psf T ha
—) 1
Use # 10 bars Wanon 308 psf ° ° .
di= 25  in 35 psf i pending
bars, .= 2 150 psf Non-Reducible Axis = .
barspe= 6 30 psf I ® hs
Floors= s 40 psf barsyen 1 T°?
Note: Includes roof but not ground 35 psf — hy
hg= 10 ft 40 psf | ® ° ® | _—
hy= 1067 ft 35 pst =
hy= 1067  ft W= 100 psf Non-Reducible b
hy= 1266 ft W5, ground= N/A  psf
h.= 14 ft Wi graund= N/A  psf
Column Strength / Strength Interaction Curve
Pure Compression Balanced-Strain Strength
P= 19157  kips &= 0.00207 p.= 0.85
9P,= 12452 kips o= 1036 in < h oK A= 1227 in’
d= 250 in fu= 60.00  ksi
Pure Tension d= 1000 in fa= 300 ksi
Te= 589.0  kips dy= 1750 in f= 60.00  ksi
9= 5301 kips dy= in fy= ksi
dy= in fio= ksi
Pure Bending (Solve by Hand) dg= in fi= ksi
dy= in fa= ksi
dg= in f= ksi
Py= 6060  kips M= 5554 ftk
OP= 3939 kips M= 3610 ftk
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Column BD Column BE Column BF
teol 0= 20 in Lo 10= 20 in ool 1= 20 in
Heol.206= 20 in ool 20~ 20 in Leol 2= 20 in
A= 608.731779 ft* A= 1295.82878 ft’ A= 1410357
A= 152.182945 £ Arwor=  323.957195 7 At o= 35258925 fi’
K Ar= 2434.92712 K A= 5183.31512 K A= 5641.428 f’
KuAr > 400ft" oK KuAr > 400ft® oK KuAr > 400ft> [e13
o= 0.55 o= 0.46 a= 0.45
o= 1.00 Croof= 0.88 o= 0.85
Column BD Column BE Column BF
Merass fong™ 96 ft-k 96 ft-k MeTats jong™ 96 ft-k
Merazs shors= 68 ftk 68 ft-k Merazs shoes= 68 ft-k
Munbjons™ 317 ft-k 273 ftk Mt fong™ 25.0 ft-k
Munbshort= 133 ft-k 0 27.5 ft-k Mot short= 29.9 ft-k
P= 448 kips P= 929 kips P= 100.8 kips
Py= 1059  kips Pp= 2060  kips Po= 2227 kips
Pou= 7.7 kips Ps.= 15.7  kips Psi= 16.8  kips
M jorg= 1277 ftk My jong= 1233 ftk My jong= 1210 ftk
M, g™ 813 ft-k M, o= 95.5 ft-k M, o= 97.9 ft-k
Py= 202.6 kips Pr= 403.6 kips Pr= 437.0 kips
Interior Column BF (Reinforcement Needed)
£ i 20 in b= 108.50 in
oot 2dir= 20 in b= 2713 in
My fong= 41.7 ft-k b,= 27.13 in
Mystiort= 49.9  ftk Vo= 195.6  kips
Vo= 293.4 kips
Ves= 226.2  kips
V= 116.2  kips V= 146.7  kips
Transferred by Eccentricity of Shear
V&= 116.2 kips V&= 116.2 kips
My long= 16.7 ft-k My, short= 19.9 ft-k
Centroid= 13.56 in Centroid= 13.56 in
J= 96434  in* 1= 96434  in*
A= 773 in’ A= 773 in’
V= 122 psi V= 117 psi
V= 178 psi V= 184 psi
V= 178 psi V= 184 psi
dv,= 190 psi > v, OK ov,= 190 psi > v, OK
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P (kip)
1400 +
Pmaxy {Pmax)
fs=0 fs=0
fs=0.5fy fg=0.5fy
_4IUU I I 4|IJU
M (k-ft)
(Pminy ~ T T {Prmin)
-600 -
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Flat Plate With No Edge Beams (By Direct Design Method)

Appendix F: Slab Thickness Calculations

[— 20 ft 1= 19.163  ft ‘
bnan ex™ 20 ft I= 17 ft Is Is rL.
f= 4000 psi l= 1667 ft R Frame C
f= 60000  psi [T
Weo= 35 psf 20 ft h : Middle 2 LI b i > |« -
W= 100 psf 16833 ft
LT 20 in 95815 ft = K Frame B = Mid 3- Mid 4-
tetaa™ 0 in 180815 ft '
1750 # 16835 h 7’ Middle 1 7 h{ ERED SIS Frame £ Bl Frame IS
173 9s i TuLy ! {J_-,,
1533 195 & N = e = -
1833 Width,=  18.4165 ft ' h ' b G ' l2 ' b Tk
15.00 ft Need to change orientation so 12> 11 Note: Make sure |, > |,
1517 ft
Slab Thickness
0.00 in
667 in
trinen= 807 in
Use ty= 850 in > 5 oK
Wide Beam Action Punching Shear
Inanps= 18.1 ft I, 192 18.1 ft
Note: Dimensions from Same Bay
Irax 26 20 s e 195 #t 195 ft
Qo= 713 in
W= 3295  psf 1146  kips
1085 in
Long Direction W Ee 1956  kips
s11  kips E g ,—E 2934 kips
1468  kips > V, oK - 2262 kips
1467  kips > V, ok
Short Direction
V= 525 kips
W= 1582 kips > V, oK
Deflection Check
25 %ofw,issustained
Assume: 90 % of immediate deflection due to dead load occurs before partitions are installed
X Check if: Nonstructural attached elements will be damaged by excessive deflection
Interior Panel I; - |, Exterior Panel |, - I,
Column Strip Middle Strip Column Strip Middle Strip
lget™ 5552 in* lgmss= 7062 in* (s 5552 in* s 5834 in*
wo= 1724 K/t wo= 0918 K/ft wo= 1724 K/t W= 0872 K/ft
w= 1221 K/t w= 0650 K/ft w= 1221 K/ft w= 0618  k/ft
Boma= 0062 in Ao e 0014 in A mes™ 0050 in Ao mer 0025 in
A= 0081 in A= 0018 in pLop— 0066 in Bmas= 0033 in
cng term™ 0246 in Brgtenm= 0054 in B 0201 in Diiogtoci= 0100 in
Check Live Load Deflection Check Live Load Deflection
A= 0099 in Ax 0.099 in
ACI Limit= 0667 in oK ACILimit= 0633 in oK
Check Total Load Deflection Check Total Load Deflection
A= 0406 in A= 0407 in
ACI Limit= 0500 in oK ACILimit= 0475  in oK
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Exterior Panel I3 - I,

Exterior Panel |, - 14

Column Strip Middle Strip Column Strip Middle Strip
lgco= 5552 in‘ lmi= 6448  in* 5859  in' [ 5884  in®
W= 1724 k/ft wo= 0872 K/ft 1859 k/ft wy= 0.880  K/ft
w= 1221 k/ft w= 0618  Kk/ft 1316 k/ft w= 0623 K/ft

0050 in 0014 in 0053 in Apmar= 0.030 in
0.066 in 0.026 in 0.070 in AL mex= 0039 in
0201 in 0062 in 0212 in P 0119  in
Check Live Load Deflection Check Live Load Deflection
A= 0092 in A= 0109 in
ACI Limit= 0633 in oK ACI Limit= 0.667 in oK
Check Total Load Deflection Check Total Load Deflection
M= 0361 in M= 0.448  in
ACI Limit= 0475  in oK ACI Limit= 0500 in oK

April 4,2012

Page
70

RIT GLOBAL VILLAGE




Christopher VandeLogt

Final Report

Structural Option

Appendix G: 2nd Floor Reinf Calcs

Flat Plate With No Edge Beams (By Direct Design Method)

[ 20 h= 16833 ft = 3
20 f Iy= 15166 fr s b
4000  psi Is= 0 f Frame C
60000  psi = 19163 f
£ psf = 17 ft L Middle 2 h >
00 psf = 1667 fr
teoar® 0 in Widthes 84165 ft Frame 8
teaa 20 in Widthy= 159995 ft ! !
= 1547 ft Widthe=  17.583  f h r' Middle 1 h] REFOFISEY Frome E JSeli] Frame £ Supp
b= 1750 ft Width= 95815 ft foned rL ! ,J_‘
Ina= 1350 f Widthe= 180815 ft - = e =
Ine= 1533 Widthye= 16.835 ft L ' h k ’ h i ke Tk
lns= 1832 R Note: Make sure | >y
= 1500 fr
Slab Thickness
Ceoa= 000 in
tainne= 667 in
trinad™ 807 in
Usetyg= 850  in > 5 oK
Wide Beam Action Punchirg Shear
[ 181 R Vasiziam 192 ® W SR [ 81
20 falgs 195 R o™ 195
743 in
3295  psf 1146 kips
1085 in
Long Direction 1956 Kps
Ve 511 kips % ; é Vo= 2034 kips
Vs 1468 Kps > V, oK Vs 262 kips
V= 1467  kips > V, oK
Short Direction
Vi 525 kips
Ve 1582 kips > V, oK
Deflection Check
25 Y%ofw,issustained
Assume: 90  %ofimmediate deflection due to dead load occurs befare partiticns are installed
x Checkiif: Nonstructural attached elements will be damaged by excessive deflection
Interior Panel - I, Exterior Panel I, - |,
Column Strip Middle Strip Column Strip | Middie Strip
lgcr™ 5399 gt lemia™ 5783 in* lecs= 4913t lerid™ 6600 jn'
wo= 1676 kit wo= 0780 K/t wo= 1525 kit wo= 0880 kit
W= 1187 Wit wes Kift W= 1080 K/t W 0623 kit
Aomer 0032 i in i 0052 in Bomac 0013 in
- 0042 i in o 0068 i o 0017 i
Bsine 0129 i B 0035 i Biasan® 0208 in Bcis 0053 i
Check Live Load Deflection Check Live Load Deflecticn
A= 0054 in 0.085 in
AQUmit= 0567 in oK 0639 in oK
Check Totd Load Deflection Check Total Load Deflection
A= 0222 in = 0353 in
ACUmit= 0425 in oK 0478 i oK
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Exterior Panel I- |,

Exterlor Panel Iy - Iy

Column Strip Middle Strip Celumn Strip | Middle Strip
lgea™ 5399 in' Igme= 7112 in* lgea™ in lpmid™ 5169  in'
Wo= 1676 K/ft wo= 0.8 Kfft wy= Kfit wo= 0773 Kfft
wy K/ft Wy 0623  Kfft W= kit W= 0547 Kfft
- in y o 0.008 in Boes in Boe= 0016 in
A in Ane= 0.015  in A e in A= 0020 in
Burgeem® 0208 in Dsgiint 0.036 in Aongrem® in Durgram® 0062 in
Check Live Load Deflection Check Live Load Deflection
008 in A= in
ACI Umit= 0.639 in oK ACI Limit= in oK
Check Total Load Deflecticn Check Total Load Deflection
A= 0333 in M= 0.264 in
AClLimit= 0479 i oK ACIUmit= 0425 in oK
Longitudinal Moments (ft-k)
’ 55.2 28.5
e I -26.5 74.3 I -53.0 -53.0 I
104.9 54.2
Total Static Mament Frame Xy | w4 am2 | 1007 1007 |
W 3205  psf
I/ I/l — 115.3 59.6
Mga= 1061 frk 815  frk | e ass2 | 1107 1107 |
Mos= 2017 frk 1549 ftk
M= 217 fek 1703 frk — 47.2 25.2
Mop= 0.8  fk 719 frk | 2.7 63.5 | -46.7 46.7 |
Mae= 713 fek 1357 frk
Mas= 1595 fk 1264 frk framaE: 89.1 47.5
| «s 1199 | es2 1
FrameF: 22 2
BEE e | s w21 |
Summary of Mements {ft-)
o= 0 Since flat plate (no beams)
Ganc= 29980  int 29980 in' Frame A Cal Strip: 42 ft Col Strip: 42 fit
5169 in* se84  in' Mid Strip: 42 ft Mid Strip: 4.2 ft
9|6 it o= 11108 M 26.5 55.2 743 -53.0 285 -53.0
10798 in® Is= 10339 i Mey= -55.7 29.7 171 39.7
02900 < 2.5 so Use %col strip value below Mo 221 186 132 114 13.2
Bus= 01526 < 2.5 so Use % cel strip value belew
Bie= 0.1388 < 2.5 so Use % col strip value below. ey Col Strip: 80 ft Col Strip: 80 ft
o= 02547 < 2.5 so Use % col strip value below Mid Strip: 80 ft Mid Strip: 80 ft
Peen 01350 < 2.5 so Use %ol strip value below M= -50.4 1049 4412 -100.7 54.2 -100.7
Pos= 01450 < 2.5 so Use % cal strip vaiue below M= 49.7 1059 -75.5 32.5 75.5
M 0.8 35.3 252 217 25.2
Ea Cdl strip= 971 %
Mid Strip= 29 % Cal Strip: 88 ft Col Strip: 88  ft
é s Col Strip= % Preal i Strip: 88 ft Mid Strip: 88 ft
& Mid Strip= % M= -55.4 1153 59.6 1107
g Col Strip= % Mear -54.7 69.2 358 -83.0
Mid Strip= 25.0 % M= 0.8 46.1 23.8 277
- Cal Strip= |5 % — Strip: a2 Col Strip: 8 R
Mid Strip= 15 % Mid Strip: 54 ft Wid Strip: 58t
2 - Cal Strip= 6.0 % M= 2.7 47.2 3.5 46.7 25.2 46.7
2 Mid Strip= 00 % Mg 21 283 477 -35.1 15. 35.1
Cdl Strip= 750 % Mu® 06 189 159 17 1041 1.7
" Mid Strip= %
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Col Strip: 84 ft Col Strip: 76 ft
Frame E:
& Cdl Strip= 986 % Mid Strip: 9.7 ft Mid Strip: 105  ft
xt
Mid Strip= 14 % 428 89.1 1199 -88.2 47.5 -88.2
K « Cal Strip= 60.0 % 4.2 53.4 89.9 -66.2 285 66.2
os
i’_ Mid Strip= 400 % 0.6 356 -30.0 221 19.0 221
Col Strip= 750 %
Int
Mid Strip= 250 % Col Strip: 84 it Col Strip: ft
Frame F:
Mid Strip: 85 ft Mid Strip: ft
" Col Strip= 7.5 % Muge= -39.9 82.9 1116 -821 4.2 2.1
xt
Mid Strip= 2.5 % M= 393 49.8 8.7 26.5 61.6
a
@ . Col Strip= 600 % Muig= 0.6 33.2 27.9 -205 17.7 20.5
o5
\E Mid Strip= 400 %
Cdl Strip= 750 %
Int
Mid Strip= 250 %
Col Strip= 987 %
Ext
Mid Strip= 13 %
‘s Cdl Strip= 500 %
(= Pos
g Mid Strip= 400 %
Col Strip= 750 %
Int
Mid Strip= 250 %
Cal Strip= 986 %
Ext
Mid Strip= 14 %
5 Col Strip= 600 %
£ Pos
g Mid Strip= 00 %
Col Strip= 750 %
Int
Mid Strip= 250 %
Assume:
# 5 bars
interpolate Machine:
p= =
Low 0.002 175
High 0.0035 204
Result 0.00329 192
Design of Slab Reinforcement for Frame A
Column Strip Middle Strip
- Exterior Span Interior Span 00 Exterior Span Interior Span
Description Description
Mee M Min M M Mea M M M M
Moment: My o 25.8 331 -55.7 39.7 171 Moment: M, 4 08 21 186 13.2 114
Col. Strip Width: b 505 50.5 50.5 50.5 505 Col. Strip Width: b 50.5 50.5 50.5 50.5 50.5
Effective Depth: d 7.44 744 7.44 744 7.44 Effective Depth: d 7.44 7.44, 7.44 7.44 744
M, x12/5 6.1 79 132 9.4 41 M,x12/b 0.2 52 -44 34 27
Mo =MJ/4 286 6.8 61.9 <41 19.0 Mo =My/¢ 08 24.5 206 147 127
R=M,x 12000bd® 123.0 1580 2659 189.6 81.7 R=Mox 12000/bd” 3.7 1054 886 632 54.5
p=SeeTableASa 0 0 0.00463 o o p=SeeTableA.5a o 0 o 0 0
Proin = See Table A4 — D = See Table A4 0.0033
Pra =See Table A4 € o006 [——> Proax = See Table A4 0.0206
Check Prin NG. NG. oK NG, NG. Check Prin NG. NG. NG. NG. NG.
Check Prosc (o] oK oK oK oK Check P oK oK oK OK oK
Usep 0.0033 0.0033 0.00463 0.0033 0.0033 Usep 0.0033 0.0033 0.0033 0.0033 0.0033
Ag=pbd 124 124 174 124 1.24 As=pbd 124 124 1.24 124 124
Aqin = -00185t 077 0.77 0.77 0.77 077 Agrin =-0018bt 077 0.77 0.77 0.77 0.77
Check A;> Aq min oK oK ok oK oK Check A;> Aymn oK oK oK oK oK
Use A, 124 1.24 1.74 124 124 Use A 1.24 1.24 1.24 1.24 124
No. of Bars s 5 3 5 5 No. of Bars 5 5 5 5 5
Min No. of Bars 3 3 3 3 3 Min No. of Bars 3 3 3 3 3
Use No. of Bars s 5 6 5 5 Use No. of Bars 5 5 5 5 5
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Design of Slab Reinforcement for Frame B

Column Strip Middle Strip
Exterior Span Interior Span Exterior Span Interior Span
Description Description
Mg M M M M M M My M M
Moment: Mycq 9.7 62.9 -105.9 75.5 325 Moment: Mycq 0.8 420 353 25.2 217
Col. Strip Width: b 96.0 96.0 96.0 96.0 96.0 Col. Strip Width: b 96.0 96.0 96.0 96.0 96.0
Effective Depth: d 7.44 7.44 7.44 744 7.44 Effective Depth: d 7.44 7.44 7.44 7.44 7.44
Myx12/b 6.2 7.9 13.2 9.4 41 M,x12/b 01 52 44 31 27
Mo =M/ -55.2 69.9 -117.7 8.9 362 My = My/$ 0.9 46.6 292 280 241
R = M, x 12000/bd” 124.7 1580 2659 189.6 817 R=M,x 12000/bd” 1.9 1054 886 63.2 54.5
p=SeeTableASa 0 a 000463 0 0 p=SeeTableASa 0 0 0 0 0
Pran = See Table A4 € > Pron = See Table A4 0.0033
P = See Table A4 €—————— o0 [ Prma: = See Table A4 0.0206
heck Prn NG. NG. oK NG. NG. Check Prun NG. NG. NG. NG. NG.
Check Prnac oK oK oK oK oK heck Prnax oK oK oK oK oK
Usep 00033 0.0033 0.00453 0.0033 0.0033 Usep 0.0033 0.0033 0.0033 0.0033 00033
A, =pbd 236 236 331 236 236 A =pbd 236 236 2.36 236 236
A, pin =-0018bt 147 147 1.47 147 1.47 A, in =.0018bt 1.47 147 1.47 147 1.47
Check Ag> Ag pin oK oK oK oK oK Check As> Agpin oK oK oK oK oK
Use A, 236 236 331 236 236 Use A, 236 226 2.36 236 236
No. of Bars 8 1 8 8 No. of Bars 8 8 8 8 8
Min No. of Bars 5 3 G 5 6 Min No. of Bars 5 5 5 5 6
Use No. of Bars B 8 1 8 8 Use No. of Bars g 8 8 8 8
Design of Slab Reinforcement for Frame C
Column Strip Middle Strip
Exterior Span Interior Span Exterior Span Interior Span
Description Description
Moo M M M Mee M Min M M
Moment: Mycq -54.7 69.2 1164 .0 358 Moment: Mycy 0.8 46.1 -388 21.7 238
Col. Strip Width: b 105.5 105.5 105.5 105.5 105.5 Gdl. Strip Width: b 105.5 105.5 105.5 105.5 105.5
Effective Depth: d 7.04 7.44 7.44 7.44 7.44 Effective Depth: d 7.44 7.44 7.44 7.44 7.44
M, x12/b 6.2 7.9 132 9.4 41 M, x12/b 041 52 44 31 2.7
Mo =MJ/$ 50.7 769 1293 2.2 39.7 Mo =MJ/$ 09 51.2 431 30.7 26.5
R = M, x 12000/bd 124.9 1580 2659 189.6 817 R= M, x 12000/bd? 1.8 1054 886 63.2 54.5
p=SeeTableASa 0 0 000463 (] 0 p=SeeTableA.5a 0 0 0 0 0
Orain = See Table A4 €« o003 [ Prin = See Table A4 0.0033
Prac = S22 Table A4 -— 0.0206 F——m> Prmac = S2¢ Table A4 0.0206
Qreck prin NG, NG. oK NG. NG. Check Prin NG, NG. NG, N.G. NG.
Check Prac fol oK oK oK oK Check Prax oK oK oK oK oK
Usep 0.0033 0.0033 000453 0.0033 0.0032 Usep 0.0033 0,0033 0.0033 0.0033 0.0033
As=pbd 2.59 2.59 3.63 2.59 2.59 As=pbd 259 2.59 2.59 2.59 2.59
Aqin =-0018bt 161 161 1.61 161 1.61 Aqen =.0018bt 1.61 161 1.61 161 161
Check A, > A, nin oK oK oK oK oK Check As> Ag nin oK oK oK oK oK
Use A, 2.5 259 362 259 259 Use A, 2.59 259 2.59 259 259
No. of Bars 9 9 12 9 9 No. of Bars 9 9 s 9 9
Min No. of Bars 7 7 7 7 7 Min No. of Bars 7 7 7 7 7
Use No. of Bars 9 9 12 9 9 Use No. of Bars 9 9 9 9 9
Design of Slab Reinforcement for Frame D
Column Strip Middle Strip
Exterior Span Interior Span Exterior Span Interior Span
Description ) ) Description i ) X
Mex M M M M Mes M M e M M
Moment: M, cq 221 283 47.7 351 151 Moment: Mycq 06 189 159 1.7 101
[« p Width: b 50.5 50.5 50.5 455 455 Col. Strip Width: b 54.5 64.5 64.5 69.5 695
Effective Depth: d 6.81 681 6.81 6.81 681 Effective Depth: d 6.81 681 6.81 6.81 681
M, x12/b 5.3 6.7 413 9.2 4.0 M, x12/b 041 35 -3.0 2.0 1.7
Mo =M,/$ 245 315 -53.0 29.0 168 Mo =MJ/$ 0.6 21.0 7.7 13.0 12
R = My x 12000/ 125.8 161.1 2714 214 954 R'= My x 12000/bd’ 2.6 84.1 70.8 483 416
p=SeeTableASa o 0 000472 0.00381 0 p=SeeTable A 5a 0 0 0 0 0
Pran = See Table A4 € o003 [/ Prin =See Table A4 0.0033
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Prs =See Table A4 € 00w6 > Pra =522 Table A4 0.0206
Check Prin NG, NG oK oK NG. Check Pran NG, NG. NG. NG. NG
Check P oK oK oK oK oK Check Prax oK oK oK oK oK
Usep 0.0033 0.0033 0.00472 0.00381 0.0033 Usep 0.0033 0.0033 0.0033 0.0033 0.0033
Ag=pbd 114 114 1.62 118 1.02 As=pbd 145 145 1.45 1.56 1.56
Aqin =-0018bt 077 077 0.77 0.70 0.70 Agia =.0018bt 0.99 0.99 0.99 1.06 1.06
Check Ag> Ag in oK oK oK oK oK Check As> Aqin oK oK ok oK oK
Use A, 114 114 1.62 118 1.02 Use A, 145 145 1.45 1.56 1.56
No. of Bars 4 4 6 4 4 No. of Bars 5 5 5 6 6
Min No. of Bars 3 3 3 3 3 Min No. of Bars 4 4 4 5 5
Use No. of Bars a a4 6 4 4 Use No. of Bars 5 5 5 3 6
Design of Slab Reinforcement for Frame E
Column Strip Middle Strip
Exterior Span Interior Span Extericr Span Interice Span
Description " Description R "
Mea M Mim M M Mex M M M M
Moment: M, ey 42.2 534 -89.9 6.2 285 Moment: M, 0.6 356 200 221 19.0
Col. Strip Width: b 101.0 101.0 101.0 91.0 91.0 Cl. Strip Width: b 116.0 116.0 116.0 126.0 126.0
Effective Depth: d 6.81 6.81 6.81 6.81 6.81 Effective Depth: d 6.81 6.81 6.81 6.81 6.81
M,x12/b 5.0 6.4 4107 87 38 M, x12/b 01 37 31 21 18
Mo =MJ/§ 46.9 594 -99.9 73.5 317 My =M/ 08 396 333 24.5 211
R=M,x 120004 1202 1520 255.8 208.9 90.0 R=M,x12000/bd® 1.4 833 74.3 503 433
p=SeeTableA.5a () 0 0.00444 0.00359 0 p=SeeTable A5a 0 0 0 0 o
Proin = See Table A4 €c———— o033 > Orn =See Table A4 0.0033
P =522 Table A4 € 0006 [—> P =522 Table A4 0.0206
Check Prin NG. NG. oK oK NG. Check Pran NG. NG. NG. N.G. NG,
Theck Prosc oK oK oK oK oK Check Pra oK oK oK oK oK
Usep 0.0033 0.0033 0.00444 0.00359 0.0033 Usep 0.0033 0.0033 0.0033 0.0033 0.0033
Ag=pbd 227 227 .05 223 205 A;=pbd 261 261 261 23 28
Aqin=.0018bt 155 1.55 1.55 129 139 Agin=.0018bt 177 177 177 1.93 1.93
Check As> As in oK oK oK oK oK Check A;> Agrn oK oK oK oK oK
Use A 227 227 3.05 223 2,05 Use A, 261 261 261 28 283
No. of Bars 8 8 10 8 No. of Bars 9 9 9 10 10
Min No. of Bars 6 3 5 6 6 Min No. of Bars 7 7 7 8 8
Use No. of Bars 8 8 10 8 7 Use No. of Bars 9 9 9 10 10
Design of Slab Reinforcement for Frame F
Column Strip Middle Strip
Exterior Span Interior Span Extericr Span Intericr Span
Description X ) ) . Description ) N ) .
M M M M M Moo %) Mire ™ ™
Moment: Myca -39.3 498 8.7 61.6 265 Moment: My cg 06 332 279 20.5 177
Col. Strip Width: b 100.5 100.5 1005 51.0 91.0 Cal. Strip Width: b 101.5 1015 1015 111.0 111.0
Effective Depth: d 6.81 6.81 6.81 6.81 6.81 Effective Depth:d 6.81 6.81 6.81 6.81 6.81
M,x12/b 47 59 10.0 81 35 M, x12/b 04 39 -33 2.2 19
My =MJ4 43.7 553 93.0 684 295 My =MJ/$ 0.6 6.9 310 22.8 19.7
R =M, x12000/bd 112.3 1422 2393 194.5 838 R=M,x 12000/bd” 1.6 939 79.0 531 458
p=SeeTableASa 0 [ 0.00414 0.00334 0 p=SeeTableASa 0 0 0 0 0
Prin =522 Table A4 € 00033 [——> P =522 Table A4 0.0033
O =S Table A4 — W s> P =S Table A4 0.0206
Check Prin NG. NG. oK oK NG. Check Prun NG N.G. NG. NG. NG,
eck Pryge oK ok oK oK oK Check Pgy oK oK oK oK oK
Usep 0.0033 0.0022 0.00414 0.00334 0.0032 Usep 0.0032 0.0033 0.0033 0.0033 0.0033
A= pbd 226 226 2.83 2.07 205 A;=pbd 228 228 2.28 2.50 2.50
Asmin=.00180t 154 1.54 1.54 139 139 Asmin =-0018bt 1.55 1.55 1.55 1.70 1.70
Check A,> oK oK oK oK oK Check Ag> A iy oK oK oK oK oK
Use A, 226 226 2.83 2.07 205 Use A, 228 228 2.28 2.50 2.50
No. of Bars 8 8 10 7 No. of Bars 8 8 8 9 9
Min No. of Bars 6 6 65 6 5 Min No. of 8ars 5 6 6 7 7
Use No. of Bars 8 8 10 7 7 Use No. of Bars 8 8 8 9 9
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Slab reinforcement for Middle Strip 1

Slab reinforcement for Middle Strip 2

oo Exterice Span Intarior Span Exterior Span Interior Span
Description
s Mt M Mine M M Mot M Mire M
Frame A Width {ft) 42 a2 42 42 42 Frame B Width (ft) 3.8 38 3.8 38 38
Frame B Width (ft) a2 a2 42 2 42 Frame CWidth (ft) 3.8 38 38 2.8 28
No. of Bars from Frame A 5 5 5 5 No. of Bars from Frame B 4 4 4 4
No. of Bars from Frame B 4 4 4 4 4 No. of Bars from Frame C 4 4 4 4 4
Use No. of Bars 10 10 10 10 10 Use No. of Bars ] 8 B 8 s
Slab reinforcement for Middle Strip 3 Slab reinforcement for Middle Strip ¢
Exterior Span Interior Span Exterior Span Intarior Span
Description Description
Mea M Mine M M Meq M M M M
Frame D Width (ft) 5.4 54 54 5.8 5.8 Frame E Width (ft) 43 43 43 47 a7
Frame E Width (ft) 5.4 54 54 5.8 58 Frame F Width {ft) a3 a3 a3 a7 a7
No. of Bars from Frame D 5 5 s 3 5 No. of Bars from Frame E 4 4 4 4 4
No. of Bars from Frame E 5 5 5 5 3 No. of Bars from Frame F 4 4 4 5 5
Use No. of Bars 1 1 11 12 12 Use No. of Bars 9 9 9 10 10
Summary of Required Reinforcement
I 16.833 ft i 850 in
I 19.163 ft fa 4000 psi
I 15.166 ft o 20 in
Iy 17 ft | P 20 in
Long Bar Slab Reinforcement Distribution
See Above for Column and Middle Strip Widkhs
Note: Reinforcement may need to be added due to Unbalanced Moments
P A Toar © A O
4 4 6 4 4 4
v v v v v v
&
S 8 8 8 8 8 8
w
i } I | | } |
) f 4 ) 4 4
4 4 6 4 4 4
— v v v v U
iR 4 £ * 4 i
5 5 6 5 5 5
v ¥ v v v v
&
&
5 10 10 10 10 10 10
o
i | | | | | |
4 " 4 5 4 4
5 5 6 5 5 5
oI ¥ ¥ ¥ L ¥ ¥ ¥ Ak
- J
19.163 ft 17 ft
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Short Bar Slab Reinforcement Distribution
See Above for Column and Middle Strip Widths
Reinforcement may need to be added due to Unbalanced Moments
J] ITJ =
- < —> A — in —> | €— n —> =] — ¢ —>
ﬁ — ¢ —p = — <t —p|— < —> = — < —>
a
— > — N — (—m—)t—m—) —— > — = —>
E'I E (ol
- | L= |-
— o —> = —ov—|e—v—0> E——g——— — v —>
: — =) = €— in —> | €— n —> o € n —>
£
— <+—> ¢——— o —> (——m——j(—m—) — o — — n —>
m; 1 0
| J
19.163 ft 17 ft
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Column Design of Ground Floor Columns

Tridl Column . Roof Sepe= P 42 —_ - - Id‘
b= 20 in Wypro= 23 psf ® ® ®
h 20 in W= 20 psf S h
Use # 9 bars Waow= 308  psf
&= 25 in 35 psf F T] . P
a 150 psf Non-Reducible h Bef"'"g
Axis
30 psf Y I e hs
5 40 psf barsyer T
dudes roof but notground 5 psf h
h= 10 ft W= 40 psf hd b hd —
he= 1067 f Wap= 35 psf =
hy= 1067 f wig= 100 psf Non-Reducible
hy= 1266  ft W ground™ N/A psf
hy= 14 ft Wi ground™ N/A  psf
A / 7 / G /
Column Strength / Strength Interaction Curve
Pure Compression Balanced-Strain Strength
20351  kips 8= 0.00207 By= 0.85
= 1036 in < h oK A= 09%  in?
Pure Tension o= 2.50 in fa= 60.00 ksi
To= 7157 kips o= 750  in fo= 2400 ksi
dy= 1250 in [ 800 ksi
Pure Bending (Sclve by Hand) dg= 17.50  in fa= -60.00  ksi
&= in [ ksi
de= in [ ksi
. in fie ksi
dg= in fg= ks
Py= 610.6  kips 5949  frk
Live Load Reduction (L =L, x &)
Column CD Column CE Colurmn CF
o= 20 in toar 20 i teoar® 20 in
ta20= 20 in toi2d™ 20 in teaza= 20 in
A= 673.885058 f¢? A= 1271.70806 f2 A= 1184.02922 2
A= 168471515 2 A= 317927015 f2 A= 296.009805 {2
KuAr= 2605.54423 f? Kuhr= 508682223 f* KyAr= 4736.15688 f
KuAy > 400ft oK KuAy > 400f¢ oK KyAr > 400f2 oK
054 a= 046 o= 0.47
Qoo 1.00 o= 0.88 Qo= 0.90
Column BD Column BE Column 8F
20 in torar™ 20 in teapar= 20 in
20 in 20 in topar= 20 in
612.196827 ¢ A= 115717984 {2 A= 1077.40633 ¢
153.299209 2 Arroof=  289.294959 fi2 A= 269.351583 f2
245278735 ¢ Kuh=  4628.71035 2 KyAr=  4309.62522 f¢
> 400f% oK Kuhr > 400f7 oK KuAr > 400ft oK
055 a= 0.47 0.48
1.00 o™ 0.91 o™ 0.93
Column AD Column AE Column AF
20 in [y 20 in taiia™ 20 in
20 in LT 20 in tooome= 20 in
A= 322.570779 £ A= 608.731779 2 A= 56676711 i
An=  80.6426948 2 A= 152182945 2 A= 141691778 2
KyA= 120028312 12 Kuh= 243492712 2 KyA=  2267.06844 12
KuAr > 400f oK Kuhy 400 oK KuAr > 400f¢ oK
o= 0.67 a= 0.55 0.57
ot 1.00 P 1.00 o= 1.00
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Total Loads

Column CD Column CE Column OF
Merags ong= 68 fr-k Merass erg= 58 fk Metagsions= 58 fok
Merass go 9% frk Merses sho™ 96 ft-k Mersps sror 9% fk
Myntong= 4.0 fek Moo 270 frk Mo 151 fek
Mugp, o= 219 fek Murtyshor™ 402 frk Myt shor 375 fek
P= 494 kips P= 912 Kps n= 8.1  kips
Po= 1154 kips Po= 2025 kips Po= 1897  kips
Pou= 86  kips Psu= 154 kips Pu= 145  kips
Miyjoog™ 100.0  frk Myjorg™ 95.0 Myiorg™ 81 frk
My dron= 179 frk Miyshore™ 1362 frk My o= 1335 frk
P= 217 kips Pr= 3966 kips = 3710 kips

Column BD Celumn BE Column BF
Merass jong™ 68 fik Merass erg™ 68 ft-k Merassjong™ 68 fk
Merass, sron= % fik Merags shoe 96 fik Merags sron= 9% frk
Muntyong= 73 fek Mo org™ 245 frk Murtiong™ fek
Myt dron= 10 fek M shor= 204 frk Myt dron= fek
P= 451 kips P= 2.2 kps kips
Py 106.5  kips o= 1858 kips kios
Pyu= 7.8 kips 142 kips kips
M= 1053 fek Myjong™ 925  ftk Myiorg® 818  fk
My o= 107.0  fk Myshon= 1161 fk My shon= 147 fok
Pr= 203.9  kips A= 3632 kips = 3209 kips

Column AD Column AE Column AF
Merans jong™ 68 fe-k Merassjorg® 58 f-k Merassiong™ 68 frk
Merass o= £ fik Merags shoe= 96 fk Merags sron= 9% frk
Mantjong= 191 fek Mut jorg™ 125 fek Murtjong™ 70 fk
My o= 163 frk M sheor™ 200 frk My o= 279 fek
p= 245 kips P= 448  kips n= 41.8  kips
Po= 642 kips o= 1058  kips Po= 9.8 kips
Pgue= 4.1 kips Pgy= 7.7 kips Pu= 7.2 kips
Moo= 871 fek Majone™ 80.5  ftk Muyjong® 750 fek
M, o= 123 frk Myshon™ 1260  frk My o= 1239 frk
Pr= 1182 kips Pr= 2026 kips Pr= 190.2 kips
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Unbalanced Moments in Columns

Checkif: In accordance to ACI 13.5.3.3

# 5 bars
713 in
329.5 psf
1413 psf

Exterior Column CD (Reinforcement Needed)

teottar 20 in b= 7425 in
20 in by= 23.56  in
017 frk by= 2743 in
665  frk V= 1338 kips
385 frk Vo= 2008  kips
Ves= 1632 kips
V= 555  kips e 1004 kips
Transferrad by Flexure
e 0617
Mg iors™ 4.0 frk My o= 219 frk
Mg 2oong™ 1080 frk Mugzoeshon= 179 frk
Meolrghe™ 236 frk Meesit™ 252 ftk
My < Moy Need Reinforcement: Mg < M Need Reinforcement
Description Value Description Value
Moment: M, 854 Moment: M, 92.7
Strip Width:b 455 Strip Width: b 3275
Effective Depth: d 713 Effective Depth: d 713
M, x12/b 22.5 M, x12/b 34.0
My =MJ/$ 94.9 Mn= MJ/$ 103.0
R=M,x 12000/od 493.2 R =M, x12000/od” 743.2
p=SesTableASa 0.00892 p=SeeTable ASa 0.01416
Pran = See Table Ad 0.0033 Prmin = S22 Table A4 0.0033
Pruo =522 Table A4 0.0206 Prac = S22 Table A4 0.0206
Check Prun oK Check Prin oK
Cheek Pac oK Check P oK
Usep 0.00892 Usep 0.01416
A;=pbd 2.89 As=pbd 3.30
Agin = 0018t 0.70 Agpin = .0018bt 0.50
Check A;> Agun oK Check A; > Agin oK
Use A, 2.89 Use A, EX)
No. of Bars 10 No. of Bars 1
Min No. of Bars 3 Min No. of Bars 2
Use No. of Bars 10 Use No. of Bars 11
Transferred by Eccentricity of Shear
V= 55. kips Vi= 555  kips
Muyjore 255  frk M shore= 136 ftk
Centroid= 748 in Centroid= 1356 in
= 33980 int )= 87096  in*
A= 529 in® A= 529 in?
= -40 psi v 7% ps
v 172 ps V= 130 ps
172 ps Vo= 130 pd
190 ps v 190  ps
Vu oK a > vy oK
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Exterior Column BD (Reinforcement Needed)
tear= 20 in b= 7425 in
teoza= 20 in b= 2356 in
Mg jong® 2007 frk by= 2713 in
Myjong= 60.5  frk Va= 1338 kips
Myston= 178 fek Ve 2008  kips
Vo= 1632 kips
V= 50.5  kips V= 1004 kips
Transferred by Flexure
e 0617
Musyjong™ 373 fek Mgy shor= 1.0 frk
Mg sotong™ 1053 fek Mo rshon= 1070 frk
Meargh™ 235 frk Mesie= 43 frk
Mp < Moy Need Reinforcement Megsrgh= 252 frk
Mg < Mg Nead Reinforcement
Description Value Description LeftSide  RightSide
Moment: M, 81.8 Moment: M, 72.7 8.7
Strip Width:b 455 Strip Width: b 3275 22.75
Effective Depth: d 743 Effective Depth: d 7.13 713
Myx12/b 26 Mux12/b 26.6 293
Mo =My/d 90.9 M, =M/ 0.7 %0.8
R = M, x 12000/bd” 472.1 R = M,x12000/bd’ 582.7 655.4
p=SeeTableASa 00085 p =See Table A5a 0.01072 0.01225
P =See Table A4 0.0033 Pmin=See Table A4 0.0033 0.0033
Pronc = 522 Table A4 00206 Prusc = 522 Table A4 0.0206 0.0206
Check Prin oK Check Prin oK oK
Check P OK Check Py oK oK
Usep 00085 Usep 0.01072 0.01225
A,=pbd 276 A,=pbd 2.50 2.8
Asin = 00186t 0.70 Agin = 0018t 0.50 0.50
heck As> Ay min oK Check A > Agmn oK oK
Use A 2.76 Use A 2.50 2.8
No. of Bars 9 No. of Bars 9 10
Min No. of Bars 3 Min No. of Bars 2 2
Use No. of Bars 9 Use No. of Bars 9 10
Transferred by Eccentricity of Shear
V= 50.5  kips V= 50.5  kips
Muorg= 3.2 fek Musshort= 68  frk
Centreid= 748  in Centroid= 13.56 in
J= 33980 in* 87096  in*
A= 529 i 529 in?
36 pd v= 8 ps
157 ps = 108  ps
V= 157 ps Ve 108  ps
Ve 190 ps > v, oK Pvee 190  ps > vy oK
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Corner Column AD (Reinforcement Needed)

G 20 in b= 4713 in
te2ar= 20 in b= 256 in
Majeng= 1061 frk b= 056 in
Myiorg™ 318 fk Vo= 8.9  kips
Mo shore= 90.8  frk Vo= 1274 kips
Miyshon™ 72 fek Vo= 1067  kips
Vi 266 Kps Ve 637  kips

Transferred by Aexure

= 0.600
Mo jong® 191 fk Mushor™ 163 ftk
Mustotiong™ 871 frk Mo zosshon= 123 frk
Moy ngh™ 167  fk Meysrgh= 143 frk
My < Mg Need Reinforcement Mg < My Need Reinforcement
Description Value Description Value
Moment: M, 704 Moment: M,, 98.0
Strip Width: b 32.75 Strip Width: b 3275
Effective Depth: d 743 Effective Depth: d 713
M, x12/b 258 M, x12/b 35.9
My =MJ/$ 782 My = M/ 1089
R = M,x 12000/0d” 564.5 R = M,x12000/bd’ 7859
p=SeeTableA.Sa 0.01035 p=See Table ASa 0.01511
Proin = See Table A4 0.0032 Proin = See Table A4 0.0033
P = 5ee Table A4 0.0206 P = See Table A4 0.0206
Check Prun oK Check Prin oK
Check P e oK Check Py oK
Usep 0.01035 Usep 0.01511
A.=pbd 242 A.=pbd 3.53
Aq i =.0018bt 0.50 A in = 0018t 0.50
Check A,> A,y oK Check A, > A o oK
Use A, 242 Use A, 3.53
No. of Bars g No. of Bars 12
Min No. of Bars 2 Min No. of Bars 2
Use No. of Bars 8 Use No, of Bars 12

Transferred by Eccentricity of Shear

266  kips Vi= 266  kips
Mujons= 127 frk 109 frk
Centroid= 7.85  in 785 in
32489 in' 32489 in*

36 o’ 336 in’

V= 5 oS V= % psd

V= 116 ps Ve 11 ps

v 116 ps v 11 ps

Vo= 190 ps V= 190 ps

Wn > v, oK W > vy oK
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Interior Column CE (Reinforcement Needed)

e 20 in be= 10850 in
Cogzd™ 20 in by= 2743 in
Myjong= 450  fek b= 2743 in
My shor= 67.0  frk V= 1956  kips
Vo= 2934 Kips
Ves= 2262 kips
Ve 1048 kips W= 1467  kips
Transferred by Flexure
= 0.600
Mt ione™ 27.0 frk Mg do= 40.2 frk
Mussoxiong™ 95.0  frk Mugrdont= 1362 frk
Moo sefe= 502 frk Mot 4ek= 331 fek
Mgl right™ 35.8 fek My < My Need Reinforcement
My < Mey Need Reinforcement
Description LeftSide  Right Side Description Left Side
Moment: M, 2438 59.2 Moment: M, 103.1
Strip Width: b 45,5 Strip Width: b 45.5
Effective Depth: d 743 743 Effective Depth:d 713
M, x12/b 18 156 M, x12/b 27.2
M, =M/$ 498 65.7 Mo =M/fh 1146
R=M,x12000/bd" 2585 2416 R= My x 12000/bd’ 595.4
p=SeeTableA.5a 0.0045 0.006 p=SeeTableASa 0.011
Prin =See Table A4 0.0033 0.0033 Prun = See Table A4 0.0033
P = S Table A4 0.0206 0.0206 Proax = S22 Table A4 0.0206
Check Prun oK oK Check Prn oK
Check Pra oK oK Check P oK
Usep 0.0045 0.006 Usep 0.011
A;=pbd 1.46 1.95 A;=pbd 357
Aqia = 0018t 0.70 0.70 Agin =.0018bt 0.70
Check A,> A, o oK oK Check A,> A, nin oK
Use A, 146 195 Use A 157
No. of Bars 5 7 No. of Bars 12
Min No. of Bars 3 3 Min No. of Bars 3
Use No. of Bars 5 7 Use No. of Bars 12
Transferred by Eccentricity of Shear
kips V= 1048  kips
ftk My short™ 26.8 f-k
in Centroid= 13.56  in
in' = 96434 in*
in® A= 73
vi= 105 ps v 90 pd
V= 166  ps ve= 1@ ps
viE 166 ps v 18 pd
= 190 ps > v, oK = 190 ps > v, oK
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Interior Column BE (Reinforcement Needed)
tota® 20 in b= 10850 in
teaiaar™ 20 in by= 2743 in
Mygong™ 409 frk by= 2743 in
Myshon= 335 fek Vo= 1956  kips
Vo= 2034 kips
Ves= 2262 kips
Vo 953 kips Ve 1467 kips
Transferred by Flexure
= 0.600
Muons= 245 ftk Mug dor= 2014 fek
Migeoore™ 9.5  frk Mpmdon= 1161 frk
Moo efc™ 502 ftk Moy seh™ 405  frk
Meyrgh= 58 frk M zigh= 321 fek
My < My Need Reinforcament Myp < My Need Reinforcement
Description leftSide  Right Side Description LeftSide  Right Side
Moment: M, 423 56.7 Moment: M, 75.6 8.0
Strip Width:b 455 455 Strip Width: b 45.5 455
Effective Depth: d 743 743 Effective Depth:d 7.13 743
Myx12/b 12 15.0 M, x12/b 19.9 218
My =MJ/¢ 471 63.1 Mo =M/4 8.0 923
R=M,x12000/od? 2444 276 R=M,x 12000/od’ 4365 4794
p=SeeTableASa 000422 0.00575 p=SeeTableASa 0.00782 0.00865
Prun =522 Table A4 0.0033 0.0033 Prui =522 Table A4 0.0033 0.0033
Prna = Se Table A4 0.0206 0.0206 Prac = 52 Table A4 0.0206 0.0206
Check Prmin oK oK Check Prin oK oK
Check Pra aK oK Check Pa oK oK
Usep 0.00423  0.00575 Usep 0.00782 0.00865
A, =pbd 137 1.86 2.54 2.80
Asin 070 0.70 070 0.70
Check A, > Agn oK oK Check A, > Agun oK oK
Use A, 137 1.85 Use A, 2.54 2.80
No. of Bars 5 7 No. of Bars 9 10
Min No. of Bars 3 3 Min No. of Bars 3 3
Use No. of Bars 5 7 Use No. of Bars 9 10
Transferred by Eccentricity of Shear
V= 95.3 kips Vi 95.3 Kkips
My o= 164 frk My o= 134 frk
Centroid= 1356 in Centroid= 1356 in
)= 96434 int )= 96424 in'
A= 773 in? 773 in?
vi= % psi v 101 psi
v 151 psi v 146 psi
iE 151 psi v 146 psi
e 90 ps > vy oK v 190 ps > vy oK
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Exterior Column AE (Reinforcement Needed)

toiar® 20 in b= 7425 in
togad= 20 in b= 2743 in
Myiong= 215 frk b= 2356 in
My shor= 173 frk V= 1338 kips
My shor= 514 ftk \ZS 2008 kips
Ves= 1632 kips
V= 501 Kps Ve 1004 kips
Transferred by Flexure
¥= 0.583
Mubiong™ 12,5 frk M dee= 300 frk
Mubstctiong™ 0.5 frk Moo= 1260  frk
Moy pehe= 361 frk Megsigh= 190  frk
Meamgh= 258  frk My < Moy Need Reinforcament
Me < My Need Reinforcement
Description Left Side Right Side Description Value
Moment: M, pres 54.8 Mament: M, 106.9
Strip Width: b 3275 3275 Strip Width: b 455
Effective Depth: d 743 713 Effective Depth:d 713
Myx12/b 16.3 201 M, x12/b 282
M, =M/} 493 0.9 M,=MJ/é 188
R =M, x 12000/bd® 356.2 4393 R= M, x 12000/bd’ 617.2
p=SeeTableASa 0.00628  0.00787 p=SeeTableA.5a 0.01144
Proin = See Table A4 0.0033 0.0033 Pmin = See Table A4 0.0033
Prnsc = S Table A4 0.0206 0.0206 P =Sae Table A4 0.0206
Check Py oK oK heck Py oK
heck P oK oK Check Pra oK
Usep 0.00628  0.00787 Usep 0.01144
A =pbd 147 184 A=pbd an
Ay i =-0018bt 0.50 0.50 A, pin =-0018bt 0.70
Check As> Ay nin oK oK heck Ay > Agin oK
Use A, 147 184 Use A, an
No. of Bars 5 6 No. of Bars 13
Min No. of Bars 2 2 Min No. of Bars 3
Use No. of Bars 5 6 Use No. of Bars 13
Transferred by Eccentricity of Shear
V= 501 Kps V= 501 kips
Mu,tong™ 90  ftk Mu,shore= 24 frk
Centreid= 1356  in Centroid= 7.48 in
)= 87096 it 33080 it
A= 529 in® A= 529
V= 78 psi = 27 ps
V= 12 pd V= 151 ps
vi= 112 psi v 151 ps
Vo= 190 psi > v, oK V= 190 ps > v, oK
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Interior Column CF (Reinforcement Needed)

totar= 20 in b= 10850 in
oazarm 20 in by= 2713 in
Myjorg= 252 frk by= 2743 in
My or= 624  frk V= 1956  kips
Vo= 2924 kips
Ves= 2262 kips
V= 97.5  kips W= 146.7  kips
Transferred by Alexure
= 0.600
My jong® 151 frk Mg hon= 375 frk
Mubstottong™ 81 frk Mo totshore= 1325 frk
Moo gef= 58 frx Moy sehe= 08 frk
Mg < My Need Reinforcement Mg < My Need Reinforcement
Description Vaue Description Vaue
Moment: M, 47.2 Moment: M, 102.7
Strip Width: b 45.5 Strip Width:b 455
Effective Depth:d 7.13 Effective Depth: d 713
M,x12/0 12.5 M,x12/b 274
My =M/ 52.6 My = M/ 1141
R=M,x12000/bd” 2733 R = Myx 12000/bd” 592.6
p=See Table ASa 0.00476 o =See Table A5a 0.01093
Prin = See Table A4 0.0032 Prin = See Teble A4 0.0033
Prs = See Table A4 0,0206 Proe = S22 Table A4 0.0206
Check ppin oK Check P oK
Check P oK Qheck Ps oK
Usep 0.00476 Usep 0.01093
A =phd 1.54 A,=pbd 3.54
A= 001858 0.70 A i = 00185t 0.70
Check A, > Aq min oK Check A, >Agmin oK
Us= A, 1.54 Use A, 254
No. of Bars 6 No. of Bars 12
Min No. of Bars 3 Min No. of Bars 3
Use No. of Bars 6 Use No. of Bars 7
Transferred by Eccentricity of Shear
Vi 97.5  kips Vi~ 97.5  Kps
Mu= 101 frk My= 5.0 frk
CGentroids 1356 in Centroid= 13.5% in
96434 it J= 96424
73 in? A= 73
v 109 ps v 8 psi
v 143 ps V= 168 psi
v 143 ps Vs 168 psi
e 190  ps $vos 180  psi
W > Vo oK dvn > vy oK
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Interior Column BF (Reinforcement Needed)

toaa 20 in by 10850 in
tooza™ 20 in 1= 2743 in
Myong= 220 frk b= 2713 in
My o= 312 frk Vo= 1956 kips
V= 2934 kips
Ves= 2262 kips
Ve 888  kips V= 1467 kips
Transferred by Flexure
= 0.600
Myt g™ 138 fk Mg, o= 187 frk
Musotiong™ 81.8 ft-k Mupeceson™ 1147 frk
M= 358  frk Meo gee= 379 frk
M < Me  Need Reinforcement Meo sigh™ 0.8 frk
Mg < Mgy Need Reinforcement
Description Left Side Description leftSide  Right Side
Moment: M, 46.0 Moment: M, 75.8 29
Strip Width: b 45.5 Strip Width: b 45.5 45,5
Effective Depth: d 743 Effective Depth:d 713 743
M,x12/0 121 M, x12/6 203 221
Mn = M/t 511 M =MJ/$ 854 933
R = M,x 12000/bd? 2654 R=M,x 12000/bd? 443.5 4845
p=SeeTable ASa 0.00461 p=SeeTableASa 0.00795 0.00875
Prin = 502 Table A4 0,0033 Prin = S22 Table A4 0.0033 0.0033
Pense = S22 Table A4 0.0206 Prase = e Table A4 0.0206 0.0206
Check pn oK Check Prin oK oK
Check P oK heck Prac oK oK
Usep 0.00461 0.00795 0.00875
As=pbd 149 2.58 2.84
Agmin = 001808 070 070 0.70
heck A, > Agmn oK oK oK
Use A, 149 258 284
No. of Bars 5 5 10
Min No. of Bars 3 Min No. of Bars 3 3
Use No. of Bars. B Use No. of Bars B 10
Transferred by Eccentricity of Shear
= 888  kips Vi= 888  kips
Mugong® 9.2 frk Moy shoee 125 frk
Centreid= 13.56 Centroid= 1356 in
Je= 96434 96434 in'
A= m min
w= 99 psi vi= %4 psi
V= 130 psi 136 psi
v 130 ps V= 136 ps
Vo= 190 psi o> vy oK Vo= 190 ps > vy, oK
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Exterior Column AF (Reinforcement Needed)

[ S 20 in be= 7425 in

ol 2= 20 in by= 2713 in

Myjeng= 121 frk by= 235 in
Mg don= 1595  frk V= 133.8  kips
My o= 478  frk Vos= 2008 kips
Vea= 1632 kips
Vi 467 kips Ve 1004 kips

Transferred by Flexure
= 0.583

Mt ong= 7.0 tk Mugshor= 279 frk
Mueeticrs™ 750  frk Muporshon= 1239 frk
Mo ek 258  frk Mogaigh 178 frk

Mg < My Nead Reinforcement

Mg < M Need

Reinforcement

Description Left Side Description Vaue
Moment: M, 49.3 Moment: M, 106.1
Strip Width: b 275 Strip Width:b 455
Effective Depth: d 7.13 Effective Depth: d 713
M, x12/6 181 M, x12/b 280
Mo =M/} 54.8 M, = M4 179
R=M,x12000/bd’ 395.2 R=M,x 12000/bd® £12.5
p=See Table ASa 0.007 p=SeaTable ASa 001134
Prin=See Table A4 0.0033 Prin = See Table A4 0.0033
P = See Table A4 0.0206 Prvac = See Table A4 0.0206
Check Pain oK Check P oK
Check P oK Check P oK
Usep 0.007 Usep 001134
A, =pbd 1.63 A,=pbd 368
Agpn = 0018bt 0.50 Ay i = .0018bt 0.70
Check Ag> A mn oK Check A, > A oK
Use A, 1.63 UseA, 3.68
No. of Bars 6 No. of Bars 12
Min No. of Bars 2 Min No. of Bars 3
Use No. of Bars 6 Use No. of Bars 12
Transferred by Eccentricity of Shear
46.7 kips V= 46.7 kips
Muvjong= 50  ftk My, don= 200 frk
Centroid= 1356  in Centroid= 748 in
87096  in' J= 33980  in*
529 it A= 529 in?
ve 79 ps v 25 psi
Ve 98 psi V= 141 psi
V= 9%  ps V& 141 psi
v 190  ps $vo= 190 ps
vy > v, oK v > vy oK
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