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Project Team General

« Owner's Representative: Trump Hotels and Casino Resorts e« Cost: $250 Million

« Architect/Interior Designer: Friedmutter Group » Size: 730, 000 Square Feet

« Construction Management: Bovis Lend Lease » Height: 430 ft

« Interior Designer: Hirsch Bedner and Associates » Occupancy: Hotel/Resort

« Civil Engineer: Arthur W. Ponzio & Associates o Function: Expansion to Existing Hotel
e M.E.P Engineer: Giovanetti, Shulman Associates « Construction: July 2006 to Summer 2008
o Structural Consultant: The Harman Group

« Parking Consultant: Schoor Depalma Architecture

« Lighting Consultant: John Levy Lighting Productions ) ]

« Building Envelope Consultant: Edwards and Company * Iconic style architecture

« Acoustical Consultant: Chips Davis Designs * Square, centralized floor plan

« Low Voltage Wiring Consultant: Michael Raiser Associates * Short-story core and shell concrete high-rise hotel
« Vertical Transportation Consultant: Lerch, Bates Associates * Reflective glass curtain wall encompasses the shaft of the

« Landscape Architect: Cairone and Kaupp tower _
« Architectural precast concrete panels form a solid base
o Metal crown and Trump sign at the top of the tower
StrHCtural sy stem « Large, bold signage spans the vertical of the east and
« Cast-in-place concrete core acts as shear wall, providing west corners
lateral force resistance « Located on the Boardwalk of Atlantic City

« 10" Filigree flat slab floor system outside of concrete core |
« 12" Flat plate concrete floor system inside of concrete core  Construction
« Steel framed bridge with composite metal deck connects the

new tower to the existing tower * Bovis Lend Lease is acting as the CM at Risk, all of the
« 6" to 9’ deep reinforced concrete mat foundation system work is being sub-contracted .
« Wind tunnel test performed for wind loading * One tower crane is located on the north side of the tower
* Self-jacking slip forms will be used to form the concrete
. . core
M eChan lcal/ P lumblng Sy stem e Staging areas are located on the northwest area of the site,

« Individual International fan coil units provide heating and QR Glicing [of Wit e GIEReonir gy

cooling for each guest suite

 Guest room air is exhausted into registers located in lobbies, ng h tlng/ (3 leCtr lcal Sy stem
corridors, and other common areas _ - 120/208V and 277/480V 3 phase 4 wire systems
« Common areas are supplied air via AHU units; VAV boxes are , nmgin power is fed from a 23kV switchgear station

locateq in gach of the sgrviced spaces G located at the adjacent Xanadu Building
* Plumbing is separated into a low (up to level 22) and high | pj4in power is split between four unit sub-stations,

(level 23 to 40) zone 1500kVA and 750k VA stations on the 1st level and
» Hot water is provided by Patterson Kelly hot water generators,  1000k\VA and 2000kVA stations on the 40th level

6 for the low zone and 9 for the high zone « Six (6) 100 to 200 amp panel boards service each floor

« Water is pumped throughout the tower using one Triplex « Diesel fueled 1,000kW/1240kVA 480V emergency
domestic water booster pump system per zone generator

» Chilled water is supplied from the existing hotel « Guest room lighting fixtures are typically incandescent
lamps
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Executive Summary

This report is the culmination of a yearlong study on the Trump Taj Mahal Hotel tower, a 40 story luxury
hotel located on the 1000 block of the boardwalk in Atlantic City, New Jersey. Given the architectural
layout of the guest room spaces, a core only lateral force resisting system and flat slab concrete floor
system were designed to accommodate the architectural requirements of the project. With only the core
resisting the lateral forces acting on the tower, reinforced concrete shear walls with coupling beams were
designed to in such a way as to limit the wind drift and effectively dissipate the hurricane force winds of
Atlantic City. A concrete shear wall core of this nature was found to be extremely stiff and rigid. These
properties will eliminate any torsional flexibility issues that usually result from a slender core only
system.

The purpose of this study is to determine why a concrete shear wall core and filigree flat slab floor system
were selected as the structural system of the tower. The proposed lateral force resisting system redesign
consists of a core of steel braced frames, the majority of which will be concentric inverted “V” braces.
Eccentric braced frames will be avoided as much as possible in order to benefit from the greater stiffness
provided by concentric braced frames. The proposed gravity system redesign consists of a non-composite
steel frame and precast concrete plank floor system; this floor system offers the key benefit of fast
erection. Both systems were chosen on a basis to determine why a steel structural system was not chosen,
given its superior erection time compared to that of a concrete system. With a steel system, the
construction cost and erection time can be reduced; the hotel can open at an earlier date, thereby
generating revenue sooner.

The braced frames in the core of the tower were designed to effectively limit the building drift to H/400,
while providing enough strength capacity to meet the requirements of AISC LRFD 3™ Edition. To meet
the recommended drift limitation of H/400, large built-up column sections were required at the lower
levels of the tower. These built-up sections were pivotal in reducing the overall building drift because
column axial deformations had the greatest effect on overall drift.

Minor architectural impacts resulted from this structural redesign. The elevator/service core at the center
of the tower required redesigning in order to allow for more flexibility while determining the geometry of
the braced frames. The core redesign involved the relocation of openings, elevators, and spaces. The
floor to floor height of the tower was increase by 10 inches in order to accommodate the deeper steel
structure; this 10 inch increase has many cost implications. Soffits are required in order to conceal the
steel frame, particularly the spandrel beams and columns. These soffits will be visible in various guest
rooms throughout the hotel. As these architectural impacts seem minor in the grand scheme of things, it
is at the owner’s discretion to determine the acceptability of such changes. However, for the purposes of
this study these changes were deemed acceptable

Despite all of the architectural impacts, construction management breadth studies left me with the
conclusion that the cost of the steel structure is $1.5 million less than the concrete/filigree system. It was
also found that the steel structure would top out almost a month before the concrete schedule. It seems
like all design goals have been met.
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However, drift and strength are not the only issues that need to be addressed in the preliminary design of a
high-rise lateral force resisting system. Motion perception of building occupants can sometimes control
the design of a structural system. In order to fully understand the structural dynamics of a building,
complex wind tunnel studies must be performed.

For the purposes of this study, a parametric RMS acceleration study was performed in order to determine
whether or not accelerations due to wind would be an issue. To better grasp the effects of accelerations
due to wind, the concrete shear wall core was analyzed as a way of comparing the two systems. The
concrete shear wall core was found to be an acceptable design based on this parametric study. However,
the steel braced frame core RMS resultant accelerations at the top floor of the hotel were found to exceed
the acceptable limit by a factor of 2.0. As the steel member sizes are already large, increasing the sizes of
columns, braces, and girders is not an option and will not be a viable enough solution to the acceleration
issue. Although nothing can truly be determined unless wind tunnel studies are performed, this still
indicates the presence of acceleration issues.

Therefore, the proposed solution of replacing the concrete shear wall core with a core of steel braced
frames is not directly feasible. Only with further investigations involving complex wind tunnel studies,
the acceleration problem may be solved utilizing a liquid-tuned column damper or tuned mass damper.
Keep in mind that such a solution will add upwards of $2 to $3 million to the project cost and will cause
the steel structural redesign to cost more than the current concrete and filigree system by about $1 million.
Therefore, for the purposes of this study the reinforced concrete shear wall core will be the accepted
structural system of the Trump Taj Mahal Hotel.

It is important to keep in mind that high-rise design involves many factors that are best solved by that of a
design professional with years of experience. This study has served more as a learning experience to the
student and may shed some light on the advanced design topics of high-rise design.
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Building Information

General Building Data

Building Name: Trump Taj Mahal New Hotel Tower

Building Location: Atlantic City, New Jersey on the 1000 block of the Boardwalk
Building Owner/Occupant: Trump Hotels and Casino Resorts

Building Function: Hotel that serves as an expansion to the existing Taj Mahal hotel
Building Size: 732,231 square feet

Number of Stories above Grade: 40

Height of Building above Grade: 460’-10” (Structural Redesign: 490°-10”)

Project Team:

e Owner’s Representative: Trump Hotels and Casino Resorts
Architect/Interior Designer: Friedmutter Group
Construction Management: Bovis Lend Lease LMB, Inc.
Interior Designer: Hirsch Bedner and Associates
Civil Engineers and Fire Suppression: Arthur W. Ponzio and Associates
M.E.P Engineers and Fire Suppression: Giovanetti, Shulman Associates
Structural Engineering Consultant: 7he Harman Group
Parking Consultant: Schoor Depalma
ADA Consultant: Endelman and Associates
Lighting Consultant: John Levy Lighting Productions, Inc.
Building Envelope Consultant: Edwards and Company
Technical Specifications: Focus Collaborative, Inc.
Reflective Glare Consultant: University of Michigan, College of Architecture and Urban
Planning, Advance Monitoring and Control Management, Inc.
Code Consultant: Rolf Jensen and Associates, Inc.
Acoustical Consultant: Chips Davis Designs
Low Voltage Wiring Consultant: Michael Raiser Associates, Inc.
Vertical Transportation Consultant: Lerch, Bates Associates, Inc.
Landscape Architect: Cairone and Kaupp, Inc.

Construction Dates:

e Start Date: July 31, 2006
e End Date: July - September 2008

Overall Project Cost: $200 Million
Project Delivery Method: CM at Risk
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Taj Mahal Hotel Architecture

History and Overview

Atlantic City is known as the “Las Vegas” of the
east coast. It is home to some of the largest and
finest hotels, resorts, and casinos, as well as one
of the largest boardwalks in the world. Donald
Trump came to Atlantic City with a vision to
create one of the world’s finest casinos along
with Atlantic City’s most luxurious hotels. At
the 900 block of the Atlantic City boardwalk in
1990, Trump unveiled the first Taj Mahal Hotel,
unprecedented in craftsmanship and opulence.
Its stern use of iconic architecture, rich with

lights and signage, matches that of the rest of
P Figure 1: Rendering of the New Trump
Adlantic City. Taj Mahal Hotel Tower (Right)

ERTTELELLLS L

JissasssasmRREReE
He

Architectural Styles

The Taj Mahal Hotel Tower resembles a powerful type of iconic architecture, signifying the power and
wealth of Donald Trump along with the luxury you can expect from such a hotel. Such iconic
characteristics that are clearly expressed on the building include large, bold signage (Both the Taj Mahal
running down the east and west sides of the building and Trump across the top of the building.), a unique
and pure geometric plan that rivals its neighboring predecessor, and it’s overwhelming height as
compared to the neighboring buildings along the ocean front skyline. The facade of the building is
constructed with mostly modern materials, comprised of a reflective glass curtain wall, metal panels, and
architectural pre-cast concrete panels.

Aflantic Ocean

Figure 2: Layout and Site of the Trump Taj Mahal Hotel (provided by The Harman Group, Friedmutter
Group, and Google Earth)
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Spaces and Functionality

The hotel will serve as an expansion to Trump’s older Taj Mahal tower and will be connected to the older
hotel via a steel framed bridge. Floors 1 thru 2 contain some the tower’s mechanical and electrical
equipment, loading docks, and housekeeping services.
Floor 3 serves as the main lobby and has several meeting
areas. Floors 4 thru 39 contain the guest rooms. And

finally, floor 40 furnishes the remaining mechanical and ety : ‘
electrical equipment. There are services, such as laundry k ‘(‘ i "am
and housekeeping, located in the central concrete core on l — [

every floor of the tower. nm——

SEE ARCH DWGS
The new hotel will provide an additional 786 rooms,
ranging from single and double rooms to 3 bay super suites. CONNECTION TO SLAB EDG!
fth 1 . ol bilities f
Som§ of these rooms \.Vl .prov.lde specia access1.b1 1tle§ or Figure 3: Curtain Wall Connection
handicapped and hearing impaired, per ADA. Circulation throug Detail
located within the concrete core of the building. This circulation

service elevators.

Building Envelope

The building envelope utilizes two different systems; a curtain wall and architectural pre-cast concrete
panels. The curtain wall system houses most of the exterior of the building, from the 1st level all the way
to the top of the large Trump sign on the roof. The architectural pre-cast concrete panels are used only at
the base of the building, located around the building entrances and the loading docks.

The curtain wall system uses four different types of glazing; a clear and slightly reflective glass, an
opaque glass finished in light blue, an opaque glass finished in orange, and metal wall panels. Panels of
the glazing are framed out using horizontal and vertical mullions. These mullions are attached to the
structural framing system using a series of embeds that must be furnished during construction of the
structure. At each level, metal panels or opaque glass is used to conceal the concrete structure of the
building within. These spandrel panels also provide continuity and fuse the different levels of the curtain
wall together. Metal panels are also used on the east and west sides of the building to form the sharp
corners.

MATERIAL KEY

I8 RN TR 01 . - GLASS TYPE COLOR CODE DESCRIPTION
A

O

1"1GU VISION GLASS
8 1"1GU SPANDREL

B
¢ |
METAL PANEL D

%

ARCH. PRECAST CONCRETE

1"1GU SPANDREL W/OPACIFIER

Figure 4: North and west elevations, respectively, illustrating
the different elements of the building envelope (Elevations
provided by Friedmutter Group)
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Roof Description

The roof will be framed using the same concrete floor system as the hotel floors below. A 3” layer of
insulation is applied on top of the concrete roof deck, followed by a single-ply fully adhered roofing
membrane on 5/8” gypsum sheathing. The roofing membrane will form the exposed surface of the roof,
providing protection from water and other environmental elements. To provide rainwater drainage, the
roof is sloped at '4” per foot and two roof drains are located within each valley.

Governing Building Codes

2000 International Building Code, New Jersey Edition
International Mechanical Code, 2003 Edition
International Standard Plumbing Code, 2003 Edition
National Electrical Code, 2005 Edition

Zoning Occupancy Group

e Non-separated mixed use types R-1 and B
e Storage and assembly area accessory to main type A-2

Construction Type 1a

Building Systems

Construction

Bovis Lend Lease is acting as the Construction Manager at Risk on
the Trump Taj Mahal Hotel. All of the work is being subcontracted.
Bovis Lend Lease has two superintendants on site at all times; a
general  superintendant and a  concrete  superintendant.
Groundbreaking of the new Taj Mahal Hotel Tower commenced on
July 31*, 2006 and is scheduled for completion in the third quarter of
2008. The estimated cost of the building is valued at $250 Million.

For extra quality control assurance, The Harman Group is providing
an in house inspector on site at all times. This inspector is used to
better the quality and construction of the structural system.

One tower crane is located on the north side of the tower and a
mechanical lift on the west side of the tower. A staging area will be

located to the northwest of the tower, where a proposed parking lot
will be located once construction is complete. A roadway with
direct access from Pacific Avenue will provide an easy delivery

Figure 5: Construction Photo
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route into the staging area. Project trailers and a storage area are located in the lot adjacent to the staging
area, where another parking lot will exist once construction is complete. Jacking gang forms are being
used to construct the concrete core of the building.

Mechanical

The HVAC system of the guest rooms of the Trump Taj Mahal Hotel are comprised of individual
International Environmental fan coil units, ranging in output from 330cfm to 870cfm. Each unit is
supplied with a hot and chilled water supply. Air is exhausted from each level using ceiling registers
located in the hallways, lobbies, and other common/service areas. The exhaust air travels down ducts
located in the central core and exits the building at the north side of the building on the 3™ floor.

Service areas, such as corridors; lobbies; mechanical rooms; etc, are supplied and exhausted via air
handling units. Units gather supply air at the roof and exhaust at the north side of the building on the 3"
floor. VAVs are used to distribute the air at different temperatures for each supplied spaces.

Bathrooms for the guest rooms are exhausted by local ceiling vents. The air travels through ducts
enclosed in the walls between adjacent guest rooms. The exhaust air travels down to the 3™ level, where
it exits the building on the north face. Small kitchens in some of the larger suites are exhausted in a
similar manner.

The hot water will be produced from four boilers located in the 1* level mechanical room. The supply
water is circulated throughout the tower via four water pumps, two 345gpm pumps for the low-rise and
two 1680gpm pumps for the hi-rise. These pumps are located in the mechanical room on the 1 level.

Electrical/Lighting
The main electrical room of the Trump Taj Mahal Hotel is located on the 1% level of the building. Main
power is fed from a 23 kV primary switchgear station located in the adjacent Xanadu Building. Main

power is split between four unit sub-stations, 1500kVA and 750k VA stations on the 1% level and
1000kVA and 2000k VA stations on the 40" level.

The typical floor of the Taj Mahal Hotel has two electrical rooms located in the central core of the
building, at the north and south sides. Typical panel boards used have a 200amp main breaker and a
22,000 ampere interrupting capacity. Bus ducts are used to feed the panel boards located in these
electrical rooms. All risers and penetrations for the electrical system for the low and hi-rise portions of
the building are only located in the core.

Emergency power is generated via a 1,000kW/1240kV A 480V diesel fired emergency generator, located
in the generator room of the 1* level. The emergency power is distributed throughout the building using
three switchgears, two located in the 1* level electrical room, the other in the 40™ level electrical room.
From the switchgears, emergency power is fed to separate panel boards on every level of the tower.
Emergency power is primarily used for fire pull stations and emergency lighting (including strobe lights)
supplied on every floor of the tower, installed and per building code.
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Fire Protection System

Fire protection of the Trump Taj Mahal Hotel tower is provided by a sprinkler system. These sprinklers
are installed per NFPA standards.

Siamese fire department connections line the perimeter of the tower when located more than 50 feet from
the nearest fire hydrant. 6 inch standpipes with 2 %5 inch fire hose connections are located on each of
level of the tower. Standpipes are provided in each of the 3 stairwells and raise the entire height of the
building.

Transportation

The main entrance of the Trump Taj Mahal Hotel is located on the south end of the 3™ level. A new
bridge will connect the existing hotel to the new hotel. This bridge and entrance open into the hotel
lobby.

Straight ahead of the lobby are the guest elevator lobbies, located in the central core of the building. A
total of twelve electric elevators will service the hotel. Eight passenger elevators provide guest
transportation to the tower. Four elevators are designated to serve levels 3 - 21, the other four for levels
3,22 -39. Four service elevators provide transportation to levels 1 — 39.

Two stairwells at the east and west corner of the central core service all levels of the hotel. One stairwell
located on the east side of the 1% and 2™ levels provides employee access to sensitive service areas of the
building. Access to the roof is gained via stairs.
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Structural System Description

The proceeding section contains detailed descriptions of the various structural systems that have been
incorporated into the design of the Trump Taj Mahal Hotel. Descriptions of the foundation system,
columns, floor systems, miscellaneous systems, and lateral system are provided and follow in that
respective order. Figure 6 provides an illustration of the framing plan of a typical level of the tower.
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Figure 6: Typical Framing Plan

Foundation System

The foundation system of the Trump Taj Mahal Hotel is comprised of a mat foundation, as recommended
by the geotechnical report. The perimeter of the mat foundation is 6’-0” thick, the center 9°-0” thick. #11
bars at 10” each way, top and bottom are provided for the 9°-0” thick section and #11 at 15” each way,
top and bottom are provided for the 6°-0” thick section. Additional reinforcing is provided around
openings and columns. The mat foundation acts as the floor system of level one, a topping slab is

provided.
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Figure 7: Typical Section at Mat Foundation

Columns

Square, rectangular, and round reinforced concrete columns are used throughout the hotel tower, with a
wide range of sizes and reinforcing arrangements. Figure 8 provides a typical detail that illustrates the tie
arrangements, vertical reinforcing steel arrangements, and dimensions of the columns that are found

throughout the tower. Specified compressive strength of concrete used for the columns varies by level,
generally higher at lower levels.
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Figure 8: Detail of Typical Column Types
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Floor Systems

Two types of floor systems are used on a

typical level of the hotel tower. A one-way

pre-stressed filigree flat plate system is
utilized in the areas outside of the central
elevator core. Inside of the core, a

conventionally reinforced flat plate system
is utilized. 5000psi is the specified 28 day
concrete compressive strength of both

systems.

A filigree flat plate floor slab acts as a
composite system, utilizing both pre-cast
and cast-in-place components. 8’-0” wide
2 %> thick pre-stressed planks form the

base of the system. Foam voids are cast on top of the Figure 9: Typical Filigree Bay

planks, lowering the dead weight of the system.

However, some floors of the tower with higher loads may have solid slabs instead of voided slabs. A
layer of concrete is poured on top of the planks and 2 4™ on top of the voids, if present. 10x10 W4xW4
Welded Wire Fabric is used as temperature reinforcing for the cast —in-place concrete.

The loads of the filigree flat slab are transferred to the columns via 8’-0” wide conventionally reinforced
in-slab beams that run 32°-0” x 16°-0” bays, typically. The filigree flat slabs are connected to the in-slab
beams by reinforcing dowels, typically #7 bars on the top layer. The base of the beams are formed using
the filigree planks, however the prestressed tendons are not utilized in the design strength of the beam.

Figure 10: Filigree Flat Plate System Figure 11: Filigree Construction Photo
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Filigree Flat Slab System (Non-Core)

The proceeding diagram describes the various filigree flat slabs, by level number.

Level Number Solid or Voided Total Depth (inches)
2,3 Voided 12
4 Solid 10
5 thru 39 Voided 10
40 Solid 12
41 Solid 10

Table 1: Filigree Slab Properties

Conventionally Reinforced Flat Plate System (Core)

The proceeding diagram describes the various conventionally reinforced flat plate slabs, by level number.

Level Reinforcing Thickness (inches)
2,3 #6 @ 12” Bottom, Each Way 12
4 #7 @ 12” Bottom, Each Way 10
5 thru 39 #6 @ 12” Bottom, Each Way 10
40 #6 @ 12” Bottom, Each Way 12
41 #7 @ 12” Bottom, Each Way 10

Table 2: Conventional Flat Plate Slab Properties

Miscellaneous Framing

Level 3 — Catwalk

A catwalk that houses mostly MEP equipment above level 3 that encompasses the elevator core of the
tower is framed using W shape beams. This steel framing is supported by both the concrete shear walls
and concrete columns. The steel beams are connected to the concrete using embed plates with shear
studs. 2” of bar grating serves as a floor for the catwalk.

Sign Support Framing (Level 41 to Top of Sign)

The Trump sign at the top of the hotel tower is supported by HSS girts, supporting the sign weight of
550plf. Two lines of columns, typically W14x61, post up from the concrete floor system of the 41% level,
forming the perimeter lines of the system. Another line of columns, typically W24x68, posts up at the
center of the original two lines from transfer girders, making three column lines. W16x67 and W24x68
are the typical girder sizes. There are a total of 7 bays, varying in span length.
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Figure 12: Typical Framing Plan at Sign Support

Elevator Separator/Support Framing

Elevator shafts are separated using a rectangular grid of HSS beams. The HSS beams are also used to
resist the thrust force produced by the elevator systems. These beams tie to both the two-way slab floor
system and the concrete columns by connecting to embed plates. See Appendix 2 for typical elevator
separator beam framing plan.

Connection Bridge

The bridge that connects the existing hotel to the new hotel is framed using a composite steel system with
slab on metal deck. The system frames into the vertical elements of the existing hotel tower and two W
shape columns outside the perimeter of the new hotel. An expansion joint between the floor slab of the
bridge and the concrete slab of the new hotel separates the two systems.

Lateral Systems

The primary lateral force resisting
system of the hotel tower is comprised of
a cast-in-place concrete shear wall core
located at the geometric center of the
tower’s plan. The shear wall core
contains various openings, coupled with
concrete beams. A series of braced
frames are used to stiffen the sign

support structure at the top of the tower.
I Shear Wal

Figure 13: Location of Concrete Shear Walls
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Reinforced Concrete Shear Walls

Four shear walls, spanning to level 41, are the primary lateral force resisting system of the Trump Taj
Mahal Hotel. Two 60’ long walls resist the forces in the east/west direction, as well as the north/south
direction. These four walls form the elevator core that lies in the geometric center of the tower.

The shear walls decrease in thickness, 24” from levels 1 through 4 and 16” from levels 4 through 41.
Because numerous openings exist, link (coupling) beams provide load transfer across the openings.
Specified compressive strength of the concrete used for the shear walls varies by level and decreases from
9000psi to 5000psi; lower to upper levels respectively.

Braced Frames

Because the framing system supporting the large sign at the top of the tower is long and narrow, lateral
bracing is needed to stiffen the system against strong wind forces. In the short (north/south) direction,

seven X braced frames with single angle diagonals and one single strut braced frame with double angle
diagonals.

The long (east/west) direction does not require much lateral stiffening because of its depth. Only two X
braced frames with single angle diagonals are provided. The loads of these braced frames are transferred
to the concrete floor system on the 41* level below. The concrete floor system acts as a rigid diaphragm,
transferring the loads to the concrete shear walls.

“
Figure 14: Braced Frame 1 Figure 15: Braced Frame 2 Figure 16: Braced Frame 3
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Problem Statement and Solution Overview

Problem Statement

Concrete structural floor systems and shear wall cores require a long erection time because they are labor
intensive, require curing, and require shoring and re-shoring. However, what if Donald Trump wanted his
hotel to open as soon as possible in order to generate revenue? Steel structural floor systems require
much less time for erection compared to that of concrete systems. However, it was found in Technical
Report Number Two (Reichwein, October 2007) that the structural depth of a steel system is often larger,
requiring an increase in the building height to retain the same area of rentable space. The increase in
building height will also conflict with the wind tunnel test issued by DFA because it was performed using
a scale model. Can such a steel system be devised in order to retain the current height of the building?

While investigating the effectiveness of the current concrete shear wall core with the use of ETABS in
Technical Report Number Three (Reichwein, December 2007), large inherent torsions were present under
the wind loading specified by the wind tunnel test performed by DFA. This inherent torsion exists
because the center of pressure of the wind and the center of rigidity of the shear wall core do not coincide.
This occurs because each wall has a different stiffness, caused by the unsymmetrical layout of the core
openings. The perimeter of the building is also not restrained torsionally, as this is a core only system.

Despite its inherent torsion, the stiffness of a concrete core shear wall was able to effectively handle the
wind forces of Atlantic City, New Jersey. However, the long erection time of a concrete shear wall will
delay the opening of Donald Trump’s hotel. In order to reduce the construction time of the lateral force
resisting system, a steel system will be considered. But, could a steel system provide adequate stiffness in
order to meet the drift requirements in a hurricane prone region?

Problem Solution

In an effort to reduce the erection time of the structure, a steel redesign of the Trump Taj Mahal Hotel has
been proposed as a viable alternative to the filigree floor system and concrete shear wall core system.

The redesign includes both the floor system and lateral force resisting system of the tower. All steel
framing will be designed in conformance with AISC Manual of Steel Construction, 13" Edition.

A core of braced steel frames will serve as the alternative to the cast-in-place concrete shear wall core. In
order to meet the demands of hurricane force winds, the layout of the tower’s core was redesigned to
accommodate an efficient layout of braced frames. The redesign of the core will be discussed further as
an architectural breadth. An ETABS model was constructed to distribute the lateral forces to each frame
accordingly based on rigidity. The braced frames are designed for strength using AISC 13" Edition
Manual of Steel Construction LRFD and meet a drift limitation of H/400, as recommended by both AISC
Design Guide 3 — Serviceability Design Considerations; and ASCE 7-05 — Minimum Design Loads for
Buildings and Other Structures. In order to provide the braced frames with adequate stiffness, built-up
column sections are required at the lower levels of the tower.
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The filigree flat plate floor system was redesigned as a steel frame with pre-cast concrete planks.
However, it was found in Technical Report Number Two (Reichwein, 2007) that this type of system
would be the deepest structurally. A deep structure will require a rise in building floor to floor height.
After reviewing the mechanical and architectural requirements of the tower, it was found that a 10 inch
increase in floor to floor height is required. The implications to cost of the increase in height are analyzed
and evaluated.

Steel gravity frame designs were determined utilizing RAM Steel and conform to AISC 13" Edition
Manual of Steel Construction LRFD and IBC 2003. The precast planks are specified by Nitterhouse, Inc.
and have been designed utilizing proprietary loading charts.

The redesign of the tower in steel has affected the architecture of the tower in several ways. Because of
the significant amount of changes made to the core of the tower, a study was conducted on the
architectural impacts resulting from the newly designed brace frame core. The impacts to the
architectural layout of the core will include alterations of the core openings, stairs, elevators, and service
areas. A significant amount of changes are also being made to the floor system of the tower. In order to
properly conceal the newly designed steel frame at the perimeter of the building, the addition of soffits
above the windows of each guest room were required. A soffit was also provided in between some of the
guest rooms in order to conceal the steel beams. A Revit model with each structural system was
constructed in order to illustrate the key architectural impacts. These impacts are illustrated utilizing
interior renderings and floor plans. The removal of the concrete shear wall core also created the need for
fire-rated partitions. These partitions were selected from the Underwriter’s Laboratory assemblies
database. Additional costs incurred due to soffits, fireproofing, and partitions was analyzed using R.S.
Means 2008.

The substantial differences between the construction of a steel and concrete structure merited a
construction management study. Cost, scheduling, sequencing, and site conditions will all be affected by
the redesign of the tower. The cost and schedule of the redesigned steel system was not easily estimated.
Various interviews were conducted with contractors and design professionals in order to obtain accurate
numbers. R.S. Means cost data was used to estimate the cost of additional items, such as fireproofing and
the increased amount of curtain wall. Other cost data was obtained through interviews with the lead
estimator on the current Trump Taj Mahal Hotel project. The estimated cost and schedule of the steel
structure will be compared to the estimate and schedule provided by Bovis Lend Lease. Site conditions
were also analyzed in order to determine the requirements of a steel structure.
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Design Criteria

Design Methodology

The design of a high rise lateral force resisting system and gravity system poses itself as a daunting and
cumbersome task. Computer modeling and analysis with the aid of ETABS and RAM was utilized in
order to expedite the design process. Spot and hand checks were performed to verify computer analysis,
however the size and scope of the project poses too many factors and considerations. Some errors may
have gone unnoticed. Conservative assumptions were utilized as to not jeopardize the completion of this
year long study and to offset any possible errors or omissions. These assumptions will be clearly stated as
they are relevant.

Design Goals

The main goal of a new structural system for the Trump Taj Mahal Hotel is to replace the current concrete
shear wall core with a core of braced frames. The current gravity floor system design as a filigree flat
plate will be replaced with a precast concrete plank floor and steel frame. This study is being performed
in order to understand why a concrete system was chosen over a steel system, considering the much faster
erection time that a steel system offers. Numerous other design goals were established prior to the design
of the braced frame core and steel frame. These goals are important to this study and have been strictly
adhered to. The goals are as follows:

e Design a core of braced frames to effectively handle the design wind and earthquake forces
imposed on the structure.

o The core of braced frames shall be provided in the exact location of the current shear wall core.
A redesign of the layout of the core is permitted, but the areas of all spaces shall not deviate by
more than 20% of the current. The number of elevators may not change.

o The tower’s overall floor area must not change.

o The drift of the braced frames under the most severe lateral loading must not exceed H/400.

e Design a steel frame that utilizes a precast concrete plank floor system to effectively handle the
gravity design loads.

e Additional columns and transfer girders shall only be provided if no affects are imposed on the
layout of the guest room and meeting spaces.

o All structural systems must adhere to model code IBC 2003, ASCE 7-05, and AISC Manual of
Steel Construction 13" Edition LRFD.

e Any floor to floor height increase shall be kept to a minimum and will meet the minimum
demands of the mechanical and architectural systems of the tower. The use of soffits may be
required to conceal the steel structure.

e Effectively reduce the erection time of the structure in order to generate revenue faster and
compare to the added cost of the structure, if applicable.
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Design Loads - Gravity

The self weight of the concrete planks with a 2 inch topping was taken as 93psf, as specified by

Nitterhouse, Inc.

23

Superimposed dead loads for the tower are taken directly from the load maps provided by the structural
engineer of record. Snow loads were calculated using ASCE 7-05. Live loads are taken directly from
Table 4-1 of ASCE 7-05. A summary is provided in the following table.

Level Superimposed Dead Load Live Load Live Load Reduction
Comments (ASCE 7-05)
1 Partitions: 15psf 100psf Not Applicable
2 Non-Core Non — Core: 150psf 4.8.5 Limitations on One-Way
Suspended Ceiling: 10psf Slabs
Suspended MEP: 10psf Core: 100psf
Floor Finishes: 10psf
Core
Suspended Ceiling: 10psf
Suspended MEP: 10psf
Floor Finishes: 10psf
3 Non-Core Non-Core: 150psf 4.8.5 Limitations on One-Way Slabs
Suspended Ceiling: Spsf
Suspended MEP: 10psf Core: 100psf
Floor Finishes: Spsf
Topping Slab: 10psf
Core
Suspended Ceiling: Spsf
Suspended MEP: 10psf
Floor Finishes: Spsf
Topping Slab: 10pst
4 Non-Core & Core 40psf 4.8.5 Limitations on One-Way Slabs
Partitions: 15psf
Suspended MEP: 15pst
5 Non-Core & Core 40psf 4.8.5 Limitations on One-Way Slabs
Thru 38 Partitions: 15pst
39 Non-Core 40psf 4.8.5 Limitations on One-Way Slabs
Partitions: 15psf
Floor Finishes: 10psf
Core
Partitions: 15psf
40 Non-Roof MEP: 150psf 4.8.5 Limitations on One-Way Slabs
Suspended MEP 30psf 4.9.1 Flat, Pitched and Curved Roofs
Roof Snow Load 11.2psf Roof: 20psf
41 Non-Roof 20psf 4.9.1 Flat, Pitched and Curved Roofs
Suspended MEP 30psf
Roof Snow Load 11.2psf

Table 3: Superimposed Dead and Live Loads
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Design Loads — Lateral

Wind Loads

24

Wind loads for the Trump Taj Mahal were computed using a wind tunnel test performed by DFA based
on a 50 year wind speed. The wind tunnel test loads are compared to the tabulated ASCE 7-05 MWFRS
loads, as shown in Figure 17. Detailed calculations of the wind loads can be found in Appendix A. For

the purposes of this study, only the wind tunnel test loads will be considered because the concrete shear
wall core was designed using these loads (See Note 1 following Figure 17). The wind tunnel loads are

permitted to be used despite being smaller overall compared to the wind loads calculated per ASCE 7-05.
The wind tunnel loads consider 20 different load cases that include a force in both directions with an

applied torsion. The wind tunnel load cases and corresponding loads for each case can be found in

Appendix A.
g Re 0 d oad
East/West |North/South| Torsion Ovt Mom Ovt Mom North/South East/West Ovt Mom Ovt Mom
(Kips) (Kips) (in-kips) | E/W (kip-ft) | N/S (kip-ft) (kips) (kips) N/S (kip-ft) [ E/W (kip-ft)
Roof 460 139 191.4 20520 63940 88044 132.58 137.57 2121.26 2201.07
40 437.583 169.3 233.3 31920 138022.802 | 190132.114 138.86 144.08 5731.50 5947.14
39 422.583 103.2 1421 19920 181633.368 | 250181.158 152.24 157.97 14561.39 15109.25
38 412.167 96.3 132.7 18960 221325.05 | 304875.719 76.11 78.98 19768.92 20512.70
37 401.75 100.2 138 20040 261580.4 | 360317.219 77.30 80.21 25863.04 26836.11
36 391.333 97.6 134.5 19560 299774.5 | 412951.508 78.38 81.33 32858.39 34094.65
35 380.917 95.1 131 19080 | 335999.707 | 462851.635 79.35 82.34 40767.20 42301.02
34 370.5 92.5 127.5 18480 370270.957 | 510090.385 80.25 83.27 49601.52 51467.72
33 360.083 90 124 18000 402678.427 | 554740.677 81.09 84.14 59372.84 61606.67
32 349.667 87.4 120.5 17520 433239.323 | 596875.55 81.87 84.95 70090.37 72727.43
31 339.25 84.9 116.9 17040 | 462041.648 | 636533.875 82.60 85.70 81764.02 84840.29
30 328.833 82.3 113.4 16440 | 489104.604 | 673823.537 83.29 86.42 94403.44 97955.25
29 318.417 79.9 110.1 15960 514546.122 | 708881.249 83.94 87.10 108015.89 112079.85
28 308 77.4 106.6 15480 538385.322 | 741714.049 84.56 87.74 122609.92 127222.97
27 297.583 74.8 103.1 15000 | 560644.531 | 772394.856 85.16 88.36 138194.02 | 143393.40
26 287.167 72.3 99.6 14520 | 581406.705 | 800996.69 85.72 88.95 154774.01 | 160597.19
25 276.75 69.7 96 13920 600696.18 | 827564.69 86.26 89.51 172357.52 178842.26
24 266.333 65.8 90.6 13440 618220.891 | 851694.459 86.79 90.06 190952.25 198136.59
23 255.917 63.3 87.2 12960 634420.437 | 874010.422 87.29 90.57 210562.87 | 218485.04
22 245.5 60.8 83.7 12360 | 649346.837 | 894558.772 87.77 91.07 231196.38 | 239894.86
21 235.083 58.3 80.3 11880 | 663052.176 | 913435.937 88.24 91.56 252859.92 | 262373.46
20 224.667 55.8 76.9 11400 675588.595 | 930712.829 88.69 92.03 275557.19 | 285924.69
19 214.25 53.3 73.4 10920 687008.12 | 946438.779 89.13 92.48 299294.75 310555.35
18 203.833 50.9 70.1 10440 | 697383.219 | 960727.472 89.56 92.93 324079.31 [ 336272.39
17 193.417 48.4 66.7 9840 706744.602 | 973628.386 89.96 93.35 349913.76 | 363078.83
16 183 45.9 63.3 9360 715144.302 | 985212.286 90.36 93.76 376804.30 | 390981.10
15 172.583 43.4 59.8 8880 722634.404 | 995532.75 90.76 94.17 404757.36 | 419985.85
14 162.167 40.9 56.4 8400 729267.035 | 1004678.97 91.13 94.56 433775.09 | 450095.34
13 151.75 38.4 53 7800 735094.235 | 1012721.72 91.50 94.94 463863.45 | 481315.74
12 141.333 35.9 49.5 7320 740168.089 | 1019717.7 91.86 95.32 495028.64 | 513653.48
11 130.917 33.4 46.1 6840 744540.717 | 1025752.98 92.21 95.68 527272.14 | 547110.10
10 120.5 31 42.6 6360 748276.217 | 1030886.28 92.56 96.04 560599.74 581691.61
9 110.083 28.5 39.2 5760 751413.583 | 1035201.53 92.90 96.39 595017.46 [ 617404.25
8 99.667 26 35.8 5280 754004.925 | 1038769.61 93.22 96.73 630526.19 | 654248.95
7 89.25 23.6 325 4800 756111.225 | 1041670.23 93.54 97.06 667131.56 | 692231.56
6 78.833 211 29.1 4320 757774.601 | 1043964.27 93.86 97.39 704839.51 731358.23
5 68.417 18.6 25.6 3840 759047.157 | 1045715.75 94.16 97.71 743650.33 771629.26
4 58 29.8 41.1 4680 760775.557 | 1048099.55 115.25 119.58 792351.32 [ 822162.56
3 26 9.2 12.6 1800 761014.757 | 1048427.15 140.26 145.54 853727.65 | 885848.09
2 16 6.4 8.8 1200 761117.157 | 1048567.95 84.58 87.76 892632.82 | 926217.02

Figure 17: Wind Loads per DFA Wind Tunnel Test and ASCE 7-05 MWFRS Method 2

Note 1: Height increase will alter wind tunnel results, however this will be neglected for the purpose of this study.
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Seismic Loads

Seismic loads for the Trump Taj Mahal were calculated using ASCE 7-05, Equivalent Lateral Force
Procedure. The details of the calculations, parameters, and seismic load cases can be found in Appendix

A of this report. The base shear for both directions was calculated to be approximately 720kips. Seismic

forces can be seen below in Figure 18.

Seismic Forces ASCE 7-05 Lateral Force Procedure

Shear Per Floor Overturning

Level Height (kips) Moment
Roof 460 40.93 18829.93
40 437.583 55.56 43143.44
39 422.583 43.18 61391.68
38 412.167 41.08 78323.55
37 401.75 39.03 94003.79
36 391.333 37.03 108495.66
35 380.917 35.09 121860.89
34 370.5 33.19 134159.32
33 360.083 31.35 145449.29
32 349.667 29.57 155787.59
31 339.25 27.83 165229.17
30 328.833 26.15 173827.44
29 318.417 24.52 181634.26
28 308 22.94 188699.67
27 297.583 21.41 195072.16
26 287.167 19.94 200798.65
25 276.75 18.52 205924.29
24 266.333 17.15 210492.65
23 255.917 15.84 214545.70
22 245.5 14.57 218123.70
21 235.083 13.36 221265.28
20 224.667 12.21 224007.51
19 214.25 11.10 226385.70
18 203.833 10.05 228433.60
17 193.417 9.05 230183.32
16 183 8.10 231665.29
15 172.583 7.20 232908.31
14 162.167 6.36 233939.58
13 151.75 5.57 234784.61
12 141.333 4.83 235467.29
11 130.917 4.14 236009.88
10 120.5 3.51 236432.99
9 110.083 2.93 236755.57
8 99.667 2.40 236994.98
7 89.25 1.93 237166.89
6 78.833 1.50 237285.36
5 68.417 1.13 237362.81
4 58 0.93 237416.73
3 26 0.22 237422.56
2 16 0.077823311 237423.80

Figure 18: Seismic Loads per ASCE 7-05 Equivalent Lateral Force Procedure
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Comparison

The following graph, Figure 19, compares the lateral loads of the Trump Taj Mahal Hotel. It can be seen
that the wind tunnel loads in the north/south direction have the largest wind forces overall. The wind
loads calculated according to ASCE-7-07 MWFRS Method 2 appear to be more uniform and yield higher
base shears compared to the wind tunnel loads. Seismic forces appear to be well below that of the wind

forces and will probably not govern design.

Lateral Load Comparison
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Figure 19: Lateral Load Comparison
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Structural Depth Studies

Solutions that are presented in this portion of the report are in response to the problem statement and
design criteria as stated. The structural redesigns presented herein have been designed with many
simplifying assumptions as to expedite the analysis and design process and not compromise the integrity
of this year long study. The goal of the structural redesign is to replace the current reinforced concrete
shear wall core with a core of braced frames. This includes the redesign of the current filigree flat plate
floor system as a steel frame with precast concrete planks. The overall design of the steel system will be
ultimately compared to the current concrete system. Conclusions will be based upon performance, cost,
schedule, architectural impacts, and construction impacts.

Material Strength Specifications

Unless otherwise noted, the following grades and material strengths will be used for the redesigned
structural components from here within:

Structural Steel W-Shapes. .. ...c.iriii e A992
Structural Plates and ANGLes. ........ouiiii e A36
Built-up Section Plates.........coviiriiiii e e A572-Gr 50
Bolts (Basic Beam to Girder CONNECHIONS)....cccuuvntinttitt et et eiteae et eae e eeeeeaneanaas 3/4” - A490N
Bolts (Column Splices and Girder to Column Connections).......................... 3/4” — A490 Slip Critical
Shear StUAS. .. .o 3/4” — ASTM A108
ANCROT BOIES. ..ot A449-Gr 120
Topping Slab 28 Day Strength..........c.iuiiriii e 3000psi
Mat Foundation 28 Day Strength............oouiiiiiiiiiii e 5000psi
Precast Plank Prestressing Strands............c.ooeviiiiiiiiiiiiiiiiii i, 0.6”®270ksi Lo-Relaxation
Precast Plank 28 Day Strength...... ...ttt e e 6000psi

Gravity System Redesign

Introduction

The proposed gravity system redesign consists of
replacing the filigree flat plate system with a non-
composite steel frame with precast plank and topping
slab. This type of system was chosen due to its superior
erection time and cost savings, the main goals of this

study are such.

Methodology

This system utilizes precast pre-stressed hollow core
concrete planks as the floor slab and steel girders as

Figure 20: Precast Plank and Steel Frame
Isometric Diagram
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supports. Precast planks with a 2” topping span the length of the floor, transferring the floor load to the
steel W-shape girders. The girders then transfer the load to W-14 steel columns. Finally, the load is
transferred from the columns to the mat foundation.

The 2” topping slab is required for both fire protection and floor leveling purposes, but it is also necessary
to provide an adequate bond between the planks to ensure that the floor system acts as a rigid diaphragm
under lateral loading. Because precast planks were chosen as the floor system, a composite steel frame
was not an option and a non-composite steel frame was used. A non-composite steel frame is not able to
utilize the compressive strength of a concrete slab; therefore the members are often heavier and/or deeper.

Design Goals and Assumptions

The overall design goal is to convert the current filigree flat plate system with a non-composite steel
frame and precast plank floor system. Other goals and assumptions are as follows:

Design Goals

e Develop a steel framing plan that adequately meets the requirements of the Trump Taj Mahal
Hotel without causing alterations to the architecture of the tower.

e Develop a floor system that utilizes the strength of the precast planks efficiently.

e Limit member depths as to not interfere with the architecture and mechanical requirements of the
Trump Taj Mahal Hotel.

e Develop a RAM Steel model in input live and dead loads to obtain steel sizes that conform to the
strength and serviceability requirement of both ASCE 7-05 and AISC Manual of Steel
Construction 13™ Edition LRFD.

e Beam deflection shall be limited to L/240 for dead + live load, L/360 for live load, and '4” for
spandrel beams per curtain wall requirements.

e  Check over RAM Steel designs and optimize design by using similar W-shapes.

e Spot check a typical exterior girder to verify RAM designs.

e Develop typical details of the non-composite steel frame with precast plank system.

Design Assumptions

e Columns will be braced by not only steel framing, but precast concrete planks as well; this detail
was verified by a representative of Nitterhouse, Inc.

e The sign structure at the top of the tower has been omitted for simplicity.

o Elevator and stair framing has not been designed due to unknown load requirement. Cost will be
considered based on the design of the structural engineer of record.

e Additional bracing and design requirements for the torsional resistance of spandrel beams have
not been accounted for. Numerous design solutions exist, however impact towards cost and
schedule will not be impacted enough to merit consideration for this study.
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Design Process

The initial design process began with countless hours of
sketching, delicately placing steel framing as to not inhibit the
architecture or mechanical systems of the tower. Both typical
tower levels and atypical levels of the tower were framed.
Upon completing the steel framing layout, the precast planks
were designed for the longest span and loading for a typical
floor of the tower. Planks were designed using the loading
tables provided by Nitterhouse, Inc. The planks of atypical
levels were also verified to meet strength requirements.
Calculations and loading tables can be found in Appendix B.

After completing the framing layout and plank design, a RAM
Steel model was created to size steel members. RAM was used
because it is widely recognized in practice as one of the best
steel gravity design and analysis programs. Layouts of all
floors of the tower were created, including atypical levels.
Dead and live loads were input into the RAM model, live load
reduction in accordance with ASCE 7-05 and model code IBC
2003 were incorporated for column design only. A linear load
to account for the weight of the curtain wall was placed along
the perimeter of the diaphragm. Again, spandrel beams were
not designed for torsion for simplification purposes. Snow
loads were calculated per ASCE 7-05; however for simplicity
drifting was not a consideration as it poses little ramifications
to the overall cost of the frame. As a small note, the 10”

Figure 21: 3D RAM Model Isometric

floor to floor height increase has been taken into account
prior to the design of the steel frame.

Upon completion of the model layout, the model was run in order to obtain steel designs. Girders were
not cambered in order to accommodate easier connection constructability. All members were reviewed
and sized by the user according to repetitive member selection, connection constructability (i.e. beams
were not permitted to be deeper than girders), and depth restrictions imposed by mechanical and
architectural requirements. The results of the steel gravity design for a typical bay and the core are shown
below in Figure 23 and Figure 24, respectively. Framing plans and member sizes for all levels of the
tower can be found in Appendix B.

Typical details of the framing system were developed to illustrate plank connections to the steel frame.
These details are important in understanding the load path of both the gravity and lateral loads, as well as
getting a sense of how the system is constructed.
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Figure 22: Non-Composite Steel Frame with Precast Plank Details
Note: Shear Studs Provided for Transfer of Lateral Loads

After completing the beam design, the steel columns were designed. Columns were designed on the basis
that weak and strong axis buckling would be fully restrained by both steel framing members as well as the
precast concrete planks and topping. Columns were typically spliced every 4 levels to accommodate
faster steel erection. This results in approximately 42’ long steel columns. Column splices will be
discussed further in the construction management breadth of this study. All column sizes can be found in
Appendix B.

The weight of each floor was calculated by RAM Frame. Each floor approximately weighs 2000 kips.
This weight can be converted to a unit mass for input into ETABS by:
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Weof Floor (Lkips) «1000lbs ldp

389%in/sec’ »Floordrea (in)

Mass Per Unit Area=

Equation 1

This mass will be applied to the ETABS model per unit area for lateral dynamic analysis purposes. For a
typical floor with an area of 2421520.9in’, this mass translates to 1.9x10° Ib-sec” /in’.

The factor of safety against overturning of the building can now be calculated since the weight of the
structure is known. Using the most sever wind tunnel test overturning moment of 1,048,568 ft-kips and a
resisting moment of 6,190,260 ft-kips, the factor of safety is determined by:

Resisting Moment

F.5=

Overtming Moment

Equation 2

This results in a factor of safety of 6.7 and is more than two times greater than the recommended factor of
safety is 3.0; therefore overturning is not a stability issue. Calculations are available upon request.

o (] o
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¥ d ¥
2 z z
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Figure 23: Typical Bay Steel Frame and Plank Framing Plan
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Figure 24: Typical Core Steel Frame and Plank Framing Plan
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Braced Frame Core Design

Introduction

The proposed lateral force resisting system redesign consist of replacing the core of concrete shear walls
with braced frames as seen in Figure 25 and 26, respectively. A steel braced frame was chosen to be
evaluated due to the stiffness that can be provided to the building in such a small amount of space.
Braced frames are often preferred over moment frames because moment frames offer construction
challenges in terms of field connections; which translates to higher cost.

Figure 25: Plan Layout of the Braced Frame Core Figure 26: ETABS Isometric of Braced
Frame Core

Initial member sizes of the braced frames were determined using classical, simplified methods. These
initial sizes were input into an ETABS model for further design and optimization. Design groups were
chosen at every 8 floors (a total of 5 design groups) for simplification. Results of the analysis and
optimization will meet the requirements of code and the recommended drift limitation of H/400. Braced
frame connections shall be detailed and designed in a simplified manner to illustrate feasibility. The
punching shear of the mat foundation will be evaluated to assure that an increase in mat thickness will not
be required; or conversely to see if a decrease in thickness is feasible. Finally, a parametric acceleration
check will be performed following the procedure presented in Serviceability Limit States under Wind
Load, by Lawrence G. Griffis. Acceleration is often an issue with tall, slender, core-only steel structures.
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This is a serviceability issue and is related to the motion perception of the building occupants at the upper
levels of the tower.

Before any design was conducted, the layout of the elevator and service core was changed to
accommodate the braced frame core. Openings were moved and areas were redesigned accordingly as to
provide as many concentrically braced frames as possible. Concentrically braced frames are preferred
over eccentrically braced frames because a concentrically braced frame provides greater stiffness to the
overall structure. Eccentrically braced frames were avoided as much as possible, but were still required at
the elevator lobbies of the core to accommodate the opening. For a more detailed core layout analysis,
see the architectural breadth of this report.

Methodology

A braced frame is an extremely efficient system because the horizontal shear forces resulting from lateral
loads are resisted by the axial capacities of the braces and columns of the system. The system effectively
acts as a vertical truss, where little or no moment exists in the columns, beams, or braces. Since forces
are resisted mostly by axial forces, a highly efficient system results because the complete cross section of
steel section resists the forces, compared to ; T S
just the deformations caused by bending. j ) )

Before a design procedure can be set forth, it <= ;
is important to understand the behavior of

such a braced frame system. After A _l_
conducting independent research while
speaking with various design professionals, it
was found that the exterior columns of the
braced frame convert the bending forces of

gt T
L L
4
v v
»
Y
v
LY
v
-

the system into axial tension and "oV PEERMATON EAR DETORVATION
compression, while the braces convert the
shear forces of the system into axial tension

and compression. This type of behavior is

analogous to a wide flange beam, where the Figure 27: Braced Frame Behavior

columns of the braced frame act as the flange

and the braces as the web. The interior columns act as “zipper columns” and resist little axial forces
caused by lateral loads. Zipper columns act more as intermediate supports for girders and brace. This
behavior is illustrated in Figure 27.

Columns in the braced frame of tall buildings accumulate large axial forces from both lateral and gravity
loads. These forces result in large axial deformations in the columns. In the braced frame of a tall
building, a large percentage of the building drift results from the deformations in the columns, known as
“chord drift”. A smaller percentage of the building drift results from the shear deformations of the braces,
known as “shear racking”. Because columns play a pivotal role in the control of drift, large columns are
often necessary to control the accumulating shear and gravity forces of the building. This will result in a
large column size that is often in excess of the strength requirement.
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Design Goals and Assumptions

The overall design goal of this redesign is to effectively replace the concrete shear wall core with a core
of braced frames. Other goals are as follows:

Design Goals

Obtain initial column sizes based upon the simplified moment area method.

Obtain and compare initial sizes of moment area method with the virtual work method provided
in AISC Design Guide 5 — Design of Low and Medium Rise Buildings.

Setup ETABS model with initial frame layouts and member designs.

Input wind tunnel test and ASCE 7-05 seismic design loads into ETABS model.

Run ETABS model and iterate design groups until strength and drift criteria has been satisfied.
Provide an optimal braced frame design for use in further investigation.

Spot and hand check critical columns, braces, and girders.

Design and detail the typical braced frame connections.

Design the most critical braced frame column base plate.

In order to expedite the design process, a few assumptions were made. These assumptions are as follows:

Design Assumptions

To obtain initial trial sizes, forces were distributed evenly among frames.

Wind loads determined according to ASCE 7-05 MWFRS were neglected and only the loads of
the wind tunnel test were used.

Columns, braces, and girders are designed by groups, 8 floors in each group for a total of 5 design
groups.

P-delta effects were considered in the drift and strength design.

Rigid diaphragm action results from the precast planks with 2” concrete topping. However, semi-
rigid diaphragm action was used in order to impose axial forces on the girders of the braced
frame.

Concentric inverted “V”’ Chevron braces will be utilized whenever possible, as they provide
greater stiffness over eccentric braces.

Lumped mass was applied to each diaphragm over the entire area of the diaphragm. These
masses were found using the RAM Steel output.

Design Process

To gage the initial member sizes of the braced frames, two classical methods of analysis were utilized.
Moment area method and the virtual work method presented in AISC Design Guide 5 were used to obtain
initial column, brace, and girder sizes. Both methods neglect the impacts of gravity loads.
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Moment area method

Moment area method assumes that
all of the deformations of the braced

IMS/EI

. sesen MIA/EL

frame are due to flexure and the ]
cross section of the end columns V| 186.58 Ma/El

resist the tension and compression ——f 1092 - v

forces caused by bending. The ’ e
flexure forces result from the

overturning moments caused by the
wind tunnel loads, where the most Figure 28: Load, Shear and Moment Relationship of Moment
Area Method

extreme loads were taken. It is
important to note that both the

effects of torsion and gravity are neglected by moment area method. Also, it is assumed that each brace
contributes equally to the resistance of the lateral loads. Detailed calculations can be found in Appendix
C.

The structure was split into five groups, 8 stories to each group. The wind forces were summed up for
each group and were said to act at the top story of each design group. From the winds loads, a shear and
moment relationship can be developed as shown in Figure 28. Dividing the moments by the unknown EI,
the areas of each piece of the M/EI diagram can be found by

A= ((Mi + M) X hi) + (2El,;) Equation 1
Where E =29000ksi for steel and / is the end column moment of inertia found by
Ioi = Z(Aqd?) Equation 2

Where d is the center line to center line distance between the end columns and 4., is the gross area of the
end columns. With the target deflection set to H/400 in both the E-W and N-S direction, this value can be
substituted into Equation 6, leaving only the required moment of inertia for each design group as the
unknown. By substituting the distances squared and rearranging Equation 4, the areas of the columns of
each design group can be found. These required areas are summarized in Figure 29 below.

= R (M;+2M;
X; = — (L—H-l) Equation 5
3\ Mi+Mjq
ACi = Ai(hi - Xl) + Z;==]i A] (HL - X]) Equation 6
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Overturning Moment Required Column Area
M5 1542667.1| in-kips | Acol5 | 22.439 in"2
M4 3585800 | in-kips | Acol4 | 68.5828 in"2
M3 | 5985908.3| in-kips | Acol3 | 143.528 in"2
M2 8762778.8| in-kips | Acol2 | 252.781 in"2
M1 12955479 | in-kips | Acoll | 424.176 in"2

Figure 29: Moment Area Method Column Area Summary

Because the area of a W14x730, the largest W-shape column available in today’s steel market, is 215in°,
built-up or composite column sections are required. After speaking with Malcolm Bland, principal at The
Harman Group, it was found that built-up sections are typically preferred over composite column sections
because of construction management issues, including sequencing and constructability of connections.
The design sections of these built-up columns will be discussed later in this section of the report.

Classical Virtual Work Method (as presented in AISC Design Guide 5)

As moment area method is a great tool to obtain initial braced frame column sizes, a method is needed to
find initial sizes of braces and girders. The method chosen is the classical virtual work method presented
in AISC Design Guide 5. This is an optimization method utilized for “inverted V”* or “chevron” braced
frames. Final member sizes are obtained by multiplying required areas by a correction factor that
accounts for drift. This method can be found complete in Appendix C.

Many assumptions had to be made in order to use this method. The geometry of all bays in the braced
frames had to be assumed to be concentric inverted “V”, when in reality some eccentric braces exist.
Because of this assumption, these calculations will approximate a drift that is much smaller than the
actual drift. As with moment area method, all braced frames were assumed to contribute equally to lateral
force resistance.

The procedure to find optimal member areas involves first finding member forces due to the external
wind forces; second finding member forces due to virtually applied forces at the point deflection is to be
optimized; third calculating areas due to strain with lambda = 1.0; fourth computing the deflection by
virtual loads with lambda = 1.0; and finally applying a correction factor which is the ratio of the target
deflection of H/400 to the calculated deflection. The results of this method are summarized below in
Figure 30. The column sizes of classical virtual work method are compared to that of the moment area
method. The member areas required are fairly similar to each other; classical virtual work shows the
requirement of a larger column area.
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Classic Virtual Work Moment Area Method

Acol Abrace Agirder Ovt Mom Acol

Group 5 | 76.226206| 9.32948 | 11.7558 1542667.1| 22.4390097
Group 4 | 178.98679| 11.9457 | 15.0525 3585800 | 68.5828473
Group 3 | 288.64802 | 13.5319 | 17.0512 5985908.3 | 143.527923
Group 2 | 380.54798 | 14.3852 | 18.1264 8762778.8| 252.781058
Group 1 | 498.74328 | 14.8786 | 24.1676 12955479 | 424.176461

Figure 30: Classical Virtual Work Summary with Comparison to Moment Area Method

ETABS Frame Analysis

ETABS was chosen for the lateral analysis software of choice for this study due to its proven use in the
design of the world’s tallest and most complex structures. The floor plans and story heights of the Trump
Taj Mahal Hotel tower were entered into the model. 2 models were created; a model for drift and a model
for strength. The strength model will be discussed later in this report. The drift model assumes rigid
diaphragm action of the precast concrete plank floor system. The mass of each floor was lumped per unit
area of the diaphragm; this mass was obtained from the RAM Steel gravity model output. The wind loads
from the wind tunnel test were input into the model; all 20 of the cases were considered. For drift design,
a 25% reduction was applied to these wind loads as a way of converting a 50 year wind speed (strength)
to a 10 year wind speed (serviceability). A minimum 25% reduction was recommended by AISC Design
Guide 3 and ASCE 7-05 Commentary on Wind Loads (Chapter 6). Tabulated seismic loads per ASEC 7-
05 Equivalent Lateral Force Procedure were also imposed on the structure in both the north/south and
east/west directions; a £5% accidental torsion was applied to the structure. For clarity, the following table
list all load cases input into ETABS with a brief description of each.

Dead Self Weight and Superimposed Dead Loads

Live Live Load per ASCE 7-05 Requirements

Windl - 20 Wind Tunnel Test Wind Load Case, 20 Cases Total — Drift Model has 25% Reduction
Applied per AISC Design Guide 3.

EQX Seismic Forces Acting East/West

EQXE1 Seismic Forces Acting East/West with +5% Accidental Eccentricity

EQXE?2 Seismic Forces Acting East/West with -5% Accidental Eccentricity

EQX Seismic Forces Acting North/South

EQXE1 Seismic Forces Acting North/South with +5% Accidental Eccentricity

EQXE2 Seismic Forces Acting North/South with -5% Accidental Eccentricity

Table 4: ETABS Load Case Identification

The braced frame cores were constrained geometrically to allow space for the required openings of the
redesigned service core. Although it is preferred to have all concentric braced frames, eccentric braced
frames were required in Braced Frame 1 (E-W direction) in order to accommodate the openings into the
elevator lobby. The elevations of the 8 braced frames are shown in Figure 31 below (See Figure 25 for
plan layout of braced frames). 5 design groups were created for the columns, braces and girders; each
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design group encompassing 8 stories of the braced frames. Concentric and eccentric braced frames were
put into 2 different design groups because of the differing behavior of each.

Figure 31: Braced Frame Elevations

Initial member sizes determined by classical virtual work method
and moment area method were input into the model. The model

was run with P-delta effects considered. Iterations were A
preformed on the member sizes of each of the 5 design groups g
until the drift limitation of H/400 was met and member
optimization was accomplished.

After completing the drift optimization of the frames, a strength
model was created. This model differs from the drift model in {
that semi-rigid diaphragms were assumed in order to impose |

axial forces on the girders of the braced frames. “Dummy” null o
areas acting as tributary areas were also setup up around the
braced frames to distribute floor dead and live loads onto the

braced frame members (See Figure 32). The full wind tunnel test Figure 32: “Dummy” Null Tributary
wind loads were used for strength design. Areas
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For LRFD, the load combinations of ASCE 7-05 Chapter 2 Strength Design were used to obtain the
ultimate design loads of the structure. The load combinations are as follows:

1. 12D+ 1.6L +0.5(L; or S or R)

2. 12D+ 1.6(L; or S or R) + (L or 0.80W)
3. 1.2D+1.6W +L+0.5((L;or SorR)
4. 1.2D+1.0E+L+0.2S

5. 090D + 1.6W

6. 0.90D = 1.0E

*Note: =+ indicates the possibility of uplift resulting from lateral forces

Overall, ultimate member forces were compared and designed to meet equation H1-1a (Equation 5) or
H1-1b (Equation 6), members under combined forces, as specified in Chapter H of AISC Manual of Steel
Construction 13™ Edition. As shown below, the interaction equation must not exceed 1.0.

b
For —<0.2
P
P. | 8 (Mp , My ;
T4l (M—x + M—i) < 1.0 HI-1a (Equation 3)
P
For —> 0.2
P
Py M, My .
=t (M_i + M—i) < 1.0 HI-1b (Equation 4)

Iterations were performed until the interaction equation of all members did not exceed 1.0. Braced Frame
elevations complete with interaction ratios can be seen in Figure 33. Please note that all red members are
extremely close to 1.0, but do not exceed it. Any increases in member sizes due to strength requirements
were updated in the drift model; the drift model was re-run with these updated member sizes. A schedule
of the final member sizes of each braced frame can be found in Figure 34. The section properties of built-
up column sections can be found in Figure 35.

Spot checks of columns, braces, and girders were performed to verify the design outputs of ETABS.
These spot checks were performed by superimposing the gravity loads obtained from RAM Steel on the
columns and girders. These loads were than input into a spreadsheet with the member’s design section in
order to determine conformance with Equation 7 and Equation 8. Brace designs were spot checked on the
basis of limiting slenderness ratios to KL/r <300 for tension and KL/r <200 for compression.
Calculations and spot checks are available upon request.
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Figure 33: Braced Frame Strength Design — Interaction Equations

Having both the strength and drift models finalized, output can now be processed and used for
comparison purposes. For the purpose of this study, it is important to compare the performance of the
braced frame core to that of the concrete shear wall core. Please note that all of the results used for the
concrete shear wall core are taken from the analyses and investigations completed in Technical Report
Number 3 (Reichwein, December 2007). Figure 36 and Figure 37 compare the center of rigidity and
inherent eccentricity of both the concrete shear wall and braced frame core. It is important to note that the
braced frame core was designed in such a way to minimize the inherent torsion of the structure. This
involved an architectural redesign of the service core which was not considered for the concrete shear
wall core. By comparison, the concrete shear wall core exhibits much more inherent eccentricity as
compared to the braced frame core.
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Braced Frame Schedule

Concentrically Braced Frames (B

F1,2,3,4)

Levels Column Brace Girder
1-4 Builtup 3 W12x210 W14x132
5-8 Builtup 2 W12x170 W14x132

9-16 Builtup 1 W12x136 W14x109
17 - 24 W14x550 W12x106 W16x89
25-32 W14x311 W12x87 W16x77
33 - Roof | W14x257 W12x53 W16x77
Eccentrically Braced Frames (BF 1 Only)

Levels Column Brace Girder
3-4 Builtup 3 W12x210 W14x145
5-8 Builtup 2 W12x170 W14x145
9-16 Builtup 1 W12x136 W14x145

17 - 24 W14x550 W12x106 W14x120

25-32 W14x311 W12x87 W16x77

33-38 W14x257 W12x53 W16x77

BF 5,6,7,8

Levels Brace
1-16 21 8x8x1
16 - Roof| 2L6x6x1

Figure 34: Braced Frame Column, Brace, and Girder Schedule

Built-up Column Section Properties

Section | Wt(plf) A(in’) 135 (in®) 15 (in?) | S;alin®) | Su(in’) | z3(in®) |z (in) r33(in) Iy (in)
Builtup 1 908.54 267 22048 5465 1694 611 2292 986 9 4.5
Builtup 2 1112.71 327 33964 6550 2235 732 3137 1208 10.2 4.5
Builtup 3 1429.17 420 42840 12125 2856 1212 3960 1875 10.1 5.3

| aF

-4

PL5x12 A572 Gr. 50

]

W14x730 ‘

PL 2x14 A572 Gr. 50 |

PL9x20 A572 Gr. 50

+

W14x730

PL4x14 A572 Gr. 50

Builtup Section 1 Builtup Section 2 Builtup Section 3

Figure 35: Built-up Column Section Properties
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Department of Architectural Engineering
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Braced Frame Core Shear Wall Core
Story XCM YCM XCR YCR %eX %eY Story XCM YCM XCR YCR %eX %eY
STORY40 804.44 797.22 793.50 963.39 1.36 20.84 STORY40| 347.56 347.65 522.75 638.71 50.41 83.72
STORY39.1 800.88 801.03 793.63 973.66 0.91 21.55 STORY39| 347.26 347.46 523.96 641.33 50.88 84.58
STORY39 802.08 799.81 793.72 980.76 1.04 22.62 STORY38| 346.40 [ 346.00 526.12 | 638.43 51.88 84.52
STORY38 802.06 799.86 793.95 | 994.36 1.01 24.32 STORY37| 346.39 [ 346.00 527.80 | 635.43 52.37 83.65
STORY37 802.05 799.89 794.70 994.76 0.92 24.36 STORY36| 346.39 346.00 529.67 631.50 52.91 82.52
STORY36 802.05 799.89 795.67 994.26 0.80 24.30 STORY35| 346.39 346.00 531.75 626.77 53.51 81.15
STORY35 802.05 799.89 796.79 993.39 0.66 24.19 STORY34| 346.39 346.00 534.06 621.37 54.18 79.59
STORY34 802.05 799.89 798.05 992.22 0.50 24.04 STORY33| 346.39 346.00 536.64 615.40 54.92 77.86
STORY33 802.05 799.89 799.44 990.86 0.32 23.88 STORY32| 346.39 346.00 539.53 608.99 55.76 76.01
STORY32 802.03 799.92 800.96 989.25 0.13 23.67 STORY31| 346.39 346.00 542.76 602.27 56.69 74.07
STORY31 802.02 799.94 802.60 985.28 0.07 23.17 STORY30| 346.39 [ 346.00 546.37 | 595.37 57.73 72.07
STORY30 802.02 799.94 804.29 981.57 0.28 22.71 STORY29| 346.39 346.00 550.41 588.47 58.90 70.08
STORY29 802.02 799.94 806.01 978.29 0.50 22.29 STORY28| 346.39 346.00 554.92 581.76 60.20 68.14
STORY28 802.02 799.94 807.76 975.59 0.72 21.96 STORY27| 346.39 346.00 559.96 575.47 61.65 66.32
STORY27 802.02 799.94 809.53 973.71 0.94 21.72 STORY26| 346.39 346.00 565.55 569.82 63.27 64.69
STORY26 802.02 799.94 811.31 972.93 1.16 21.62 STORY25| 346.39 346.00 571.76 565.09 65.06 63.32
STORY25 802.02 799.94 813.07 973.62 1.38 21.71 STORY24| 346.39 346.00 578.62 561.53 67.04 62.29
STORY24 802.00 799.97 814.77 976.18 1.59 22.03 STORY23| 346.39 [ 346.00 586.20 | 559.38 69.23 61.67
STORY23 801.98 800.00 816.23 980.11 1.78 22.51 STORY22| 346.39 [ 346.00 59463 | 559.14 71.67 61.60
STORY22 801.98 800.00 817.46 987.10 1.93 23.39 STORY21| 346.36 346.73 603.38 560.44 74.21 61.63
STORY21 802.03 800.00 818.38 996.23 2.04 24.53 STORY20| 347.57 346.45 620.08 556.95 78.41 60.76
STORY20 802.11 800.00 818.41 994.86 2.03 24.36 STORY19| 346.62 346.28 624.70 557.91 80.23 61.11
STORY19 802.11 800.00 818.33 991.47 2.02 23.93 STORY18| 346.62 346.28 626.21 558.42 80.66 61.26
STORY18 802.11 800.00 818.23 987.14 2.01 23.39 STORY17| 346.62 346.28 625.21 558.57 80.37 61.30
STORY17 802.11 800.00 818.09 981.80 1.99 22.73 STORY16| 346.62 346.28 622.11 558.46 79.48 61.27
STORY16 802.10 800.02 817.89 975.29 1.97 21.91 STORY15| 346.62 346.28 617.19 558.12 78.06 61.18
STORY15 802.10 800.05 817.51 966.69 1.92 20.83 STORY14| 346.62 346.28 610.66 557.53 76.18 61.00
STORY14 802.10 800.05 817.15 958.09 1.88 19.75 STORY13| 346.62 346.28 602.61 556.61 73.85 60.74
STORY13 802.10 800.05 816.84 948.98 1.84 18.61 STORY12| 346.62 346.28 593.08 555.31 71.11 60.36
STORY12 802.10 800.05 816.60 939.22 1.81 17.39 STORY11| 346.62 346.28 582.31 553.90 68.00 59.96
STORY11 802.10 800.05 816.44 928.75 1.79 16.09 STORY10| 346.62 346.28 569.35 551.74 64.26 59.33
STORY10 802.10 800.05 816.41 917.46 1.78 14.68 STORY9 | 346.62 346.28 554.79 548.39 60.06 58.36
STORY9 802.10 800.05 816.58 905.25 1.81 13.15 STORY8 | 346.62 346.28 538.75 543.99 55.43 57.09
STORY8 802.09 800.08 816.98 891.91 1.86 11.48 STORY7 | 346.62 346.28 521.13 538.31 50.35 55.45
STORY7 802.10 800.12 817.45 877.00 1.91 9.61 STORY6 | 346.62 346.28 501.80 530.96 44.77 53.33
STORY6 802.10 800.12 818.35 862.16 2.03 7.76 STORY5 | 346.62 346.28 480.51 521.39 38.63 50.57
STORY5 802.10 800.12 819.91 847.16 2.22 5.88 STORY4 | 346.69 346.61 456.70 513.20 31.73 48.06
STORY4 802.09 800.12 822.48 832.10 2.54 4.00 STORY3 | 333.30 340.56 432.89 529.02 29.88 55.34
STORY3 802.04 800.02 826.32 822.87 3.03 2.86 STORY2 | 346.85 346.01 318.26 360.11 8.24 4.07
STORY2.1-1 801.97 799.92 831.67 829.88 3.70 3.75 STORY1 [ 350.99 344.85 321.25 290.54 8.47 15.75
STORY2.1 802.32 800.80 833.39 832.81 3.87 4.00
STORY2 802.33 800.80 805.99 800.17 0.46 0.08
STORY1 801.96 799.92 807.46 800.83 0.69 0.11

Figure 36: Center of Mass, Center of Rigidity, and Inherent Eccentricity of Both the Shear Wall and Braced
Frame Core

Inherent Eccentricities - Braced Frame Inherent Eccentricities - Shear Wall Core
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Figure 37: Inherent Eccentricity Comparison of Both Structural Systems
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The seismic story drift of the braced frame core under the most severe seismic load case was well under
the allowable story height of 0.20 x hy. Results of the seismic story drift are illustrated in Figure 38 and
Figure 38 below. The seismic drift of all load cases can be found in Appendix D.

Wind drift governed the design of most
members of the braced frame core. A drift Seismic Story Drift - ASCE 7-05 ELFP
limitation of H/400 was used as recommended
by AISC Design Guide 3 and ASCE 7-05. A
comparison of the drift resulting from the
most severe wind tunnel test load case of both
the concrete shear wall core and the braced

Allowable Seismic Story Drift

frame core is shown below in Figure 39.

Seismic Story Drift
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Y
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Figure 40 is a graphic of the comparison of
the drift of both systems versus H/400 and
H/500, respectively. As can be seen by both
of these figures, the drift of the concrete shear
wall core falls below H/500 for all levels,
whereas the drift of the braced frame core

barely meets the limitation of H/400. As P-
delta effects were considered, Figure 41

Level Number

Figure 37: Seismic Story Drift Versus Allowable

Amplified ASCE 7-05
illustrates the most severe wind case drift for Height  Total Drift Amplified Story Drift Allowable
. . (ft) Drift (in)  H/? i Story Drift (in)
the braced frame core with and without P- ) 49 | 315.64
. 317.08 . .
delta effects.  P-delta effects had only 42058 | 480 1592 | 31851 050 2.50
. . . . 412.17 4.67 15.42 320.78 0.53 2.50
Contrlbuted to a Shght mcerease in OVerall 401.75 451 1489 | 323.75 0.55 250
. . . 391.33 4.35 14.34 327.41 0.57 2.50
building drift. All results of the braced frame 380.92 17 375 5781 058 250
. : 370.50 4.00 13.19 337.00 0.59 2.50
core drift for all wind tunnel test load cases 26008 52 T S %0
: 3 349.67 3.65 12.04 348.65 0.57 2.50
can be found mn Appendlx D 339.25 3.48 11.47 354.95 0.57 2.50
328.83 3.30 10.90 361.94 0.56 2.50
318.42 3.13 10.34 369.62 0.56 2.50
308.00 2.96 9.78 377.96 0.55 2.50
297.58 2.80 9.23 386.91 0.54 2.50
287.17 2.63 8.69 396.37 0.52 2.50
276.75 2.48 8.18 406.05 0.48 2.50
266.33 2.33 7.70 415.07 0.46 2.50
255.92 2.19 7.24 424.01 0.44 2.50
245.50 2.06 6.81 432.80 0.43 2.50
235.08 1.93 6.38 442.47 0.44 2.50
224.67 1.80 5.94 453.92 0.44 2.50
214.25 1.67 5.50 467.31 0.44 2.50
203.83 1.54 5.07 482.81 0.43 2.50
193.42 1.41 4.64 500.45 0.41 2.50
183.00 1.28 4.23 518.95 0.40 2.50
172.58 1.16 3.84 539.85 0.39 2.50
162.17 1.05 3.45 564.09 0.38 2.50
151.75 0.93 3.07 592.40 0.36 2.50
141.33 0.82 2.71 625.69 0.35 2.50
130.92 0.72 2.36 665.26 0.33 2.50
120.50 0.61 2.03 712.84 0.31 2.50
110.08 0.52 1.72 769.96 0.28 2.50
99.67 0.43 1.44 833.35 0.26 2.50
89.25 0.36 1.17 911.64 0.24 2.50
78.83 0.28 0.93 1012.24 0.22 2.50
68.42 0.22 0.72 1147.02 0.19 2.50
58.00 0.16 0.53 1323.14 0.35 7.68
26.00 0.05 0.18 1747.61 0.08 2.40
16.00 0.03 0.10 1945.88 0.10 3.84
Figure 38: Seismic Story Drift
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Building Drift Comparison Under Most Severe Wind Tunnel Case (P-Delta Effects and 25% Reduction)
Shear Wall Core (Case 12) Braced Frame Core (Case 9) Drift Ratios

Level Height (ft) Total Drift (in) HI? Story Drift (in) Height (ft) Total Drift (in)  H/? Story Drift (in) H/400 (in)  H/500 (in)
434.83 1.77 671.98 0.34 460.00 12.87 428.98 0.81 13.80 11.04
407.00 7.43 657.69 0.24 437.58 12.06 435.45 0.56 13.13 10.50
397.42 7.18 663.75 0.16 422.58 11.50 441.12 0.40 12.68 10.14
387.83 7.02 662.75 0.17 412.17 11.10 445.56 0.40 12.37 9.89
378.25 6.85 662.18 0.17 401.75 10.70 450.65 0.41 12.05 9.64
368.67 6.68 662.09 0.18 391.33 10.29 456.49 0.42 11.74 9.39
359.08 6.50 662.44 0.18 380.92 9.87 463.13 0.42 11.43 9.14
349.50 6.32 663.27 0.19 370.50 9.45 470.66 043 11.12 8.89
339.92 6.14 664.57 0.19 360.08 9.02 479.05 0.40 10.80 8.64
330.33 5.95 666.32 0.19 349.67 8.62 486.85 0.40 10.49 8.39
320.75 5.76 668.52 0.19 339.25 8.22 495.36 0.40 10.18 8.14
311.17 5.56 671.16 0.20 328.83 7.82 504.71 0.40 9.86 7.89
301.58 5.37 674.22 0.20 318.42 742 514.93 0.39 9.55 7.64
292.00 517 677.64 0.20 308.00 7.03 526.07 0.39 9.24 7.39
282.42 4.97 681.36 0.20 297.58 6.64 538.18 0.38 8.93 7.14
272.83 4.78 685.28 0.19 287.17 6.25 551.30 0.38 8.62 6.89
263.25 4.58 689.24 0.19 276.75 5.87 565.36 0.36 8.30 6.64
253.67 4.39 693.00 0.19 266.33 5.52 579.18 0.35 7.99 6.39
244.08 4.21 696.27 0.18 255.92 517 594.20 0.34 7.68 6.14
234.50 4.03 698.25 0.15 245.50 4.82 610.58 0.34 7.37 5.89
224.92 3.88 695.40 0.19 235.08 4.49 628.40 0.33 7.05 5.64
215.33 3.70 699.23 0.20 224.67 4.16 647.75 0.32 6.74 5.39
205.75 3.50 706.13 0.21 214.25 3.84 668.75 0.31 6.43 5.14
196.17 3.29 715.81 0.21 203.83 3.54 691.55 0.30 6.11 4.89
186.58 3.07 728.41 0.22 193.42 3.24 715.96 0.27 5.80 4.64
177.00 2.85 744.14 0.22 183.00 297 739.82 0.27 5.49 4.39
167.42 2.63 763.24 0.22 172.58 2.70 766.16 0.26 5.18 4.14
157.83 241 786.09 0.22 162.17 245 795.55 0.25 4.87 3.89
148.25 2.19 813.22 0.22 151.75 2.20 828.52 0.24 4.55 3.64
138.67 1.97 845.18 0.21 141.33 1.96 865.66 0.23 4.24 3.39
129.08 1.76 882.07 0.21 130.92 1.73 907.68 0.22 3.93 3.14
119.50 1.55 925.88 0.20 120.50 1.51 955.65 0.20 3.62 2.89
109.92 1.35 978.49 0.19 110.08 1.31 1009.55 0.18 3.30 2.64
100.33 1.16 1042.33 0.18 99.67 1.13 1060.76 0.17 2.99 2.39
90.75 0.97 1120.83 0.17 89.25 0.96 1117.49 0.16 2.68 2.14
81.17 0.80 1218.57 0.16 78.83 0.80 1181.90 0.15 2.36 1.89
71.58 0.64 1342.19 0.14 68.42 0.65 125517 0.14 2.05 1.64
62.00 0.50 1490.68 0.41 58.00 0.52 1341.04 0.33 1.74 1.39
26.00 0.09 3545.45 0.05 26.00 0.19 1666.67 0.08 0.78 0.62
16.00 0.04 5026.18 0.04 16.00 0.11 1789.38 0.11 0.48 0.38

Figure 39: Building Drift of Both Systems Resulting from the Most Severe Wind Tunnel Load Case
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Wind Drift Comparisons - Wind Tunnel Test

Shear Wall Core
Braced Frame Core
H/400

H/s00

Drift (inches)

Figure 40: Wind Drift Comparison of Both Systems versus H/400 and H/500
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Figure 41: P-Delta Effects on the Braced Frame Core
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Braced Frame Connection Design and Detailing

An important aspect of the investigation of converting a concrete structure to a steel structure is the effect
on the floor to floor height. While detailing the braced frame connections it was found that a minimum
10” increase, 30°-0” total building height increase is required to accommodate the braced frame
connections without impeding core openings. However, a simple gusset plate that acts as at the interface
of the brace and girder would require an even larger increase in floor to floor height as to not interfere
with openings. With the working points taken at the centerline intersections of all members of the braced
frame, a special “V” shaped connection is utilized at the brace to girder interface. This “V” shaped
connection is comprised of two halves of an ordinary gusset plate shop welded to the bottom flange of the
girder; two field bolted plates on each side of the brace act as the connecting element between the brace
and gusset plate. A simpler connection is utilized at the brace to column interface. A gusset plate that
uses “claw angles” as the connecting element between the gusset plate and brace is utilized at the brace to
column interface; the gusset plates are to be shop welded to the column and field bolted to the girder. The
entire braced frame connection detail can be seen in Figure 42.

STIFFENER,

\ v \ \ SR

Figure 42: Typical Braced Frame Detail

The design of the braced frame connection was conducted for 5 different axial loads; 1000kip, 800kip,
600kip, 400kip, and 200kip axial forces were considered. It was found that the brace to girder connection
was controlled mainly by block shear of the brace W-Shape. Because block shear controls for a 1000kip
axial load acting on the largest W14 brace used for the entire braced frame core, higher axial forces will
require web reinforcement (such as a welded doubler plate) to accommodate block shear. The girders
may also require stiffeners at the brace to girder connection to accommodate flange crippling due to
concentrated point loads.
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Based on load path analysis, the following limit states were considered for the braced frame connection:

e Brace Limit States
o Tension Yielding
o Tension Rupture
o Block Shear
e Bolt Limit States
o Bolt Shear
o Bolt Bearing
= Brace
= Plate
=  Gusset Plate
o Bolt Tearout
= Brace
= Plate
= Gusset Plate
e Gusset Plate Limit states
o Tension Yielding
o Tension Rupture
o Block Shear

o Compression Buckling

e Weld Limit States
o Base Metal
o Weld Rupture

A summary of the connection design is shown below in Table 5 and Table 6 for brace to girder
connections and brace to column connections, respectively. The detailed calculations can be found in

Appendix E.
Factored Number  Bolts Per Plate Brace to Gusset Gusset Weld Size per
Load Rows of Row Thickness, Plate Width, Plate 1/16”/Weld
Bolts Each (in) each (in) Thickness Length (in)
801kips to 4 7 2.25 9 3 8/38
1000kips
601kips to 3 7 2 9 2.5 8/30
800kips
401kips to 2 8 1.25 9 1.5 8/22
600kips
201kips to 2 6 0.75 9 1.5 5/24
400kips
Up to 200kips 2 5 0.5 9 0.5 5/12

Table 5: Summary of Brace to Girder Connections
Note: Plate Fy=36ksi, Bolt Diameter = %, Fillet Welds
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Factored Number Rows of Number of Angle Size Gusset Plate Thickness
Load Bolts per Angle  Bolts per Row (inches)

801kips to 1 5 L5x5x7/8 1.5
1000kips

601kips to 1 4 L5x5x3/4 1.25
800kips

401kips to 1 3 L5x5x3/4 1
600kips

201kips to 1 4 L4x4x7/16 0.625
400kips

Up to 200kips 1 3 L3x3x5/16 0.5

Table 6: Summary of Brace to Column Connections
Note: Plate Fy=36ksi, Bolt Diameter = %”

Comparatively, the brace to column connection is much more efficient in terms of weight of material
used. The limit states of block shear, tension rupture, and tension yielding is often alleviated by claw
angles because the thicker flange of the W-Shape is utilized as resistance.

Base Plate Design and Mat Foundation Punching Shear Check

Using the most severe axial load and moment combination of the braced frame core, a base plate was
designed to accommodate all of the columns of the braced frame core. As the bases were assumed to be
fixed because of the rigidity provided by the mat foundation, the base plates had both a large moment and
large axial force acting on them. The base plate was designed in accordance with the LRFD procedure of
AISC Design Guide 1 — Base Plate and Anchor Rod Design. RAM Base Plate was utilized to verify the
design. The specifications of the base plate are as follows:

Plate ThiCKNESS. ... ot e e e e e e 10-1/2”
g P 1<% 11 U 65”
Plate Wiadth. ... . 55”
Number of 2-3/4” A449 Grade 120 Anchor BoItS. ..o, 32

The overall specification would be an A36 PL 65x55x10.50 with (32) 2-3/4” A449 Grade 120 Anchor
Bolts. This is an extremely large plate, comparable to the base plates used at the World Trade Center
twin towers. Calculations and details are available upon request.

With a known base plate size, the punching shear of the mat foundation can be checked to verify that a
thicker mat will not be required. For punching shear of a rectangular base plate with an aspect ratio of
less than 1.5:1.0:

V, < ¢Ve = 0.75 x4 X \/f] x b, x d Equation 5

With V, equal to 15,910kips, it was found that a 110” thick mat would be required to resist punching
shear. The mat foundation provided at the core is 9°0” =110, therefore it will be concluded that the
current mat foundation will satisfy the demands of the braced frame core. Calculations are available upon
request.
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Tall Building Dynamics

Often, the design of the lateral force resisting systems is governed by serviceability requirements such as
drift. However, satisfying drift alone does not guarantee adequate acceleration performance under wind
loads, especially wind loads in hurricane prone regions along the Atlantic Ocean coastline. Because steel
structural frames are extremely light compared to concrete frames, acceleration issues in the form of
human perception are often an issue to consider in the preliminary design. However, the determination of
such accelerations can only be truly obtained through wind tunnel studies.

Given the nature of this study, a wind tunnel test is out of the question. However, Serviceability Limit
States Under Wind Loading, by Lawrence G. Griffis, provides an approximate calculation procedure
which may be used in preliminary investigations to determine whether or not building accelerations may
be an issue under 10 year recurrent wind forces. According to Griffis, the RMS building acceleration can
be determined and compared to the following human response spectrum:

Table 5.
Traditional Motion Perception (Acceleration) Guidelines (Note 1)
10-year Mean Recurrence Interval

Root-mean-sguare (RMS)
Acceleration (Milli-g)
Peak 1<T=4 4<T=10 T=10
Occupancy Acceleration 0.25=fF<1.0 0.1 =f=0.25 f=01
Type (Milli-g) (gp = 4.0) (g, =3.75) (gp = 3.5)
Commercial 15-27 3175-6.75 4.00-7.20 420-771
Target 21 Target 5.25 Target 5.60 Target 6.00
Residential 10—-20 2.530-5.00 2.67-3.33 286-371
Target 15 Target 3.75 Target 4.00 Target 4.29
Notation:

T = period (seconds)
F= frequency (hertz)
2, = peak factor

NOTE:
1. RMS and peak accelerations listed in this table are the traditional "unofficial” standard applied in

.5, Bracu’ce based on the author's eerrience.

Figure 43: Motion Perception (Acceleration) Response Parameters

To determine the along-wind, across-wind, torsional, and resultant RMS accelerations of a steel structure,
the following equations were used:

U2.74
— H .
AD(Z)—CD(Z)KI(;”XC%XM%3 Equation 6
U3.54
4,(Z2)=C,(Z) 0.77 f)ls 0.23
Ky xgxM, Equation 7
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U,® N,B
K‘;O.Oé > 4/0.5 XM;'% UH

4,(Z2)=C,(2) <0.25

Equation 8
1.88
Ay(2) = Cy(Z)— Uf{)'s o> NoB <0.25
Ky " x g x M, U Equation 9
U, N,B
4y(2) = Cy(2)—% 101.5 0.62 —>0.25
Ko™ x g x My Uy Equation 10
C,(Z)=0.0116xB"** xZ Equation 11
CL (Z) = 0.0263XB_0'54 xXZ Equation 12
N,B
C,(Z)=0.00341x B> x Z,—%=<0.25
H Equation 13
C,(Z)=0.00510x B'* x Z, NoB 025
H Equation 14
Ay = (Ag +AL2 +(B/\/§XA9)2)0'5 Equation 15
K =Q2aN)*xM Equation 16
Where:
A,(2),4,(2), A,(Z) =  along-wind, across-wind, and torsional RMS accelerations at

height Z, respectively (meters/sec’, radians/sec’)
r = resultant RMS acceleration at the corner of the building

c >

mean hourly 10 year wind speed at the top of the building (meters/sec)

= building height (meters)

= plan dimension of square building (meters)

= generalized mass of the building (kilograms)

= frequency (hertz) — obtained from ETABS modal analysis

= generalized stiffness (Newton/meters) = (2aN)* x M

= damping ratio - taken as 2% as recommended by ASCE Committee on Tall Buildings

H

SR ZZ W T
|

The building frequencies of the braced frame core were determined using ETABS modal analysis and are
compared to the concrete shear wall core in the following figure:
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Direction

Shear Wall Core

Braced Frame Core

Period Frequency Period Frequency
X 3.13 0.32 3.78 0.26
Y 2.75 0.36 4.28 0.23
Rz 1.77 0.56 2.9 0.34

52

Figure 44: ETABS Modal Analysis — Shear Wall Core and Braced Frame Core

After completing the parametric study of RMS building accelerations, it was found that the resultant RMS
acceleration of the steel braced frame core structure is approximately 9.4 milli-g’s, which exceeds the
target value of 4.8 milli-g’s for a residential occupancy by a factor of almost 2. The resultant RMS
acceleration of the concrete shear wall core and filigree flat plate system is approximately 4.4 milli-g’s,
which meets the target acceleration limit of 4.5 milli-g’s. This indicates that the braced frame core may
not perform adequately under wind loads at upper levels, as occupants may perceive movements caused
by excessive accelerations. However, final conclusions can only be made based on a wind tunnel study.
Calculations of the parametric RMS acceleration study can be found in Appendix F.

Structural Depth Conclusions

The results of the structural redesign conclude that a steel gravity and lateral structural system can be
provided as a viable alternative to the cast-in-place concrete structural system of the Trump Taj Mahal
Hotel based on strength and drift requirements. It was found that only a 10” increase in floor to floor
height, resulting in approximately 30’ additional overall, would be required in order to accommodate the
steel framed system. Additional costs incurred will be discussed in both the architectural and construction
management breadth studies.

An effective non-composite steel frame with a precast concrete plank floor system was designed to
replace the filigree flat plate system. The layout of the steel and precast plank system was designed in
such a way as to not interrupt the architectural and mechanical layout of a typical hotel room level.
However, in order to conceal the steel framing, soffits will be required around the perimeter W-shape
girders of the hotel rooms and also around the brace beams that run in between some of the guest rooms.
This will have minor architectural implications that will be discussed later on in the architectural breadth
study.

A core of braced frames was designed to replace the concrete shear wall core. These braced frames were
laid out around the redesigned elevator/service core as to provide adequate space for openings. To
accommodate these openings, it was found that a 10” increase in floor to floor height would be required.
The braced frames met the strength requirements and recommended drift requirement of H/400. Built-up
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column sections were provided in lieu of composite W-shape columns encased in concrete due to
constructability issues and ease of schedule (it is important to remember that scheduling and cost takes
first priority in this study).

However, drift and strength are not the only determining factors of conceptual design of a high rise
structural system. After performing a parametric study of the RMS accelerations of the tower under wind
loading, it was found that the resultant acceleration of the building exceeds the allowable as determined
based on occupant perception. The magnitude of the hurricane force wind velocities of Atlantic City,
New Jersey, at a 10 year reoccurrence level produce building accelerations that may be considered
annoying by building occupants on the upper levels of the tower. Supplementary damping devices in the
form of tuned mass dampers or tuned liquid column dampers may be required to control the building
response to wind loads. If required, a tuned mass damper will add substantial cost, in the realm of $2 to
$3 million, to the cost of the building.

Figure 46: Tuned Liquid Column Damper Figure 45: Tuned Mass Damper, Linked
Provided by Motioneering Provided by Motioneering

Without the use of a wind tunnel study to adequately determine the actual dynamic properties of the
braced frame core and steel structural system, the information presented on the structural redesign
indicates acceptable performance on the basis of strength and drift criteria. However, drift and strength
are not the only factors of in the design of high-rise structures, as accelerations must be addressed to
ensure that human comfort of the building is not an issue. When designing a slender high-rise structure,
numerous factors that involve complex analysis of wind forces acting on the structure need to be
performed in order to determine the correct structural system for the building type.
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Architectural Breadth Study

Introduction

The redesign of a concrete structural system to a steel structural system presents the opportunity of
analyzing numerous impacts on other building systems. An analysis on the impact of the architecture of
the building was chosen to be studied. Four major design impacts will be discussed including the
redesign of the elevator/service core at the center of the tower, the architectural impact of concealing the
beams and girders of the steel frame, the architectural impacts on both the interior and exterior of the
tower due to the 10” floor to floor height increase, and fireproofing requirements for steel members and
partitions.

Elevator/Service Core Redesign

In order to obtain efficient braced frame geometry where inverted “V” bracing configurations could be
utilized, openings in the core had to be relocated. Relocating the openings in the core was not an easy
task, as the layout of the entire core would also need to be redesigned. It was found that by rotating the
elevators 45 degrees a more flexible core layout could be obtained to accommodate the braced frame
core. Spaces were then redesigned to accommodate all services and lobbies. Below are two figures that
compare the existing core to the redesigned core for a typical hotel level. Revised floor plans for levels 3,
6 thru 22, and 25 thru 39 can be found in Appendix G.

/Z\M'//

f‘\ ELECTRIOAL T

(TR

W

Figure 47: Redesigned Elevator/Elevator Core Figure 48: Existing Elevator/Service Core
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Concealing the Steel Frame

Concealing the steel frame in such
away to minimize the increase in
floor to floor height required the
steel girders and beams to be
enclosed in gypsum panel soffits.
These soffits will be visible
throughout the guest rooms of the
hotel tower and will hinder the
visible area of the perimeter
windows of all guest rooms.
Figure 49 and Figure 50 are two
renderings which directly compare
the interior space of a typical guest
room with the current filigree flat 3
plate and steel frame with precast L .
plank  systems,  respectively. -
Concealing the steel frame in the

Figure 49: Interior Rendering of a Typical Guest Room — Filigree Flat

hallways also had an impact on the Plate Floor System

space. As shown with Figure 52, a
gypsum board drop ceiling was
utilized at the corners of the
hallways to conceal the steel
beams that frame into the core.
This can be compared to the
hallway rendering of the filigree
flat plate floor system, shown in
Figure 52.

Figure 50: Interior Rendering of a Typical Guest Room — Steel Frame with
Precast Plank Floor System
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Figure 51: Interior Rendering of Hotel Hallway — Filigree Flat Plate Floor System

Figure 52: Interior Rendering of Hotel Hallway — Steel Frame with Precast Plank Floor System
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Architectural Impacts on the Tower Fagade

The fagade of the Trump Taj Mahal Hotel tower is impacted by the structural system redesigned in three
ways. First, the floor to floor height increase makes the curtain wall glass panels appear to be more
vertical in nature as compared to the original elevation of the tower. Second, the steel spandrel beams
that line the perimeter of the tower are required to be enclosed by a gypsum board soffit which may or
may not be visible from the outside of the tower. Because the glass panels specified by the architect are
fairly reflective, this should not be an issue. Finally, the spandrel curtain wall panels that conceal the slab
of the floor system will be increase 2”, as the slab of the filigree floor system was 10 versus the 12” slab
thickness of the precast planks with topping slab. Figure 53 and Figure 54 compare the curtain wall
fagade prior to and after the structural redesign, respectively. The 10” floor to floor height increase is
hardly noticeable and the reflective property of the curtain wall glass conceals the spandrel beam soffits.

Resulting from the 10” floor to floor height increase, the overall height of the tower is increased by
approximately 30 feet. This adds substantial costs to some of the architectural elements of the tower,
especially to the elevator and curtain wall system. These additional costs will be further discussed in
more detail in the construction management breadth study.

Figure 53: Exterior of the Current Facade
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Figure 54: Exterior of the Facade Following to Structural Redesign

Steel Fireproofing and Fire Rated Partitions

Unlike its concrete counterpart, which has inherent fireproofing qualities, structural steel members of
hotels and multi-family residential buildings are required to be provided with a 2 hour fire rated
protection, as required by IBC 2003 for construction type 1A. As soffits were utilized to conceal the steel
beams and columns, they will also be utilized as fireproofing where applicable.

The Underwriter’s Laboratory ANSI/UL 263 Design No. N501 gypsum board assembly was chosen to
provide the minimum required 2 hour fire protection of the steel beams, minimum size being a W8x24.
The Underwriter’s Laboratory ANSI/UL 263 Design No. X521 (for columns larger than W14x258) and
Design No. X518 (for columns smaller than W14x258) gypsum board assemblies were chosen to provide
the minimum required 2 hour fire protection of the steel columns. The additional costs incurred of the
gypsum board soffits have been estimated using R.S. Means 2008 Cost Data; this data is shown in Table
7. Details and specifications of Design No. N501, X518, and X521are found in Appendix G.

Due to the absence of the concrete wall after structural redesign, a 2 hour minimum fire rated partition is
required to conceal the elevator/service core. The partition can also serve as a thermal envelope for the
steel braced frame core, providing a minimum of a 2 hour fire rated protection. Chose because it only
requires a minimum 5” thickness, the Underwriter’s Laboratory ANSI/UL 263 Design No. U411 was
utilized as an alternative to the concrete wall. This partition must be provided on both sides of the braced
frame core in order to complete the thermal envelope of the steel braced frame core. The additional costs
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incurred by takeoff of this partition have been estimated using R.S. Means 2008 Cost Data. Details and
specifications of Design No. U411 are found in Appendix G.

Fire resistant drop ceilings shall be provided in the elevator/service core to provide a minimum 2 hour fire
rated resistance. The Underwriter’s Laboratory ANSI/UL 263 Design No. D502 gypsum board drop
ceiling will be provided in the elevator/service core to conceal and fireproof the underlying steel structure.
The additional costs incurred by takeoff of this drop ceiling have been estimated using R.S. Means 2008
Cost Data. Details and specifications of Design No. D502 are found in Appendix G.

Application UL Assembly Designation Cost/SF

Beam Soffit and Fireproofing — 2 hr Minimum ANSI/UL 263 Design No. N501 $5.47
Column Fireproofing (up to W14x258) — 2hr ANSI/UL 263 Design No. X518 $5.71
Minimum

Column Fireproofing (larger than W14x258) — 2hr ANSI/UL 263 Design No. X521 $5.71
Minimum

Braced Frame Fireproof Envelope and ANSI/UL 263 Design No. U411 $5.16
Elevator/Service Core Fire Rated Partition - 2hr

Minimum

Fire Resistant Drop Ceiling — 2hr Minimum ANSI/UL 263 Design No. D502 $3.36

Table 7: Summary of Fire Rated Partition and Steel Fireproofing Assemblies

Architectural Breadth Study Conclusions

The structural redesign of the Trump Taj Mahal Hotel impacted the architectural aspects of the tower in
several ways. The elevator/service core at the center of the tower required a redesign in order to provide
enough flexibility to design an effective braced frame core. The architectural redesign of the core
involved rotating the elevators 45 degrees, relocating openings through the core, and relocating rooms.
The redesign of the core has only little impact on the functionality and can be considered a viable
alteration to accommodate the structural redesign.

The filigree flat plate system is comprised only of a slab, where little or none of the structure was required
to be concealed. The steel frame with precast plank floor system is much deeper than that of the filigree
flat plate and requires that the steel beams and columns be concealed by gypsum panel soffits. Along the
perimeter of the tower, the spandrel beams must be enclosed by a soffit. Also, the beams that run down
the column lines in between 2 adjacent hotel rooms must be enclosed by soffits as well. These soffits are
not too much of a concern; however they do have considerable drawbacks. The window area is blocked
by the perimeter soffit and the soffit that encases the beams between the guest rooms protrudes into the
space. Ultimately, the owner will have ball-in-court to decide the acceptability of these changes.

Additional costs that reflect on the overall building costs are incurred due to steel fireproofing
requirements and the addition of fire rated partitions due to the loss of the concrete walls. These
additional costs are substantial and must be evaluated in order to perform a cost comparison between the
concrete and steel structural systems. Additional costs will be further discussed in more detail in the
construction management breadth study.
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Construction Management Breadth Study

There is a substantial difference between the construction sequence and management of a steel
structure and concrete structure. Such differences include cost, scheduling, sequencing, and site
conditions. Site conditions will be evaluated based on existing conditions and altercations that
may be necessary in order to accommodate the construction of a steel and precast plank frame.
Scheduling and cost of the proposed steel and precast plank redesign will be evaluated based on
information obtained from various interviews conducted with construction management
professionals and data obtained from construction references, such as R.S. Means 2008. The
schedule and cost of the proposed redesign will be directly compared to the actual schedule and
estimate to the concrete frame. Constructability issues will be compared between both systems
and conclusions will be made.

Site Conditions

Existing Site Conditions

—

PACIFIC *N UE (80%

Figure 55: Existing Site Conditions and Delivery Flow

The site of the new Trump Taj Mahal Hotel is located on the 1000 block of the boardwalk Atlantic City,
New Jersey, in between the existing Trump Taj Mahal Hotel and Casino and the Harrah’s Showboat
Hotel and Casino. The site was used as a parking lot prior to construction of the new Trump Taj Mahal
Hotel.

The site is relatively unconfined, with ample space for storage and staging of construction materials. The
site is easily accessible from Pacific Avenue, as delivery trucks can easily cycle through the site. One
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tower crane is located on the north side of the tower, as this is the closest side to the staging area. The
longest lifting radius for the project is 180 feet; the swinging radius is impaired by the Showboat Hotel
and Casino to the north. The tower crane must be tied to the building frame to erect the upper levels of
the tower, as its maximum height will be greater than 250 feet. A mechanical lift is located on the west
side of the tower and is utilized for material delivery and as temporary vertical transportation until the
elevators are operational.

Proposed Site Conditions

Although a steel structural system often requires much more staging and storage space compared to a
concrete system, the 25,000 square foot staging area should provide ample storage space to accommodate
the steel frame erection. The delivery route will not need to be addressed, as the same storage area will be
utilized. However, the tower crane needs to be investigated because heavy steel built-up column sections
and pre-cast concrete planks will need to be erected.

Up to this point, column splicing was to occur at every 4 levels. However, an investigation of the tower
crane’s lifting capacity limits the column splicing of all built-up sections of the braced frame core to 2
levels, or a maximum member length of 24°-0”, 30°-0”, and 35°-0” for built-up section 3, 2, and 1
respectively. It is important to note that the lifting radius for these members is taken as 120’
(36.6meters). As aresult of these findings, built-up sections 3 and 2 will be spliced every 2 levels and
built-up section 1 will be spliced every 3 levels. Tower crane specifications for Terex Comedil CTL 630
can be found in Appendix H.

AVEMUE
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o
Figure 56: Steel and Precast Plank Lay Down Area with Tower Crane Radius
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Schedule Analysis

Existing Schedule

According to the schedule provided by Bovis Lend Lease, the erection of the superstructure started in
October of 2006 and was completed in January 2008. This equates to a total erection time of 64 weeks
and an 8 day cycle per typical floor. Design and detailing of the concrete (foundation and superstructure)
and excavation with on-site deep utilities started in April 2006. The lead time required for the structural
concrete was 3 months, or 13 weeks. Foundations started in July of 2006 with completion in October
2006. A summary of the schedule is shown below in Figure 57.

[In] ask Name Qtr &, 2006 Qtr 3, 2006 Qtr 4, 2006 Qtr 1, 2007 Qtr &, 2007 Qtr 3, 2007 Qtr 4, 2007 otr 1,

a Apr |Mag Jun | Jul |Aug |Sep Oct |No\r|Dec Jan [ Feb | Mar | Apr |Ma! Jun | Jul |Aug |Sep Oct |No\r | Dec | Jan
1 Contract Award
z & Concrete Lead Time
3 E Excavate and PourMat Foundation =l
4 & Erect Core and Shell 0

Figure 57: Summary of Concrete Shear Wall and Filigree Floor System Schedule

Proposed Schedule

The scope of this project merited interviews of various construction professionals in order to obtain viable
data to estimate the schedule of the redesigned steel structural system. The following data was used to
determine the schedule of the steel structural system:

Structural Steel and Precast Plank Lead Time..............cooooiiiiiiiiiiii, 8 months
Steel EreCtion. ...ttt 40 Pieces per day
Precast Concrete Planks...........coooiiiiiiii i 3600 SF per day
Tower Crane JUMPS. ... ..oouiiniii e 3 Add’l weeks

Plumbing and Bolting of Steel..........coiviiiiiiiii e 3 Add’l weeks

The structural steel requires much more lead time (8 months) compared to that of concrete (3 months).
The lead time pushes the start of the mat foundation to September 2006 and the completion to December
2006. This means that the steel erection will not commence until December 2006.

The erection of the steel will start in December 2006 and complete in December 2007. This equates to a
total erection time of 52 weeks and a 6 '4 day cycle time per typical floor. A summary of the structural
steel schedule can be seen below in Figure 58.
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5] ask Name Qtr 2, 2006 Qtr 3, 2006 Qtr 4, 2006 Qtr 1, 2007 Qtr 2, 2007 Qtr 3, 2007 Qtr 4, 2007

ﬂ Apr |Mag Jun Jul |Aug |Sep Oct |No\r | Dec | Jan | Feb | Mar | Apr |Mag Jun Jul |Aug |Sep Oct |No\r
1 Contract Award

Structural Steel and Precast Plank Procure

Conerete Lead Time

Erect Structural Steel

Erect Precast Planks

JEL]
L]
4 E Excavate and Pour Mat Foundation
JEL]
B

Figure 58: Summary of Steel Shear Wall Core and Precast Plank Floor System Schedule

Cost Analysis

Concrete and Filigree Structural System Cost

The structural cost breakdown, as obtained from Bovis Lend Lease, of the concrete and filigree structural
system is as follows:

FOUNations COSt. ... .vveitt et e e e e e e e $3.3 mil
SUPETSHUCTUIE COSE. ..o ettt ettt ettt ettt ettt e et e e e e e et e ae e eaeans $41.5 mil
MISC. STrUCtUIAl STEEL. ...ttt e e $3.5 mil
Y (S 721 B V1 T $1.4 mil
TOT AL . .o e e $49.7mil

Steel Structural System Cost with Additional Cost

By interviewing various construction professionals and also utilizing R.S. Means 2008, the following data
was compiled for use in determining the cost estimate of the steel structural system (15% overhead and
profit is included):

StUCTUTAL StEEL. . ..ottt e e e $3,800.00/ton
Beam Connection AHOWANCE. ......ooonueieeiiiii e, 7.00%
Column Splice AIIOWANCE. ........c.vvvinieriiiiit it eieeeeneeenenn, 10.00%
Brace Connection AllOWancCe. ..., 20.00%
10”7 Precast Concrete Planks. .......oovueiiiiiiiiiie e, $15.00/SF
3000 psi 2 inch Topping Slab........ccoiiiiiiii e $3.75/SF
ST StUAS. ..ottt $5.75/EA

A 10% premium was added to the cost of built-up column sections and atypical precast concrete planks.
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By speaking with the lead estimator on the Trump Taj Mahal Hotel project, John Adams of Bovis Lend
Lease, the following data was compiled for use in determining the additional cost of the structural steel
system (15% overhead and profit is included):

Sotawall Hybrid Curtain Wall..........ooooiiiiii e $85.00/SF
OIS BleVator. ...t $260,000.00
Mechanical Piping............o.iuiiiiiiiii e $500,000.00
N VL ) 1<) 11 P PP PPPP $250,000.00
DOMESIC WaLET. ...ttt e e $250,000.00
Bathroom ExXNauSt. ... ..ot $250,000.00
BUSAUCT. .ttt e $50,000.00

Additional costs of beam and column soffits, fireproofing, and fire-rated partitions reflect those costs
recorded in Table 7 of the architectural breadth studies. Again, these costs were obtained using R.S.
Means 2008.

A summary of the costs of the steel and precast plank structural system is as follows:

Foundations COSt.........iut ittt et $3.3 mil
SUPEISIIUCTUIE COSE. ..\ ut sttt ettt e e e e e, $34.1 mil
AddIIONal COSt. ... vttt $5.9 mil
Misc. Structural Steel........oooiniiiit i $3.5 mil
A 5171 B ¥ $1.4 mil
O T AL . .o e $48.2mil

All detailed cost calculations including takeoff can be found in Appendix H.

Construction Management Studies Conclusions

The following table compares both the cost (including additional costs) and schedule of the steel and
concrete structural systems:

" Steel and Precast Plank System Concrete/Filigree System

Total Structural Schedule 88 92
(Weeks)

Superstructure Schedule (Weeks) 52 65
Cycle Time per Typical Floor 6 Y2 days 8 days
Cost of Construction (Total) $48.2million $49.7million
Cost of Construction/SF $65.50/SF $67.50/SF

Table 8: Cost and Schedule Comparison
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As it can be seen by Table 8, the cost and schedule of both systems is very similar. The steel structural
system is $1.5 million lower than the concrete/filigree system. The steel structural system will also top
out 4 weeks earlier than the concrete/filigree system; requiring approximately 13 less weeks for
superstructure erection (cost savings are also reflected by this). However, this does not include any
additional cost and schedule time reflected by the requirement of a tuned mass damper. The impact of
such additional items was also not taken into consideration in the total schedule. This will be discussed
further in the final conclusions and recommendations part of this report.

Structural steel and precast concrete systems require much more area for staging and storage, however the
25,000 square feet of provided space on-site should suffice. A tower crane will able to lift the large built-
up steel column sections without the use of a supplemental mobile crane. Steel columns of precast plank
systems are fabricated in larger lengths (more than 40 feet lengths) and are erected prior to the planks.
This means that the tower crane operator will have to be careful to avoid hitting an erected steel column
with a precast concrete plank. A tower crane with a luffing boom will help alleviate this issue.

On-site quality control of a cast-in-place concrete system is always a concern of the structural engineer of
record and the construction manager. For this particular project, The Harman Group has provided an on-
site field inspector. As precast planks are fabricated in a controlled environment, a higher quality product
is obtained. This may eliminate the need for the on-site presence of a field inspector.
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Final Conclusions and Recommendations

Limiting the drift of a tall building does not guarantee satisfactory motion perception performance due the
accelerations caused by wind. The high wind velocities of the Atlantic Ocean shore line cause high
along-wind, across-wind, and torsional accelerations on the upper levels of the Trump Taj Mahal Hotel.
These accelerations are much higher on the lighter and more flexible steel braced frame core as compared
to the rigid and heavy concrete shear wall core.

Because of its behavior to the high velocity wind of Atlantic City, the steel braced frame core designed in
this study may require supplementary mass and damping in the form of a liquid-tuned column damper or
a tuned mass damper. These devices can add substantial costs to the project; in the realm of $2 to $3
million. However, only parametric RMS acceleration calculations were performed in this study to
determine the dynamic response of the steel braced frame core. In order to absolutely verify that a tuned
mass damper will be required, complex wind tunnel studies must be performed.

Other costs are incurred when converting a concrete system to a steel system. Because of the 10 inch
floor to floor height increase, additional costs were incurred due to increased runs of elevators, MEP
equipment, and curtain wall glass and framing; as well as steel fireproofing and the addition of fire-rated
partitions. The wind tunnel loads used in this report were determined for a tower that was 30 feet lower
than the redesigned steel tower. This will impact the wind loads in such a way as to increase the
magnitude, and thus, the strength and drift requirements. This could result in a more costly braced frame
core. However for the purposes of this study, the increase was neglected (the height increase is only 6%).

The overall cost of the redesigned steel structure is in the realm of $1 to $2 million more than the concrete
shear wall and filigree system if a tuned mass damper is required. Even if the steel structural frame and
precast floor is completed approximately 1 month prior to the concrete frame, the additional time required
to install the tuned mass damper and all required additional architectural and MEP components (curtain
wall, partitions, fireproofing, soffits, etc.) will negate some of the time saved during erection. This
indicates that the redesigned steel structure may top out at approximately the same time as the concrete
system and may cost more overall as well.

The final conclusion and recommendation is to keep the existing concrete shear wall core and filigree flat
plate system. A braced frame core was found to limit the drift of the building within an acceptable range;
however the dynamic behavior may prove to cause building occupants to experience motion perception in
the form of accelerations. The filigree flat plate system accommodates the architecture of a hotel tower
without any negative ramifications. It is concluded that a project of this size requires years of
professional design experience to fully understand the behavior and design considerations. However,
results of this study do shed light on advanced high-rise design topics which can be used for further study.
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Appendix

Project  Trump Taj Mshal
Engineer Siephen Reichwen
Date 4B/2008

Seismic Loads Per ASCE 7-03 Equivalent Lateral Force Procedure

Input
Occupancy Category | Ta=Cx b’
Importance Factor
Sail Site Class TsST,
Seismic Design Category
Fe
F.
S T=>T min
=, C= S x T /TR )
S Ci=SealRII)
Sen
R Cyeun = 01
[+
G
Ts Max Defection 0,020 = hsx
B
Ta
T
Cu
¥;1T:?S' Use Mnimum
T
3
Base Shear (V) kips
Weight of {wh T h, e
Level Elevaticn » Shear Per Floor | Owerturning
Level (kips) Height (feat) w,h* (kips) Moment
Sign 500 406.00 123002000 17.00 B420.67
Roof 1400 480.00 206240000 4083 18829.83
40 2100 43758 402105852 55.50 24313.51
39 1750 42258 212508685.8 43.18 18243.25
33 1750 1217 297202662.8 41.08 18931.88
EN 1780 401.78 2824563504 39.03 15880.24
34 1750 38133 2870976546 3703 14481.87
35 1750 280.82 253021081.6 509 13385.22
34 1730 370.50 240222037.5 3312 12298.43
33 1750 380.08 2200045021 31.35 11289.87
32 1750 24087 2130672681 2857 103348.30
31 1750 33025 201405484 4 2783 B441.88
30 175 328.83 180220408.3 28.15 BEDE.2T
29 1730 318.42 1774314253 2482 TBDE.81
23 175 309.00 166012000 2204 TDES.41
a7 1750 297.58 1540723723 4 G37248
28 1780 287.17 144313660.3 19.84 Brg.48
5 1730 278.75 134033484 4 18.52 5125.64
24 1730 280.23 1241332171 17.15 4588.36
23 i 1146136441 15.84 4052.06
22 105472037 5 1457 3577.BB
21 235.08 28712020.66 13.28 3141.58
20 22487 283317D6.56 12.21 274222
19 21425 80330350.38 11.10 237820
13 20383 72708510.81 10.05 204780
17 193.42 BE4ETTAT.61 0.05 174872
18 183.00 58805750 8.10 1481.07
15 17258 52123560.81 7.20 1243.02
14 162,17 48021737.681 6.38 103127
13 151.75 40200100.38 5.57 345.03
12 14133 2405627056 4.83
11 130.82 2000370656 4.14
10 120.50 25410437 5 351
] 110,08 21206857.06 2.83
] 00.87 1738364406 240
7 80.25 13030734.38 1.83
] 78.83 10875623.31 1.50
g GB.42 8181550.306 1.13
4 58.00 G72E000 083
3 26.00 1622400 022
2 16.00 533200 0.0 .
T 5189717054 TiB5 24585447

0.0023
D.og28
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Project  Irump Taj hiahal - AE 4310
Engineer Ziechen Reichwein
Date 4/B/2003

‘Wind Pressure Per ASCE 703 MWFRS Procedure 2

Basic Wind Speed 11400 |rph
Irportantance Facior 1.00
Occupancy Category 1
Exposure Categony C
Directionality Factor (K,) 85

Gust Factor (3) NS 101

Bust Factor (G) EIW 1.08
SA—— 0.20

U Jaswin Ul

Ky 1.00

z, By )R

] [

Base Shear NI 3725 |kips
Base Shear EW 3865 |[kips
K= 20Nz, ™

P=0.00288 M, n GV L (Ko +KaCl

Windward | Leeward |Trnbutary | Perimeter |Perimeter EW| Floor Load N'S | Floor Load E'W
Level Height (ft] K: Pressure | Pressure | Height | IS [fi] [ft] (kips] {kips) Ot Bom NIS | Ot Mom ERW
1 0.00 0.00 1 i ] 0.00 14128 141.25
2 16.00 088 1 20 25 21.00 141.28 141.25 133 133 2121.28 2201.07]
3 26.00 [ 1 2 25 21.00 141.28 141.25 130 144 5731.50) BR4T.14]
4 58.00 1.13 1 26 25 21.21 14128 141.28 152 158 14581.30 15108.25
5 88.42 1.17 1 a7 ] 1042 14125 141.25 T8 7 16788.92 20512.70]
& 78.83 120 1 28 25 1042 14125 141.25 7 a0 252304 2623811
7 3025 122 1 25 o 1047 [E5R] T8 ] 81 pehedatat: el REDCET
] 087 128 1 28 25 1042 141.28 141.25 78 a2 40787.20) 42301.02)
g 110.08 129 1 a0 25 1042 14128 141.28 80 a3 40801.52) 51487.72
10 120.50 1.32 1 a0 25 1042 14128 141.25 81 (2] §oa72.84) 61808.67]
1 130.82 1.34 1 3 25 1042 14128 141.25 82 a5 70090.37] TITAT A
2 14133 1.38 1 3 25 1042 14135 1£1.25 8 a8 817a4.02] 24840.20)
3 151.75 1.33 1 32 25 1042 14128 141.28 [E] [ 0440344 O7855.25)
4 182.17 140 1 32 25 1042 14128 141.25 24 a7 10801539 112079.35]
5 17258 142 1 3z 25 1042 14125 14125 85 88 122808482 127222 47
18 183.00 144 1 33 28 1042 14128 141.28 85 88 138184.02 14339340
i7 18342 145 1 33 ] 1042 14128 141.25 88 ap 184774101 160597.19)
[ 203.83 147 1 H 25 1042 141.28 141.25 L] an 1723575 17RE42.26]
B 21425 143 1 H 25 1042 141285 141.25 8 a0 19025225 18813859
20 22487 1.50 1 H 25 1042 14125 1£1.25 87 [l 21058287 21548504
il 235.08 1.52 1 35 25 1042 141.28 141.25 [ [l 231184.39) 230004 26
2 2550 1.53 1 35 25 1042 141.28 141.25 [ a2 252850.02) 26237346
i} 28500 1.54 1 35 28 1042 141.28 141.25 [ a2 285204 80
24 260.23 1.58 1 36 25 1042 141.28 141.25 28 a2 J0555.35)
25 278.75 1.57 1 36 28 1042 14128 141.25 20 a3 33627230
28 28717 1.58 1 36 25 1042 14128 141.25 20 a3 363073.83]
Fi 28758 1.58 1 36 25 1042 14125 1£1.25 20 (L) 300E31.10]
28 3048.00 180 1 ar 28 1042 141.28 141.28 Ell L]
28 31342 182 1 ar 25 1042 14125 1£1.25 Ell a5
a0 323.83 183 1 a7 25 1042 14125 1£1.25 22 a5
Ell 3025 184 1 ar 25 1042 141.28 141.25 [ [ E
2 EE 1.65 1 3 25 1042 14128 141.25 [ [ 547110.10]
3 380.08 188 1.75 38 25 1042 14125 1£1.25 EE] a5 581891.81
) R TE7 173 k] ] [hEM] [ESR] T8 Pk ] EEENERE
35 38022 1.68 1.75 3 28 1042 141.28 141.28 a3 ar 830524.19) 854243 95
38 EEE] 183 1.75 ] ] 1042 141.25 141.25 e a7 A67121.58) A02231.56)
w 401.75 1.70 1.75 38 25 1042 14128 141.25 2 a7 748351 731253.23)
38 412,17 1.71 1.75 38 25 1042 14128 141.28 E [ T43850.33) 771829.26)
] 422 53 1.7 1.75 ] ] 1271 14128 141.25 118 120 TE2351.37 322182.56)
40 43758 1.73 1.75 ] 25 1671 118.28 116.25 140 148 353727.85 385223.00)
Rioof 480.00 1.75 1.75 40 25 11.21 116.28 116.28 85 88 30283282 g26217.02)
ja EIFE] 3865

Appendix Page 71



Table 4;: Load Combinatiens In Orthogenal Directions

Load Case | Y-Axis (%) | X-Axis(%) | Z-Axis (%)
1 +100 +50 +50
2 +100 +50 50
3 +100 =50 +50
4 +100 -50 50
5 -100 +50 +50
6 4100 +50 50
7 -100 -50 -50
8 -100 50 50
9 +65 +100 460
10 +65 +100 60
11 G5 +100 +60
12 65 +100 60
13 185 =100 +60
14 +85 100 60
15 -Gé =10 +G0
6 65 -100 60
17 +65 +50 +B60
18| +65 50 +60
19 =85 +50 -G0
20 -65 -50 -60
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Height Load Case 1 Load Case 2 Load Case 3

Fx Fy Mz Fx Fy Mz Fx Fy Mz
Roof | 460.00 13900 9570  10260.00 139.00 95.70 | -10260.00 139.00 -95.70 102€0.00
40 437.58 169 30 116.65 15960.00 169.30 116.65 | -15960.00 169.30 -116.65 159€0.00
39 42258 10320 71.05 9960.00 103.20 71.05 -9960.00 103.20 -71.05 9960.00
38 41217 96.30 66.35 9480.00 96.30 66.35 -9480.00 96.30 -66.35 9480.00
37 401.75 10020 69.00 10020.00 100.20 G9.00 -10020.00 100.20 -69.00 10020.00
36 391.33 97.60 67.25 9780.00 97.60 67.25 -9780.00 97.60 -67.25 9780.00
35 380.92 95.10 65.50 9540.00 95.10 65.50 -9540.00 95.10 -65.50 9540.00
34 370.50 92.50 63.75 9240.00 92 50 63.75 -9240.00 92.50 -63.75 9240.00
33 360.08 90.00 62.00 9000.00 90.00 62.00 -9000.00 90.00 -62.00 9000.00
32 349.67 87.40 60.25 8760.00 87.40 60.25 -8760.00 87.40 -60.25 8760.00
31 339.25 84.90 58.45 8520.00 84.90 58.45 -8520.00 84 .90 -58.45 8520.00
30 328.83 82.30 56.70 8220.00 82.30 56.70 -8220.00 8230 -56.70 8220.00
29 318.42 79.90 55.05 7980.00 79.90 55.05 -7980.00 79.90 -55.05 7980.00
28 308.00 77.40 53.30 7740.00 7740 53.30 -7740.00 77.40 -53.30 7740.00
27 297.58 7480 51.55 7500.00 74.80 51.55 -7500.00 74.80 -51.55 7500.00
26 28717 72.30 49.80 7260.00 72.30 49 .80 -7260.00 72.30 -49 .80 7260.00
25 276.75 69.70 48.00 6960.00 69.70 48.00 -6960.00 69.70 -48.00 6960.00
24 266.33 65.80 45.30 6720.00 65.80 45.30 -6720.00 65.80 -45.30 6720.00
23 255.92 63.30 43.60 6480.00 63.30 43.60 -6480.00 63.30 -43.60 6480.00
22 24550 60.30 41.85 6180.00 60.80 41.85 -6180.00 60.80 -41.85 6180.00
21 235.08 58.30 40.15 5940.00 58.30 4015 -5940.00 58.30 -40.15 5940.00
20 224 67 5530 38.45 5700.00 5580 38.45 -5700.00 55 80 -38.45 5700.00
19 214.25 53.30 36.70 5460.00 53.30 36.70 -5460.00 53.30 -36.70 5460.00
18 203.83 50.90 35.05 5220.00 50.90 35.05 -5220.00 50.90 -35.05 5220.00
17 193.42 48.40 33.35 4920.00 48.40 33.35 -4920.00 48.40 -33.35 4920.00
16 183.00 4590 31.65 4680.00 4590 31.65 -4680.00 4590 -31.65 4680.00
15 172.58 43.40 29.90 4440.00 4340 29.90 -4440.00 4340 -29.90 4440.00
14 162.17 40.90 20.20 4200.00 40.90 20.20 -4200.00 40.90 -20.20 4200.00
13 151.75 38.40 26.50 3900.00 38.40 26.50 -3900.00 38.40 -26.50 3900.00
12 141.33 3590 2475 3660.00 35.90 2475 -3660.00 35.90 -2475 3660.00
11 130.92 33.40 23.05 3420.00 33.40 23.05 -3420.00 33.40 -23.05 3420.00
10 120.50 31.00 21.30 3180.00 31.00 21.30 -3180.00 31.00 -21.30 3180.00
9 110.08 28.50 19.60 2880.00 28.50 19.60 -2880.00 28.50 -19.60 2880.00
s EENT) 26.00 14.90 2640.00 26.00 17490 -2640.00 26.00 -14.90 2640.00
7 89.25 23.60 16.25 2400.00 23.60 16.25 -2400.00 23.60 -16.25 2400.00
6 78.83 21.10 14.55 2160.00 21.10 14.55 -2160.00 21.10 -14.55 2160.00
5 68.42 18.50 12.80 1920.00 18.60 12.80 -1920.00 18.60 -12.80 1920.00
4 58.00 2930 20.55 2340.00 29.80 20.55 -2340.00 2980 -20.55 2340.00
3 26.00 9.20 6.30 900.00 9.20 6.30 -900.00 9.20 -6.30 900.00
2 16.00 6.40 4.40 600.00 6.40 4.40 -600.00 6.40 -4.40 600.00
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Height Load Case 4 Load Case 5 Load Case 6
Fx Fy Mz Fx Fy Mz Fx Fy Mz
Roof 460.00 139.00 -095.70 |-10260.00 -139.00 9570 10260.00 -139.00 9570 -10260.00
40 437.58 169.30 -116.65 |-15960.00 -169.30 116.65 | 15960.00 -169.30 116.65 |-15960.00
39 422 .58 103.20 -71.05 | -9960.00 -103.20 71.05 9960.00 -103.20 71.05 -9960.00
38 41217 96.30 -66.35 | -9480.00 -96.30 66.35 9480.00 -96.30 66.35 -9480.00
37 401.75 100.20 -69.00 |-10020.00 -100.20 69.00 10020.00 -100.20 69.00  [-10020.00
36 391.33 97.60 -67.25 | -9780.00 -97 60 67.25 9780.00 -97.60 67.25 -9780.00
35 380.92 95.10 -65.50 | -9540.00 -95.10 65.50 9540.00 -95.10 65.50 -9540.00
34 370.50 92 .50 -G3.70 -9240.00 -92.50 G375 9240.00 -92 .50 G3.70 -9240.00
33 360.08 90.00 -62.00 | -8000.00 -90.00 62.00 9000.00 -90.00 62.00 -9000.00
32 340 67 87.40 -60.25 -2760.00 -87.40 50.25 8760.00 -87.40 £50.25 -8760.00
31 339.25 84.90 -58.45 | -8520.00 -84 .90 58.45 8520.00 -84.90 58.45 -8520.00
30 328.83 82.30 -56.70 | -8220.00 -82.30 56.70 8220.00 -82.30 56.70 -8220.00
29 318.42 79.90 -55.05 | -7980.00 -79.90 55.05 7980.00 -79.90 55.05 -7980.00
28 308.00 7740 -53.30 | -7740.00 -77.40 53.30 7740.00 -77.40 53.30 -7740.00
27 297.58 74.80 -51.55 -7500.00 -74.80 51.95 7500.00 -74.80 51.55 -7500.00
26 28717 72.30 -49.80 | -7260.00 -72.30 4980 7260.00 -72.30 49.80 -7260.00
25 278.75 59.70 -48.00 -6960.00 -69.70 48.00 5960.00 -60.70 48.00 -6960.00
24 265.33 65.80 -45.30 | -6720.00 -65.80 45.30 6720.00 -65.80 45.30 -6720.00
23 255.92 63.30 -43.60 | -6480.00 -63.30 43.60 6480.00 -63.30 43.60 -6480.00
22 245 50 60.80 -41.85 | -6180.00 -60.80 41.85 6180.00 -60.80 41.85 -6180.00
21 235.08 58.30 -40.15 | -5940.00 -58.30 40.15 5940.00 -58.30 40.15 -5940.00
20 224 67 55.80 -38.45 -3700.00 -55.80 35.45 5700.00 -55.80 38.45 -5700.00
19 214 .25 53.30 -36.70 | -5460.00 -53.30 36.70 5460.00 -53.30 36.70 -5460.00
18 203.83 50.90 -35.05 -5220.00 -50.90 35.05 5220.00 -50.90 35.05 -5220.00
17 193.42 48.40 -33.35 | -4920.00 -48.40 33.35 4920.00 -48.40 33.35 -4920.00
16 183.00 4590 -31.65 | -4680.00 -45.90 31.65 4680.00 -45.90 31.65 -4680.00
15 172.58 43 .40 -29.90 | -4440.00 -43.40 29.90 4440.00 -43.40 29.90 -4440.00
14 162.17 40.90 -28.20 | -4200.00 -40.90 28.20 4200.00 -40.90 28.20 -4200.00
13 151.7/5 3840 -26.50 -3900.00 -38.40 2600 3900.00 -38.40 26.50 -3900.00
12 141.33 35.90 -24.75 | -3660.00 -35.90 2475 3660.00 -35.90 2475 -3660.00
11 130.92 33.40 -23.05 -2420.00 -33.40 23.05 3420.00 -33.40 23.05 -3420.00
10 120.50 31.00 -21.30 | -3180.00 -31.00 21.30 3180.00 -31.00 21.30 -3180.00
9 110.08 28.50 -19.60 | -2880.00 -28.50 19.60 2880.00 -28.50 19.60 -2880.00
8 99 67 26.00 -17.90 | -2640.00 -26.00 17.90 2640.00 -26.00 17.90 -2640.00
7 89.25 23.60 -16.25 | -2400.00 -23.60 16.25 2400.00 -23.60 16.25 -2400.00
6 78.83 21.10 -14 .55 | -2160.00 -21.10 14 55 2160.00 -21.10 14 .55 -2160.00
5 68.42 18.60 -12.80 | -1920.00 -18.60 12.80 1920.00 -18.60 12.80 -1920.00
4 58.00 29 80 -20.55 -2340.00 -29.80 20.00 2340.00 -29.80 20.50 -2340.00
3 26.00 9.20 -6.30 -900.00 -9.20 6.30 900.00 -9.20 6.30 -900.00
2 16 00 £ 40 -4 41 -600 00 -6 40 440 00 00 -6 40 4 40 -600 00
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Height Load Case 7 Load Case 8 Load Case 9
Fx Fy Mz Fx Fy Mz Fx Fy Mz
Roof 460.00 -139.00 -95.70 10260.00 -139.00 -95.70 |-10260.00 90.35 191.40 12312.00
40 43758 -169.30 | -116.65 | 15960.00 -169.30 | -116.65 [-15960.00 110.05 233.30 | 19152.00
39 422 58 -103.20 -71.05 9960.00 -103.20 -71.05 | -9960.00 67.08 14210 | 11952.C0
38 41217 -96.30 -66.35 9480.00 -96.30 -65.35 | -9480.00 6260 13270 | 11376.C0
37 401.75 -100.20 -69.00 | 10020.00 -100.20 -69.00 |-10020.00 6513 138.00 | 12024.C0
36 391.33 -97 60 -67.25 9780.00 -97 .60 -67.25 | -9780.00 63 44 134.50 | 11736.C0
35 380.92 -95.10 -65.50 9540.00 -95.10 -65.50 | -9540.00 6182 131.00 | 11448.C0
34 370.00 -92.50 -G3.70 9240.00 -92.50 -G3.75 -9240.00 G013 127.50 11088.C0
33 360.08 -90.00 -62.00 9000.00 -90.00 -62.00 | -9000.00 58 .50 124.00 | 10800.C0
32 340 67 -87.40 -60.25 8760.00 -87.40 -50.25 -8760.00 56.81 120.50 10512.00
31 339.25 -84 .90 -58.45 8520.00 -84 90 -58.45 | -8520.00 5519 116.90 | 10224.C0
30 328.83 -82.30 -56.70 8220.00 -82.30 -55.70 | -8220.00 5350 113.40 9864.00
29 318.42 -79.90 -55.05 7980.00 -79.90 -55.05 | -7980.00 5194 110.10 9576.00
28 308.00 -77.40 -53.30 7740.00 -77.40 -53.30 | -7740.00 50.31 106.60 9288.00
27 297.58 -74.30 -51.55 7500.00 -74.80 -51.95 -7500.00 48562 103,10 9000.00
26 28717 -72.30 -49.80 7260.00 -72.30 -49 80 | -7260.00 4700 99.60 §712.00
25 276.75 -69.70 -48.00 5960.00 -60.70 -48.00 -6960.00 4531 96.00 8352 00
24 266.33 -65.80 -45.30 6720.00 -65.80 -45.30 | -6720.00 4277 90.60 §064.00
23 255.92 -63.30 -43.60 6480.00 -63.30 -43.60 | -6480.00 4115 87.20 7776.00
22 24550 -60.80 -41.85 6180.00 -60.80 -41.85 | -6180.00 3952 83.70 7416.00
21 235.08 -58.30 -40.15 5940.00 -58.30 -40.15 | -5940.00 37.90 80.30 7128.00
20 224 67 -55.80 -38.45 5700.00 -55.80 -35.45 -5700.00 36.27 76.90 6540.00
19 21425 -53.30 -36.70 5460.00 -53.30 -35.70 | -5460.00 3465 73.40 6§552.00
18 203.83 -50.90 -35.05 5220.00 -50.90 -35.05 -5220.00 3309 70.10 6264.00
17 193.42 -48 .40 -33.35 4920.00 -48.40 -33.35 | -4920.00 3146 66.70 5904.00
16 183.00 -45.90 -31.65 4680.00 -45.90 -31.65 | -4680.00 2984 63.30 5616.00
15 172.58 -43 40 -29.90 4440.00 -43.40 -29.90 | -4440.00 2821 59.80 5328.00
14 162.17 -40.90 -28.20 4200.00 -40.90 -28.20 | -4200.00 2659 56.40 5040.00
13 151.75 -38.40 -26.90 3400.00 -35.40 -26.00 -3900.00 24 96 5300 £680.00
12 141.33 -35.90 -24 .75 3660.00 -35.90 -24 .75 | -3660.00 2334 4950 £392.00
11 130.92 -33.40 -23.05 32420.00 -33.40 -23.05 -3420.00 21.71 46.10 £104.00
10 120.50 -31.00 -21.30 3180.00 -31.00 -21.30 | -3180.00 2015 42 60 3816.00
9 110.08 -28.50 -19.60 2880.00 -28.50 -19.60 | -2880.00 1853 39.20 3456.00
8 99 67 -26.00 -17.90 2640.00 -26.00 -17.90 | -2640.00 16.90 35.80 3168.00
7 89.25 -23.60 -16.25 2400.00 -23.60 -15.25 | -2400.00 1534 32.50 2880.00
6 78.83 -21.10 -14 .55 2160.00 -21.10 -14.55 | -2160.00 1372 29.10 2592.00
5 68.42 -18.60 -12.80 1920.00 -18.60 -12.80 | -1920.00 12.09 25.60 2304.00
4 58.00 -29.80 -20.05 2340.00 -29.80 -20.00 -2340.00 1937 41.10 2808.00
3 26.00 -9.20 -6.30 900.00 -9.20 -6.30 -900.00 5.98 12.60 1080.00
2 16 00 -6 40 -4 40) 00 00 -6 40 -£ 40 -B00 00 416 8 a0 720 00
|
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Height

Load Case 10

Load Case

Load Case

Fx Fy Mz Fx Fy Mz Fx Fy Mz
Roof 460.00 00.35 101.40 12312.00 00.35 101.40 12312.00 00.35 101.40 12312.00
40 43758 110.05 233.30 [-19152.00 -110.05 233.30 | 19152.00 -110.05 | 233.30 |-19152.00
39 422 58 67.08 142.10 |-11952.00 -67.08 142 10 | 11952.00 -67.08 14210 |-11952.00
38 41217 62.60 132.70 |-11376.00 -62.60 132.70 | 11376.00 -62.60 13270 |-11376.00
37 401.75 65.13 138.00 ]-12024.00 -65.13 138.00 | 12024 .00 -65.13 138.00 |-12024.00
36 391.33 63.44 134.50 |-11736.00 -63.44 13450 | 11736.00 -63.44 134.50 |-11736.00
35 380.92 61.82 131.00 |-11448.00 -61.82 131.00 | 11448.00 -61.82 131.00 |-11448.00
34 370.50 60.13 127.50 |-17000.00 -60.13 127.50 11080.00 -60.13 127.50 |-110008.00
33 360.08 58.50 124.00 |-10800.00 -58.50 124.00 | 108C0.00 -58.50 124.00 |-10800.00
32 349 67 56 81 120 50 | -10512 00 -56 81 1200 50 10512 00 -5A 81 120 50 |-10512 00
31 339.25 55.19 116.90 |-10224.00 -55.19 116.90 | 10224 .00 -55.19 116.90 |-10224.00
30 328.83 53.50 113.40 | -9864.00 -53.50 113.40 | 9864.00 -53.50 11340 | -9864.00
29 318.42 51.94 110.10 | -9576.00 -51.94 11010 | 9575.00 -51.94 110.10 | -9576.00
28 308.00 50.31 106.60 | -9288.00 -50.31 106.60 | 9283.00 -50.31 106.60 | -9288.00
27 297.58 48 .62 103.10 -9000.00 -48.62 103.10 9000.00 -45.62 103.10 -9000.00
26 28717 47.00 99.60 -8§712.00 -47.00 99.60 8712.00 -47.00 99 €0 -8712.00
25 276.75 4531 96.00 -8352.00 -45.31 06.00 8352.00 -45.31 96.00 -8352.00
24 266.33 4277 90.60 -8064.00 4277 90.60 8064.00 -42 77 90.60 -8064.00
23 255.92 41.15 87.20 -7776.00 -41.15 87.20 7776.00 -41.15 87.20 -7776.00
22 24550 39.52 83.70 -7416.00 -39.52 83.70 7416.00 -39.52 83.70 -7416.00
21 235.08 37.90 80.30 -7128.00 -37.90 80.30 7123.00 -37.90 80.30 -7128.00
20 224 67 36.27 76.90 -6840.00 -36.27 76.90 6840.00 -36.27 76.90 -6840.00
19 21425 34 65 73.40 -6552 .00 -34 .65 73.40 6552.00 -34 65 73.40 -65552.00
18 203.83 33.09 70.10 -6264 .00 -33.09 70.10 6264.00 -33.09 7010 -6264.00
17 193.42 31.46 66.70 -5904.00 -31.46 66.70 5904.00 -31.46 66.70 -5904.00
16 183.00 29.84 63.30 -5616.00 -29.84 63.30 5616.00 -29.84 63.30 -5616.00
15 172.58 28.21 59.80 -5328.00 -28.21 59.80 5323.00 -26.21 59.60 -5328.00
14 162.17 26.59 56.40 -5040.00 -26.59 56.40 5040.00 -26.59 56.40 -5040.00
13 151.75 24 96 23.00 -4680.00 -4 96 53.00 4Gs0.00 -24 95 03,00 -A680.00
12 141.33 23.34 49 50 -4392 00 -23.34 49 50 4392.00 -23.34 49 50 -4392.00
11 130.02 21.71 46.10 4104.00 21.71 4610 4104.00 21.71 4610 4104.00
10 120.50 20.15 42 60 -3816.00 -20.15 42 60 3816.00 -20.15 42 €0 -3816.00
9 110.08 18.53 39.20 -3456.00 -18.53 39.20 3456.00 -18.53 39.20 -3456.00
8 99 67 16.90 35.80 -3168.00 -16.90 35.80 3163.00 -16.90 35.60 -3168.00
7 89.25 15.34 32.50 -2880.00 -15.34 32.50 2880.00 -15.34 32.50 -2880.00
6 78.83 13.72 2910 -2592 00 -13.72 29.10 2592.00 -13.72 2910 -2592.00
5 68.42 12.09 2560 -2304.00 -12.09 25.60 2304.00 -12.09 2560 -2304.00
4 20.00 19.37 41.10 -2000.00 -19.37 41.10 2000.00 -19.37 4110 -2000.00
3 26.00 598 12.60 -1080.00 -5.98 12.60 1080.00 -5.98 1260 -1080.00
2 16.00 4.16 8.80 -720.00 -4.16 8.80 720.00 -4.16 8.80 -720.00
|
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Height Load Case Load Case Load Case
Fx Fy Mz Fx Fy Mz Fx Fy Mz
Roof 460.00 90.35 -191.40 | 12312.00 90.35 -191.40 |-12312.00 -90.35 -191.40 | 12312.00
40 437.58 110.05 -233.30 | 19152.00 110.05 -233.30 |-19152.00 -110.05 | -233.30 | 19152.00
39 42258 67.08 -142.10 | 11952.00 67.08 -142 10 |-11952.00 -67.08 -142.10 | 11952.00
38 41217 62.60 -132.70 | 11376.00 62.60 -132.70 |-11376.00 -62.60 -132.70 | 11376.00
37 401.75 65.13 -138.00 | 12024 .00 6513 -138.00 |-12024.00 -65.13 -138.00 | 12024 .00
36 391.33 63.44 -134.50 | 11736.00 63.44 -134 .50 |-11736.00 -63.44 -134.50 | 11736.00
35 380.92 61.82 -131.00 | 11448.00 61.82 -131.00 |-11448.00 -61.82 -131.00 | 11448.00
34 370.50 60.13 -127.50 | 11088.00 60.13 -127.50 |-11088.00 -60.13 -127 .50 | 11088.00
33 360.08 58.50 -124.00 | 10800.00 58.50 -124 00 |-10800.00 -58.50 -124.00 | 10800.00
32 349 .67 56.81 -120.50 | 10512.00 56.81 -120.50 |-10512.00 -56.81 -120.50 | 10512.00
31 339.25 55.19 -116.90 | 10224 .00 55.19 -116.90 |-10224.00 -55.19 -116.90 | 10224 .00
30 328.83 53.50 -113.40 | 9864.00 53.50 -113.40 | -9864.00 -53.50 -113.40 | 9864.00
29 318.42 51.94 -110.10 | 9576.00 51.94 -110.10 | -9576.00 -51.94 -110.10 | 9576.00
28 308.00 50.31 -106.60 | 9288.00 50.31 -106.60 | -9288.00 -50.31 -106.60 | 9288.00
27 297 58 48 62 -103.10 | 900000 48 62 -103.10 | -9000.00 -48 62 -103.10 | 900000
26 287 .17 47.00 -99.60 8712.00 47.00 -99 60 | -8712.00 -47.00 -99.60 8712.00
25 276.75 45.31 -96.00 8352.00 45.31 -96.00 | -8352.00 -45 .31 -96.00 8352.00
24 266.33 4277 -90.60 8064.00 4277 -90.60 | -8064.00 -42 77 -90.60 8064.00
23 25592 4115 -87.20 7776.00 41.15 -87.20 | -7776.00 -41.15 -87.20 7776.00
22 24550 39.52 -83.70 7416.00 39.52 -83.70 | -7416.00 -39.52 -83.70 7416.00
21 235.08 37.90 -80.30 7128.00 37.90 -80.30 | -7128.00 -37.90 -80.30 7128.00
20 224 67 36.27 -76.90 6840.00 36.27 -76.90 | -6840.00 -36.27 -76.90 6840.00
19 214 25 34 .65 -73.40 6552.00 34.65 -73.40 | -6552.00 -34.65 -73.40 6552.00
18 203.83 33.09 -70.10 6264.00 33.09 -70.10 | -6264.00 -33.09 -70.10 6264.00
17 193.42 31.46 -66.70 5904.00 31.46 -66.70 | -5904.00 -31.46 -66.70 5904.00
16 183.00 29.84 -63.30 5616.00 29.84 -63.30 | -5616.00 -29.84 -63.30 5616.00
15 172.58 28.21 -59.80 5328.00 28.21 -59.80 | -5328.00 -28.211 -59.80 5328.00
14 162.17 26.59 -56.40 5040.00 26.59 -56.40 | -5040.00 -26.59 -56.40 5040.00
13 151.75 24 96 -53.00 4680.00 24 96 -53.00 | -4680.00 -24 96 -53.00 4680.00
12 141.33 23.34 -49 50 4392 .00 23.34 -49 50 | -4392.00 -23.34 -49 50 4392 .00
11 130.92 21.71 -46.10 4104.00 21.71 -46.10 | -4104.00 -21.71 -46.10 4104.00
10 120.50 20.15 -42 60 3816.00 20.15 -42 60 | -3816.00 -20.15 -42 60 3816.00
9 110.08 18.53 -39.20 3456.00 18.53 -39.20 | -3456.00 -18.53 -39.20 3456.00
8 99.67 16.90 -35.80 3168.00 16.90 -35.80 | -3168.00 -16.90 -35.80 3168.00
7 89.25 15.34 -32.50 2880.00 15.34 -32.50 | -2880.00 -15.34 -32.50 2880.00
6 78.83 13.72 -29.10 2592 .00 13.72 -29.10 | -2592.00 -13.72 -29.10 2592 .00
5 68.42 12.09 -25.60 2304.00 12.09 -25.60 | -2304.00 -12.09 -25.60 2304.00
4 58 00 19 37 -41 10 2808 .00 19 37 -41.10 | -2808 00 -19.37 -41.10 2808 00
3 26.00 598 -12.60 1080.00 5.98 -12.60 | -1080.00 -5.98 -12.60 1080.00
2 16.00 416 -8.80 720.00 416 -8.80 -720.00 -4.16 -8.80 720.00
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Height Load Case Load Case 17 Load Case

Fx Fy Mz Fx Fy Mz Fx Fy Mz
Roof 460.00 -90.35 -191.40 |-12312.00 90.35 9570 12312.00 90.35 -95.70 12312.00
40 43758 -11005 | -233.30 |-19152.00 110.05 116.65 | 19152.00 110.05 -116.65 | 19152.00
39 422 58 -67.08 -142.10 |-11952.00 57.08 71.05 11952.00 67.08 -71.05 | 11952.00
38 41217 -62.60 -132.70 |-11376.00 52.60 66.35 11375.00 62.60 -66.35 | 11376.00
37 401.75 -65.13 -138.00 |-12024.00 55.13 69.00 12024.00 65.13 -69.00 | 12024.00
36 391.33 -63.44 -134.50 |-11736.00 53.44 67.25 11735.00 63.44 -67.25 | 11736.00
35 380.92 -61.82 -131.00 |-11448.00 51.82 65.50 11448.00 61.82 -65.50 | 11448.00
34 370.00 -G0.13 -127.50 |-11088.00 50.13 G370 11085.00 G013 -0G3.70 11088.00
33 360.08 -58.50 -124.00 |-10800.00 58.50 62.00 10800.00 58.50 -62.00 | 10800.00
32 349 67 -56 81 =120 50 1-10512 00 56 81 Al 25 10512 00 56 81 -60 75 10512 00
31 339.25 -55.19 -116.90 |-10224 .00 55.19 58.45 10224.00 55.19 -58.45 | 10224.00
30 328.83 -53.50 -113.40 | -9364.0C 53.50 56.70 9864.00 53.50 -56.70 9864.00
29 318.42 -51.94 -110.10 | -9576.0C 51.94 55.05 9576.00 51.94 -55.05 9576.00
28 308.00 -50.31 -106.60 | -9288.0C 50.31 53.30 9288.00 50.31 -53.30 9288.00
27 297.58 -48.62 -103.10 | -9000.0C 48.62 51.55 9000.00 48562 -51.85 S000.00
26 28717 -47.00 -99.60 | -8712.0C 47.00 49 80 8712.00 4700 -49 .80 €712.00
25 276.75 -45 .31 -06.00 -8352 00 45 31 48.00 8352.00 4531 -48.00 E£352.00
24 266.33 -42 .77 -90.60 | -8064.0C 4277 4530 8064.00 4277 -45.30 £064.00
23 255.92 -41.15 -87.20 | -7776.0C 41.15 43.60 7776.00 41.15 -43.60 7776.00
22 24550 -39.52 -83.70 | -7416.0C 39.52 41.85 7416.00 3952 -41.85 7416.00
21 235.08 -37.90 -80.30 | -7128.0C 37.90 40.15 7128.00 37.90 -40.15 7128.00
20 224 67 -36.27 -76.90 -6540.00 36.27 38.45 G540.00 3627 -35.45 £540.00
19 21425 -34 .65 -73.40 | -6552.0C 34 65 36.70 6552.00 3465 -36.70 £552.00
18 203.83 -33.09 -70.10 -62641.00 33.09 35.05 5267.00 33.09 -35.05 £2641.00
17 193.42 -31.46 -66.70 | -5904.0C 31.46 33.35 5904.00 31.46 -33.35 5904.00
16 183.00 -29.84 -63.30 | -5516.0C 29.84 31.65 5616.00 2984 -31.65 5616.00
15 172.58 -28.21 -59.80 | -5328.0C 28.21 29.90 5328.00 2821 -29.90 5328.00
14 162.17 -26.59 -56.40 | -5040.0C 26.59 28.20 5040.00 2659 -28.20 5040.00
13 151.75 -24 96 -53.00 | -4580.0C 24 96 26.50 4680.00 24 96 -26.50 4680.00
12 141.33 -23.34 -49 50 | -4392.0C 23.34 2475 4392 .00 23.34 -24.75 4392.00
11 130.92 -21.71 -46.10 -4104.0C 21.71 23.05 410£.00 21.71 -23.05 4104.00
10 120.50 -20.15 -42 60 | -3316.0C 20.15 21.30 3816.00 20.15 -21.30 3816.00
9 110.08 -18.53 -39.20 | -3456.0C 18.53 19.60 3456.00 18.53 -19.60 3456.00
8 99 67 -16.90 -35.80 | -3168.0C 16.90 17.90 3168.00 16.90 -17.20 3168.00
7 89.25 -15.34 -32.50 | -2380.0C 15.34 16.25 2880.00 15.34 -16.25 2880.00
6 78.83 -13.72 -29.10 | -2592.0C 13.72 14 .55 2592 .00 13.72 -14.55 2592.00
5 68.42 -12.09 -25.60 | -2304.0C 12.09 12.80 2304.00 12.09 -12.80 2304.00
4 58.00 -19.37 -41.10 -2508.00 19.37 20.00 2808.00 19.37 -20.050 2808.00
3 26.00 -5.98 -12.60 | -1080.0C 598 6.30 1080.00 5.98 -6.30 1080.00
2 16.00 -4.16 -8.80 -720.00 416 4.40 720.00 416 -4.40 720.00
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Load Case 19 Load Case 20

Fx Fy Mz Fx Fy Mz
Roof 460.00 -90.35 95.70 [-12312.00 -90.35 -95.70 |-12312.00
40 437.58 | -110.05 | 11665 |-19152.00 -110.05 | -116.65 [-19152.00
39 422.58 -67.08 71.05 [-11952.00 -67.08 -711.05 |-11952.00

38 41217 -62.60 66.35 |-11376.00 -62.60 -66.35 [-11376.00
37 £401.75 -65.13 69.00 |-12024.00 -65.13 -69.00 [-12024.00
36 391.33 -63.44 67.25 |-11736.00 -63.44 -67.25 [-11736.00
35 380.92 -61.82 65.50 |-11448.00 -61.82 -65.50 [-11448.00
34 370.50 -60.13 63.75 |-11088.00 -60.13 -63.75 |-11088.00

33 360.08 -58.50 62.00 |-10800.00 -58.50 -62.00 |[-10800.00

2 349.67 -56.81 60.25 |-10512.00 -56.81 -60.25 [-10512.00
31 339.25 -55.19 58.45 |-10224.00 -55.19 -58.45 ]-10224.00
30 328.83 -53.50 56.70 | -9864.00 -53.50 -56.70 | -9864.00
29 316.42 -51.64 55.05 | -9576.00 -51.94 -35.05 | -9576.00
28 308.00 -50.31 53.30 | -9288.00 -50.31 -53.30 | -9288.00
27 297.58 -43.62 51.55 | -9000.00 -48.62 -51.55 | -9000.00
26 287.17 -47.00 49.80 |[-8712.00 -47.00 -49.80 | -8712.00
25 276.75 -45.31 48.00 [ -8352.00 -45.31 -48.00 | -8352.00

24 2066.33 -42.77 45.30 [ -8064.00 -42.77 -45.30 [ -8064.00
23 255.92 -41.15 43.60 [-7776.00 -41.15 -43.60 [ -7776.00
p 245.50 -39.52 41.85 [ -7416.00 -39.52 -41.85 [ -7416.00

21 235.08 -37.€0 40.15 | -7128.00 -37.90 -40.15 | -7128.00
20 224.67 -36.27 38.45 | -6840.00 -36.27 -38.45 | -6840.00
19 214.25 -34.65 36.70 | -6552.00 -34.65 -36.70 | -6552.00
18 203.83 -33.09 35.056 | -6264.00 -33.09 -35.05 | -6264.00
17 193.42 -31.46 33.35 | -5904.00 -31.46 -33.35 | -5904.00
16 183.00 -29.84 31.65 | -5616.00 -29.84 -31.65 | -5616.00
15 172.58 -28.21 29.90 | -5328.00 -28.21 -20.90 | -5328.00
14 162.17 -26.59 28.20 | -5040.00 -26.59 -28.20 | -5040.00
13 151.75 -24.86 26.50 | -4680.00 -24.96 -26.50 | -4680.00
12 141.33 -23.34 2475 | -£392.00 -23.34 -24.75 | -4392.00
11 130.92 -21.71 23.05 | -£104.00 -21.71 -23.05 | -4104.00
10 120.50 -20.15 21.30 | -3816.00 -20.15 -21.30 | -3816.00
9 110.08 -18.53 19.60 | -3456.00 -18.53 -19.60 | -3456.00
8 99.67 -16.€0 17.90 | -3168.00 -16.90 -17.90 | -3168.00
7 89.25 -15.34 16.25 | -2880.00 -15.34 -16.25 | -2880.00
6 78.83 -13.72 14.55 | -2592.00 -13.72 -14.55 | -2592.00
5 68.42 -12.09 12.80 | -2304.00 -12.09 -12.80 | -2304.00
4 58.00 -19.37 2055 | -2808.00 -19.37 -20.55 | -2808.00
3 26.00 -5.98 6.30 -1080.00 -5.98 -6.30 -1080.00
2 16.00 -4.16 4.40 -720.00 -4.16 -4.40 -720.00
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Prestressed Concrete
10"x4'-0" Hollow Core Plank

2 Hour Fire Resistance Rating With 2" Topping

PHYSICAL PROFERTIES
Composite Section

Precast Su.= 824 in?
.= 5102 in’ Topping S« = 1242 in?

A= 327 int

7-1/2"0, 270K = 192.2 k-ft

7-0.6"3, 270K = 256.4 k-ft

. Maximum bottom tensile stress is 7.5

. All superimposed load is treated as live load in the strength analysis of flexure and shear.

. Flexural strength capacity is based on stress/strain strand relationships.

10. Deflection limits were not considered when determining allowable loads in this table.

11. Topping Strength @ 28 days = 3000 P35I,

12. These tables are based upon the topping having a uniform 2" thickness over the entire span. A lesser
thickness might occur if camber is not taken into account during design, thus reducing the load capacity.

13. Load values to the left of the solid line are controlled by ultimate shear strength.

14, Load values to the right are controlled by ultimate flexural strength or fire endurance limits.

15. Load values may be different for IBC 2000 & AC| 318-89. Load tables are available upon request.

16. Camber iz inherent in all prestressed hollow core slabs and is a function of the amount of eccentric
prestressing force needed to carry the superimposed design loads along with & number of other
variables, Because prediction of camber is based on empirical formulas it is at bast an estimate, with
the actual camber usually higher than calculated values.

Y= 6.190n.  Precast S = 1340 in®
Y. =3.81in. Wi=272 PLF
Wt=68.00 PSF
Fa0y
DESIGN DATA & W w W W w8

1. Precast Strength @& 28 days = 6000 PS| ’- ™ P ‘
2. Precast Strength @ release = 3500 PSI or 4000 PSI. 1 ko l R
3. Precast Density = 150 PCF | A b |
4. Strand = 1/2°@ and 0.6"@ 270K Lo-Relaxation. =] | 7 ] ( W
5. Strand Height = 1.75 in. P ST 15 W s N | A T £ l]
&, Ultimate moment capacity (when fully developead)...

f'c = 580 PSI

Topping Weight = 25 PSF.

i K _J 1

4'-0" #0718

SAFE SUPERIMPOSED SERVICE LOADS

IBC 2003 & ACI 31B-02 (1.2D +1.6L)

Strand SPAN (FEET)
Pattemn 26|27 |28 |20 303132 33(34 35 3637383040 |41 42|43 |44
T-12"a LOAD (P5F) 234 210|185 170 153|937 (123 110| 98 | BT 77 | 6B | &D | 52

7-06%  LOAD (PSF)

255 | 244 2330282

202 185|168 154 140|128 |#8 108] 06 | 67 | 78 | 70 | &3

CONCRETE FRO
et R

NITTERHOUSE

DUCTS

2655 Maolly Pilcher Hwy, South, Box N
Chambersburg, PA 17201-0813
TAT-267-4505 Fax T17-267-4518

s 10F2.0T

This tebla is for smpla spans and uniform loads. Dasign data
far any of thesa span-load conditions is availabin on request.
Individual diesigns may ba fumished to safsfy unusual condiions
af heavy lnads, concantrated kads, cantisvars, Sangs or stam
apardrgs and narmow widihe, Tha allowabla loads shown in this.
table reflect & 2 Hour & O Minwte ire nesilanos rating.
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RAM Steel v11

Building Code: IBC

DataBase: Takeoff Model - PLANKS

Beam Summary

04/08/08 04:28:46
Steel Code: AISC LRFD

STEEL BEAM DESIGN SUMMARY:
Floor Type: ROOF

RAM Steel v11.2

Building Code: IBC

DataBase: Takeoff Model - PLANKS

Beam Summary

Page 2112
04/08/08 04:28:46
Steel Code: AISC LRFD

Floor Type: FLR 41 M

Bm# Length  +Mu Fy Beam Size Studs
Bm# Length Fy Beam Size Studs ) ft kipft i o
£t ksi 5 20.00 456.0 500 W24X55
1 33,40 00 " 6 10.00 500 W8X10
3 Ta 50‘0 51 8 10.00 300 WexX10
g 50'0 13 2125 300 W16X26
4 00 u 14 10.00 300 WI12X19 u
5 00 u 18 12.00 300 WI12X19 u
6 00 5 19 18.50 30.0 W24X353
7 500 v 20 18.50 300 W18X335
g 50‘0 u 25 925 300 Wsx10
00 u 50 300 WI12X19 u
00 " 28 300 WI12X19 u
00 " 29 295.1 30.0 u
500 51 31 0.3 300 WI12X19 u
50‘0 u 32 3181 300 W21X44
00 u 33 o018 500
00 35 1912 500
Soo N 36 38.1 50.0 WI2X19 u
50‘0 5 37 125 300 WsxX10
50‘0 38 17.0 300 Wsx10
00 u 48 209 500 WI12X19 u
00 48 ERY 500 WseX10
50:0 44 03 300 WexX10
300 Floor Type: FLR 40 M
300 6
500 Bm # Length Fy Beam Size Studs
500 u ft ksi
500 u 1 2249 500 WIsX3S u
50.0 2 1897 50.0 W24X55 u
300 6 3 300 Wsx18
500 6 4
500 u 500 W16X31
500 WIsX33 u 6 500 W18X33
500 W24X55 u 7 300 W21X48 u
500 6 8 300 X84
500 u 9 300 W24X353
500 u 12 500 WI12X19 u
500 5 15 500 WIsX3S u
500 5w 16 300 W14X22 u
500 17 300 W16X26
500 WIisX3i u 18 300 W18X33
19 300 W18X33
Beam Summary Beam Summary
RAM Steel v11.2 Page 3/12 RAM Steel v11.2 Page 4/12

Building Code: IBC

DataBaze: Takeoff Model - PLANKS

04/08/08 04:28:46
Steel Code: AISC LRFD

Tength  +Ma  Mu
4383 00
2074 00
4019 00

121
122

83
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Ty
500
50.0
50.0
50.0

500
50.0
500
300
500
500
50.0
500
500
50.0
500
500
500
50.0
50.0
500
50.0
500
500
500
500
50.0
500
50.0

500
500
50.0
500
500
500
300
500
500
50.0
50.0
500
500
50.0
50.0

Beam Size Studs

v
v
v
W

W
W12X19

WeX10
W8X10

W14D

WI12X19 u
WBX10

W18X40

W12X14
WBX18

WI16X26
WI12X19 u

WeX10
WBX10

Building Cade: IBC

DataBase: Takeoff Model - PLANKS

04/08/08 04:28:46
Steel Code: AISC LRFD

Bm#  Length  +Mu
38 i 35.1
29 119.8
91 3201
92 4022
01 2074
95 3463
9%
98
99

103
104
105
108
108
110
111
112
115
116
17

Floor Type: FLR 24 TO 39

Bm # Length +Mu
ft kip-ft
1 2240 66.9
2 1897
4 2035
3 8.00 0.0
4239
3 394
] 4510
7 12
8 489
Q 73
10 68.3
11 9.9
12 1491
13 1704
14 261
15 12
16 134
17 220.2
19 509
18 8.00 0.0

Mu
00
0.0
0.0
0.0
00
00
0.0
0.0
00
00
00
0.0
0.0
0.0
0.0
00
00
00

-Mu
kip-ft
0o
00
(K]
-68.8
-68.8
0.0
0.0
0o
00
(K]
0.0
0.0
0.0
0.0
(]
0o
(K]
0.0
0.0
-61.0

Mn

Ty
500
50.0
50.0
500
500
500
50.0
500
300
500
500
50.0
50.0
500
500
500
500
500
50.0
50.0

Fy
kesi
50.0
50.0
50.0

50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
30.0
50.0
50.0
50.0
50.0

Beam Size
W24X53

W18X33
W21X44

W21X48
W18X33
W16X31
W12X19

W18X33
W24X53
W18X33
W18X46
W16X31

Beam Size

W18X33
W21X44
W18X33

Studs
u
u
u
u
u
Studs
u
u
u

W12xX19
W12X16
W18X50
W18X33
W18X33
W16X26
W18X33
W12X19
W12xX19
W12X19
W21X44
W12X19

ess8as
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RAM Steel vi1

Building Code: IBC

Beam Summary

DataBase: Takeoff Model - PLANKS

Page 3112
04/08/08 04:28:46
Steel Code: AISC LRED

RAM Steel v11.2

Building Code: IBC

Beam Summary

DataBase: Takeoff Model - PLANKS

Page 6/12
04/08/08 04:28:46
Steel Code: AISC LRFD

Appendix

Length  +Mu -Mu Nn Fy Beam Size Studs Length Mu Mn Fy Beam Size Studs
3200 4357 610 8333 500 W24KT 1883 00 1383 500 WL4X22
18.67 411 00 1383 300 16.0 00 1028 500 WIX19 v
18 83 360 00 1383 300 1875 00 1028 500 WIZXI0 u

454 00 1383 500 2 50.0 WIEX3S w
4515 00 8333 300 33 50.0 W16X26
200 00 50.0 3 84 2032 50.0 WISX50 u
92 00 500 W8X10 83 1821 500 WI18X33 v
s 00 50.0 WEX10 36 1875 50.0 WI12X16
7090 00 500 W14X22 37 1875 500 WIXX10
15 00 50.0 W12KI9 v 38 18.75 50.0 WI1ZX16
03 00 50.0 WX10 39 19.62 50.0 WISK3S w
1008 00 50.0 W14K22 w 90 19.03 50.0 W2IX44 u
647 0.0 50.0 W12KI9 v 91 22.49 50.0 WISX3S u
12 6o 508 & a2 32.00 560 W24XTE
1498 00 50.0 W24KTE v a3 32.00 50.0 W24XT6
12 0.0 500 WiXI19 u 8.00
246 00 50.0 u
Floor Type: FLR 4 TO 23
00 00 500 Wex10 oor P
03 00 50.0 WX10 .
206 00 50.0 WX10 3
12 00 500 W12KI9 w [
12 00 50.0 W12KIO v 1 iifzij .
252 2] J24X7 - -
17[)6 500 W24X76 L WLsNIS u
58 200 WIINIO & 3 e
16 50.0 12X19 u 5 @E - iD .
1537 50.0 W16X26 p Pt
5 W s W24X76 u
03 500 WEX10 - WIIK10 u
1200 50.0 W16X26 . WiaX1o o
s 00 Y‘EXIU 9 WISXS0 u
395 500 WIKIO u 10 WISEIS u
73 50.0 WIKIO v " WLEIS u
193 50.0 W10X12 3 Wiers
63 500 WEX10 0 Wievas u
86 500 1 .
20 50.0 i3 .
103 500 p
20 500 WeX10 2 .
032 50.0 WER10 19 .
12 50.0 W12KIO v 15
490 50.0 W12X16
o o ¢ 20 WLAX22 v
I 20 u 2 W14X22 u
_Igi ?g'g W1IK19 . i Wimie w
B e 25 W24X76 u
Beam Sumnmary y ‘ Beam Summary
RAM Steel v11.2 Page 7/12 l RAM Steel v11.2 Page 912
DataBase: Takeoff Model - PLANKS 04/08/08 04:28:46 DataBase: Takeoff Model - PLANKS 04/08/08 04:28:46
Building Code: IBC Steel Code: AISC LRFD S| Building Code: IBC Steel Code: AISC LRFD

Length +Mu ) 33 Beam Size Studs Bm # +Mu  -Mu Mn Fy Beam Size Studs
2000 2209 50.0 W1SKIS v 81 50.0 WIZXID w
10.00 93 50.0 WeR10 32 500 WIEN3I5 u
10.00 59 50.0 WEX10 33 50.0 W16X26
21.25 709 50.0 W14x22 34 50.0 WISXS0 w

15 500 W12KI9 v 33 50.0 WISX3S v
58 50.0 W12KI9 v 36 50.0 WI12X16
46 500 W12X10 v 37 50.0 WIIX19 u
18 50.0 WEX10 38 50.0 WI12X16
03 50.0 WeKX10 20 50.0 W1EH35 u
16 50.0 WX10 90 50.0 W2IX44 u
103.0 50.0 91 50.0 WISX35 u
12 50.0 92 50.0 W24X76 u
2477 50.0 W24X62 a3 50.0 W24XT6
12 500 W12X19 v
0.7 00 WeN10 Floor Type: FLOOR 3.13.2
03 50.0 wWaX10 :
03 0o ERI0 Bm# Length  +Mu -Mu Mn Fy Beam Size Studs
471 00 Wixi4 f kipft kip-ft  kip-ft ksi
223 50.0 WK18
12 500 W12X19 u Floor Type: FLR 3
12 500 W12X19 v
4252 So0 WasnTE Bum # ng(:. J._iM; L;M;. Beam Size Studs
00 t kipft kip-ft
58 500 WI12XI19 u 1 50.0 WISX35 u
46 50.0 W12XIO u 2 0.0 W1sX40
1541 500 W16X26 5 500 WISX35 u
03 500 WBXI10 4 . !
1200 500 WI16X26 o0 W2LNAS v
395 50.0 W12KIO v s 500 W2IX44
22 50.0 WEX10 7 500 W2IX48 u
197 500 W12X19 u 8 2 50.0 W24X55
63 So0 WEX10 9 15 500 W2IXdd
26 50.0 WX10 12 29 500 WLINLD »
20 500 WSX10 15 1 50.0 WISXES v
10.5 500 W10 16 roosoo WISXZS w
20 7 So0 WEX10 17 3167 500 W1EXA0
02 00 370 500 WEX10 13 975 500 W21Xd4
12 00 1029 500 W12X19 u 19 975 500 W21X44 u
490 00 838 500 W1X16 0 3625 500 W24X35
66.7 o0 277 500 WI18X35 u 21 3975 50.0 W24 w
342 0.0 1383 500 W14X22 u ,, 41!:‘% 500 W21X50
2203 00 3975 500 W21X44 v 2 975 500 W2LXA4
134 00 1029 500 W12KIO v 23 )
24 00 1383 500 W14X22 u 458 500 :
259 0.0 525 50.0 W10X12 30 3625 50,0 W24X55 u

Page 84



RADM Steel v11.2
DataBaze: Takeoff Model - PLANKS
Building Code: TBC

Beamn Summary

Page 9/12
04/08/08 04:28:46
Steel Code: AISC LRFD

Beam Summary

RAM Steel v11.2
DataBase: Takeoff Model - PLANKS
Building Code: IBC

Page 10/12
04/08/08 04:28:46
Steel Code: AISC LRFD

Bm # Length +Mu  -Mu Ey Beam Size Studs Length -Mu Mn Fy Beam Size Studs
32 3381 0.0 50.0 W24X55 u 16.00 00 3975 500
34 3217 0.0 300 1883 00 562.3 300
35 303 00 50.0 3975 500
40 933 00 50.0 3975 500
41 146 0.0 500 562.5 500
43 93 00 50.0 WEX10 3975 500
46 1116 0.0 50.0 WI16X26 1029 500
47 23 00 500 WIZKIO0 u 771 500
48 1576 00 50.0 50.0
49 1248 0.0 500 500
50 18 00 500 500
5 03 00 50.0 50.0 W1SX35 u
52 1.6 0.0 300 300 W18X40
3 1569 00 500 500 W18X35 u
3 410 00 50.0 50.0 W2IX48 u
33 80.3 0.0 300 0.0 w
56 £274 00 500
9 g:‘ gg ;gg Floor Type: FLR 2
60 0 00 300 Bum# Length  ~+Mu  -Mu Fy Beam Size Studs
o oo w 300 it Eipft o
1 a26 00 Fo 1332 00 500 WISX35 u
62 446 0.0 50.0 oo WS40
G4 441.0 0.0 300 50.0 W18K35 u
65 372 1409 500
00 -1409 .
g3 00 500 ;g:g "
65 00 50.0 WIZXI4 v oo .
2373 0.0 300 WIBX33 500
03 00 500 00
259 00 500 oo .
21 0.0 300 50.0 Su
36 00 500 oo -
304 00 500 jogs
100 00 500 jous
o 1220 oo 50.0 u
1y sl UL )_U.U L 50.0
123 164 0.0 300 WEX10 00 .
124 31 00 50.0 WEX10 S0
84 04 00 500 WSX10 00
88 438 00 500
e R 00 00 o
. o 50.0 S u
92 3202 00 300 0o -
93 401.7 0.0 300 s0.0
” ‘ Beam Summary ﬂ ‘ Beam Summary
l RAD Steel v11.2 Page 11/12 l RAM Steel v11.2 Page 12/12
RAM peaBase: Taveote Model - PLANKS 04/08/08 04:28-46 RAM| paBace: Tareof Model - PLANKS 04/08/08 D4:28:46
=404 Building Code. IBC Steel Code: AISC LRFD =it Building Code: IBC Steel Code: AISC LRFD
Bm # Length +Mu  -Mu Fr Beam Size Studs Bm# Length -Mu Mn Fy Beam Size Studs
33 3200 651 00 500 W14X38 97 16.01 00 3975 300
40 2000 933 00 50.0 99 00 3975 500
ES 10.00 146 0.0 300 100 00 562.5 300
13 10.00 0.0 500 104 00 3975 300
46 2125 0.0 50.0 105 00 1029 500
0.0 300 106 0.0 2250 30.0
0.0 500 109 00 3975 300
0.0 300 1o 00 562.5 500
0.0 500 111 00 500
0.0 50.0 WeX10 112 00 50.0
00 300 WeXio 113 (i) 300 WisX40
0.0 500 116 00 500 W18X35 u
0.0 50.0 17 00 500 W14X38
0.0 300 118 266 -1380 300 W18X40
0.0 50.0 0.0 -1330
0.0 300
0.0 500 * after Size denotes beam failed stress/capacity criteria
0.0 50.0 £ after Size denctes beam failed deflection criteria.
0.0 500 u after Size denotes thic size has been aseipned by the User.
0.0 500
0.0 50.0
0.0 300
1308 500
130.8
0.0 50.0
0.0 50.0
0.0 300
0.0 50.0
0.0 500
0.0 300
0.0 500
0.0 500
0.0 50.0
0.0 500
0.0 300 WI4X22 u
0.0 50.0 WEX10
0.0 500 WeX10
0.0 300 WBX10
0.0 500
0.0 30.0
0.0 50.0
0.0 50.0
0.0 500
0.0 50.0
0.0 50.0
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DataBase: Takeoff Model - PLANKS
C

”l“ RAM Steel vI1.2
RAM

PTERMATICN AL

1]
Floor Type: FLR 4 TO 23
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Steel Code: AISC LRFD

kN 7 T | -
S 1

(CRCR4)

Floor Ma

DataBase: Takeoft Model - PLANKS

Building Code: IBC

A - = -4

Floor Type: FLR 24 TO 39

”l‘ RAM Steel v11.2
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DataBase: Takeoff Model - PLANKS
o '

RAM Steel v11.2

1
Floor Type: FLR 40 M
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DataBase: Takeoff Model - PLANKS
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”l“ RAM Steel v11.2
RAM
Floor Type: ROOF
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Gravity Cal Desien § )

DataBaze: Takeoff hodel - PLANES

’l‘ FAM Steal w112
RAM

rinicrs] Building Code: IBC

0408/08 04:28:40

Steal Code: AISC LEFD

Column Line 7.1 - A9
Level

TLOOR 410

41R00F
FLOOR 41M
FLOOR 40M
FLOOR 3%
FLOOK 38
FLOOR 37
FLOOR 38
FLOOR 35
FLOOR 34
FLOOR 33
FLOOR 32
FLOOR 31
FLOOR 30
FTI.OOR 79
FLOOR 23
FLOOR 27
FLOOR 26
FLOOR 25
FLOOR 24
FLOOR 23
FLOOR 22
FLOOR 21
FLOOR 20
FLOOR 1%
FLOOR 13
FLOOE 17
FLOOR 16
FLOOR 15
FLOOR 14
FLOOR 13
FLOOE 12
FLOOR 11
FLOOR 10
FLOOR &
FLOOR &
FLOOR 7
FLOOR 6
TLOOR 5
FLOOR 4
FLOOR 3.2
FLOOR 3.1
FLOOR 3
FLOOR 2

Muy LC Interaction Eq. Angle

7.2

1

1

.

o b b Eo 0 00 0O 09 M 00 fe B Lo Lo da b e be b Be ba

il ol el el ol
= oo o oo o oo

Sl kL e Lt
= =)

1

[E R,
Cn i i b b

2 042CyIIl-1a

2 043EqHl-la
3 050EqHl-la
3 042EqHl-la
5 050 Eq Hi-la
3 059 EqHl-la
3 058 EqHlla
3 077EqHl-la
086 EqHl-1a
3 095EqHl-la
3 065EqHl-la
3 0.70EqHl-la
3 076 EqHl-la
NRY Fq HIla
078EqHl-la
3 084EqHl-la
3 089 EqHl-la
3 094EqHl-la
3 083 EqHl-la
087EqHl-la
091 EqHl-1a
096 EqHl-1a
3 082EqHl-la
3 086 EqHl-la
3 089 EqHl-la
3 083EqHl Ia
3 088 EqHl-la
091 EqHl-1a
3 094EqHl-la
3 098 EqHl-la
3 083 EqHl-la
3 086 EqHl-la
3 089 EgHIla
3 091 EqHl-la
3 086 EqHl-la
3 088 EqHl-la
3 091 EqHl-la
3 0940y 1l-1a
3 094EqHl-la
3 095EqHl-la
3 095EqHl-la
3 084EqHl-la
1 095EqHl-1a

50.0

0.0
0.0
0.0
S0
0.0
Q0.0
0.0
0.0
0.0
0.0
S0.0
0.0
ann
0.0
0.0
0.0
0.0
20.0
0.0
0.0
0.0
0.0
0.0
0.0
20.0
0.0
0.0
0.0
0.0
S0
0.0
Q0.0
0.0
0.0
0.0
0.0
50.0
0.0
0.0
0.0
0.0
0.0

Size
WI1<H43

W43
WILH43
WIKsl
W1X61
WIKsl
WAl
WIKes
WIKes
WIKes

WI1<X63
W1+H82

3 Gravity Col Desion S .
’l‘ FAM Steel v11.2

H DataBase: Takeoff Model - PLAVES

erices] Building Code: IBC

Page 237
04/08/08 04:28.40

Steel Code: AISC LEFD

Column Line 7-E
Level
TLOOR 40M
FLOOR. 3%
FLOOR. 38
FLOOR. 37
FLOOR. 3¢
FLOOK 32
FLOOR. 34
FLOOFR. 33
FLOOR. 31
FLOOR. 31
FLOOR. 3C
FLOOR. 28
FLOOE &
FLOOR 27
FLOOF. 2¢
FLOOR. 23
FLOOR. 24
FLOOR. 23
FLOOR. 21
TLOOR 21
FLOOR. 20
FLOOR. 15
FLOOR. 18
FLOOR 17
FLOOR. 1
FLOOR
FLCOOER. 1
FLOOR
FLOOR. 1
FLOOR. 1
FLOOR. 1
FLOOK Y
FLOOE. 8
FLOOER. 7
FLOOE. 6
FLOOE. 3
FLOOE 4
FLOOR 3.2
FLOOFR. 3.1
FLOOE 3
FLOOR. 2

(SRR R

Mux

0.0
0.0
0.0
0.0
0.0
uu
0.0
0.0

Muy LC Interaction Eq.

0.0
0.0
0.0
0.0
0.0
oy
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
oy
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1

0.23 Dy IT1-1a
036 EqEl-1z
0.56 EqEl-1a
0.76 EqEl-1z
060 EqEl-1z
072 EqHl-la
034 EqEl-1z
097 EqHI la
066 EqEl-1z
0.74EqEl-1z
032 EqEl-1z
038 EqEl-1z
080 EqHl-1a
036 EqEl-1z
093 EqHl-1a
098 EqEl-1z
078 EqEl-1z
033 EqEl-1z
033 EqEl-1z
052 Cylll-l1a
030 EqEl-1z
0.84 EqEl-la
033 EqEl-1z
092 EqEl-1z
037 EqEl-1z
091 EqEl-1z
094 EqHI-1a
093 EqEl-1z
034 EqEl-1z
037 EqEl-1z
090 EqEl-1z
093 EqHl-la
087 EqEl-1z
090 EqHl-1a
092 EqEl-1z
095 EqEl-1z
093 EqEl-1z
093 EqEl-1z
098 EqgHl-1a
033 EqEl-1z
0.54EqEl-1a

Angle
20.0
90.0
90.0
90.0
90.0
200
90.0
90.0
90.0
90.0
90.0
90.0
20.0
90.0
00.0
90.0
90.0
90.0
90.0
20.0
90.0
90.0
90.0
90.0
90.0
90.0
20.0
90.0
90.0
90.0
90.0
200
90.0
00.0
90.0
90.0
90.0
90.0
20.0
90.0
90.0

Fy Size

50 WI4H4D

300 WI4N43

300 WI4N43

300 WI4N43

30 WI4N61

MW LANGL

30 WI4N61

30 WiMMel

300 WI4M90

300 WI4M90

300 WI4M90

300 WI4M90

30 Wi4X10%9
30 WI4N10%
0 Wi4N109
30 WI4N10%
30 WI4N145
30 WI4N145
30 WI4N145
WL
0 Wl
0 Wl
0 Wl
0 Wl
0 Wl
0 Wl
0 Wl
0 Wl
0 Wl
50 WI4X23
500 Wi4N2
MWL
0 Wl
EL
0 Wl
0 Wl
0 Wl
J00OWI4E
30 W4T
J00OWI4E
300 WI4M31L

’ ‘ Gravity Column Design Summary
' FAM Steal w11.2

RAM Dzt:Be:e: Takeoff Model - PLANES

Building Code: IBC

Page 3/27
0408/08 04:28:40

Steal Code: AISC LEFD

Colnmn Line 7. T)

, ‘ Gravity Column Design Summary
' FAM Steel v11.2

RAM DatsBase TakeoffModel - PLAVKS

erices] Building Code: IBC

Page 437
04/08/08 04:2340
Steel Code: AISC LEFD

Column Tine 7.

Level Mux Muy LC Interaction Eq. Angl Fy Size Level Muy LC Interaction Eq. Angle Fy Size
FLOOR 40M 23 523 2 098EqHl-la 00 30 WIH48 FLOOR. 4(M 530 1 093EqHl-la 900 50 WIi4Ns:
FLOOR 3% 4.7 01 2 047EqHl-1a 00 50 FLOOR. 3% 32 1054EqHI-1a 0.0 50 Wi4N4:
FLOOR 33 41 01 2 069EqHl-1a 00 50 FLOOR. 38 27 1087EqHl-l1a 0.0 50 Wi4N4:
FLOOR 37 3.9 01 2 091 EqHl-1a 20.0 50 FLOOER 27 26 1 082 EqHI-1a 20.0 30 Wi4M42
FLOOR 36 33 01 2 039EqHl-1a 00 50 FLOOR. 3¢ 30 1081EqHI-1a 900 30 Wi4N61
FLOOR 33 33 01 2 071EqHl-la 00 50 FLOOR. 33 30 1070EqHl-l1a 900 30 Wi4N61
FLOOR 34 33 01 2 083EqHl-la 00 50 FLOOR. 34 30 1 080EqHI-1a 900 30 Wi4N61
FLOOR 33 33 01 2 095EqHl-1a 00 50 FLOOR. 33 30 1 08%EqHI-1a 900 30 Wi4N61
FLOOK 32 38 ol 2 0. 2EqHIl-la S0 1] FLOOK 321 ERY 1 073 EgHI-1a 200 MOWLANEE
FLOOR 31 33 01 2 080EqHl-1a 00 50 FLOOR. 31 30 1 080EqHI-1a 900 50 Wi4N82
FLOOR 30 38 01 2 088EqHl la 20.0 50 FLOOER. 3¢ 30 1 0.82EqHI la 90.0 50 WI4XE2
FLOOR 29 33 01 2 086EqHl-1a 00 50 FLOOR. 28 30 10835EqHI-1a 900 50 Wi4N82
FLOOR 23 39 01 2 078EqHl-1a 00 50 FLOOR. 28 3% 1076EqHI-1a 90.0 50 WIi4N99
FLOOR 27 39 01 2 084EqHl-1a 00 50 FLOOR 27 39 1082EqHI-l1a 90.0 50 WIi4N99
FLOOR 26 39 01 2 080EqHl-1a 00 50 FLOOR. 2¢ 39 1087EqHI-l1a 90.0 50 WIi4N99
FLOOR 23 3.9 01 2 096 EqHl-1a 50.0 50 FLOOR 23 39 1 0532 EqHIl-la 20.0 30 Wi4N9®
FLOOR 24 40 01 2 084EqHl-1a 00 50 FLOOR. 24 39 1081EqHI-l1a 900 30 Wi4N120
FT.OOR 73 40 o1 ? DR Fq HI-1a ann 1] FIL.OOR 3 9 1 083 FqHI1-1a ann W
FLOOR 22 01 2 084EqHl-1a 00 50 FLOOR. 21 3% 108%0EqHI-1a 900 00w
FLOOR 21 01 2 089EqHl-1a 00 50 FLOOR. 21 3% 10%4EqHI-1a 900 00w
FLOOR 20 01 2 087EqHl-la 00 50 FLOOR. 20 41 1081EqHI-1a 900 00w
FLOOR 19 01 2 091EqHl-1a 00 50 FLOOR. 15 41 1 084EqHI-1a 900 00w
TLOOR 13 01 2 095 CyIll-1a 50.0 50 TLOOR 18 41 1 083 CyIll-la 20.0 W
FLOOR 17 2 01 2 089EqHl-1a 00 50 FLOOR 17 41 1082EqHI-1a 900 00w
FLOOR 16 2 01 2 085EqHl-la 00 50 FLOOR. 1¢ 41 1087EgHI-la 900 00w
FLOOR 13 2 01 2 088EqHl-la 00 50 FLOOR 13 41 10851EqHI-1a 900 00w
FLOOR 14 2 01 2 091EqHl-1a 00 50 FLOOR. 14 41  10%4EqHI-1a 900 00w
FLOOE L3 2848.1 ol 2 09> EqHl-la S0 1] FLOOK 13 4.1 1 09/ EgHl-la 200 W
FLOOR 12 29459 01 2 089EqHl-1a 00 50 FLOOR 12 41 10851EqHI-1a 900 00w
FLOOR 11 3 & 01 2 092EqH] la 20.0 50 FLOOR. 11 1.1 1 091EqgHI la 90.0 0w
FLOOR 10 4 01 2 095EqHl-1a 00 50 FLOOR. 10 41 108TEqHI-1a 900 W00W
FLOOR & 1.2 2 099 EqHl-1a 900 50 FLOOE 9 41 1 100EqHl-la 900 W
FLOOR & 7 2 084EqHI-1a 00 50 FLOOE. 8 42 1 086EqHI-1a 900 00w
FLOOR 7 2 086EqHI-1a 00 50 FLOOR. 7 42 1083EqHI-1a 900 00w
FLOOR & 2 089 EqHl-1a S0.0 50 FLOOE. 6 43 1 091 EgHIl-1a 20.0 W
FLOOR 5 2 092EqHI-1a 00 50 FLOOE. 3 63 1085EqHI-1a 900 00w
FLOOR 4 1 005 EqHIl-1a Q0.0 30 FLOOE. 4 158 1 092 EqHI-1a 00.0 W
FLOOR 32 1 095EqHl-1a 00 50 FLOOR 3.2 158 1 08%2EqHI-1a 900 00w
FLOOR 3.1 1 096 EqHl-1a 00 50 FLOOR 3.1 139 1 08%2EqHI-1a 900 00w
FLOOR 3 1 086 EqHl-1a 00 50 FLOOE 3 357 1 084EqHl-la 900 00w
FLOOR2 1 084 EqHl-1a 00 50 FLOOR. 2 183 1 082EqHI-1a 900 00w
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DaaBase: Takeoff Model - PLANKS

04/08708 04:23:40

thaoi Modal PLAMES 01/D8E 01:28:40 M DosBae Takeoff Model PLANKS 01/0808 04:28:10
Building Code: IBC Steal Code: AISC LEFD s Bulding Cede: BC Steel Code: AISC LREFD
Column Line 4.00ft - 98,755t ELCDR 12 11465 09 50 2 084EqHI-1a OEE EB
Level Pu  Muz Muy LC Interacticn Eq. Angle Fy Sizs FLUOK 1L L1y v U LusIEq Rl uusu
FLOOR. 674 261 23 1 082EqHI-la %00 30 WIOK3 FLOCR 10 {2221 0% 30 2 D30EqEL-Ls 0o
{IROOF FLOOE. ¢ 12614 09 50 2 052EqHI-1a: 00 50
FLOOR 41M 678 261 23 1 082EqHlla 900 50 WIONZ FLUOK 8 bgg Uy U LUSiEqRLL UL sy
FL.OOR 7 no S0 7 NROFq FI-ls onooso
FLOOE. § 09 50 2 052EqHI-1a: 00 50
Columu Line 10.7901 - 66 FLUOK 3 14 L3 2 093EqHI-lz ULV
Level Mur Muy LC Interacticn Eq. Angle Fy Siza FLOOR. 4 19 42 2 0.96Eq Hl-1a oo 50
FLOOR 932 42 03 1 0.89EqHl-1a 900 50 WIOX33 FLOOR. 1.2 19 42 2 096EqHl-la 00 50
41ROOF FLOOE. 3.1 19 42 2 096EqEl-la o 50
FLOOR 41M 936 41 03 1 0.89 Eq HI-1a 0.0 50 WIOX33 FTOOR © 47 176 I N185Fq H1-1a an 50
FLOOE. 2 0.5 6.5 1 096Eq El-1a 00 50
Column Line 6.2 - AA
Level Pu  Muz Muy LC Interaction Eq. Angle Fy Siz Column Line 6.3 - F.3
FLOOR. 430 13 71 3 (43EqHl-la 00 50 W4 Level Mz  Muy LC InteractionEq. Angle Fv
41ROOF FLOOE. 400M L1 183 8 0.3TEqHI-1» 3 50
FLOOR. 110 13 3 0MEqH 1a 00 50 WA FLOOE. 39 01 110 1 02TEqEl-I3 30
FLOOR 40M 12 7B 2 051EqHl-la 00 50 W4 FLOOR 18 01 88 1041EqElls 50
FLOOR 38 11 42 2 043EqHl-la 00 50 W4 FLOOR 17 01 86 1 049EqEI-ls 50
FLOOR. 38 11 315 2 051EqHLIa 00 50 WI4M43 FLOGE. 18 a1 54 1038EqQEI-L: S0
FLOOR 37 11 34 2 060EqHIL-la 00 50 WI4N4 FLOOR 15 01 83 1067EqEll: 50
FLOOR 36 13 34 2 069EqHL-la 00 50 W4 FLOOR 14 01 83 1075EqELL P
FLOOR. 35 13 14 2 078EqHLIa 00 50 WI4M43 FLOOR 31 01 32 1 0.840qIl-1s 50
FLOOR 34 13 33 2 087EqHIl-la 00 50 W4 FLOOR 12 01 82 1074EqELl: 50
FLOOR 33 03 33 2 097EqHl-la 00 50 W4 FLOOR 31 01 82 1081EqEHIIs 50
FLOOR. 31 03 18 2 066EqHL1a 00 50 WI4N6L FLOGE. 10 a1 52 1088EqEI-L: S0
FLOOR 31 03 38 2071EqHl-la 00 50 WI4Xel FLOOR 19 01 81 1095EqELl: 50
FLOOR 30 03 38 2 077EqHl-la 00 50 WI4XEl FLOOR 18 01 81 10T9EqEIIs 50 W46
FLOOR. 28 03 18 2 083EqHLIa 00 50 WI4N6L FLOOE. 37 o1 51 1084TqIi-le S0 W46l
FLOOR. 28 03 318 2 079EgHI-la 00 50 WI4Xes FLOOR 26 01 g1 1 0.90EqEl-1x 50 WI4X61
FLOOR 27 03 3 2 (85EqHl-la 00 50 WI4Nes FLOOR 15 01 81 1095EqEHIls 50 W46l
FLOOR. 26 03 18 2 0.00EgHL1a 00 50 WI4NeD FLOOE. 14 a1 91 1082EqEI-L: 50 WILXT4
FLOOR 25 03 3 2 095EqHl-la 00 50 WI4Xes FLOOR 23 01 81 1087EqEIl: 50
FLOOR 24 03 3 2 (84EqHl-la 00 50 WI4XE FLOOR 12 01 81 1091EqEHIIs 50
FLOOR. 23 03 18 2 088EqHLIa 00 50 WI4NE) FLOOE. 21 01 51 1 0.96D0qIl-1s 50
FLOOR 22 03 38 2 093EqHl-la 00 50 WI4XS FLOOR 20 01 118 1 075EqEl-ls 50
FLOOK 21 [Tk 38 1 UY/EgHl-la 00 3 WIAXE! FLOOR 19 01 118 1078EqEl-ls 1350 50
FLOOR. 20 03 48 2 083EqHILIa 00 50 WI4XeD FLOOE. 18 01 115 1081EqEI-l: 1350 30
FLOOR 18 03 43 2 (087EqHl-la 00 50 WI4X9) FLOOR 17 01 118 1085EqHll: 1350 50
FLOOR 18 03 43 2 090EqHl-la 00 50 WI4X9) FLOOR 16 01 118 108SEqHIls 1330 350
FLOOR. 17 03 45 2 004EqHLIa 00 50 WI4XeD FLOOE. 15 01 118 1052TgqIi-le 1350 50
FLOOR 16 03 43 2 089EqHI-la 00 50 WI4ND FLOOR 14 01 118 1095EqHIls 1330 350
FLOOK 13 Us 48 2 U¥IEqHI-la 00 3 WIANYS FLOOR 13 01 118 1 098EqEl-ls 1350 50 4
FLOOR. 14 03 45 2 08EEqHIIa 00 50 WI4NeR FLOGE 12 01 115 1 084EqEI-ls 1350 30 WI4X109
FLOOR 13 03 43 1089EqHl-la 00 50 Wi4Es FLOOR 11 01 118 1 087EqHl-la 1350 50 WI4X109
H ‘ Gravity Column Design Summary v‘ Gravity Column Design Summary
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DataBaze: Teheolf Model - FLANES
Duilding Cude. IDC

Sieel Code. AISC LETD

FLOOR 10 we1e 01

FLOOR &
FLOOR &
FLOOR 7
FLOOR &
FLOOR 5
FLOOE 1
FLOOR 32 13032
FLOOR 31 13064
FLOOR 3
FLOOR 2

Column Line® - £
Teval Pn
FLOOR 521
4IK00F
FI.OOR 1M
FLOOR. 400
FLOOK 39
FI.OOR 38
FLOOR 37
FLOOK 36
FI.OOR 35
FLOOR 34
FLOOE 33
FI.OOR 37
FLOOR 31
FLOOR 30
FI.OOR 79
FLOOR 28
FLOOE 17
FI.OOR 26
FLOOR 25
FLOOR 24
FIOOR 73
FLOOR 22
FLOOE 11
FI.OOR M
FLOOR 18
FLOOR 18
FLOOR 17
FLOOR 16
FLOOE 13
FI.OOR 14
FLOOR 13
FLOOR 12

01
01
01

B e R )

5
5

1 0.900EqHI la
1 0.92EqHl-1a
1 0.86 Eq Hl-1a
1 080 EqHI la
1 0.92EqHl-1a
1 0.96 Eq Hl-1a
1 095 EqHl la
1 0.96 Eq Hl-1a
1 0.96 Eq Hl-1a
1 0.86EqHl la
1 0.95EqHl-1a

4

L B B

Tnteractien Fo.

0.57Eq Hl-1a

150 Fq H1.1a
0.65Eq Hl-1a
U.48 Eq Hi-1a
054 Fq 1.1
0.61 Eq Hl-1a
U.68 Eq Hl-1a
074 Fq H1.1a
0.81 Eq Hl-1a
.58 Eq Hl-1a
0176 Fq H1.1a
0.81 Eq Hl-1a
0.86 Eq Hl-1a
107 Fq H1.1a
0.75Eq Hl-1a
.50 Eq Hi-1a
0184 Fq 1.1
0.88 Eq Hl-1a
083 Eq Hl-1a
187 Fq H1.1a
0.91 Eq Hl-1a
0.9 Eq Hi-la
18 Fq H1.1a
0.85Eq HI-1a
0.89 Eq Hl-1a
0.92Eq Hl-1a
0.78 Eq Hl-1a
U8 Eq Hl-la
183 Fq HI.1a
0.86 Eq Hl-1a
0.89 Eq Hl-1a

Angla

0.0

ann
0.0
0.0
ann
0.0
0.0
ann
0.0
0.0
ann
0.0
0.0
ann
0.0
0.0
ann
0.0
0.0
ann
0.0
0.0
ann
0.0
0.0
0.0
0.0
0.0
ann
0.0
0.0

30
50
50
30

WIAK1MD
WI4K19
WI4K120
WIAXKI120
WI4K120
WI4K120

I115
WI4K145

Qiza

WI4H43

WI4WA3
WI4x43
Wl4x4s
WI4WA3
WI4x43
Wl4x4s
WI4WA3
WI4x43
Wl4x4s
W43
WI4K53
WI453
W43
WI4x61
Wl4x6l
WI4Wa1
WI4x61
W1463
WI4WER
WI14x63
Wl4x68
TWI4WRY
WI4x82
W48
WI4x82
WI4X8D
W 4K
W49
WI4X8D
W45

Duldieg Cude, MC

Steel Cude, ATSC LETD

Muy Lt

FLCQOFE. 11 22 19
FLOOFE. 10 22 19
FLOOFR. ¢ 22 19
FLOOFE. ¢ 22 19
FLOOR. 7 22 19
FLOOFE. § 22 19
FLOQOFE. 3 i3 a9
FLOOF. 4 L 73
FLOOR. 3.2 L 7.6
FLCQOER. 1.1 LE 1.6
FLOOR. } 34 103
FLOOE. 2 28 0.1
Coalumn Tine 6 -T0
Level Mux
FLOOF. 401 161 0o
FI.OOR 19 an nn
FLOOF. 38 0.0 0o
uo ['R1]
an nn
0.0 0o
uo ['R1]
an nn
0.0 0o
FLUOOK 51 uo ['R1]
FT.OOR W0 an nn
FLOOF. 29 0.0 0o
FLUOK 18 uo ['R1]
FT.OOR 7 an nn
FLOOF. 26 0.0 0o
FLUOOK 1> uo ['R1]
FT.OOR 4 an nn
FLOOR. 23 0.0 0o
FLOOK 12 uo ['R1]
FT.OOR 1 an nn
FLOOF. 20 0.0 0o
FLUOK |9 uo ['R1]
FI.OOR 1R an nn
FLOOFR. 17 0.0 0o
FLUOK 16 uo ['R1]
FLOOFR. 15 0.0 0o
FLOOF. 14 0.0 0o
FLUOOK 13 uo ['R1]
FT.OOR 17 an nn
FLOOR. 11 0.0 0o
FLUOK 10 uo ['R1]

[ S A R R N

C
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

091EqHl 12
194Eq El-1:
187Eq El-1:
091EqHl 12
193Eq El-1:
195Eq El-1:
092EqHl 12
192Eq El-1:
192Eq El-1:
092EqHl 12
1.76Eq El-1:
188Eq El-1:

Interaction Eq.

1.84EqHl-1s
1 B6Fq HI1s
1.6TEqHl-11
067 Eq Hl-ls
1 ETFq HIls
1.68Eq Hl-11
0.6%Eq Hl s
1 ERFq HIs
1.68Eq Hl-11
0.6 Eq K-l
169 Fq HIls
1.69Eq Hl-11
0.6 Eq K-l
1 T0Fq Hi-ls
1.T0Eq Hl-11
0/UEq K-l
071 Fq HI-ls
1.71EqHl-11
071 Eq Hl-ls
171 Fq Hi-ls
0.72

i
]
b
i
a
b
i

4Eq HI-1s
1 74Fq HI-15
1.74Eq HI-1a
0/4Eq Hl-12

000
200
200
000
200
200
000
200
200
000
200
200

Angle
0o
an
0o
ow
an
0o
ow
an
0o
ow
an
0o
ow
an
0o
ow
an
0o
ow
an
0o
ow
an
0o
ow
0o
0o
ow
an
0o
ow

50
50
50
50
50
50
50
50
50
50
50
50

Fy
50
a0
50
30
a0
50
30
a0
50
30
a0
50
30
a0
50
30
a0
50
30
a0
50
30
a0
50
30
50
50
30
a0
50
30

WLUES
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, ‘ Gravity Column Design Summary
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UI.

Building Cede: IBC

aze: Takeoff Model - FLANES

Page 937
04/08/08 04 28:40

Ste:l Code: AIRC LEFD

FAM Steel vI1.2

DataBase: Takeoff Model - FLANES

vl‘ Gravity Column Design Summary

-’--"-‘ Buildmg Cods: IBC

Pags 10/37
04/08/08 04:28:40
Steel Code: AISC LRFD

FLOOR & 0.0 0o 50 FLOOE 10 6.5 1 051EqEl-la S00 30
FIOOR & 0o 0o 50 FLOOR.9 6.5 2 0.92EgqHl-l1a 0.0 30
FLOOR T oo 0.0 0 FLOOER. 8 X 1 D88EgqHIl.1a 0.0 50
FLOOR & w0 1 00 50 FLOOR.7 6.6 2 050EqHL-1a 00 30
FLOOR 5 00 10.76EqHI-1a 00 50 FLOOE.§ 6.6 21 092EqEl-la 00 30
FLOOR 4 00 3091EqHI-1a 00 50 FLOOR. S 99 2 096 EqEl-la 00 30
FIOOR 32 0o 3 0.92EqHI-1a 0.0 50 FLOOF. 4 34 3 0.83IEgqHl-l1a 20.0 30 W 14:\233
FLOOR 31 oo 3 002EqHIL1a 0.0 0 FLOOF 2.2 5 D9ZEgqHl.1a 0.0 50 Wl4n213
FLOOR 3 00 30357EqHI-1a 00 50 FLOOR. 31 5 092EqEl-la 900 50 WI4H0283
FLOOR 2 00 1092EqHI-1a 00 50 FLOOR.3 2 081EqEl-la 00 30 WI4£211
FLOOK 2 1 D9:EqHIl-la 200 30 Wl4x2ll
Column Line 6 - €
Level Pu Mux Moy LC Imreracdon Eq. Angle Fy Column Line § - G
FLOOR 41.4 123 71 1 0A5EqHI1 Ia 0.0 50 Level Mux  Muy LC Fr Size
41300F FLOOF. 40M 0.0 01 30 WL
FLOOR 4IM 4 045 EqHI-1a 500 50 FLOOE. 39 0.0 01 500 WI4N4]
FLOOK 40m 10 gL Eg HI-1a LI a0 FLOOE. 38 0.0 0.0 1 500 W84
TLOOR 3% 0.68 Ly I11-1a 50.0 50 FLOOR 37 0.0 X 1 . S0 W14
FTOOR 31 1 077 FEq HI-Ta ann an FIOOR 36 nn on 1 057 FqHI1a an s WI4NA
FLOOR 37 0.38 Eq HI-1a 00 50 FLOOR. 35 0.0 00 1 08%EqHI-1a 00 30 W14
FLOOR 36 0.61 Eq HI-1a 00 50 FLOOF. 34 0.0 00 1 08lEqHI-1a 00 30 W14
FLOOR 33 0.68 Eq H1-1a 50.0 50 FLOOR 53 ua ['R] 1 D9:EqHIl-la ou 30 WL4NG!
FLOOR 24 0.74Eq Hl-1a 0.0 50 TLOOLR 32 0.0 X 1 064 CylIll-la oo S0 W19
FLOOR 33 I 031 EqHl-1a 00 50 FLOOR. 31 0.0 00 107]1EqElla 00 0 WI8m
FLOOR 32 0.78 Eq HI-1a 00 50 FLOOFR. 30 0.0 00 1 07iEqHI-1a 00 0 WI8m
FLOOR 31 I 0.85EqHI-1a 00 50 FLOOFR. 29 0.0 00 1 086EqHI-1a 00 0 WI8m
FLOOR 30 1 091EqHI-1a 50.0 50 FLOOFR.2E 0o R 1 D.77EgHl-1a oo 30 W14l
FLOOR 29 0.07 Eq Hl-1a 0.0 50 FLOOR.27 0.0 X 1 D.8ZEqHIl-1a oo 50 WI14H1
FLOOR 23 -1a 500 50 FLOOFR. 26 0.0 00 108 EqHlla LIV
FLOOR 27 -la 00 50 FLOOR. 23 0.0 00 108 EqHI-la LIV
FLOOR 26 -la 00 50 FLOOF. 24 0.0 00 1 082EqHI-1a LIV
FLOOR 23 0.83 Eq Hl-1a 50.0 50 FLOOFR.23 0o R 1 D.BEEgHI-1a oo 30
FIOOR M T9EqHIL Ia 0.0 50 FLOOER.22 0.0 0.0 1 D93EqHI la oo 50
FLOOR 23 0.33 Eq Hl-1a 00 50 FLOOR.21 0.0 00 1 0% EqHlla LIV
FLOOR 22 0.37 Eq HI-1a 00 50 FLOOE.20 0.0 00 1 08:EqHI-la LI
FLOOR 21 0.91 Eq HI-1a 00 50 FLOOR.19 0.0 00 1 08%EqHI-1a LIV
TLOOR 20 2 0.86LyIll-1a 50.0 50 FLOOR 18 0.0 X 1 0.54CylIll-la oo 0
FIOOR 19 T 000 Fq HI-Ta ann a0 FIOORIT nn on 1 D98 FqHI.1a an i
FLOOR 13 2 0.93EqHI-1a 00 50 FLOOR. 16 0.0 00 1 084EqHI-1a LIV
FLOOR 17 0.97 Eq HI-1a 00 50 FLOOR.13 0.0 00 1 087EqHI-1a LIV
FLOOR 18 0.83 Eq Hl-1a 50.0 50 FLOOR 14 ua ['R] 1 DS EgHI-1a ou 30 WL4N193
FLOOR 13 0.86 Eq Hl-1a 0.0 50 FLOOR.12 0.0 X 1 094 EqHl-1a oo 50 W14M193
FLOOR 14 0.39 Eq Hl-1a 00 50 FLOOR. 12 0.0 00 108 EqHlla 00 5 W82l
FLOOR 13 0.92 Eq HI-1a 00 50 FLOOR. 11 0.0 00 1 08IEqHI-1a 00 5 W82l
FLOOR 12 0.35 Eq HI-1a 00 50 FLOOE. 10 0.0 00 108 EqHI-la 00 5 W82l
FLOOR 11 1 0.88EqHI1-1a 50.0 50 FLOOE @ 0o R 1 D98 EgqHl-1a oo 30 Wl4mzll
I Gravity Column Design Summarv VN Gravity Column Design Summary
l RAM Skl w112 Page 1137 l RAM Sieel v11.2 Pape 12/37
za: Takaoff Modal - PLANKS 04/08/08 04 28:40 H DataBaze: Takeodf Model - FLANES 04.08/02 04:22:40
ding Cede: IBC Steal Code AIRC LEFD sitnsers] Building Ceds: IBC Steel Code: AISC LRFD
FLOOR 8 0J 00 1083EqH]-1a 0.0 50 Wil FLOOE. 9 11053 28 37 4 08%¢EqHlla 0 50 W 14\99
FLOOR 7 0) 00 1086EqHI-1a 00 50 Wl FLOOE.§ 11371 29 37 4 08IEqHI-la LIV
FLOOR & 0) 00 1089EqHI-1a 00 50 FLOOR.7 11686 29 37 4 086EqHI-la LIV
TLOOR 5 0.0 0o 1 081 Ly Ill-1a 0.0 50 TLOOLR. G 12001 29 3T 4 0.BECyIll-la oo 0
FLOOR 4 (] oo 1 0.04EqHI-1a 0.0 0 FLOOE. S 12316 41 R 4 D91EqHl.1a ao 50 i
FLOOR 32 0) 00  1094EqHI-1a 00 50 FLOOF. 4 12644 23 103 4 0%2EqElla 00 5 W82l
FLOOR 31 0) 00  1094EqHI-1a 00 50 FLOOR. 32 12671 23 103 4 0%2EqElla 00 5 W82l
FLOUK 3 [PRU) wo I D88 Eq HI-1a no a0 FLOOK 5.1 11698 23 103 4 UY4EqHI-la ou 30 Wl4x2ll
FIOOR 2 0.0 0o 1 0.99EqHI1-1a 0.0 50 FLOOR.2 139 6.2 12.1 4 0.70EqHl-la oo 50 W11
FI.OOR? 152 1R 1 1 N9 FqHI1a an S0 W41
Column Line £ F
Level Pu  Mux \In\' LC Interaction Eq. Anpzle Fy Size Column Line - B
FLOOR 238 223 <2 4 061EqHI-1a 0.0 50 WI4H43 Level Fau  Mux Muy LC Interaction Eq. Angle Fr Size
41R00F FLOOR 346 121 1534 3 051EqElla 00 30 W84l
TLOOR 41M 223 4 0.62LyIll-1a 0.0 50 <1ROO0T
FTOOR 4T LR 1w nn an FIOOR4TM 1 D57 FqHI1a an a0 W44
FLOOR 3% 33 10 00 50 FLOOF. 40M 6 091EqEl-1a 00 30 W84l
FLOOR 33 23 4 0.62EqHI-1a 00 50 FLOOFR. 39 7. 6 0.7IEqEl-1a 00 30 W84l
FLOOK 37 19 4 0.6Y Eq HI-1a no a0 FLUOK 58 6.3 2 UBiEgHI-la ou 30 WL4N4d
TLOOR 3¢ 28 4 0.76 Ly Ill-1a 0.0 50 FLOOR 37 6.2 2 09I CylIll-la oo S0 W14
FLOOR 33 23 4 0.34 Eq Hl-1a 00 50 FLOOFR. 36 6.3 2 0.64EqHl-1a 00 30 W14
FLOOR 34 23 4 091 EqHI-1a 00 50 FLOOR. 35 6.3 2 0.71EqEl-la 00 30 W14
FLOOR 33 23 4 099 EqHI-1a 00 50 FLOOF. 34 6.2 1 0.7EEqEl-la 00 30 W14
FILOOR 32 28 4 0.66 Eq H1-1a 0o 50 FLOOF 33 6.2 2 D.8XEgqHl-la oo 30 WI14MG1
FLOOR 31 ae 1 0.71EqHI1 Ia 0.0 50 FLOOFR. 32 6.3 1 0.7:EqHI la oo 50 WL
FLOOR 30 23 4 0.75EqHI-1a 00 50 FLOOR. 31 6.3 2 081EqHl-la 00 0 WIS
FLOOR 2% 23 4 080 Eq HI-1a 00 50 FLOOFR. 30 6.3 2087 00 0 WIS
FLOOR 23 23 4 085 EqHI-1a 00 50 FLOOFR. 29 [ 2 00 0 WIS
FLOOR 27 28 4 0.90 Eq Hl-1a 0.0 50 FLOOFR.2E [} 2 oo 30 W14H90
FLOOR 28 1e 4 0,04 EqH1-1a 0.0 0 FLOOER.27 3 2 ao S0 WI14800
FLOOR 23 23 4 099 Eq Hl-1a 00 50 FLOOFR. 26 [ 2 00 0 WI8m
FLOOR 24 23 4 085 EqHI-1a 00 50 FLOOR. 23 [ 2 00 0 WI8m
FLOOR 13 28 4 089 Eq HI-1a no a0 FLOOK 24 6.3 2 ou 30 WL4NYY
TLOOR 22 28 4 093 LyIll-1a 0.0 50 FLOOR.22 6.2 2 0.87CyIll-la oo 50 WI14899
FTOOR 71 2R 4 097 Fq HI-Ta nn an FIL.OOR 22 61 2 N91FqHI.1a an S0 WI14We9
FLOOR 20 23 4 075 Eq HI-1a 00 50 FLOOR.21 6.3 21 09 EqEl-la 00 3 W18
FLOOR 1% 23 4 0.78 Eq HI-1a 00 50 FLOOE.20 6.4 2 08IEqEl-la 00 5 W81
FLOOK 1§ 28 4 0.8l Eq HI-1a no a0 FLOOK 19 6.4 2 UB:EgHI-la ou 30 WL4NII0
FLOOR 17 28 4 0.84Eq HIl-1a 0.0 50 FLOOR1E 6.4 2 0.80EqHl-1a oo 50
FLOOR 16 23 4 037 Eq Hl-1a 00 50 FLOOR.17 6.4 2 05 EqHl-1a LIV
FLOOR 13 23 4 090 Eq HI-1a 00 50 FLOOR. 16 6.5 2 087EqEl-la LIV
FLOOR 14 23 4 093 EqHI-1a 00 50 FLOOR.13 6.5 2 080 EqEl-la LIV
FLOOR 1} 28 4 0.96 Eq Hl-1a 0o 50 FLOOFR. 14 6.5 2 0.92EgqHl-l1a oo 30
FLOOR 12 ae 1 0.00EqHI1 Ia 0.0 50 FLOOFR.13 6.5 1 D9€EqHI la oo 50
FLOOR 11 23 4 093 EqHI-1a 00 50 FLOOR. 12 6.5 2 08¢EqHl-la 00 S0 WISKLS
FLOOR 10 23 4 096 Eq HI-1a 00 50 FLOOR. 11 6.5 1 09%IEqEl-la 00 30 WL

Appendix

Page 95



wines| Building Code: IBC

Page 1227

04/08/08 04:28:40

Steal Code: AISC LRFD

FLOOR 10
FLOOR S
FLOORS
FLOORT
FLOOR &
FLOOR 5
FLOOR 4
FLOOR 32
FLOORZ1
FLOORZ
FLOOR2

13729
16193
1666.4
17132
1760.0
1806 9
18553
1839.0
1862.6
20127
2164.0

Column Line 34.75f - 130.17ft

Level
FLOOR
4IROOF
FLOOR 41N

Pu
696

699

Column Line £ - A

Level
FLOOR 40ML
FLOOR 3%
FLOOR 38
FLOOR 37
FLOOR 36
FLOOR 33
FLOOR 34
FLOOR 33
FLOOR 32
FLOOR 31
FLOOR 30
FLOOR 28
FLOOR IS
FLOOR 27
FLOOR 26
FLOOR 25
FLOOR 24
FLOOR 23
FLOOR 22
FLOOR 21
FLOOR 20
FLOOR 18
FLOOR 18
FLOOR 17
FLOOR 16
FLOOR 15

Mux
263

Mux
19.9

15

S VO VO VO VP UV O Y RS
A

=
[

099 EqHl-1a w0
(.99 EqHl-1a ®.0
085 EqHl-La w0
1 0.98EqHI-la ®.0

2 095EqHl-1a 0.0
2 087EqHl-1a 0.0
2 09LEqHl-1a 0.0
2 054 EqHl-1a ®.0
2 097EqHl-1a ®0
3 1LO0EqHI-1a w0
3 099EqHI-1a w0
2

LC Tnteraction Eq. Angle
1 085 EqHl-la 00

1 085EqHI-la mo

¢ LC Interaction Eq. Angle

0.74EqHl-1a .0
1 056 EqHl-la @0
1 0.69EqHl-1a 00
1 0.85EqHlIl-la 0.0
1 0.63EqHI-la .0
1 0.72EqHIl-la @0

1 0.82EqHI-1a 0.0
1 03LEqH]1a 0.0
1 0.75EqHl-1a [
1 0.82EqHIl-1a =]
1 0.90EqHI-1a ©.0
1 097 EqHl-1a 0.0
1 0.78EqHl-1a 0.0
1 0.82EqHl-1a ©.0
1 0.89EqHI-1a 0.0
1 0.94EqHIl-1a 0.0
1 0.82EqHI-1a 0.0
1 0.87EqHl-1a 0.0
1 0OLEqHI-1a 0.0
1 096 EqH1-1a w0
1 0.82EqHI-1a 0.0
1 036 EqH]-1a 0.0
1 090 EqHl-la i)
1 092 EqHl-1a 0.0
1 0.89 EqHl-1a ®.0
1 0.92EqHl-la 0.0

Fy
50

30

Fy
50
50
s0
s0
30
50
30

u.

30
30
50
50

30

WI4K1E
WI4K145
WI4K15%
WI4H158
WI4H158
WI4H159
WI4K283
WI4K283
WI4H283
Wi4x211
Wi4H211

Size
WIOK33

WIOX33

Size
WI4NE]
TWI4M43
WI4K43
WI4X43
W14xél
W14Xa1
WI4Xel
W14xal
Wi4x82
W14X82
W14x82
Wi4x82
WI4K99
W14K09
W14x59
W14X59
WI4K120
WI4X120
WI14X120
WI14x120
WI4K145
WI4K145
WI4K145
WI4K145
W14X159
W14X139

m...

RAM Stest

Building Coeds: [BC

Gravity Column Design Summary

“H DataBase: Takeoff Model - PLANKS

Fa
040808 0
Steel Code: ATS

[a]
o
=]

FLOOR 14
FLOOR
FLOOR 1
FLOOR 1
FLOOR 1
FLOOR ¢
FLOOR &
FLOOR 7
FLOOR 6
FLOOQR 5
TLOQR 4
FLOQR 3.2
FLOOR 3.
FLOOR 3
TLOQR I

1720
1783
1847

[=g=awgw

Column Line 57.424t - £7.17f¢

3

5

2

Level Pu  Mux
FLOOR 12 19 01
FLOOR 12 57 00
FLOOR 21 00
FLOOK 20 00
FLOOR 18 00
FLOOR 18 00
FLOOR 17 00
FLOOR 16 00
FLOOR 13 00
FLOOR 14 00
FLOOK 13 00
FLOOR 12 00
FLOOR 11 00
FLOOR 10 00
TLOOQR? 00
TFLOOR § 00
FLOOR 7 00
FLOOR 6 0.0
FLOOER. 3 0.1
FLOOR 4 18
FLOOR 3.2 2%
FLOOR 3.1 2%
FLOOR 3 33
FLOOR 2 0.7
Column Line $7.42ft - T4.67ft
Lavel Pu  Mux

Muy

y LC Interaction Eq.

1 0%6EqKElL-1a 00
1 0%8EqKEL-1a 0.0
1 084EqKHl-1a 0.0
1 087EqHl-1a 0.0
1 0%0EqHl-1a 00
1 093 EqHl-1a 00
1 087EqHl-1a 00
1 0%0EqHl-1a 00
1 093 Eqll-la 0.0
1 0.96Eq Hl-1a o0
1 093 EqHl-1a o0
1 0.94Eq Hl-1a o0
1

1

1

Angle
1 001EqKHL-1b 200
1 002EqHL-1b Q0.0
1 003 EqHIL-Ib 200
1 004EqEI-1b 200
1 005EqEL-1b 200
1 006EqEL.Ib 200
1 007EqHl-1b 900
1 008 EqHl-1b 200
1 008 EqHl-1b 200
1 200
1 900
1 20.0
1 0.12EqKl-1b 20.0
1
1
1
1
1
1
3
3
3
3
1

Q.13 Eq HI-1b 20.0
Q14 Eq EI-1b 20.0
0.15EqHI-1b 20.0
Q.16 Eq HI-1b 20.0
0.17EqHI-1b 900
0.18EqHI-Ib 900
090 EqHl-1a 900
051 EqHI-1a 90,0
081 EqHI-1a 200
040EqHI-1a 900
078 EqHl-1a 90,0

LC Iuteraction Eq. Angle

Fy Size

‘”‘“ Gravity Column Design Summary

RAM Swmelwill
DataBase: Taksoff Modsl - FLANES
Buzlding Code: IBC

Fage |
04/08/06 D=:2840

Steel Code- AISC LRFD

FLOOR 41M
FLOOR 400
FLOOR 38

FLOOR 38

FLOOR
FLOOR 36
FLOOR 35
FLOOR 34
FLOOR 33
FLOOR 32
FLOOR 31
FLOOR 30
FLOOR 28
FLOOR 28
FLOOR 27
FLOOR 26
FLOOR 25
FLOOR 24
FLOOR 23
FLOOR 22
FLOOR 21
FLOOR 20
FLOOR 1%
FLOOR 18
FLOOR 17
FLOOR 16
FLOOR 15
FLOOR 14
FLOOR 13
FLOOR 12
FLOOR 11
FLOOR 10
FLOOR &

FLOOR &

FLOOR T

FLOOR &

FLOOR 5

FLOOR 4

FLOOR 32
FLOOR 3.1
FLOOR 3

FLOOR 2

Column Line £7,

Level
FLOOR 41M

105.0
1823

aft - 56.67ft
Pu
48.3

Mux

239

584

jragrsy

e .
IS G T D DD D D DD D ba ba a la

=

Muy
0l

10 0.65EqHI-la smo

4 0.76EqHI-1a om0
10 0.66EqHI-1a op.0
4 0.79EqHI-1a om0
4 092EqHl-1a 0.0
4 066EqHl-1a om0
4 0.74EqHl-1a om0
4 082EaHIl-1a 0.0
4 002EaHIl-1a om0
4 075 EqHl-1a 0.0
4 082EqHI-1a om0
4 089EaHI-1a 0.0
4 086EqHI-1a om0
4 076 EqHl-1a 900
4 08LEqHI-1a 0.0
4 086EqHl-1a 0.0
4 08LEqHl-1a a0.0

1 090EqHI-la S0.0
1 093 EqHI-la .0
1 096EqHI-la 90.0
1 098 EqHI-la 6.0
1 092EqHI-1a 9.0
1 095EqHI-la 90.0
1 097EqHl-la 90.0
1 1L.00EqHIl-la 0.0
1 0.84 EqHlI-la 0.0
1 086EqHI-la 90.0
1 0.88 EqHl-la 0.0
1 0.9LEqHI-la 0.0
1 0.92 EqHl-la 0.0
1 095EqHI-la 90.0
1 097 EqHI-la 0.0
1 1.00EqHI-la 0.0
1 084EqHI-la 90.0
1 0.86 EqHl-la 0.0
1 0.8FEqHI-la 0.0
1 0.90EqHI-la 0.0
097 EqHl-la 0.0
0.98EqHl-1a 0.0
0.98EqHl-1a 0.0
1 0.84EqHIl-la 90.0
1 0.92EqHl-la 0.0

LC Interaction Eq. Anzle
8 0.17EqHI-1b ]

WI4N43
WI4x43
WIi4x43
WI4K43
TWI4K43
WIi4xel
WI4KE]
WI4Es]
WI4xel
WIi4xe2
WI4XE2
WI4XE2
WI4xE2
WI4X99
WI4K5s
WI4K5s
WI4ESS
WI4X109
WI4X109
WI4E109
WI4X109
WI4EL20
WI4E120
WI4E120
WI4X120
WI4K145
WI4N145
WI4X145
WI4K145
WI4K145
WI4N145
WI4K145
WI4K145
WI4X176
WI4X176
WI4X176
WI4K176
WI14X283
WI14X283
WI4K283
WI4N193
WI4X193

Size
WI2E40

VA

4| Building Code: IBC

Gravity Column Design Summary

v Foalf Siesl v1L2
RAM D:t:8xe Takeost Modsl - PLANKS

Fage 16/57
04/08/08 04:25:40
Steel Code: ATSC LRFD

FLOOR 40K 70
FLOOR 38
FLOOR 38
FLOOR 37
FLOOR 15
FLOOR 35
FLOOR 34
FLOOR 32
FLOOR 32
FLOOR i1
FLOOR 30
FLOOR 29
FLOOR 18
FLOOR 27
FLOOR 16
FLOOR 13
FLOOR 4
FLOOR 23
FLOOR 22
FLOOR 21
FLOOR 20
FLOOR 18
FLOOR 18
FLOOR 17
FLOOR 1
FLOOR
FLOOR
FLOOR
FLOOR
FLOOR
FLOOR 1
FLOOR @

FLOOFR. &

FLOOR 7

FLOOR 6

FLOOR 3

FLOOFR. 4

FLOOR 3.2
FLOOR 3
FLOOR 3
FLOOR 2

[ER=R =R

Columm Line 4 - G

Level Fu

FLOOR 40M 103

FLOOR 38 200

tata

L N S

[ A AU TUR PV N O N AU UUR PO JUUS U SRS SVSUUY UUN DV DU DU S S S S S R S N N T

3

L b 1 b e

o

Muz
0 24
3 47

Muy

319
01

028EqHl-1a oo
013EqKEl-1a 00
015EqHl-1a 00
025EqHl-1a 0o
0218EqHl-1a 00
030EqHl-1a 00
031EqHl-1a 00
033EqHl-1a 0.0
033EqHL-12 0.0
037EqHl-1a 00
039EqHI-1a 0o
040EqEl-12 00
042EqHl-1a 0.0
044 EqHl-Ia 00
046EqHl-1a 0.0
043EqHl-1a 0.0
050EqHl-la 00
0353 EqHl-la 00
036EqHl-la 00
0.58EqHl-1a 00
0.61EqHl-1a 00
0.64EqHl-1a 0.0
0.6TEqHl-1a 00
0.69EqHl-la 00
0.72Eq Hl-la 0.0

075EqHIl-1a Q0
078EqHI-1a o0
080EqHI-1a 00
083 EqHI-1a 00
088EqHI-1a Q0
089 EqHl-1a o0
0%1EqHI-1a 00
084EqHI-1a Q0
0388 EqHl-1a o0
089 EqHI-1a 00
0%2EqHI-1a 00
058 EqHI-1a Q0
059 EqHI-1a 00
059 EqHI-1a 00
074EqHIl-1a Q0
053 EqHI-1a o0

LC Iuteraction Eq. Angle
2 058 EqHlI-1a 0.0
2 047EqHI-1a 00

500 WI12N40
500 WI2X40
500 WI12M40
500 WI12X40

40
2X40
2X40

40
2340

Fy Size
30 W14N4E
30 WI14N48
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v ‘ Gravity Column Design Summary ’ ‘ Gravity Column Design Summary
l FAM Stal w11.2 l BAM Steel +11.2

Paz Pagze 1337
H DataBas akeofi Model PLANES 01/08/08 © ] nl" DataBase: Tokeoff Model PLAMES 04/08/08 04:28:10
Budding Code: IBC Steel Code: AISC LEFD shmices] Building Cede: IBC Steel Code: AISC LRFD

JoNTalila 00 T s Columa Lize 4 -F
5 '1" C.{I "‘-‘14){5" Level Po Mux Muy LC Interaction Ey. Angle Fy
- oo 4 . o S FIOOR L4000 mr7 169 on 1 0 R5Fq HI-1a ann 0 a
1071EqHl-Ia 00 Wl FLOOR 39 035 00 00 900 50 33
2083 EaHlla 00 Wl FLOOR 35 044 00 00 500 30 3
2083EqHIIa 00 Wiaxs FLOOR.37 2052 00 00 900 50 3
2072 0yllde 00 Wid.09 FLOOR. 36 2061 00 0.0 90.0 30 3
2 081EqHI-Ia 0.0 Wi4x:09 FINOR 35 n&s a0 o0 o a0 133
1089 Hlla 00 WI4x.09 FLOOR 34 078 00 00 900 50 33
2 ROTEaHI-Ta no wiawng FLOOR. 33 056 00 00 so0 5o 3
1078EqHL-Ia 00 WI4IL45 FLOOR 32 Wo4 00 00 900 50 3
2 084EqHI-1a 0.0 FLOOR 31 2103 00 00 s00 50 3
2 0.90Eq HI-1a 0.0 FLOOR 30 a1 00 00 a0 0 3
2 0.96EqHl-1a 0.0 FLOOR.29 20 00 00 900 30 33
2 Eg; ? :IIHJ E-g FLOOR. 28 223 00 00 900 50 (33
< Mor g Ti-a ' FLOOR.27 2135 00 00 900 30 3
2 0.24EqHI-1a 0.0 FLOOR. 26 2 00 00 900 30 3
2 0.99Eq HI-1a 0.0 FLOOR 25 2 00 00 900 50 3
2 0.87EqHl-1a 0.0 FLOOR. 24 1 00 00 900 30 3
FLOOR 18 2001 EqHl 1a 00 FLUOOK, 23 1 I ] Yo 0 3
FLOOR I3 2083 HlIa 00 FLOOR 22 2 0.0 0.0 500 50 3
FLOOR 17 2 039 Eq HI-1a 0.0 FLOOR.21 1 00 00 900 30 3
FLOOR 16 2085EqHl-1a 00 FLOOR.20 2 0.0 0.0 200 50 3
FLOOR I3 2088EqHLIa 00 FLOOR 19 2 0.0 0.0 500 50 3
S seaies - i ! L w
FLOOR 1 DosEeHlls 0o %0 Wi fLook .y e L s
FLOUR J2 2089 Eq Hl-la 0o W14X183 FLOOR 16 00 00 900 50 :
FLOOR 11 2092EqHI-la 00 WI4183 PLoOD 1t 0o oo s00 co p
FLOOR 10 2095EqHI-la 00 WI4K83 FLOOF 14 00 0o 300 s ;
FLOOR @ 2 0.09 Eq Hl-1a 0.0 WI4H283 FLDORf! U:ﬂ 0.0 90:0 i 3
FLOOR § 2084EqHIa 00 WI4KI42 FLOOFR 12 00 00 200 50 :
FLOOR " 2 086EqHI-la 00 WI4K342 FLAOR 11 00 oo 200 0 :
FLOOR 6 2 089EqHI-la 00 W14K342 ILoOR 10 0o oo s00 co p
FLOOR 2092EqHI-la 00 WI4K342 FLOOFS 00 0o 300 s ;
TLOOR = 1 0.95 Ly IIl-1a 0.0 WI4HE50 FLOOE 8 U:ﬂ 0.0 90:0 0 3
FLOOR 1095EqHl-1a 00 WI4K330 FTAOR 1 on oo an o
FLOOR 1096EqHl-1a 0.0 WI4K330 FLOOR. 6 00 00 %00 50 .
FI.OOR = 1 0RAEFg HI-Ta nn WI4WI9R FLOOR 3 2 0.0 0.0 90.0 50 3
FLOOR 1094EqHI-1a 00 WI4I38 FLOOR 4 2315 69 00 200 50 W10NSE
FLOOR.3.2 343 69 00 900 30 WIOXSE
Column Line 686.75ft - 1091t FLOOFR 3.1 2359 8.9 0.0 an.ag 30 WI10NeE
Level Pu  Muxr Moy LC Interaction Eq. Angle Fy Size FLOOR 3 3815 135 00 3 057EqH 900 50 WI0NES
FLOOE. 21.6 4.3 0.3 1 0.87 Eq HI-1a 0o 50 WI0X33 FLOOF. 2 3233 0.1 0.0 1 0.%2Eq H1-1a 90.0 30 WI10X68
4IROOF
FLOOR 1M %20 43 03 1088EqHIIa 00 30 WIOXI3

v ‘ Gravity Column Design Summary ’ ‘ Gravity Column Design Summary
' FAM Stal w11.2 ' BAM Steel +11.2

Page 2037
RAM oz Takeoft Model - PLANES RAM D55 Takeom Model - PLANKS 04/08/08 04:28:40
ricnacesl] Budding Code: IBC shmices] Building Cede: IBC Steel Code: AISC LRFD
Column Line 4 - B Columa Lirve 66.75ft - 12435t
Level Mux Muy LC Interaction Eq. Angle Fy Size Level Po Mux Muy LC Interaction Ey. Angle Fy Size
FLOOR 20M 171 00 1 085EqHIla 500 50 WI0XI9 FLOOR 987 34 04 1093EqEl-la 00 50 Wiloxa
FLOOR 0 00 00 1 067EqHI-la 500 W03 418007
FLODK =8 0U 00 1 06/EqHI-la S WluxEs FLOOK 410 wsy 54 U4 L UY3EqEL-ls 0030 WU
FLOOR i7 00 00 1 067EqHl-la 500 W03
FLOOR 16 00 00 1068EqHLIa 50 WK Columa Lize 4 - A
FLOORf’ 0.0 0o : 0.68 Eq :‘“'1“ 2{] "‘10)’,‘2 Level Muxz Muy LC Interaction Ey. Angle Fy Size
FLOOR 34 00 00 1 068EqHI-la 500 W03 FTAOR 40 F i S0 b wrevs:
FLOOR i3 00 00 1 068EqHI-la 500 W10X33 ; . L o e
FLOOR :2 00 00 1 069EqHI-la 500 W10X33 ;igg%‘g j:i E:[ 3 g;ﬁ E bt
FLOOR i1 00 00 1 069EqHI-la 500 W10X33 FLOOR 13 01 3 a0 50
TLOOR. 20 0.0 00 1 0.69LyIll-la 0 W10 FLOOR 3 ‘S c 3 0:0 Ec
FLOOR 18 00 00 1 500 W03 ETOOR 35 i 01 s a0
FLOOR 18 00 00 500 W10X33 FLOOR 34 38 01 3 00 o
FTOOR 77 nn an a0 WINWI3 % L P ) .
FLOOE 33 55 01 3 0o 50
FLOOR 16 00 00 500 WI0X33 FLOOF 12 s o1 a 00 o
FLOOR 13 0.0 0.0 30 WI0X3I3 FLOOR 31 i 01 3 o0 50
FLOOR 24 00 00 L0TlEqE 50 Wlomi3 FLOOR 30 118l  3& 01 3 0.90EqHI-la 0o 50
FLOOR I3 00 00 1 0TIEqHLa 50 WI0xi3 FLOOR 29 12210 38 01 3 053EqEl-ls 00 50
FLOOR 22 00 00 1071EqHL1a 50 W03 FLIOR 28 13234 39 01 3 079EqEHl-la 00 o
FLOOR 21 oo 00 0 wioxs FLOOR.27 14258 39 01 3 085EqEl-ls 00 50
FLOOR 20 00 oo 30 Wlowss FLOOR 26 15261 39 01 3091EqE a0 50
FLOOR 19 0000 30 WL0I3 FLOOR 25 16305 38 01 3 097EqH o0 5o
FLOOR 13 oo 00 50 WI0xi3 FLOOR 24 17333 39 01 3 085EQE 00 50
FLOOR 17 oo oo S0 wiom3 FLOUK 22 18360 59 U1 3USUEQH LT
FLOOR 16 0o 00 50 WI0Xi3 FLOOR 22 19363 39 01 3095EQE 00 50
fLous L v W Wios FLOOR 21 0415 39 01 3 100EqH 00 50
FLOOR 1+ 0o 00 30 W03 FLOOR 20 £1 01 3079EqE 0o 50
FLOOR 13 0o 00 30 Wloxss FLOOR 19 41 01 3083EqElls 00 30
FLOOR 12 oo 0o 30 Wiosss FLUUK 18 41 Ul 3U8/Eqhl-la 0U U
FLOOR 11 00 00 500 W03 FLOOR 17 41 01 3 a0 50
FLOUR JU 0. [ S WIORIS FLOOE 16 i3 01 3 an 5o
FLOOR ¢ 00 00 500 WI0X33 i . ;
FLOOR 15 £2 01 3 0o 50
FLOOR § 00 00 500 WI0X33 FLOOR 14 PR o0 50
FLOOR 7 0.0 0.0 500 WI10333 FLOOR 12 i3 01 3 an 5o
00 00 500 W03 i N .
FLOOR. 12 £2 01 3 [T
00 00 1 500 W10X33 FLOOR 11 SR o0 50
€3 00 3 092EqHlla 50 W1034S FLOOR 10 i o1 -
€3 00 3 092EqHI-la 50 WI0XLS 5 .3 ;
68 00 3 083Tylll-la 50 W1038 Eigg%g j'; g : g'g ;g
134 00 3 057EqHl-la 50 W08 FThOR 7 P an o
01 00 10892EqHI-la 50 WI0X6S FLOOR 6 i1 01 3 o0 s
FLOOR 3 56 01 3 0o 50
FLOOR 4 0.7 25 [T
FLOOR.3.2 0.7 25 00 50
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G ity Column Desion S . " Gravity Col Design Summary
ﬂl‘ RAM S v112 Pagze 21/37 l FAM Stesl v11.2 Pags 12/37
m“ Dat:B akeoff Model - PLANKES 04/08/08 04:28:40 H DatiBase: Takeoff Model - PLANKES 14/0808 04:28:400
Building Code: IBC Steel Code: AISCLEFD Buildinz Cods: IBC Steel Code: AISCLEFIX
0.7 1 0.96 EqHIl-1a 0.0 50 FLCOF. 3 0.2 230 3 085EqHI-la 900 50 W4
2.0 1 0.37 EqHl-1a 0o 30 FLOOR 2 00 120 1 033EqHl-la %00 30 W14l
FL0313 08 1 095 EqHI-1a 0.0 50
Column Line 7592t - T4.67ft
Calvmn Tine 75.9%% - 8717 Tooval 1.0 Tateraction Fa. Angle Fy Sie
Level Pu Mux May LC Interaction Eqg. Angle Fy FLOOF 41M 11 071 EqHl-la 900 30 WI4M43
FLOOR 41M &15 02 31% 3 059EqHILI: 900 50 FLOOR 400 3 067EqEl-la 900 S0 W14343
FLOOR 400 274 0.1 3 041 EqHI-1a 900 50 FLCOF. 32 & 055 EqHI-la 900 30 WI4M43
FLOOR 38 1187 0.1 3 044 EqHI-In 900 50 FLOOR 38 2 061EqEl-la 900 50 W14X42
3 0.1 3 049EqHI-1a 900 50 FLCOF. 37 2 06%EqHI-la 900 30 WI4M43
0.1 5 0.36EqHI-Ia 500 30 FLCOR 36 2 075EqHI-la 50.0 50 W14X43
0.1 3 0.64EqHI-1a 900 50 FLCOF. 35 2 081 EqHI-la 900 30 WI4M43
0.1 3 0.71EqHI-Ia 500 50 FLOOR H 2 088EqHI-la 900 50 W14X43
0.1 1.7 3 0.78EqHI-1a 900 50 FLCOF. 33 2 0%4EqHI-la 900 30 WI4M43
0.1 1.6 3 0.86EqHI-1a 900 50 FLCOF. 32 2 081 EqHI-la 900 30 WI4333
0.1 16 3 0.74EqHI-1a 900 50 FLCOF. 31 2 086 EqHI-la 900 30
0.1 7.6 3 0.80EqHI-1a 900 50 FLCOE. 30 2 081 EqHI-la 900 30
0.1 1.6 3 0.86EqHI-1a 900 50 FLCOER. 29 2 0%6EqHI-la 900 30
0.1 1.5 3 092EqHI1-1a 900 50 FLCOFR. 28 2 07%EqHI-la 900 30 WI1436l
0.1 86 3 0.76EqHI-1a 900 50 FLCOFR. 27 2 083 EqHI-la 900 30 WI1436l
FL0313 0.1 6 3 081 EqHI-1a 900 50 FLCOF. 26 2 08TEqHI-la 900 30 WI1436l
FLOOR 26 0.1 86 3 085EqHIla 900 50 FLOOR 25 1 081EqElla 900 S0 WI4X6l
0.1 6 3 090EqHI-1a 900 50 FLCOF. 4 1 087TEqHIl-la 900 50 WI436B
0.1 86 2 08EqHlla 900 50 FLOOR 23 1 029EqEL la 800 50 WIIMsE
0.1 53 3 089 EqHI-1a 900 50 FLCOFR. 22 1 0%2EqHl-la 900 50 WI436B
0.1 8.5 3 083LyIIl-la S0.0 50 TLCOR 21 1 0550yI0l-la 500 50 WI4MeE
FL0313 0.1 53 3 097EqHI1-1a 900 50 FLCOF. 20 1 089 EqHI-la 900 50 WI4NT4
FLOOR 20 0.1 8.6 3 0.64EqHI-la S0.0 50 FLOOR 13 1 052EqHI-la 500 30 WI4XT
FLOOR 1% 0.1 6 3 0.88EqHI-1a 900 50 FLCOF. 18 1 0%4EqHEl-la 900 50 WI4NT4
FLOOR 13 Ul 8.6 3 UMZEgHI-la SO0 0 FLUUK 1/ LUSiEqHL-.a W00 30 WI4XM
FLOOR 17 0.1 £6 3 095EqHI-1a 900 50 FLCOF. 16 1 la 900 50 WI4E2
FLOOE 16 0.1 11.1 3 081 EqHI-1a 900 50 FLCOF. 15 1 a 900 50 WI4E2
FLOOR 13 0.1 11 3 084 EqHl-1a 900 50 FLCOF. 14 1 0%4EqHl-la 900 50 WI4E2
FLOOE 14 0.1 11 3 087 EqHI-1a 900 50 FLCOF. 13 1 05TEqHEl-la 900 50 WI4E2
FTONR 13 01 11 3 0EqHI: o enn §a FIOOR 17 1 081 Fq K= ann s WL
FLOOR 12 0.1 11 3 084 EqHI1-1a 900 50 FLCOF. 11 1 083 EqHI-la 900 50 WI4%0
FLOOR 11 0.1 11 3 087EqHlla 900 50 FLOOR 10 1 3 000 S0 W14300
FLOOR 10 0.1 11 3 090 EqHI1-1a 900 50 FLCOFR. 9 1 a 900 50 WI4%0
FLOOR O 0.1 11 3 092EqHIl-la 900 50 FLCOR 8 1 = D00 S0 W14X00
FLOOR 8 0.1 11 3 086 EqHI-1a 900 50 FLCOFR. 7 1 la 900 50 WI4%0
FLOOR 7 01 111 3 089EqHI-la 0.0 30 FLCOR 6 1 3 500 30 WI4XS0
FLOOR & 0.1 11.1 3 091 EqHI1-1a 900 50 FLCOER. 3 1 a 900 50 WI4%0
FLOOR 5 01 168 3 085EqHI-la %00 50 FLOOR 4 1 a oS00 S
FLOOR 4 0.1 1% 3 095EqHI-1a 900 50 FLCOFR. 32 1 a 900 30
0.1 1% 3 095EqHI-1a 900 50 FLCOER. 31 1 la 900 30
0.1 1% 3 095EqHI-1a 900 50 FLCOF. 3 1 084Eq I—l-.a 900 30
N ‘ Gravity Column Design Summary ’ ‘ Gravity Columa Design Summary
l FAM Steel w112 l FAM Stesl v11.2 Pags 2437
H DztaB akeoff Madel - PLANES H Dat:Base: Tzkeoff Model - PLANKS 04/0808 04:23:40
Building Code: IBC Building Cods: IBC Steel Code: AISCLEFIX
FLOOR 2 10325 03 £2 1 094 EqHI-1a 900 50 WI4X1l09 Column Line 3 - G
Levzl Muy Fy
Column Line 75,927 - 86.67ft FLCOF. 400 1 X 50
Level Mux May LC Interacton Eq. Angle Fy FLOOF. 39 32 1 0.0 50
FLOOR 4!M 293 92 1 0.36 EqHI-1b 0.0 50 FLCOF. 38 2.7 1 00 50
FLOOR 400 15 5 1 0.32EqHI1-1a 0.0 50 FLCOF. 37 2.6 1 082 EqHI-! 00 50 W44
FTONR 38 14 3 3010 FqHIT oo A0 FIOOR 3% i 1 0681 FqHIS on oS WI4WAl
FLOOR 33 13 3 0.34EqHI1-1a 0.0 50 FLCOF. 35 30 1 070 Eq HI-! 0.0 50 Wl4Xel
FLOOR 37 1.3 3 09 EqHI Ia 0o 50 FLOOR 3 30 1 0S0EqHIL ! 00 50 WliXel
FLOOR 36 13 3 044 EqHI-1a 0.0 50 FLCOF. 33 30 1 08%EqHI-! 0.0 50 Wl4Xel
FLOOR 35 1.2 3 049 EqHl-1a 0o 50 FLOOR 32 30 1 073EqHI 00 50 Wl4xe
FLOOR 34 12 3 0.54EqHI1-1a 0.0 50 FLCOF. 31 30 1 081 EqHI-! 00 50 Wil4er
FLOOR 33 12 3 0.60 EqH1-1a 0o 30 FLCOR 30 5.0 1 083 EqHI-I 0.0 50 Wl4xs:
12 3 0.65EqHI-1a 0.0 50 FLCOER. 29 30 1 095 EqHI-! 00 50 Wil4er
1.2 3 0.0 EqHl-la [T FLUUK 28 iYL U/6EqHI- U S0 wldxwy
12 3 0.75EqHI-1a 0.0 50 FLCOFR. 27 39 1 1 0.0 50 W49
12 3 080 EqHI1-1a 0.0 50 FLCOF. 26 39 1 0.0 50 WI4N99
12 3 0.76 EqHI-1a 0.0 50 FLCOF. 25 39 1 093 EqHI-! 00 50 W 14\99
12 3 081 EqHI-1a 0.0 50 FLCOF. 4 39 1 081 EqHI-! 00 50
12 3 086 EqHI-1a 0.0 50 FLCOF. 23 39 1 1 0 50
12 3 090 EqHI1-1a 0.0 50 FLCOFR. 22 39 1 050 Eq HI-! 00 50
FTONR 24 24 3085 FqHI-Ta oo &0 FIOOR 71 30 1 092FqHIS o0 oS0 WI4RI0
FLOOR 23 24 3 085EqHI1-1a 0.0 50 FLCOF. 20 11 1 081 EqHI-! 00 50 WI4NI4E
FLOOR 21 24 3 048 EqHI Ia 0o 50 FLCOR 19 1.1 1 081EqHIL ! 0e S0
FLOOR 2L 24 3 091 EqHI1-1a 0.0 50 FLCOF. 18 11 1 083 Eq HI-! 0 50
TLOOR 20 24 3 0.79 Cylll-la 0o 50 TLCOR 17 41 1 052C4I0- 00 50
FLOOR 1% 24 3 081 EqHI-1a 0.0 50 FLCOF. 16 11 1 087 EqHI-! 0 50
FLOOR 13 23 3 0.84 EqH1-1a 0o 50 FLOOR 15 11 1 051 EqHI-I 00 50
FLOOR 17 23 3 086 EqHI-1a 0.0 50 FLCOF. 14 11 1 054 EqHI-! 0 50
FLOOR L6 213 3 089 EqHl-la [T FLUUK 13 41 1 U9/EqHI-L [
FLOOR 13 23 3 091 EqHI1-1a 0.0 50 FLCOF. 12 11 1 051 EqHI-! 0 50
FLOOE 14 23 3 093 EqHI1-1a 0.0 50 FLCOF. 11 11 1 054 Eq HI-! 0 50
FLOOR 13 23 3 096 EqHI-1a 0.0 50 FLCOFE. 10 11 1 097 EqHI-! 0 50
FLOOR 12 23 3 090 EqHI1-1a 0.0 50 FLCOFR. 9 11 1 100 EqHEI-! 00 50
FLOOR 1. 23 3 092EqHIl-1a 0.0 50 FLCOF. 8 11 1 086 Eq HI-! 00 50 W 14\’11
FLOOR 10 23 3 094 EqHI1-1a 0.0 50 FLCOFR. 7 11 1 083 Eq HI-! 00 50 W4l
FIOOR © 73 3096 FaHI-1a oo A0 FIOOR & 111091 FqHIS on oS0 Wi4sn
FLOOR 8 23 3 083 EqHI-1a 0.0 50 FLCOER. 3 53 1 054 EqHI-! 00 50 W4l
FLOOR 7 6053 13 3 0.45EqHlL Ia 0o 50 FLOOR 1 157 1 0e S0
FLOOR & 6193 23 3 087 EqHI-1a 0.0 50 FLCOFR. 32 15.8 1 0 50
FLOOR 5 6333 35 3 0.9 EqHl-la 0o 50 FLOOR 2.1 158 1 00 0
FLOOR 4 6454 23 3 099 EqHI1-1a 0.0 50 FLCOF. 3 357 1 083 EqHI-! 00 50
FLOOR 32 6303 23 3 0.9 EqHl-1a 0o 30 FLOOR 2 155 1 051EqHI- 00 50
652.3 23 3 100 EqHI-1a 0.0 50
6665 6.3 L 0.1 EqHl-la [T
FL0313 6812 34 1 093 EqHI-1a 0.0 50
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Gravity Column Design Summary

DPaza 2537 Pass 26/37
DataBase: Takeoff Model - PLANES 04/08/08 042640 “H DataBase Takeoff Modl - PLANKS 04/08/08 04-28-40
Building Code: IBC Stzal Code: AISC LRFD e Buildng Code: [EC Steel Coce: AISC LRFD
Column Line 9878t - 4.00ft FLOOR. 5 99 TO0 5 100 EqHI-1a 00 50 WI14X159
Level Pu  Mux Muy LC Interaction Eg. Angle Fy Size FLOCE. 4 34 IE ¢ E 0.99 Eq Hl-1a 0.0 EU \"_H¥2 83
FLOOR 72 257 23 1 081EqHIls 00 30 WIOX33 FLOOK. 3.2 o4 120 S059EqHLI: 0D 50 WI4N2E3
AIROOF FLOOK.3 1 54 120 5 099EqHLla 00 S0 WI4X283
FLOOR 41 675 257 23 1 0.82EqHI-la 00 50 WIOX33 FLOUK 2 L2y 17 408 EqHl-1a 00 50 WidRzil
FLOOK. 2 83 60 1088EqHL1a 00 50 WI4X211
Column Line 3 - F .
Level Pu  Mux Muy LC Interaction Eg. Angle Fy Size Column Line 3 - B i .
FLOOR 344 121 143 3 051EgqHl-la 00 50 WI4N43 Level Mux  Muy LC Interaction Eq. Angle  Fy Size
AIROOF FLOOR 400 72 258 10088EqHI1a 00 50 WI4X43
FLOOR 418 49 121 1492 5 0.51EqHII: 00 30 WI4Nd: ELOOE 39 34 31 6 036EqHL1z a0 50 W4l
FLOOR 40M 1872 132 134 10 091 EqHI-Ia 00 50 WI4X43 FLOOE 2§ 29 26 1063EqHLla 00 50 WI4N43
FLOOR 39 2511 76 37 10 0.2 EqHI-la 00 50 WI4X43 FLOOE 27 28 25 2070EqHLla 00 50 WI4X43
FLOOR 38 2944 63 31 4 0BEqHIla 00 30 WL4E# ELOCR 26 285 28 25 206EqHLla 00 50 WS
FLOOR 37 3366 63 30 4 093EqHIla 00 30 WK ELOCR 35 A 28 25 2078EqHLLa 00 50 WS
FLOOR 36 T84 63 35 4 DE4EgHLls 00 50 WI4X6l E}:gggfj i 3;‘ EI i :]]i; Eq I}—Ha gg EE & ij‘d;‘
35 s s a o EqHL S0 wies 13 37 2 24 10WEqHL Iz 0 50 WX
TLOOR 34 lGr 62 a4 domEem 00 o wisa FLOOK 32 w3 28 23 J0STEGHLL 00 S0 W]
FLOOR 33 S09.1 62 34 4 0.85EqHI-la 00 50 WI4X6L FLOOE 31 45 28 28 1071EqHlLla 00 50 WI4N6L
LooR 3 3307 63 14 L 0TSEqHLL. 00 50 WI4RTE ELOOK. 30 46 28 28 2076EqHLIa 00 30 WI4X6]
FLOOR 31 §00.4 63 34 40BIEqHL: 00 30 WLET FLOOE. 29 # 2717 2081EqHLla 00 50 WI4X61
FLOOR 30 8460 63 34 4 08TEqHLIa 00 50 WI4KT FLOOGR 25 3z 28 27 I377EqHilda GO 50 WIHNGS
FLOOR. 20 §917 63 14 4 093EgHIla 00 0 WI4NT4 FLOOR.27 282 2 081EqHI 0030 WI4KHGE
FLOOR 28 62 44 4 0.74EqHI-la 00 50 WI4S0 FLOOR 26 28 27 1036EqHl-1a 00 50 WI4NGEE
FLOOR 27 561 44 f07EEqHIL 00 50 WI4%90 FLOOK 25 28 27 200EqELL 00 S0 WIeNsS
FLOOR 26 8294 62 44 4 082EgHLIs 00 50 WI4X90 FLOOK 24 28 28 1086EqHIlla 00 50 WIT4
FLOOR 23 §75.3 62 44 4 087EqHIa 00 30 WI4H90 FLOOR 23 28 28 2091EqHlla 00 50 WI4XT4
FLOOR 24 913 63 44 4 083iEqHll: 00 30 WI4K99 FLOOR 22 28 28 2055EqHL1a 00 50 WI4NT4
FLOOR 23 9672 63 44 4 0.87EqHI-la 00 50 WI4H99 FLOOR 21 28 18 19055EqHl-la GO 50 WILNT4
FLOOR 22 Wi: 63 44 10 0o =0 TWiines FLOOR. 20 28 36 2078EqHLIa 00 50 WI4X80
SLOOE o1 e 63 44 1 0o S0 TWiiwes FLOOK 19 2% 36 1079EqHLIa 00 50 WI4NS0
FLOOR 20 11055 64 45 40 04 50 WI4X1a0 FLOOR 18 28 36 2 082EqHI-1a 00 50 WI4N8D
FLOOR 19 518 64 45 $0SSEqHIls 00 50 WL4K1®D ELOCR 17 28 36 2085EqHLLa 00 50 WSO
FLOOE 13 1980 64 45 4088EqHLL: 00 50 WI4XI0 ELOCR 16 28 36 2038EqHLL 00 50 WLNS0
FLOOR 17 12443 64 45 4 092EqHIIa 00 50 WI4XI120 FLOOR 13 28 36 1081EqHLIa 00 50 WI4HO0
FLOOR 16 12807 65 45 4 086EqHI-la 00 50 WI4XI32 FLOOR 14 28 56 1053EqHLI 00 50 WI4X30
FLOOR 15 13371 65 435 4030EqHLLs 00 30 W42 FLOOE 13 28 36 2038EqHlla 00 30 W90
FLOOR 14 13815 65 45 403IEqHLL 00 30 W42 ELOCE 12 28 36 205EqHLla 00 50 WIN39
FLOOR 13 9 65 45 4006EqHIIa 00 50 WK1 FLOOK 11 28 36 20%4EqHLla 0D 50 WI4X9?
fLoos 12 & 6 tommmL 00 FLooR S 336 riwmma o0 % e
5 TE.E 2. 3 21 il-1a . 5 [ 14X
%gg% 1% ! g; 1'2 i 534 E: :IIHQ E'g FLOOK. § 28 36 1085 Ef; Hlla 00 50 WI4X120
FLOOR 9 65 46 4097EqHlla 00 50 WK1 ELOORT 28 36 208TEQHLL 00 50
FLOOR § 66 47 4 091EqHI-la 00 50 WI4X159 FLOOE § 28 36 108EqHLL oo 50
FLOOR T 66 47 4 0.94EqHI-la 00 50 WI4X139 FLOOR 5 43 54 1052EqHl-la 00 50
FLOOR ¢ 66 47 1+ 086EqHILs 00 30 Wi4x1se FLOOK. 4 23 167 2094EqHLla 00 50 WI4K211
v ‘ Gravity Column Design Summary ﬂ ‘ Gravity Column Design Summary
l RAM Steal w112 Paze 2737 l RAM Stael v11.2 Page 28/37

“H DataBase: Takeoff Modal - FLANES
"2 Building Code: IBC

04/08/08 042640
Steel Code: ATSC LRFD

FLOOR 32 1283.8 23 10.7 2 0.95EqHI-1a 0o
FLOOR 31 1286.5 13 108 2 0.95EqHI-1a [l ]
FLOOR 3 14137 69 182 2 0.80 EqHl-1a oo
FLOOR 2 1541.8 36 54 1 0.93 EqHl-1a 0o
Columan Line 95,75t - 118,53t

Level Pu  Mux Muy LC Interaction Eq. Angle
FLOOR 60.0 47 72 0.83 Eq H1-1a [l ]
41ROOF

FLOOR 41M 60.4 247 7.2 1 0.83EqHI-1a 00

Column Line 3 - A

Level Pu  Mux Muy LC Interaction Eq. Angle
FLOOR 40M 74.0 0.0 00 1 0.27EqHl-1a 00
FLOOR 3% 150.0 0.0 00 0.39 Eq HI-l=a (]
FLOOR 38 2268 o0 L] 1 0.58 Eq Hl-1a [l ]
FLOOR 37 302.9 0.0 0.0 1 0.78EqHl-1a 0o
FLOOR 38 3788 0.0 00 1 0.60 EqHl-1a (]
FLOOR 35 4544 o0 L] 1 0.72EqHI-1a [l ]
FLOOR 34 529.8 0.0 0.0 1 0.84EqHl-1a 0o
FLOOR 33 605.0 0.0 00 1 086EqHI-la 00
FLOOR 32 4824 0.0 00 1 086EqHI-la 00
FLOOR 31 TE0.0 00 00 1 0.73EqHI-1a X}
FLOOR. 30 3 00 00 1 0Bl1EgHI-la 00
FLOOR. 19 00 00 1 0BREqHI-la ]
FLOOR 23 9 00 0.0 0.79 Eq H1-12 0o
FLOOR 27 7 0.0 00 1 085EqHI-la 0.0
FLOOR 26 3 0.0 00 1 082EqHI-la 00
FLOOR 23 3 0.0 00 1 0.88EqHI-la 0.0
FLOOR 24 7 0.0 0.0 1 0.77EqHIl-1a 00
FLOOR 13 1 0.0 00 1 0.82EqHI-1a (]
FLOOR 22 4 o0 L] 1 0.87EqHI-1a [l ]
FLOOR 21 g 0.0 0.0 1 0.91 EqHl-1a 0o
FLOOR 20 6 0.0 0.0 0.79 Eq HI-la 00
FLOOR 1% 4 o0 L] 1 0.83 EqHI-1a [l ]
FLOOR 18 2 0.0 0.0 1 0.87EqHl-1a 0o
FLOOR 17 ] 0.0 0.0 1 0.90EqHl-1a 00
FLOOR 16 1 0.0 00 1 0.86 EqHl-1a (]
FLOOR 13 00 0.0 1 0.89 EqHI-1a 00
FLOOR 14 2 0.0 00 1 093EqHI-la 00
FLOOR 13 2 0.0 00 1 096EqHI-la 00
FLOOR 12 9 00 0.0 1 0.83 EqHI-1a 0o
FLOOR 11 3 0.0 00 1 086EqHI-la ]
FLOOR. 10 00 00 1 089EqHI-la 00
FLOOR 3 2489.8 00 00 1 082EqHI-la 0a
FLOOR 8 2569.7 00 0.0 1 0.86 EqHI-1a W}

30 WI4X2
50 WI4X211
50 WI4X159
30 WIL4K159

Fy Size
50 WI0X33

30 WIO0X33

Fy Size
50 WI4X43
50 WI4X43
50 WI4X43
50 WI4K43
50 WI4XS1
50 WI4Xs6l
50 WI4X6l
30 WI4HEL
50 WI4X
50 WI4%90
30 WI4X90
30 WI4X90
50 WI4x109
30 WI4X109
30 WI4H10®
30 WI4X109
50 WI4X145

30 WI4K1T6
30 WI4K178
30 WI4K176
30 WI4K193
30 WI4E193

30 “nH."UJ

H DataBase: Takeoff Model - PLANES
L% Buildng Cods: [BC

04/08/08 04:28:40
Steel Code: AISC LEFD

FLOOK. 7 00 00 1 088EqHIla 00
FLOOR 6 00 00 1091EqHI1a 00
FLOOR. 5 0o 0.0 1 094 Eq HI-1a 00
FLOOK. 4 00 00 1096EqHLla 0.0
FLOOE. 3.2 00 00 1 097EqHIla o0
FLOOR. 3 1 00 00 1097EqHI1a 00
FLOOR 3 00 00 1082EqHlIla 00
FLOOE. 2 0.0 0.0 1 092EqHl-1a ad

Columa Line 2 - E
Level Pu  Mux Muy LC InteractionEq. Angle
FLOOK. 14 1237 2 045EqHIla 900
41ROOF
FLOOR 41M £1% 123 T2 2 045EqHI1a 900
FLOOE. 400 1676 133 127 6 083EqHI-1a 900
FLOOER. 39 2367 76 31 10 068EqHI-1a 900
FLOOER. 3% 1785 6.1 27 4 077EqHI-1a 900
FLOOR. 37 3192 B3 26 4 0B8EqHL1a 900
FLOOE. 3§ 606 6.3 i0 4 061EqHI-1a 900
FLOOE. 35 4022 6.3 30 4 068EqHI-1a 9000
FLOOR 34 4440 B2 29 4 074EqHI-la 900
FLOOFE 33 4858 6.2 2% 408lEqHI-1a 90.0
FLOOR 31 Jxe8 .2 29 4 078EqHIl-1a 90,0
FLOOR. 31 5719 62 29 4 085EqHI1a 900
FLOOE. 30 6169 62 29 4 091EqHIla 900
FLOOE. 29 6608 62 29 4 097EqHLla 900
FLOOR. 2§ 751 62 38 4 0T0EqHIla 900
FLOOK.27 62 38 4 075EqHLla 900
FLOOE. 26 62 38 4 0T9EqHI-la 900
FLOOE. 23 62 38 4 083EqHLla 900
FLOOR. 24 63 38 40T9EqHLla 900
FLOOE. 23 8267 €2 38  4083EqHII: 900
FLOOR. 21 9711 6.3 38 4 08T7EqHI-1a 900
FLOOR. 21 10154 63 38 4 091EqHIla 900
FLOOE. 20 10599 6.1 38 4 088EqHI-1a 900
FLOOE.19 1104 4 6.3 38 4 090EqHI-1a 90,0
FLOOR. 1% 1148 % 6.3 38 4 083EqHI-1a 900
FLOOR. 17 11934 63 38 4 097EqHLla 900
FLOOE. 16 12582 6.3 38 4083EqHI-1a 90.0
FLOOR. 15 12830 6.5 38 408EqHl-1a 90.0
FLOOK. 14 13278 65 38 4 089EqHI-la 900
FLOOE. 13 13726 65 38 4 092EqHIla 900
FLOOE. 12 14176 65 40 4 085EqHLla 900
FLOOR. 11 14625 65 40 4 088EqHLla 900
FLOOE. 10 15075 65 40 4 091EqHI-la 900
FLOOE. 9 15525 65 40 4 093EqHLla 900

30 WI4X
300 W14
50 W14M257
30 WI4N426
30 WI4X426
50 WI14N426
00 WI4N311
3 OWI4NI

Fy Size
50 W14X43

500 WI4M43
500 WI4H42
500 WI4H42
500 WI4H42
30 WI4x43
30 WI4X61
30 WI4X61
0 WI4X61
0 WI4X61
30 WI4XEE
50 WI4N68
50 WI14X6E
30 WI4X6E
50 WI14X90
50 WI14X90
30 WI14X980
30 WI14X90
50 WI14XN99
50 WI14X99
50 WI4N09
50 WI4N99
500 WI4X109
30 WI4X109
300 WI4X108

500 WI4X108
30 WX
30 X132
30 13
30 3
50 145
50

30 WI4X145
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’ ‘ Gravity Column Design Summary
l FAM Steal w112

g Code: IBC

: Takaoff Model - FLANES

Fazge 29137

04/08/08 0

40

Stesl Code: AISC LEFD

FLOOR &
FLOOR 7
FLOOR &
FLOOR §
TLOOR 4
FLOOR 3.2
TLOOR 1.1
FLOOR 3
TLOOR

1597.6
16427
1687.8

Columu Line 2 -D
Level
FLOOR 40M
FLOOR 39
FLOOR 33
FLOOR 37
FLOOR 36
FLOOR 33
FLOOR 34
FLOOR 33
FLOOR 32
FLOOR 31
FLOOR 30
FLOOR 19
FLOOR 13
FLOOR
FLOOR 16
FI.OOR 15
FLOOR 14
FI.OOR 13
FLOOR 12
FINOR M
FLOOR 10
FLOOR .9
FLOOR
FLOOR
FLOOR .
FLOOER .
FLOOR .
FLOOR .
FLOOR .
FLOOR .
FLOOR .
FLOOE ¢
FLOOR
FLOOR "

=

5.6
6.6
[:X3
9.8
54
54
54
1538
8.3

ol e e e e

‘e

[s]

0.88 Eq HIl-1a
0.90 Eq H1-1a
0.92 Eq HIl-1a
0.96 Eq H1-1a
0.95 Oy II1-1a
0.95 Eq H1-1a
0.95 Oy II1-1a
0.81 Eq H1-1a
0.93 Oy II1-1a

Interaction Eq.

1 0.85EqHl-1a

1 0.67TEqE
1 0.67TEqE

1 0.68 Eq 'Il la

-la
-la
-la

r“qu-nh

1 0.71EqHl-1a

071 Fq H11a

1 0.72EqHIl-1a
107 FqHlla

0.76 Eq -Il la

0.0
50,0
0.0
50,0
50.0
50,0
50.0
50,0
50.0

Angle

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

50

WI4X159
WI14X159
WI4X159
WI14X159
W14X283
W14X233

W14X211
WI4K211

Size
WI10K39

’ ‘ Gravity Column Design Summary
l FAM Steel v11.2

RAM Da:Base Takeoff Model - PLANKS

] Bulding Code: IBC

Faze 30737
04/08/08 04:28:40
Steel Code: AISC LEFD

FLOOR ¢ 2
FLOOR § 2
FLOOER 4 2
FLOOR 1.2 2
TLOOTL 5.1 23
FLOOR ! 3
TLOOL 5

Column Line 2-C
Level

0.0
0.0
2 6.9
4 6.9
5 6.9
9 134
] 0.0

Pu  Mux

FLOOE 5421 267

41R00OF
FLOOF 41M
FLOOE. 40M
FLOOE. 1%
FLOOE. }8
FLOOE 17
FLOOE. 16
FLOOE 13
FLOOE. 34
FLOOE. 13
FLOOE. 12
FLOOER 11
FLOOE 30
FLOOE. 1%
FLOOE. 18
FLOOE. 17
FINOR 4
FLOOE 13
FINOR ™4
FLOOE. 13
FILOOR 2
FLOOER. 11
FLOOE. X0
FLOOE. 19
FLOOFE. 18
FLOOE 17
FLOOF. |
FLOOE
FLDOF
FLOOE
FLDOFE. 1
FLOOE. |
FLDOFE. 1
FLOOER.§
FLOOE. ¢

[ER=E TR R

=
o

L n n ln ln L e

in

U

L in

[

[ B B RN
Lnin i

in

0.0
0.0
0.0
0.0
0.0
0.0
0.0

v LC

0.76 Eq H1-1a
0.76 Eq El-1z
0.92 Eq Hl-1a
092 EqEl-lz
0.93 Oy II1-1a
057 Eq Hl-1z
052 Ly II1-1a

Interaction Eq.

055 EqHl-1a

060 Eq El-lz
068 EqEl-lz
051 EqEl-lz
058 EqEl-lz
064EqEl-lz
071 Eq El-lz
073 EqEl-lz
0.85Eq El-la
092 EqEl-lz
0.7 Eq El-la
085 EqEl-lz
050 Eq El-la
096 EqEl-lz
0.7 EqEl-la
083 EqEl-lz
N8R FqHI-1a
092 EqEl-lz
08 Fq H1-1a
091 EqEl-lz
N3 FqHI-1a
088 EqEl-lz
0.85 Eq Hl-la
088 EqEl-lz
0.92 Eq H1-1a
095 EqEl-lz
0.81 Eq H1-1a
084 EqEl-lz

1 086 EqEl la

088 EqEl-lz

1 081 EqEl la

0.8 EqEl-lz

1 080 EqEl la

051 EqHl-1a

1 083 EqEl la

0.0
0.0
0.0
0.0
0.0
0.0
0.0

Axgle

£0.0

£0.0
£0.0
£0.0
£0.0
£0.0
£0.0
£0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

50 WI10X88
50 W10X88

50 W10XHG68

Fy Size
30 WI4343

50 WI143109

’ ‘ Gravity Colomn Design Snmmary
l FAM Stesl w112

“H DataBase: Takeoff Model - PLANKS

Buldinz Code: IBC

Fazge 31737

04/08/08

540

Stesl Code: AISC LEFD

FLOOR 7
FLOOR §
FLOOR §
FLOOR 4
FLOOR 3.2
TLOOR 1.1
FLOOR 3
FLOOR !

10871

Column Line 1.7 - A8
Level
FLOOR 40M
FLOOR 39
FLOOR 33
FLOOR
FLOOR 36
FLOOR 33
FLOOR 34
FLOOR 33
FLOOR 32
FLOOR 31
FLOOR 30
FLOOR 19
FLOOR 13
FLOOR 17
FLOOR 16
FLOOR 13
FLOOR 14
FLOOR 13
FLOOR 12
FINOR M
FLOOR 10
FIOOR "9
FLOOR (8
FIOOR 7
FLOOR 16
FLOOER .
FLOOR .
FLOOR .
FLOOR
FLOOER .
FLOOR (0
FLOOE ¢
FLOOR
FLOOR "
FLOOR §

PR

s

de b b

0.88 Eq H1-1a
090 Eq HI lIa
0.93 Eq H1-1a
0.95 Eq Hl-1a
0.95 Eq H1-1a
0.96 Dy II1-1a
0.79 Eq H1-1a

1 0.02EqHIl-1a

C Interaction Eg. 2
2 0.38EqHI-1b

1 B’SEq'Il 1b

1077 Eq'Ill\
'.BSSEQ'III\

1 -la

10, 93 Eq Hl-1a
1 0.97EqHl-1a
1 0.81 EqHI-1a
1 0.86 Eq Hl-1a

1 0.94Eq ‘Il la
1T DOk Fq HI-1a
1 0.76 Eq Hl-1a
1 NRNFq H-1a
1 0.83 EqHI-1a
1 NRTFq A2
1 0.82EqHIl-1a
1 0.85 EqHl-1a
1 0.89 EqHI-1a
1 0.02EqHl 1a

qE
1 0.92EqHl-1a
1 095 EqHl la
1 0.89 EqHI-1a

1 0.91 Eq

-1a

1 0.94EqHl-1a

50,0
20.0
50,0
0.0
50,0
50.0
50,0
0.0

50
30
50
50
50
50
50
50

WI4K108
WI4X109
WI4K108
WI14X193
WI4K183
WI4X183
WI4K143
WI4K145

Size

WI4E43
WI4E43
WI4E43
WI4E43
WI4E43
WI4E43
WI4E43

WI4Xs0
W40
WI4Xs0
W40

W14X99

WI4Ess

W141K99

WI4K108
Wi4X1io9
WI4K108
WI4X109
WI4K120
WI4X120
WI4K120

VN FAM Steel v11.2

Gravity Colnmn Design Summary

Paze 3237

DaaBase: Takeoff Model - PLAVES 04/08/08 04:28:40

'- ’--' 24l Bulding Code: IBC Steel Code: AISC LEFD

FLOOR. § 12966 01 1 058 EqEl-la

FLDOF. 1 13‘|6 0.1 1 092EqHI la

FLOOR. 1.2 3 01 1 058 EqEl-la 50 Wl43211

FLOOR !.1 0l 1 0.98 Eq Hl-1a 50 WI14H211

FLOOR. } 02 3L 1 088 EqEl-la

TLOOR 0.0 162 1 0580y IIl-la
Column Line 1.5 - G.1

Level Mux C Interaction Eq. Angle Fy Size

FLOOR 16 1 043 EqEl-la 00 50 WI4H43

41E00F

FLOOR 41M 16 73 1 043EqHI-la 00 50 W4

FLOOR. 40M 11 30 3 051EqHIl-la 00 50

FLOOR. 19 11 42 3 042EqHI-1a 00 50

FLOOR. 18 1.0 35 3 0350EqHI-la 00 50

FLOOR 37 09 34 3 038EqHI-la 00 50

FLOOR. 16 09 34 3 088EqHI-la 00 50

FLOOR. 15 0.8 34 3 073EqHI-la 00 50

FLOOE. 34 0.8 34 3 0% EaKEl-la 00 50

FLOOR. 13 0.8 33 3 0%EqHIl-la 00 50

FLOOR. 12 0.8 38 3 065EqHI-1a 00 50

FLOOR. 1 0.8 38 3 071EqHIl-la 00 50

FLOOR 30 0.8 38 3 0.7EaKEl-la 00 50

FLOOR 19 0.7 38 3 082EqHIl-la 00 50

FLOOR. 18 0.7 38 3 0.T9EqHEl-la 00 50

FLOOR 27 0.7 38 3 0B4EqHI-1a 00 50

FLOOR. 16 0.7 38 3 08%EqHEl-la 00 50

FLOOR 15 0.7 38 3 085 EqHI-1a 00 50

FLOOR 24 0.8 38 3 083EqHl-la 00 50

FLOOR. 23 0.8 38 3 088EqHIl-1a 00 50

FILOOR 2 ng iR 109 FqHl-1a an a0

FLOOR. 21 0.8 38 3 0%EqHI-la 00 50

FLOOR 20 0.7 50 3 08EqKEl-la 00 50

FLOOR 19 0.7 30 3 086EqHI-la 00 50

FINOR 1R n7 an 1 N9 Fq HI-1a an a0

FLOOR 17 0.7 30 3 08%3EqHI-la 00 50

FLOOE. 18 07 50 3 088 EqHl-1a o0 50

FLOOR 15 0.7 30 3 081EqHI-la 00 50

FLOOF. 14 07 50 3 085 EqEl-1a o0 50

FLOOR. 13 0.7 30 3 0%8EqHI-la 00 50

FLOOFE. 12 0g 50 3 084EqEl-1a o0 50

FLOOR. 11 0.8 30 3 086EqHI-la 00 50

FLOOE. 10 0g 50 3 089 EqEI la 0.0 50

FLOOR. Y 0.8 30 3 082EqHI-la 00 50

FLOOE. ¢ 0g 50 3 088 EqEIl la 0.0 50

FLOOR.7 0.8 30 3 083EqHI-la 00 50
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ﬂ ‘ Gravity Colnmn Design Summary
l FAM Stael w112

DalaDase. Tabhewoll Mudel - PLANES
ildinz Cede: IBC

1366.2 Cs 50 3 091EqHl-la 0.0
14044 12 76 4 184EqHl-1a 0.0
14429 18 1.2 1 J.95EqHI Ia 0.0
14469 18 41 4 )95EqHI-l1a 0.0
18 41 4 )95EqHI-l1a 0.0
9 127 3 J.B4EqHI-1a 0.0

03 6.5 1 J.95EqHl-1a 0.0

Column Line 12171 - 66,754t

Level Pu  Mux Muy LC Interaction Eq. Ange
FLOOR 921 42 03 1 1.38EqHI-1a 0.0
41R0D0F

FLOOR 11M 925 42 03 1 288EqHIla 900

Column Line 128,506 - 34,754t

Level Pu  Max Muy LC Interaction Eg. Angle
FLOORE &7.3 260 23 1 ).82EqHl-1a 0.0
41RDOF

FLOOE 3101 26.0 23 ! JEZEqHIl-la suu

Column Line 1 -E

Level + LC [nteraction Eq. Angle
FLOOR 400 1 J.94EqHl-1a 50.0
FT.OOR 19 1 154Fq H1-1a ann
FLOOR 33 1 1.67EqHI-1a $0.0
FLOOR 37 1 J.82EqHl-1a S0.0
FT.OOR 16 1 1681 FqH1-1a ann
FLOOR 33 1 1.70Eq HI-1a $0.0
FLOUK 33 1 J.BUEqHIL-1a S0
FI.OOR 13 1 JR9Fq HI-1a ann
FLOOR 32 1 1.74EqHI-1a $0.0
FLOUE 31 1 ).BlEqHl-1a S0
FI.OOR 0 1 1RRFq HI1-1a ann
FLOOR 19 1 1.95EqHI-1a $0.0
FLOUE 13 ). EqHl-1a S0
FLOOR 17 1 ).82EqHl-1a 0.0
FLOOR 26 1 1.87EqHI-1a $0.0
FLOUE 13 1 )93EqHl-1a S0
FT.OOR 74 1 JR1FqHI-1a ann
FLOOR 13 1 1.85EqHI-1a $0.0
FLOOR 12 1 1.90EqHI-1a $0.0
FLOOR 11 1 J.04Eq H1-1a 0.0
FLOOR 10 1 1.81EqHI-Ia $0.0
FLOUE LY 1 ).8>EqHl-la S0
FLOOER L2 1 ).88EqHIl-1a 0.0

50
50
50
50
50
50
50

Fy
0

WI4X 159

Size

WLOX33

WI0NM33

Size

W03

WLUX33

W43
WI4I43
WI4RE
WIL4HEL
Wi4xel
WI4RE
W42
WI4X32
TWIAWEY
W42
WXy
TWLAI9E
WL
WXy
WX 20

ﬂ ‘ Gravity Column Design Summary
‘ FAM Steel 112

H DulaDase. Tahewll Model - FLANKS
sicoices] Bulding Code: IBC

Pize 34/37
04/03/03 04.23.40
Sweel Code: AISC LREFD

FLOOE. 17 15104 21 41 1051EqHIl-la 80.0
FLOOE. 16 15730 2 41 1083 EqHl-la 80.0
FLOOR.15 16356 el | 11 1091 EqHI la 0.0
FLOOE. 14 1698.2 21 41 1 054EqHI-la 80.0
FLOOER.13 1760.8 21 41 1053 EqHl-la 80.0
FLOOR 12 18229 el | 41 1 0.83EqHIl-la 90.0
FLOOER.11 21 41 108§ EqHIl-la 80.0
FLOOE. 10 21 41 1 a 80.0
FLOORD 2L 41 1 a 90.0
FLOOE.S 2.0 41 1 a 80.0
FLOOR.7 2.0 41 1 a 80.0
TLOOR G 1 a 20.0
FLOOE.S 1 a 80.0
FLOOE.4 1 a 80.0
TLOOR 3.2 1 a 20.0
FLOOER. 3.1 1 la 80.0
FLOOER.3 1 la 80.0
TLOOR2 1 051 CylIll-la 20.0

Column Lize 1-D

Level Muxz Muy LC Interaction Egq. Angle
FLOOR 40M 25 5 3 0.98EqHl-la 90.0
FLOOR. 39 18 3 2 90.0
FLOOR 38 12 3 2 90.0
FLOOR. 27 19 3 a 90.0
FLOOR. 36 38 3 2 90.0
FLOOR 35 38 3 2 90.0
TLOOR 34 3.8 3 s 900
FLOOR. 33 38 3 2 90.0
FLOOR 32 38 3 2 90.0
FLCOOR. 21 LR 3 a 90.0
FLOOR 30 38 3 0.8%EqHl-la 90.0
FLOOR. 29 38 3 097EqEl-la 90.0
TLOOR 28 g 3 la 20.0
FLOOR. 27 39 3 084EqEl-la 90.0
FLOOR. 26 39 3 090 EqEl-la 90.0
TLOOR 25 g 3 0.5¢CylIll-la 20.0
FLOOR. 24 ] 3 084EqEl-la 90.0
FLOOR. 23 ] 3 0.8%EqHl-la 90.0
TLOOR 22 £0 3 0.54CylIll-la 20.0
FLOOR.21 ] 3099 2 90.0
FLOOR. 20 i1 30487 2 90.0
TLOOR 12 1 305 a 20.0
FLOOR. 18 i1 309 2 90.0
FLOOR. 17 i1 3 09%EqEl-la 90.0
FLOOER. 16 2 3 0.8JEqHl-la 0.0

W —=

Fy Size

50 WI14H4E
30 WI4N4E
30 WI4N4E
50 WI14H4E
300 WI4N82
300 WI4N82
50 WI14XHB2

50 WI143211
WI14X211

E ‘ Gravity Colnumn Design Summary
l FAM Sreslvll.2

Takeoff Model - PLANES
Cede: BC

Steal Code: AISC LEFD

FLOOR L5 42 01 3 )8EEqHIl-la 0.0
FLOOR L4 42 ol 3 J.92EqHl-1a 20.0
FLOOR L3 42 01 3 )95EqHIl-la 0.0
FLOOR 12 43 01 3 )90EqHIl-la 0.0
FLOOR L1 432 ol 3 J93EqHl-1a 20.0
FLOOR LD 43 01 3 )96EqHIl-la 0.0
FLOOR ¥ 43 01 3 )99EqHIl-la 0.0

4.4 ol 3 J.B4EqHI-1a 20.0
44 01 3 )87EqHIl-la 0.0
44 01 3 )89EqHIl-la 0.0
() ol 3 ).92CyIIl-1a 50.0
.7 252 1 J.96EqHl-1a 0.0

.7 2 1 J.96EqHl-1a 0.0
() 2 1 J.3GCyIl-1a 50.0
11 1 J.87EqHl-1a 0.0
10 26 1 J.95EqHl-1a 0.0

Colwmn Line 1 - C

Level Muox Muy LC [nteraction Eq. Angle
FLOOR 40M oo 00 1 ).22EqHI-Ia 0.0
FLOOR 12 oo 00 1 J.36EqHI1-1a 20.0

Co 00 1 2356EqHl-la 0.0
Co 00 1 276EqHIl-la 0.0
oo 00 1 J.60EqHI1-1a 20.0
Co 00 1 272EqHIl-la 0.0
Co 00 1 )84EqHIl-la 0.0
oo 00 1 J.3GCyIl-1a 50.0
€0 00 1 )66EqHl-la 0.0
Co 00 1 274EqHIl-1a 0.0

TLOOR 10 oo 00 1 3.81CyIIl-1a 50.0
FLOOR 1% Co 00 1 )89EqHIl-la 0.0
FLOOR 18 Co 00 1 )80EqHIl-la 0.0

oo 00 1 3.86CyIIl-1a 50.0
€0 00 1 )93EqHl-la 0.0
Co 00 1 )99EqHIl-la 0.0

TLOOR 24 oo 00 1 J.78CyIl-1a 50.0
FLOOR 13 Co 00 1 1)83EqHIl-la 0.0
FLOOR 12 Co 00 1 )8EEqHI-la 0.0
FLOOR 21 oo 0.0 1 J.92EqHl-1a 50.0
FLOOR 10 €0 00 1 )80EqHIl-la 0.0
FLOOR L& Co 00 1 )84EqHIl-la 0.0
TLOOR L3 oo 00 1 J.88CyIl-1a 50.0
FLOOR L7 Co 00 1 1)92EqHl-la 0.0
FLOOR L6 Co 00 1 2)87EqHIl-la 0.0
FLOOR L3 oo 0.0 1 J.81EqHl-1a 50.0
FLOOR 14 Co 00 1 194EqHl-la 0.0

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

Fy
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

WL4H157
WIL4K183
W4H283
WIL4K183
WIL4K183
WI4HI42
WL4K342
WL4K342
W42

WI4HFS0
WIL4X388
WIL4X388

Size
WK
WIL4H42
WK
WK
WI4HEL
WL4KEL
WL4KEL
WI4HE]
WLAXS0
WL4XS0
WIL4HSD
WL4XS0
WL4XI09
WI4H 09

E ‘ Gravity Column Design Summary
‘ FAM Steelv11.2

" DataBase: Takeoff Model - FLAVES
sieniees] Building Cade: IBC

Page 36/37
04/03/08 04:18:40
Sweel Code: AISC LREFD

FLOOR.13 22031 10 30 1053EqHI-la 90.0
FLOOR 12 22843 a0 a0 1 0.84EqHIl-la 90.0
FLOOR.11 23655 1.0 w1 2 90.0
FLOOR. 10 24457 1.0 w1 2 90.0
FLOORD 25279 a0 a0 1 093 EqHIl-la 90.0
FLOOR.S 2609.5 1.0 30 1087EqHI-la 90.0
FLOOR.7 2691.0 1.0 w1 la 90.0
FLOOR. 6 27726 a0 a0 1 092EqHl-la 90.0
FLOOR.3 28542 1.0 30 108 EqHI-la 90.0
FLOOR. 4 1.0 30 1083EqHI-la 90.0
TLOOR 3.2 a0 a0 1 053 CylIll-la 20.0
FLOOR3.1 1.0 30 1083EqHI-la 90.0
FLOOR.3 1.0 30 1083EqHI-la 90.0
TLOOR2 a0 a0 1 054 CylIll-la 20.0
Column Live 0.9 -F2

Level Pu  Mux Muy LC Interaction Eq. Anzle
FLCOOR 420 L& 71 3 0.42EqHl-la 90.0
41R007

FLOOR. 41M 3 043 EqEl-la 90.0
FLOOE. 10M 2 la 0.0
FLOOR 39 2 2 90.0
FLOOR 38 2 2 90.0
FLOOR. 27 2 a 90.0
FLOOR. 36 2 2 90.0
FLOOR 35 2 2 90.0
FLOOER. 24 2 a 90.0
FLOOR. 33 2 2 90.0
FLOOR 32 3.8  206iEqHI-a 90.0
TLOOR 31 e 2 0.7 CylIll-la 20.0
FLOOR 30 38  1077EqHI-a 90.0
FLOOR. 29 3.8  208EqHI-a 90.0
FLCOOR.28 ER:) 2 0.7%EqHl-la 90.0
FLOOR. 27 38  1084EqHI-z 90.0
FLOOR. 26 3.8  208%EqHI-la 90.0
TLOOR 25 e 2095 CylIll-la 20.0
FLOOR. 24 38 2 2 90.0
FLOOR. 23 38 2 2 90.0
TLOOR 22 e 2 a 20.0
FLOOR.21 38 2 2 90.0
FLOOR. 20 9 12 2 90.0
TLOOR 12 49 2 a 20.0
FLOOR. 18 9 12 2 90.0
FLOOR. 17 9 12 2 90.0
TLOOR 16 49 2 0.81CyIIl-la 20.0
FLOOR. 15 49 1085 EqHI-a 90.0

50 WI14X193

SRR

50 WI43311

Fy Size
50 WIl4H42

50 WIl4n42
50 WI14XA3
50 WIl4n42
50 WIl4n42
50 WIl4H42
50 WIl4n42
50 WIl4n42
50 WIl4H42
50 WIl4n42
50 W14X61
50 WI4HG61
50 W14X61
50 W14X61
50 WI14HeE
50 WI4X6E
50 WI4X6E
50 WI14HGE
50 WI14X82
50 WI14X82
50 WI14XHB2
50 WI14X82
50 WI4X90
50 WI14XH90
50 WI4X90
50 WI4X90
50 WI14H99
50 WI14X99
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E “ Gravity Column Design Summary
‘ FLAM Sgeel v11.2

Page 37/37
“ DxtaBaza: Takaoff Modal - FLANKS 04/08/08 04:2E:40
Building Code: IBL Steel] Code: AISC LEFD

FLOOE 14 1062.0 0.7 4.5 2 0.95Eq Hl-1a 200 30 W4z
FLOOR 13 10598.7 0.7 43 2 098 Eq Hl-1a 0.0 0 WI4X99
FLOOER 12 1137.8 0.7 5.0 2 0.84Eq Hl-1a 200 30 WI4EI20
FLOOR 11 1175.8 0.7 0 2 0.86Eq Hl-1a 90.0 500 WI4X120
FLOOER 10 1213.9 0.7 5.0 2 0.89Eq Hl-1a 200 30 WI4EI20
FLOOR % 125189 0.7 5.0 2 0.92Eq Hl-1a 200 30 WI4EI20
FLOOER & 1290.1 0.3 5.0 2 0.86 Eq Hl-1a 200 30 WI4x152
FLOOR 7 13283 0.3 5.0 2 0.88Eq HI1-1a 200 30 WI4x152
FLOOR & 1366.5 0.3 5.0 2 091 EqHl-1a 0.0 30 Wi4xl132
FLOOR 5 1404.8 1.1 [ 5 0.94 Eq Hl-1a 200 30 WI4x152
FLOOR 4 144472 1.3 41 5 0.95Eq Hl-1a 90.0 50 WI4E233
FLOOR 3.2 1447.1 1.3 4.1 5 0.95Eq Hl-1a 200 30 WI4H253
FLOOR 3.1 1450.1 1.3 4.1 5 0.95Eq Hl-1a 200 30 WI4H253
FLOOR 3 15124 38 12,6 2 0.84Eq Hl-1a 200 30 WI4E159
FLOOQR 2 1573.9 L 63 1 0.95Eq Hl-1a 200 30 WI4E159
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RAM FRAME MASS AND SELF WEIGHT OUTPUT

Calculated Values:
Story Diaph#  Weight Mass
kips  k-s2/ft

FLOOR 41ROOF 1 1536.8 47.73
FLOOR 41M 1 380.5 11.82
None 8.6 0.27

FLOOR 40M 1 2055.0 63.82
FLOOR 39 1 1906.5 59.21
FLOOR 38 1 1897.3 58.92
FLOOR 37 1 1897.3 58.92
FLOOR 36 1 1899.2 58.98
FLOOR 35 1 1901.2 59.04
FLOOR 34 1 1901.2 59.04
FLOOR 33 1 1904.9 59.16
FLOOR 32 1 1911.5 59.36
FLOOR 31 1 19142 59.45
FLOOR 30 1 19142 59.45
FLOOR 29 1 19142 59.45
FLOOR 28 1 1916.7 59.52
FLOOR 27 1 1919.1 59.60
FLOOR 26 1 1919.1 59.60
FLOOR 25 1 1930.8 59.96
FLOOR 24 1 1948.8 60.52
FLOOR 23 1 1913.6 59.43
FLOOR 22 1 1913.8 59.43
FLOOR 21 1 1913.8 59.43
FLOOR 20 1 1916.9 59.53
FLOOR 19 1 1920.0 59.63
FLOOR 18 1 1920.0 59.63
FLOOR 17 1 1936.4 60.14
Story Diaph#  Weight Mass

FLOOR 16 1 1959.9 60.87

FLOOR 15 1 1962.3 60.54

FLOOR 14 1 1962.3 60.54

FLOOR 13 1 1962.3 60.54

FLOOR 12 1 1965.2 61.03

FLOOR 11 1 1968.2 61.12

FLOOR 10 1 1968.2 61.12

FLOOR 9 1 1978.0 61.43

FLOOR & 1 1996.1 61.99

FLOOR 7 1 2000.2 62.12

T'LOOR 6 1 2000.7 62.13

FLOOR 5 1 2010.6 62.44

FLOOR 1 1 2018.1 63.61

FLOOR 3.2 None 346.9 10.77

FLOOR 3.1 None 346.9 10.77

FLOOR 3 1 24239 75.28

FLOOR 2 1 24223 75.23
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Appendix C

Classical Methods - Initial Braced Frame Member Sizes
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Project AE482
Date 4/8/2008
Engineer Steve Reichwein

Moment Area Method - Braced Frams Column Areas

A5 E
“
FAE Equations:
L~TAd)
2— 8558 A=((MM.)"h)/(2EL)
X=(hy/ DM 2M. ) MM,

AL
Laleral Furses Shear Diagram M/EI Diagram
[ B [ 20000 [ ks |
hl 54910 ft NE 1154.500 kips M5 1.543C106 wn-kips
h2 171.580 ft V4 856.200 Leips M4 3 586E+06  n-laps
h3 218250 ft KE 338.000 Lips M3 5.986E+06 1 kips
h4 324910 ft WV 409.900 Leips M2 B8.763E+06 n-laps
hs 434830 ft V1 150.000 kips M1 1.296E+07 in-kips
Target H/400
MS/EL 23195 |31 x1 379.640 in Al 2.547 in
M4/EL 123.648 |31 %2 398.931 in A2 5.147 in
M3/EL 206411 |31 %3 421.570 in A3 7.448 in
M2/EL 302165 |wn"31 x4 431.093 in Ad 9.747 in
MI1/E1 446.741 |31 x5 617.080 in AS 13.045 in
vl 759.280 in A4 30292.663 ™41 ASxyl |2300E+07 "5l
y2 1660.029 in A4 62702.385 ™41 Adxy2 |1O4E+08 "5l
3 2557430 in A3 100774.725 ™41 A3 xy3 |257TE+08 "5l
v4 3467.827 in A 144817.807 ™41 A2 xy4 |5.022E+08  n"S1
5 4600.880 in Al 240168.492 ™41 Al xys |L1I0SE+09 "5l
Number of Columns| 4 Restisting Lareral Force Per Direction
d 25 it
I| 360000 fn"2*Acol
Acols 22.44 in"~2 Assumprions
Acold 58.58 "2 Torsional effects are neglected
Acold 143.53 m*2 Gravily 1s neglecled
Acol2 252.78 "2
Acoll 424.18 m"2
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Project AE 482

Date

4/8/2008

Engineel Steve Reichwein

Classical Work Energy Method - Concentric Braced Frame Optimization

mptions: All frames consist of concentric inverted V configurations
Bay Size = 25 feet
Frame Force = Story Wind Load / 4
Effects of torsion are neglected
Braces A 36 Steel ; Columns and Girders A992
1 2 3 4 5 6 7 8 9
Level | Story Wind Load (Kips) | Elevation (Feet) | Floor Height | WINDF| STYSHR| STYMOM | COLP [ GIRDP [ BRACEP [ COLP1| GIRDP1[ BRACP1
41.00 143.55 434.83 27.83 35.89 | 35.89 998.87 0.00 [ 17.94 [ 43.80 0.00 0.00 1.22
40.00 174.98 407.00 9.58 43.74 | 79.63 763.13 | 39.95 [ 39.82 [ 50.17 1.44 0.50 0.63
39.00 106.58 397.42 9.58 26.64 | 106.28 | 101847 | 70.48 | 53.14 | 66.96 3.19 0.50 0.63
38.00 99.53 387.83 9.58 24.88 | 131.16 | 1256.91 | 111.22 | 65.58 | 82.63 4.25 0.50 0.63
37.00 103.50 378.25 9.58 25.88 | 157.03 | 1504.88 | 161.50 | 78.52 | 98.94 5.25 0.50 0.63
36.00 100.88 368.67 9.58 25.22 | 18225 | 1746.56 | 221.69 | 91.13 | 114.82 | 6.28 0.50 0.63
35.00 98.25 359.08 9.58 24.56 | 206.81 | 1981.95 | 291.55 [ 103.41] 130.30 [ 7.29 0.50 0.63
34.00 95.63 349.50 9.58 23.91 | 230.72 | 2211.05 | 370.83 [ 115.36 | 145.36 | 8.27 0.50 0.63
33.00 93.00 339.92 9.58 23.25 | 253.97 | 2433.87 | 459.27 | 126.98] 160.01 | 9.23 0.50 0.63
32.00 90.38 330.33 9.58 22.59 | 276.56 | 2650.39 | 556.63 | 138.28 | 174.24 | 10.16 | 0.50 0.63
31.00 87.68 320.75 9.58 21.92 | 298.48 | 2860.45 | 662.64 | 149.24 188.05 | 11.06 [ 0.50 0.63
30.00 85.05 311.17 9.58 21.26 | 319.74 | 3064.21 | 777.06 | 159.87] 20145 | 11.94 [ 0.50 0.63
29.00 82.58 301.58 9.58 20.64 | 340.39 | 3262.05 | 899.63 [ 170.19| 214.46 [ 1279 | 0.50 0.63
28.00 79.95 292.00 9.58 19.99 | 360.38 | 3453.59 [1030.11]180.19| 227.05 | 13.62 [ 0.50 0.63
27.00 77.33 282.42 9.58 19.33 | 379.71 | 3638.85 | 1168.26] 189.85| 239.23 | 1442 [ 0.50 0.63
26.00 74.70 272.83 9.58 18.68 | 398.38 | 3817.82 | 1313.81[199.19| 250.99 | 15.19 [ 0.50 0.63
25.00 72.00 263.25 9.58 18.00 | 416.38 | 3990.32 [1466.52] 208.19| 262.33 | 15.94 [ 0.50 0.63
24.00 67.95 253.67 9.58 16.99 | 433.37 | 4153.12 [1626.14] 216.68 | 273.04 | 16.66 | 0.50 0.63
23.00 65.40 244.08 9.58 16.35 | 449.72 | 4309.80 [ 1792.26] 224.86 | 283.34 | 17.33 | 0.50 0.63
22.00 62.78 234.50 9.58 15.69 | 465.41 | 4460.20 | 1964.65| 232.71| 293.23 | 17.99 [ 0.50 0.63
21.00 60.23 224.92 9.58 15.06 | 480.47 | 4604.49 [2143.06] 240.23| 302.71 | 18.62 | 0.50 0.63
20.00 57.68 215.33 9.58 14.42 | 494.89 | 4742.67 [2327.24] 247.44] 311.80 | 19.22 | 0.50 0.63
19.00 55.05 205.75 9.58 13.76 | 508.65 | 4874.56 [2516.95] 254.33| 320.47 | 19.80 [ 0.50 0.63
18.00 52.58 196.17 9.58 13.14 | 521.79 | 5000.52 [2711.93]260.90 | 328.75 | 20.35 [ 0.50 0.63
17.00 50.03 186.58 9.58 12.51 | 534.30 | 5120.38 [2911.95[267.15] 336.63 | 20.87 [ 0.50 0.63
16.00 47.48 177.00 9.58 11.87 | 546.17 | 5234.12 [ 3116.77] 273.08 | 344.11 | 21.37 | 0.50 0.63
15.00 44.85 167.42 9.58 11.21 | 557.38 | 5341.57 [3326.13]278.69| 351.17 [ 21.85 [ 0.50 0.63
14.00 42.30 157.83 9.58 10.58 | 567.96 | 5442.91 [3539.79] 283.98| 357.83 | 22.30 [ 0.50 0.63
13.00 39.75 148.25 9.58 9.94 | 577.89 | 5538.15 [3757.51[288.95] 364.09 | 22.72 [ 0.50 0.63
12.00 37.13 138.67 9.58 9.28 | 587.18 | 5627.09 [3979.04]293.59| 369.94 | 23.12 | 0.50 0.63
11.00 34.58 129.08 9.58 8.64 | 595.82 | 5709.93 |4204.12]297.91| 375.39 | 2349 [ 0.50 0.63
10.00 31.95 119.50 9.58 7.99 | 603.81 | 5786.48 | 4432.52|301.90| 380.42 | 23.83 [ 0.50 0.63
9.00 29.40 109.92 9.58 7.35 | 611.16 | 5856.91 [4663.98]305.58| 385.05 | 24.15 [ 0.50 0.63
8.00 26.85 100.33 9.58 6.71 | 617.87 | 5921.24 [4898.25[308.93| 389.28 | 24.45 | 0.50 0.63
7.00 24.38 90.75 9.58 6.09 | 623.96 | 5979.64 [5135.10[311.98] 39312 [ 2471 [ 0.50 0.63
6.00 21.83 81.17 9.58 546 | 629.42 | 6031.93 [5374.29[314.71| 396.56 | 24.96 | 0.50 0.63
5.00 19.20 71.58 9.58 480 | 63422 | 6077.93 [5615.56] 317.11| 399.58 | 25.18 | 0.50 0.63
4.00 30.83 62.00 36.00 7.71 | 641.93 | 23109.30 [ 5858.68[ 320.96 | 978.51 | 25.37 [ 0.50 1.52
3.00 9.45 26.00 10.00 2.36 | 644.29 | 6442.88 |6783.05[322.14] 41255 | 25.68 | 0.50 0.64
2.00 6.60 16.00 16.00 1.65 | 645.94 | 10335.00 | 7040.77[322.97 | 52460 [ 25.77 | 0.50 0.81
1 — WINDF: Story wind force (kip)
2 — STYSHR: Story wind shear = WINDF (I) + STYSHR (I + 1)
3 — STYMOM: Story moment = STYSHR {I) x HT (I
4 — COLP: Col. axial load = COLP (I + 1) + STYMOM (I + 1}/ L
b — GIRDP: Girder axial load = STYSHR () / 2
5 — BRACEP: Brace axial load = STYSHR {l) /2 x [brace L /(L / 2]]
7 — COLPT: Col wirtual load = COLP (1 + 1) + (1) x HT {1 + 1)/ L
8 — GIRDP1: Girder virtual load = Y2 = 5
9 — BRACP1: Brace virtual load = 5 x [brace L/ (L7 2)] = 707
HT (Iy = Story height
L = Bay length (ctc. columns)
brace L = Brace length
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10 11 12 13 14 15
COLAR | GIRDAR | BRACAR | COLD | GIRDD | BRACED
0.00 0.00 7.31 0.00 0.00 0.08
7.57 4.46 5.62 0.02 0.05 0.06
14.98 5.15 6.50 0.02 0.05 0.07
21.74 5.73 7.22 0.02 0.06 0.07
29.11 6.27 7.90 0.02 0.06 0.08
37.32 6.75 8.51 0.02 0.07 0.09
46.10 7.19 9.06 0.03 0.07 0.09
55.39 7.59 9.57 0.03 0.08 0.10
65.10 7.97 10.04 0.03 0.08 0.10
75.20 8.32 10.48 0.03 0.09 0.11
85.62 8.64 10.88 0.03 0.09 0.11
96.32 8.94 11.27 0.03 0.09 0.12
107.27 9.22 11.62 0.03 0.10 0.12
118.43 9.49 11.96 0.03 0.10 0.12
129.77 9.74 12.28 0.04 0.10 0.13
141.26 9.98 12.58 0.04 0.10 0.13
152.87 10.20 12.86 0.04 0.11 0.13
164.57 10.41 13.12 0.04 0.11 0.14
176.26 10.60 13.36 0.04 0.11 0.14
187.99 10.79 13.59 0.04 0.11 0.14
199.74 10.96 13.81 0.04 0.11 0.14
211.49 11.12 14.02 0.04 0.12 0.14
223.21 11.28 14.21 0.04 0.12 0.15
234.90 11.42 14.39 0.05 0.12 0.15
246.53 11.56 14.56 0.05 0.12 0.15
258.09 11.69 14.72 0.05 0.12 0.15
269.56 11.80 14.87 0.05 0.12 0.15
280.93 11.92 15.01 0.05 0.12 0.16
29217 12.02 15.15 0.05 0.12 0.16
303.28 12.12 15.27 0.05 0.13 0.16
314.23 12.20 15.38 0.05 0.13 0.16
325.02 12.29 15.48 0.05 0.13 0.16
335.63 12.36 15.58 0.06 0.13 0.16
346.04 12.43 15.66 0.06 0.13 0.16
356.25 12.49 15.74 0.06 0.13 0.16
366.24 12.54 15.81 0.06 0.13 0.16
376.01 12.59 15.87 0.06 0.13 0.16
385.52 12.67 38.62 0.23 0.13 0.40
417.33 12.69 16.25 0.07 0.13 0.17
425.97 12.71 20.64 0.11 0.13 0.21

10 — COLAR: Col. arca = Y(Pn)A = ~fcold) x (col7)

11 — GIRDAR: Girder area = ~/(Pn)d = ~{col5) x (col8
12 — BRACAR: Brace area = vijﬁn,-;u?l = icolB) x (col9)
12 — COLDy Column strain

= [COLP x HT (Ij] / (COLAR x E)
= [(col4) x HT (1] / [(col0) x E]
14 — GIRDD: Girder straln = (GIRP X L/ 2)/ (GIRDAR X E)
= [fcolz)y x L/ 2]/ [{coll1) x E]
15 — BRACED: Brace strain = (BRACEP x BRACEL) / (BRACAR x E)
= [(colG) x BRACEL] / [(col12) x E]

E — Young's modulus — 29.0 ksi

Appendix Page 107



16 17 18 19 20 21 22
COLRHO | SUMROC | GIRRHO [ BRARHO | SUMRHO | FLDEL | TOTDEL
0.00 0.01 0.00 0.01 0.02 0.53 15.22
0.00 0.01 0.00 0.01 0.02 0.24 14.69
0.00 0.01 0.01 0.01 0.03 0.25 14.46
0.00 0.01 0.01 0.01 0.03 0.27 14.20
0.00 0.01 0.01 0.01 0.03 0.28 13.94
0.00 0.01 0.01 0.01 0.03 0.29 13.66
0.00 0.01 0.01 0.01 0.03 0.30 13.36
0.00 0.01 0.01 0.01 0.03 0.31 13.06
0.00 0.01 0.01 0.01 0.03 0.32 12.75
0.00 0.01 0.01 0.01 0.03 0.33 12.43
0.00 0.01 0.01 0.01 0.03 0.33 12.11
0.00 0.01 0.01 0.02 0.04 0.34 11.77
0.00 0.01 0.01 0.02 0.04 0.35 11.43
0.00 0.01 0.01 0.02 0.04 0.35 11.09
0.00 0.01 0.01 0.02 0.04 0.35 10.74
0.00 0.01 0.01 0.02 0.04 0.36 10.38
0.00 0.01 0.01 0.02 0.04 0.36 10.02
0.00 0.01 0.01 0.02 0.04 0.36 9.66
0.00 0.01 0.01 0.02 0.04 0.37 9.30
0.00 0.01 0.01 0.02 0.04 0.37 8.93
0.00 0.01 0.01 0.02 0.04 0.37 8.56
0.00 0.01 0.01 0.02 0.04 0.37 8.19
0.00 0.01 0.01 0.02 0.04 0.37 7.81
0.00 0.01 0.01 0.02 0.04 0.38 7.44
0.00 0.01 0.01 0.02 0.04 0.38 7.06
0.00 0.01 0.01 0.02 0.04 0.38 6.69
0.00 0.01 0.01 0.02 0.04 0.38 6.31
0.00 0.01 0.01 0.02 0.04 0.38 5.94
0.00 0.01 0.01 0.02 0.04 0.38 5.56
0.00 0.01 0.01 0.02 0.04 0.38 5.18
0.00 0.00 0.01 0.02 0.04 0.37 4.81
0.00 0.00 0.01 0.02 0.04 0.37 4.43
0.00 0.00 0.01 0.02 0.04 0.37 4.06
0.00 0.00 0.01 0.02 0.04 0.37 3.69
0.00 0.00 0.01 0.02 0.04 0.37 3.32
0.00 0.00 0.01 0.02 0.04 0.37 2.95
0.00 0.00 0.01 0.02 0.04 0.36 2.59
0.00 0.00 0.00 0.03 0.04 1.39 2.22
0.00 0.00 0.01 0.02 0.04 0.35 0.83
0.00 0.00 0.01 0.02 0.03 0.48 0.48

16 — COLRHO: Col. floor RHO =2 x COLD/L = 2 x {col13) /L
17 — SUMROC: Sum of col. RHO — 1 story: SUMROC = (col17) = 0
Above: SUMROC (1) = SUMRCC (1 - 1) + COLRHO (1)
= {ccd7) + (collé)
18 — GIRRHO: Girder fl. RHO = GIRDD / HT = [colld) / FT
19 — BRARHO: Brace fl. RHO = BRACED x (2 x brace L) /(L x HT)
= (coll3) x (2 x brace ) /(L x HT)
20 — SUMRHC: Sum of RHOs @ FL = SLMROC + GIRRHD + BRARHO
= (col17) + (col18) + (col19)
1 — FLDEL: Floaor deflection = SUMRHO x HT = (c020] x HT
2 TOTDEL: Total floor deflection — FLDEL (1) + TOTDEL ( 1)
= col21 (I} + cal22( - 1)

2
2

*Maxa, i =10

Appendix Page 108



23 24 25 26 27 28 29
COLAR [GIRDAR| BRACAR C.R. ACOL | AGIRD | ABRAC
0.00 0.00 7.31 1.17 0.00 0.00 8.56
7.57 4.46 5.62 1.17 8.87 5.22 6.58
14.98 5.15 6.50 1.17 17.54 6.04 7.60
21.74 5.73 7.22 1.17 25.46 6.70 8.45
29.11 6.27 7.90 1.17 34.08 7.34 9.24
37.32 6.75 8.51 1.17 43.69 7.90 9.96
46.10 7.19 9.06 1.17 53.98 8.42 10.61
55.39 7.59 9.57 1.17 64.85 8.89 11.20
65.10 7.97 10.04 1.17 76.23 9.33 11.76
75.20 8.32 10.48 1.17 88.04 9.74 12.27
85.62 8.64 10.88 1.17 100.25 | 10.11 | 12.74
96.32 8.94 11.27 1.17 112.78 | 10.47 | 13.19
107.27 | 9.22 11.62 1.17 125.59 | 10.80 | 13.61
118.43 | 9.49 11.96 1.17 138.66 [ 11.11 [ 14.00
129.77 | 9.74 12.28 1.17 151.94 | 11.41 | 14.37
14126 [ 9.98 12.58 1.17 165.39 | 11.68 | 14.72
152.87 [ 10.20 12.86 1.17 178.99 | 11.95 | 15.05
164.57 | 10.41 13.12 1.17 192.69 | 12.19 | 15.36
176.26 | 10.60 13.36 1.17 206.37 [ 12.41 | 15.64
187.99 [ 10.79 13.59 1.17 220.11 [ 12.63 [ 15.91
199.74 [ 10.96 13.81 1.17 233.86 [ 12.83 | 16.17
21149 [ 11.12 14.02 1.17 247.62 | 13.02 | 16.41
223.21 | 11.28 14.21 1.17 261.35( 13.20 [ 16.64
23490 [ 11.42 14.39 1.17 275.03 [ 13.37 [ 16.85
246.53 [ 11.56 14.56 1.17 288.65 [ 13.53 [ 17.05
258.09 | 11.69 14.72 1.17 302.18 | 13.68 | 17.24
269.56 [ 11.80 14.87 1.17 315.62 | 13.82 | 17.42
280.93 [ 11.92 15.01 1.17 328.92 | 13.95 | 17.58
29217 | 12.02 15.15 1.17 342.09 [ 14.07 | 17.73
303.28 | 12.12 15.27 1.17 355.09 | 14.19 | 17.87
314.23 | 12.20 15.38 1.17 367.92 | 14.29 | 18.01
325.02 | 12.29 15.48 1.17 380.55| 14.39 | 18.13
335.63 | 12.36 15.58 1.17 392.97 | 14.47 | 18.24
346.04 | 12.43 15.66 1.17 405.16 | 14.55 | 18.34
356.25 | 12.49 15.74 1.17 41711 14.62 | 18.43
366.24 [ 12.54 15.81 1.17 428.81 [ 14.69 | 18.51
376.01 | 12.59 15.87 1.17 440.24 | 14.74 | 18.58
385.52 | 12.67 38.62 1.17 451.38 [ 14.83 | 45.22
417.33 | 12.69 16.25 1.17 488.63 [ 14.86 [ 19.03
425.97 | 12.71 20.64 1.17 498.74 | 14.88 | 24.17

23, 24 25 — Repeat of columns 10, 11, 12

26 — Correction factor
27 — ACOL: Optimum column area = (col23) x (col26)
28 — AGIRD: Optimum girder area = (col24) x (col26)
20 — ABRAC: Optimum brace area = (col25) x (col26)
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Appendix D

Braced Frame Drift Results
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WINDS1 WINDS2 WINDS3 WINDS4

Level Height (ft)  Ux(in) Uy (in) HI? Ux (in) Uy (in) HI? Ux (in) Uy (in) HI? Ux Uy HI?
4 460.00 11.40 6.46 | 484.14 11.01 6.45 | 501.35 11.37 -6.38 | 485.31 10.98 -6.39 502.61
40 437.58 10.82 6.05 | 485.29 10.42 6.04 | 503.80 10.79 -5.99 [ 486.55 10.39 -6.00 505.16
39 422.58 10.42 5.76 | 486.73 10.01 576 | 506.44 10.39 -5.72 | 488.07 9.98 -5.72 507.89
38 412.17 10.10 556 | 489.56 9.70 556 | 509.95 10.08 -5.52 | 490.76 9.67 -5.53 511.25
37 401.75 9.77 5.36 | 493.30 9.37 536 | 514.38 9.75 -5.33 [ 494.30 9.35 -5.33 515.47
36 391.33 9.43 515 | 497.98 9.03 515 | 519.76 9.42 -5.13 | 498.72 9.02 -5.13 520.57
35 380.92 9.08 4.94 | 503.65 8.69 494 | 526.15 9.07 -4.93 504.07 8.68 -4.93 526.61
34 370.50 8.71 4.72 | 510.38 8.33 473 | 533.64 8.71 -4.73 510.41 8.33 -4.72 533.68
KX] 360.08 8.34 451 | 518.14 7.97 4.51 542.18 8.35 -4.52 517.68 7.98 -4.52 541.70
32 349.67 7.98 4.30 | 525.59 7.62 4.31 550.37 8.00 -4.33 524.56 7.64 -4.32 549.24
3 339.25 7.63 410 | 533.86 7.28 410 | 559.40 7.65 -4.14 532.16 7.30 -4.13 557.53
30 328.83 7.27 3.89 | 543.05 6.93 3.90 [ 569.41 7.30 -3.95 540.58 6.96 -3.94 566.68
29 318.42 6.91 3.69 [ 553.17 6.58 3.70 | 580.40 6.95 -3.76 549.81 6.63 -3.75 576.70
28 308.00 6.55 349 | 564.17 6.24 350 | 592.35 6.60 -3.57 559.81 6.29 -3.56 587.54
27 297.58 6.20 329 [ 575.99 5.90 3.30 | 605.20 6.26 -3.38 570.48 5.96 -3.37 599.14
26 287.17 5.86 3.09 | 588.46 5.57 3.11 618.85 5.92 -3.20 581.69 5.64 -3.18 611.37
25 276.75 5.52 2.90 | 601.22 5.25 292 | 632.96 5.60 -3.02 593.05 5.32 -3.00 623.91
24 266.33 5.21 2.72 | 613.00 4.95 274 | 646.22 5.30 -2.85 603.28 5.03 -2.83 635.42
23 255.92 4.92 2.54 | 624.58 4.66 256 | 659.61 5.01 -2.68 613.17 4.75 -2.66 646.89
22 245.50 4.63 2.37 | 635.86 4.38 2.39 | 673.03 4.73 -2.51 622.74 447 -2.49 658.35
21 235.08 4.35 220 | 648.03 4.10 222 | 687.33 4.45 -2.34 634.57 4.20 -2.32 672.19
20 224.67 4.07 2.04 | 662.64 3.83 2.06 | 703.99 4.15 -2.18 648.92 3.92 -2.16 688.55
19 214.25 3.78 1.88 | 679.94 3.55 1.90 [ 723.37 3.86 -2.01 665.91 3.63 -1.99 707.50
18 203.83 349 1.73 | 700.18 3.28 1.75 | 745.66 3.57 -1.86 685.75 3.35 -1.84 729.30
17 193.42 3.21 158 | 723.37 3.01 160 | 770.84 3.28 -1.70 708.47 3.08 -1.69 753.94
16 183.00 2.94 145 | 74757 2.76 147 | 796.89 3.00 -1.56 732.34 2.82 -1.54 779.58
15 172.58 2.67 1.32 | 774.99 2.51 1.33 | 826.25 2.73 -1.42 759.39 2.56 -1.41 808.57
14 162.17 241 1.19 | 806.80 2.26 1.21 860.11 2.46 -1.29 790.93 2.31 -1.27 842.10
13 151.75 2.16 1.07 | 844.03 2.02 1.09 [ 899.44 2.20 -1.16 827.92 2.07 -1.14 881.16
12 141.33 1.91 0.96 | 887.96 1.79 0.97 | 94548 1.95 -1.03 871.62 1.83 -1.02 926.98
1 130.92 1.67 0.85 | 940.21 1.57 0.86 | 999.88 1.70 -0.91 923.79 1.60 -0.90 981.26
10 120.50 1.44 0.74 |1003.26 1.36 0.75 | 1064.88 1.47 -0.79 986.83 1.38 -0.78 | 1046.39
9 110.08 1.22 0.64 |1079.07 1.16 0.65 | 1142.14 1.24 -0.69 | 1062.75 1.18 -0.68 | 1123.96
8 99.67 1.03 0.55 |1162.75 0.98 0.56 | 1225.79 1.04 -0.59 [ 1146.92 0.99 -0.58 | 1208.21
7 89.25 0.85 0.47 | 1265.96 0.81 048 | 1327.47 0.86 -0.50 | 1250.58 0.82 -0.49 [ 1310.57
6 78.83 0.68 0.39 | 1399.61 0.65 0.40 | 1456.50 0.68 -0.42 | 1384.25 0.66 -0.41 1439.87
5 68.42 0.52 0.32 | 1579.46 0.50 0.33 | 1626.39 0.53 -0.34 | 1562.63 0.51 -0.33 [ 1608.55
4 58.00 0.38 0.26 |1813.92 0.38 0.26 | 1844.20 0.39 -0.27 [ 1794.28 0.38 -0.26 [ 1823.90
3 26.00 0.13 0.09 |2335.33 0.13 0.09 | 2352.94 0.13 -0.09 | 2326.62 0.13 -0.09 [ 2344.10
2 16.00 0.07 0.05 |2570.28 0.07 0.05 | 2584.12 0.07 -0.05 | 2566.84 0.07 -0.05 [ 2580.65

Appendix Page 111



WINDSS WINDS6 WINDS7 WINDS8

Level Height (ft)  Ux(in) Uy (in) HI? Ux (in) Uy (in) HI? Ux (in) Uy (in) HI? Ux Uy HI?
4 460.00 -10.98 6.39 502.61 -11.37 6.38 485.31 -11.01 -6.45 501.35 -11.40 -6.46 484.14
40 437.58 -10.39 6.00 505.16 -10.79 5.99 486.55 -10.42 -6.04 503.80 -10.82 -6.05 485.29
39 422.58 -0.98 5.72 507.89 -10.39 5.72 488.07 -10.01 -5.76 506.44 -10.42 -5.76 486.73
38 41217 -9.67 5.53 511.25 -10.08 5.52 490.76 -9.70 -5.56 509.95 -10.10 -5.56 489.56
37 401.75 -9.35 5.33 515.47 -9.75 5.33 494.30 -9.37 -5.36 514.38 -9.77 -5.36 493.30
36 391.33 -9.02 5.13 520.57 -9.42 5.13 498.72 -9.03 -5.15 519.76 -9.43 -5.15 497.98
35 380.92 -8.68 4.93 526.61 -9.07 4.93 504.07 -8.69 -4.94 526.15 -9.08 -4.94 503.65
34 370.50 -8.33 4.72 533.68 -8.71 4.73 510.41 -8.33 -4.73 533.64 -8.71 -4.72 510.38
33 360.08 -7.98 4.52 541.70 -8.35 4.52 517.68 -7.97 -4.51 542.18 -8.34 -4.51 518.14
32 349.67 -7.64 4.32 549.24 -8.00 4.33 524.56 -7.62 -4.31 550.37 -7.98 -4.30 525.59
AN 339.25 -7.30 413 557.53 -7.65 4.14 532.16 -7.28 -4.10 559.40 -7.63 -4.10 533.86
30 328.83 -6.96 3.94 566.68 -7.30 3.95 540.58 -6.93 -3.90 569.41 -1.27 -3.89 543.05
29 318.42 -6.63 3.75 576.70 -6.95 3.76 549.81 -6.58 -3.70 580.40 -6.91 -3.69 553.17
28 308.00 -6.29 3.56 587.54 -6.60 3.57 559.81 -6.24 -3.50 592.35 -6.55 -3.49 564.17
27 297.58 -5.96 3.37 599.14 -6.26 3.38 570.48 -5.90 -3.30 605.20 -6.20 -3.29 575.99
26 287.17 -5.64 3.18 611.37 -5.92 3.20 581.69 -5.57 -3.11 618.85 -5.86 -3.09 588.46
25 276.75 -5.32 3.00 623.91 -5.60 3.02 593.05 -5.25 -2.92 632.96 -5.52 -2.90 601.22
24 266.33 -5.03 2.83 635.42 -5.30 2.85 603.28 -4.95 -2.74 646.22 -5.21 -2.72 613.00
23 255.92 -4.75 2.66 646.89 -5.01 2.68 613.17 -4.66 -2.56 659.61 -4.92 -2.54 624.58
22 245.50 -4.47 249 658.35 -4.73 2.51 622.74 -4.38 -2.39 673.03 -4.63 -2.37 635.86
21 235.08 -4.20 2.32 672.19 -4.45 2.34 634.57 -4.10 -2.22 687.33 -4.35 -2.20 648.03
20 224.67 -3.92 2.16 688.55 -4.15 2.18 648.92 -3.83 -2.06 703.99 -4.07 -2.04 662.64
19 214.25 -3.63 1.99 707.50 -3.86 2.01 665.91 -3.55 -1.90 723.37 -3.78 -1.88 679.94
18 203.83 -3.35 1.84 729.30 -3.57 1.86 685.75 -3.28 -1.75 745.66 -3.49 -1.73 700.18
17 193.42 -3.08 1.69 753.94 -3.28 1.70 708.47 -3.01 -1.60 770.84 -3.21 -1.58 723.37
16 183.00 -2.82 1.54 779.58 -3.00 1.56 732.34 -2.76 -1.47 796.89 -2.94 -1.45 747.57
15 172.58 -2.56 1.41 808.57 -2.73 1.42 759.39 -2.51 -1.33 826.25 -2.67 -1.32 774.99
14 162.17 -2.31 1.27 842.10 -2.46 1.29 790.93 -2.26 -1.21 860.11 -2.41 -1.19 806.80
13 151.75 -2.07 1.14 881.16 -2.20 1.16 827.92 -2.02 -1.09 899.44 -2.16 -1.07 844.03
12 141.33 -1.83 1.02 926.98 -1.95 1.03 871.62 -1.79 -0.97 945.48 -1.91 -0.96 887.96
1 130.92 -1.60 0.90 981.26 -1.70 0.91 923.79 -1.57 -0.86 999.88 -1.67 -0.85 940.21
10 120.50 -1.38 0.78 | 1046.39 -1.47 0.79 986.83 -1.36 -0.75 | 1064.88 -1.44 -0.74 | 1003.26
9 110.08 -1.18 0.68 | 1123.96 -1.24 0.69 [ 1062.75 -1.16 -0.65 | 1142.14 -1.22 -0.64 | 1079.07
8 99.67 -0.99 0.58 | 1208.21 -1.04 0.59 1146.92 -0.98 -0.56 | 1225.79 -1.03 -0.55 | 1162.75
7 89.25 -0.82 049 [ 1310.57 -0.86 0.50 1250.58 -0.81 -0.48 | 1327.47 -0.85 -0.47 | 1265.96
6 78.83 -0.66 0.41 1439.87 -0.68 0.42 1384.25 -0.65 -0.40 | 1456.50 -0.68 -0.39 | 1399.61
5 68.42 -0.51 0.33 [ 1608.55 -0.53 0.34 1562.63 -0.50 -0.33 | 1626.39 -0.52 -0.32 | 1579.46
4 58.00 -0.38 0.26 1823.90 -0.39 0.27 1794.28 -0.38 -0.26 | 1844.20 -0.38 -0.26 | 1813.92
3 26.00 -0.13 0.09 [ 2344.10 -0.13 0.09 | 2326.62 -0.13 -0.09 | 2352.94 -0.13 -0.09 | 2335.33
2 16.00 -0.07 0.05 [ 2580.65 -0.07 0.05 | 2566.84 -0.07 -0.05 | 2584.12 -0.07 -0.05 | 2570.28
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WINDS9 WINDS10 WINDS11 WINDS12

Level Height (ft)  Ux(in) Uy (in) HI? Ux (in) Uy (in) HI? Ux (in) Uy (in) HI? Ux Uy HI?

4 460.00 7.54 12.87 | 428.98 7.07 12.86 | 429.34 -7.01 12.82 | 43049 -148 12.81 430.86
40 437.58 7.16 12.06 | 43545 6.68 12.06 | 435.55 -6.63 12.03 | 436.62 -7.11 12.02 | 436.73
39 422.58 6.90 11.50 [ 441.12 6.42 1149 [ 44119 -6.36 1147 | 442.20 -6.85 1147 | 44227
38 41217 6.69 11.10 | 445.56 6.21 11.10 | 445.60 -6.16 11.08 | 446.54 -6.65 11.08 [ 446.58
37 401.75 6.48 10.70 | 450.65 6.00 10.70 [ 450.65 -5.96 10.68 | 451.48 -6.44 10.68 | 451.48
36 391.33 6.25 10.29 | 456.49 5.77 10.29 | 456.43 -5.75 10.27 | 457.12 -6.22 10.27 | 457.06
35 380.92 6.01 9.87 463.13 5.55 9.87 462.99 -5.53 9.86 463.50 -6.00 9.86 463.37
34 370.50 5.77 9.45 470.66 5.31 9.45 470.43 -5.31 9.45 470.71 -5.77 9.45 47049
33 360.08 5.52 9.02 479.05 5.07 9.03 478.71 -5.09 9.03 478.71 -5.53 9.03 478.38
32 349.67 5.28 8.62 486.85 4.85 8.63 486.39 -4.88 8.63 486.06 -5.31 8.64 485.60
K| 339.25 5.04 8.22 495.36 4.62 8.23 494.76 -4.67 8.24 494.05 -5.08 8.25 493.45
30 328.83 4.79 7.82 504.71 4.39 7.83 503.94 -4.46 7.85 502.80 -4.86 7.86 502.03
29 318.42 4.55 7.42 514.93 4.16 743 513.96 -4.25 7.46 512.32 -4.63 747 511.37
28 308.00 4.31 7.03 526.07 3.94 7.04 524.89 -4.04 7.07 522.68 -4.41 7.09 521.52
27 297.58 4.07 6.64 538.18 3.71 6.65 536.76 -3.83 6.69 533.92 -4.19 6.71 532.52
26 287.17 3.84 6.25 551.30 349 6.27 549.60 -3.63 6.31 546.08 -3.98 6.33 544.42
25 276.75 3.62 5.87 565.36 3.28 5.89 563.37 -3.44 5.94 559.11 -3.77 5.96 557.15
24 266.33 3.41 5.52 579.18 3.08 5.54 576.87 -3.25 5.59 571.86 -3.57 5.61 569.62
23 255.92 3.21 517 594.20 2.89 5.19 591.57 -3.08 5.24 585.76 -3.39 5.27 583.19
22 245.50 3.02 4.82 610.58 2.71 4.85 607.61 -2.90 4.90 600.98 -3.21 4.93 598.10
21 235.08 2.84 4.49 628.40 2.54 4.51 625.08 -2.72 4.57 617.66 -3.02 4.59 614.46
20 224.67 2.65 4.16 647.75 2.37 4.19 644.10 -2.54 4.24 635.95 -2.82 4.26 632.42
19 214.25 247 3.84 668.75 2.19 3.87 664.75 -2.35 3.92 655.97 -2.63 3.94 652.11

18 203.83 2.28 3.54 691.55 2.02 3.56 687.19 217 3.61 677.84 -2.43 3.63 673.68
17 193.42 2.09 3.24 715.96 1.86 3.26 711.29 -1.99 3.31 701.46 -2.23 3.33 696.98
16 183.00 1.92 2.97 739.82 1.70 2.99 734.84 -1.82 3.03 724.70 -2.04 3.05 719.93
15 172.58 1.75 2.70 766.16 1.55 2.72 760.84 -1.66 2.76 750.44 -1.86 2.78 745.36
14 162.17 1.58 2.45 795.55 1.40 2.46 789.90 -1.49 2.50 779.31 -1.67 2.51 773.88
13 151.75 1.41 2.20 828.52 1.25 2.21 822.46 -1.34 2.24 811.75 -1.49 2.26 805.93
12 141.33 1.25 1.96 865.66 1.11 1.97 859.12 -1.18 2.00 848.38 -1.32 2.01 842.15
11 130.92 1.09 1.73 907.68 0.97 1.74 900.65 -1.03 1.77 890.04 -1.15 1.78 883.23
10 120.50 0.94 1.51 955.65 0.84 1.53 947.95 -0.89 1.54 937.68 -0.99 1.55 930.26
9 110.08 0.80 1.31 1009.55 0.72 1.32 1001.06 -0.76 1.33 991.37 -0.84 1.34 983.18
8 99.67 0.67 1.13 | 1060.76 0.61 114 | 1051.43 -0.64 1.15 1042.81 -0.70 1.16 | 1033.80
7 89.25 0.55 096 | 1117.49 0.51 0.97 | 1107.09 -0.53 0.97 1100.15 -0.57 0.98 [ 1090.08
6 78.83 0.44 0.80 [ 1181.90 0.41 0.81 1170.06 -0.42 0.81 1165.31 -0.46 0.82 | 1153.79
5 68.42 0.34 0.65 | 1255.17 0.32 0.66 | 1241.31 -0.33 0.66 1239.63 -0.35 0.67 | 1225.93
4 58.00 0.25 0.52 [ 1341.04 0.24 0.53 | 1323.70 -0.25 0.52 1326.47 -0.26 0.53 | 1309.50
3 26.00 0.09 0.19 | 1666.67 0.09 019 | 1657.81 -0.09 0.19 1664.89 -0.09 019 | 1656.93
2 16.00 0.05 0.11 1789.38 0.05 0.11 1782.73 -0.05 0.11 1794.39 -0.05 0.11 1789.38

Appendix Page 113



WINDS13 WINDS14 WINDS15 WINDS16
Level Height (ft) ~ Ux(in) Uy (in) HI? Ux (in) Uy (in) HI? Ux (in)  Uy(in) HI? Ux Uy HI?

4 460.00 7.48 -12.81 [ 430.86 7.01 -12.82 [ 43049 -7.07 -12.86 [ 429.34 -1.54 -12.87 | 428.98
40 437.58 711 -12.02 | 436.73 6.63 -12.03 [ 436.62 -6.68 -12.06 [ 435.55 -7.16 -12.06 | 43545
39 422.58 6.85 -11.47 | 442.27 6.36 1147 | 442.20 -6.42 -11.49 | 44119 -6.90 -11.50 [ 44112
38 412.17 6.65 -11.08 [ 446.58 6.16 -11.08 [ 446.54 -6.21 -11.10 [ 445.60 -6.69 -11.10 | 445.56
37 401.75 6.44 -10.68 | 451.48 5.96 -10.68 [ 45148 -6.00 -10.70 [ 450.65 -6.48 -10.70 | 450.65
36 391.33 6.22 -10.27 | 457.06 5.75 -10.27 | 45712 -5.77 -10.29 | 456.43 -6.25 -10.29 | 456.49
35 380.92 6.00 -9.86 463.37 5.53 -9.86 463.50 -5.55 -9.87 462.99 -6.01 -9.87 463.13
34 370.50 5.77 -9.45 470.49 5.31 -9.45 470.71 -5.31 -9.45 470.43 -5.77 -9.45 470.66
33 360.08 5.53 -9.03 478.38 5.09 -9.03 478.71 -5.07 -9.03 478.71 -5.52 -9.02 479.05
32 349.67 5.31 -8.64 485.60 4.88 -8.63 486.06 -4.85 -8.63 486.39 -5.28 -8.62 486.85
31 339.25 5.08 -8.25 493.45 4.67 -8.24 494.05 -4.62 -8.23 494.76 -5.04 -8.22 495.36
30 328.83 4.86 -71.86 502.03 4.46 -7.85 502.80 -4.39 -7.83 503.94 -4.79 -7.82 504.71
29 318.42 4.63 -1.47 511.37 4.25 -7.46 512.32 -4.16 -7.43 513.96 -4.55 -7.42 514.93
28 308.00 441 -7.09 521.52 4.04 -1.07 522.68 -3.94 -1.04 524.89 -4.31 -7.03 526.07
27 297.58 4.19 6.71 532.52 3.83 -6.69 533.92 -3.71 -6.65 536.76 -4.07 -6.64 538.18
26 287.17 3.98 6.33 544.42 3.63 6.31 546.08 -3.49 -6.27 549.60 -3.84 6.25 551.30
25 276.75 3.77 -5.96 557.15 3.44 -5.94 559.11 -3.28 -5.89 563.37 -3.62 -5.87 565.36
24 266.33 3.57 -5.61 569.62 3.25 -5.59 571.86 -3.08 -5.54 576.87 -3.41 -5.52 579.18
23 255.92 3.39 -5.27 583.19 3.08 -5.24 585.76 -2.89 -5.19 591.57 -3.21 -5.17 594.20
22 245.50 3.21 -4.93 598.10 2.90 -4.90 600.98 -2.71 -4.85 607.61 -3.02 -4.82 610.58
21 235.08 3.02 -4.59 614.46 2.72 -4.57 617.66 -2.54 -4.51 625.08 -2.84 -4.49 628.40
20 224.67 2.82 -4.26 632.42 2.54 -4.24 635.95 -2.37 -4.19 644.10 -2.65 -4.16 647.75
19 214.25 2.63 -3.94 652.11 2.35 -3.92 655.97 -2.19 -3.87 664.75 -2.47 -3.84 668.75
18 203.83 2.43 -3.63 673.68 217 -3.61 677.84 -2.02 -3.56 687.19 -2.28 -3.54 691.55
17 193.42 2.23 -3.33 696.98 1.99 -3.31 701.46 -1.86 -3.26 711.29 -2.09 -3.24 715.96
16 183.00 2.04 -3.05 719.93 1.82 -3.03 724.70 -1.70 -2.99 734.84 -1.92 -2.97 739.82
15 172.58 1.86 -2.78 745.36 1.66 -2.76 750.44 -1.55 -2.72 760.84 -1.75 -2.70 766.16
14 162.17 1.67 -2.51 773.88 1.49 -2.50 779.31 -1.40 -2.46 789.90 -1.58 -2.45 795.55
13 151.75 1.49 -2.26 805.93 1.34 -2.24 811.75 -1.25 -2.21 822.46 -1.41 -2.20 828.52
12 141.33 1.32 -2.01 842.15 1.18 -2.00 848.38 1.1 -1.97 859.12 -1.25 -1.96 865.66
11 130.92 1.15 -1.78 883.23 1.03 -1.77 890.04 -0.97 -1.74 900.65 -1.09 -1.73 907.68
10 120.50 0.99 -1.55 930.26 0.89 -1.54 937.68 -0.84 -1.53 947.95 -0.94 -1.51 955.65
9 110.08 0.84 -1.34 983.18 0.76 -1.33 991.37 -0.72 -1.32_ | 1001.06 -0.80 -1.31 1009.55
8 99.67 0.70 -1.16 | 1033.80 0.64 -1.15 | 1042.81 -0.61 -1.14 ] 1051.43 -0.67 -1.13 | 1060.76
7 89.25 0.57 -0.98 | 1090.08 0.53 -0.97 | 1100.15 -0.51 -0.97 | 1107.09 -0.55 -0.96 | 1117.49
6 78.83 0.46 -0.82 | 1153.79 0.42 -0.81 1165.31 -0.41 -0.81 1170.06 -0.44 -0.80 | 1181.90
5 68.42 0.35 -0.67 | 1225.93 0.33 -0.66 | 1239.63 -0.32 -0.66 | 1241.31 -0.34 -0.65 | 1255.17
) 58.00 0.26 -0.53 | 1309.50 0.25 -0.52 | 1326.47 -0.24 -0.53 | 1323.70 -0.25 -0.52 | 1341.04
3 26.00 0.09 -0.19 | 1656.93 0.09 -0.19 | 1664.89 -0.09 -0.19 | 1657.81 -0.09 -0.19 | 1666.67
2 16.00 0.05 -0.11 1789.38 0.05 -0.11 1794.39 -0.05 -0.11 1782.73 -0.05 -0.11 1789.38
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WINDS17 WINDS18 WINDS19 WINDS20
Level Height (ft)  Ux(in) Uy (in) HI? Ux (in)  Uy(in) HI? Ux (in)  Uy(in) HI? Ux Uy HI?

4 460.00 7.52 6.45 733.70 7.50 6.39 736.39 -7.50 6.39 736.39 -7.52 -6.45 733.70
40 437.58 7.15 6.04 734.66 712 -6.00 737.56 -7.12 6.00 737.56 -7.15 -6.04 734.66
39 422.58 6.89 5.76 736.15 6.86 5.73 739.21 -6.86 5.73 739.21 -6.89 -5.76 736.15
38 41217 6.68 5.56 740.15 6.66 -5.53 742.90 -6.66 5.53 742.90 -6.68 -5.56 740.15
37 401.75 6.47 5.35 745.59 6.45 -5.33 747.88 -6.45 5.33 747.88 -6.47 -5.35 745.59
36 391.33 6.24 5.15 752.48 6.23 5.13 75417 6.23 513 75417 -6.24 -5.15 75248
35 380.92 6.01 4.94 760.90 6.00 -4.93 761.86 -6.00 4.93 761.86 6.01 -4.94 760.90
34 370.50 5.77 4.72 770.96 5.77 -4.73 771.03 5.77 4.73 771.03 5.77 -4.72 770.96
33 360.08 5.52 4.51 782.63 5.53 -4.52 781.60 -5.53 4.52 781.60 -5.52 -4.51 782.63
32 349.67 5.29 4.30 793.90 5.30 -4.33 791.55 -5.30 4.33 791.55 -5.29 -4.30 793.90
31 339.25 5.05 4.10 806.44 5.07 -4.13 802.56 -5.07 4.13 802.56 -5.05 -4.10 | 806.44
30 328.83 4.81 3.90 820.42 4.84 -3.94 814.78 -4.84 3.94 814.78 -4.81 -3.90 | 82042
29 318.42 4.57 3.70 835.81 4.61 -3.75 828.17 -4.61 3.75 828.17 -4.57 -3.70 | 835.81
28 308.00 4.34 3.50 852.60 4.39 -3.56 842.66 -4.39 3.56 842.66 -4.34 -3.50 | 852.60
27 297.58 4.10 3.30 870.59 4.16 -3.37 858.10 -4.16 3.37 858.10 -4.10 -3.30 | 870.59
26 28717 3.87 3.1 889.61 3.94 -3.18 874.24 -3.94 3.18 874.24 -3.87 -3.11 889.61
25 276.75 3.65 2.92 909.04 3.73 -3.00 890.49 -3.73 3.00 890.49 -3.65 -2.92 | 909.04
24 266.33 345 2.74 926.91 3.53 -2.83 904.89 -3.53 2.83 904.89 -3.45 -2.74 | 926.91
23 255.92 3.25 2.56 944.40 3.34 -2.66 918.55 -3.34 2.66 918.55 -3.25 -2.56 | 944.40
22 245.50 3.06 2.39 961.24 3.16 -2.49 931.57 -3.16 249 931.57 -3.06 -2.39 | 961.24
21 235.08 2.88 2.22 978.90 2.97 -2.32 948.49 -2.97 2.32 948.49 -2.88 -2.22 | 978.90
20 224.67 2.70 2.06_ | 1000.26 2.78 -2.16 969.37 -2.78 2.16 969.37 -2.70 -2.06 | 1000.26
19 214.25 2.51 1.90 | 1025.81 2.59 -2.00 994.20 -2.59 2.00 994.20 -2.51 -1.90 | 1025.81
18 203.83 2.32 1.75 | 1055.95 2.39 -1.84 | 102347 -2.39 1.84 | 102347 -2.32 -1.75 | 1055.95
17 193.42 213 1.60 | 1090.65 2.20 -1.69 | 1057.12 -2.20 169 | 105712 -2.13 -1.60 | 1090.65
16 183.00 1.95 146 | 1126.96 2.01 -1.55 | 1092.65 -2.01 1.55 | 1092.65 -1.95 -146 | 1126.96
15 172.58 1.77 1.33 | 1168.07 1.83 -1.41 | 1132.99 -1.83 1.4 1132.99 -1.77 -1.33 | 1168.07
14 162.17 1.60 1.21 1215.87 1.65 -1.27 | 1180.18 -1.65 127 | 1180.18 -1.60 -1.21 | 1215.87
13 151.75 143 1.08 | 1272.00 147 -1.15 | 1235.75 -1.47 115 | 1235.75 -1.43 -1.08 | 1272.00
12 141.33 1.27 0.97 | 1338.38 1.30 -1.02_ | 1301.61 -1.30 1.02_ | 1301.61 -1.27 -0.97 | 1338.38
1" 130.92 1.1 0.85 | 1417.49 1.14 -0.90 | 1380.50 -1.14 0.90 | 1380.50 -1.11 -0.85 | 1417.49
10 120.50 0.96 0.75 | 1513.34 0.98 -0.79 | 1476.11 -0.98 0.79 | 1476.11 -0.96 0.75 | 1513.34
9 110.08 0.81 0.65 | 1628.85 0.83 0.68 | 1591.95 -0.83 0.68 | 1591.95 -0.81 -0.65 | 1628.85
8 99.67 0.68 0.56 | 1757.02 0.69 0.59 | 1721.36 -0.69 0.59 | 1721.36 -0.68 -0.56 | 1757.02
7 89.25 0.56 047 | 1916.26 0.57 -0.50 | 1881.59 -0.57 0.50 | 1881.59 -0.56 -0.47 | 1916.26
(] 78.83 0.45 0.40 | 2124.40 0.45 0.41 [ 2089.21 -0.45 0.41 2089.21 -0.45 040 | 2124.40
5 68.42 0.34 0.32_ | 2407.64 0.35 -0.34 | 2368.74 -0.35 0.34 | 2368.74 -0.34 -0.32 | 2407.64
4 58.00 0.25 0.26 | 2779.55 0.25 0.27 | 2733.70 0.25 0.27 | 2733.70 -0.25 0.26 | 2779.55
3 26.00 0.09 0.09 | 3586.21 0.09 -0.09 [ 3565.71 -0.09 0.09 | 3565.71 -0.09 -0.09 | 3586.21
2 16.00 0.05 0.05 | 3942.51 0.05 -0.05 | 3942.51 -0.05 0.05 | 3942.51 -0.05 -0.05 | 3942.51
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EQX EQXE1 EQXE2 EQY EQYE1 EQYE2
Level Height(ft) Ux(in)  Uy(in) Ux (in) Uy (in) Ux (in) Uy (in) Ux (in) Uy (in) Ux (in) Uy (in) Ux (in) Uy (in)

4 460.00 5.22 0.02 5.15 0.02 5.30 0.02 0.02 4.36 0.09 4.36 -0.06 4.35
40 437.58 4.94 0.02 4.86 0.02 5.02 0.02 0.02 4.08 0.09 4.08 -0.06 4.08
39 422.58 4.75 0.02 4.67 0.01 4.82 0.02 0.02 3.88 0.09 3.88 -0.06 3.88
38 412.17 4.59 0.01 4.52 0.01 4.67 0.01 0.02 3.74 0.09 3.74 -0.06 3.74
37 401.75 4.44 0.01 4.36 0.01 4.51 0.01 0.01 3.60 0.09 3.60 -0.06 3.60
36 391.33 4.27 0.01 4.19 0.01 4.35 0.01 0.01 3.46 0.09 3.46 -0.06 3.46
35 380.92 4.10 0.01 4.03 0.01 4.17 0.01 0.01 3.31 0.08 3.31 -0.07 3.31
34 370.50 3.93 0.00 3.85 0.00 4.00 0.00 0.01 3.17 0.08 317 -0.07 3.17
KX] 360.08 3.75 0.00 3.68 0.00 3.82 0.00 0.00 3.02 0.07 3.02 -0.07 3.02
32 349.67 3.58 0.00 3.51 0.00 3.65 0.00 0.00 2.88 0.07 2.88 -0.07 2.88
3 339.25 341 0.00 3.35 0.00 348 -0.01 0.00 2.74 0.06 2.74 -0.07 2.74
30 328.83 3.24 -0.01 3.18 -0.01 3.30 -0.01 -0.01 2.60 0.06 2.60 -0.07 2.60
29 318.42 3.07 -0.01 3.01 -0.01 3.13 -0.01 -0.01 246 0.05 246 -0.07 247
28 308.00 2.91 -0.01 2.85 -0.01 2.96 -0.02 -0.01 2.33 0.04 2.33 -0.07 2.33
27 297.58 2.74 -0.02 2.69 -0.01 2.80 -0.02 -0.02 219 0.04 219 -0.07 2.20
26 287.17 2.58 -0.02 2.53 -0.02 2.63 -0.02 -0.02 2.06 0.03 2.06 -0.07 2.07
25 276.75 243 -0.02 2.38 -0.02 248 -0.02 -0.02 1.94 0.03 1.93 -0.07 1.94
24 266.33 2.29 -0.02 2.24 -0.02 2.33 -0.03 -0.02 1.81 0.02 1.81 -0.07 1.82
23 255.92 2.15 -0.02 2.10 -0.02 2.19 -0.03 -0.03 1.70 0.02 1.69 0.07 1.70
22 245.50 2.02 -0.03 1.97 -0.02 2.06 -0.03 -0.03 1.58 0.02 1.58 -0.07 1.58
21 235.08 1.89 -0.03 1.84 -0.02 1.93 -0.03 -0.03 147 0.02 1.46 -0.07 147
20 224.67 1.76 -0.03 1.72 -0.02 1.80 -0.03 -0.03 1.36 0.02 1.35 -0.07 1.36
19 214.25 1.63 -0.02 1.59 0.02 1.67 -0.03 -0.02 1.25 0.02 1.25 -0.06 1.25
18 203.83 1.50 -0.02 1.46 -0.02 1.54 -0.03 -0.02 1.15 0.02 1.14 -0.06 1.15
17 193.42 1.37 -0.02 1.34 -0.02 1.4 -0.03 -0.02 1.05 0.01 1.04 -0.05 1.05
16 183.00 1.25 -0.02 1.22 -0.02 1.28 -0.02 -0.02 0.96 0.01 0.95 -0.05 0.96
15 172.58 1.13 -0.02 1.10 -0.02 1.16 -0.02 -0.02 0.87 0.01 0.86 -0.04 0.87
14 162.17 1.02 -0.02 0.99 -0.01 1.05 -0.02 -0.01 0.78 0.01 0.78 -0.04 0.78
13 151.75 0.91 -0.01 0.89 -0.01 0.93 -0.02 -0.01 0.70 0.01 0.70 -0.04 0.70
12 141.33 0.80 -0.01 0.78 -0.01 0.82 -0.02 -0.01 0.62 0.01 0.62 -0.03 0.62
1" 130.92 0.70 -0.01 0.68 -0.01 0.72 -0.01 -0.01 0.55 0.01 0.54 -0.03 0.55
10 120.50 0.60 -0.01 0.59 -0.01 0.61 -0.01 -0.01 0.48 0.01 0.47 -0.02 0.48
9 110.08 0.51 -0.01 0.50 -0.01 0.52 -0.01 -0.01 0.41 0.01 0.41 -0.02 0.41
8 99.67 0.43 -0.01 0.42 0.00 0.43 -0.01 0.00 0.35 0.01 0.35 -0.01 0.35
7 89.25 0.35 0.00 0.34 0.00 0.36 -0.01 0.00 0.30 0.00 0.30 -0.01 0.30
6 78.83 0.28 0.00 0.27 0.00 0.28 0.00 0.00 0.25 0.00 0.25 -0.01 0.25
5 68.42 0.21 0.00 0.21 0.00 0.22 0.00 0.00 0.20 0.00 0.20 0.00 0.20
4 58.00 0.16 0.00 0.16 0.00 0.16 0.00 0.00 0.16 0.00 0.16 0.00 0.16
3 26.00 0.05 0.00 0.05 0.00 0.05 0.00 0.00 0.06 0.00 0.06 0.00 0.06
2 16.00 0.03 0.00 0.03 0.00 0.03 0.00 0.00 0.03 0.00 0.03 0.00 0.03
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Project |AE482
Date 4/8/2008
Engineer |Steve Reichwein

Brace to Girder Connection - LRFD

Fy beam S0 ksi Eolt Dia. 075 |in Lweld 12 n
Fu beam 65 ksi #Rows of Bolts 2 tweld 5 118 in
Fy, plate 36 ksi #Bolts/Row 5 [:] 375 Deg
Fu,plate 58 ksi Plate t {ea) 0.5 [in Whitmore
Erace W12K53 Flate w 9 lin Section
Girder W14X145 Gusset Plate t 05 lin Length 18 in
Brace Limit States

Tengion Yiglding ©Rn=0.9 Fy Ag

PRn T702.0 kips
Tension Rupture DRn =75 Fu{ Ag - Abolis)

@©Rn 2329396575 kips

Block Shear DRn=75{ .6 xFuxAmw +FuxAnt) = .75 ( .6 x Fy x Agv + Fu x Ant)
PRn 24219 Kips  Anv 6.98625
Ant 0.77825
Agy 9315
Bolt Limit States

Bolt Shear/Row

om 79.6 kips
Bearing on Beam/Row
@m 60.5475 kips
Bearing on Plates/Row
om 156.6 kips
Tearout on Beam/Row
Edge Bm @m 4414821875 kips
Other Bm om 882054375 kips
Tearout on Plates/Row
Edge Plate om 127 96875 Kips
Cther Plate @m 228.375 kips
@©Rn Beam 2863392135 kips
PRn Plate 293 kips
FPlate Limit States
Tension Yielding DRn =05 Fy Ag
PRn 291.6 kips
Tension Rupture DRn =75 Fu{ Ag - Abolis)
PRn 315.375 kips
Block Shear DRn=75{ .6 xFuxAmw +FuxAnt) = .75 ( .6 x Fy x Agv + Fu x Ant)
PRn 2425 Kips  Anv 10125
Ant 0.545875
Agy 135
Gusset Plate Limit States
Tension Yielding DRn =039 Fy Ag
PRn 291.6 kips
Tension Rupture DRn =75 Fu{ Ag - Abolis)
PRn 353.4375 Kips
Block Shear RN =75{ .8 x Fux Anv + Fux Ant) £ 75 ( .6 x Fy x Agv + Fu x Anf)
PRn 4850 kips  Anv 20.25
Ant 1.08375
Agy 27
Weld Limit States
Base Meta DRn=75x 6xFuxtxLlweld
PRn 765.18 Kips
Weld Rupture DRn = 1.382 x Lweld x tweld(1/16") x (1 + .5 (sin 8)"1.5)
PRn 206.68 kips
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[Project [AE482
Date 4/8/2003
Engineer |Steve Reichwsin

Brace to Girder Gonnection = LRFD

Fy.beam S0 ksi Bolt Dia. 0.75 |in Lweld 24 n
Fu,beam 65 ksi #Rows of Bolts 2 fweld 5 1MEin
Fy plate 36 ki #Bolts/Fow B =] 375  |Deg
Fu plate 58 ksi Plate t (=a) 0.75 |in Whitmeore
Brace W12KBT Plate w 9 |in Section
Girder WH4x14s Gusset Plate t 15 lin Length 18 in
Brace Limit States
Tengion Yielding DRn =095 Fy Ag
$Rn 1152.0 kips
Tension Rupture RN =75 Fu{ Ag - Abolts)
$Rn S98.7840625 kips
Block Shear DRN =75 (.6 x Fux &nv + Fux Ant) = .75 ( .6 x Fy x Agv + Fu x Anf)
$Rn 429316875 kips  Anv 12.74625
Ant 1.15875
Agv 16.995
Bolt Limit States
Bolt Shear/Row
om 79.6 kips
Bearing on Beam/Row
@m 90.3825 kips
Beanng on Plates/Row
om 2349 Kips

Tearout on Beam/Row

Edge Brm @m 6530390625 kips
Cther Bm @m 131.8078125 kips
Tearout on Plates/Row
Edge Plate om 191953125 Kips
Cther Plate @m 342.5625 kips
©Rn Beam 453.9029063 kips
@DRn Plate 4776 Kips
Flate Limit States
Tension Yiglding RN =09 Fy Ag
@Rn 4374 kips
Tension Rupture @Rn=.75 Fu{ Ag - Abolts)
@R 473.0625 kips
Block Shear ORn =75 6% Fux Amv+ Fux Ant) = 75 { .62 Fy ¥ Agv + Fu x &nt)
$Rn 4723 kips  Anv
Ant
Agw
Gusset Plate Limit States
Tension Yielding ©Rn =029 Fy Ag
$Rn 8748 kips
Tension Rupture DRn =75 Fu{ Ag - Abolts)
$Rn 1060.3125 kips
Block Shear DR =75 { .6 x Fux Anv + Fux Ant) = .75 { .6 x Fy x Agv + Fu = Anf)
@®Rn 4723 Kips  Anv
Ant
Agw
Weld Limit States
Base Meta DRn =75 x Gx Fux txLweld
$Rn 1530.36 Kips
Weld Rupture ©Rn = 1.352 x Lweld x tweld{1/16") x (1 + 5 (sin §*1.5)
$Rn 413.37 kips
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Project  |AE4a2
Date 4/8/2008
Engineer |Steve Reichwein
Brace to Girder Connection - LRFD
Fy beam 50 kai Ealt Dia. 0.75 in Lweld 22 n
Fu beam 65 ksi #Fows of Bolts 2 ftweld 8 118in
Fy.plate 36 ksi #Bolts/Row 8 [:] 375 Deg
Fu plate 58 ki Flatz t (2a) 1.25 in Whitrnors
Erace WA12X 106 Flats w 9 [in Section
Girder W4X 145 Gusset Plate t 15 lin Length 18 in
Brace Limit States
Tengion Yielding oRn=039FyAg
©RN 1404.0 kips
Tension Rupture DRNn =75 Fu (| Ag - Aboltz)
TRn 875769375 Kips
Block Shear DRN =75 { .6 xFux v+ FuxAnt) = 75 [ .6 x Fy x Agv + Fux Anf)
RN GEI.09373 kips  Anv 20.5875
Ant 1.3725
Agv 2745
Bolt Limit States
Bolt Shear/Row
om 79.6 kips
Beanng on Beam/Row
om 107.055 kips
Beanng on Plates/Row
@m 301.5 kips
Tearout on Beam/Row
Edge Bm 2m 78.06093735 Kips
Cther Bm om 156.1215875 kips
Tearout on Plates/Row
Edge Plate om 319.921575 kips
Cther Plats om 570.9375 kips
©Rn Beam 6352608375 Kips
RN Plate 536.8 kips
FPlate Limit States
Tension Yielding P®Rn=08FyAg
©RN 729 kips
Tension Rupture RN = 75 Fu{ Ag - Abolis)
@RN TEE.437E kips
Block Shear DRN =75 { .6 xFux v+ FuxAnt) = 75 [ .6 x Fy x Agv + Fux Anf)
PR 1160.6 kips  Anv 42,1875
Ant 1.367188
Agv 1125
Gussat Plate Limit States
Tension Yielding TRn=05FyAg
©RN 874.8 kips
Tension Rupture RN = 75 Fu{ Ag - Abolis)
TRn 10603125 kips
Block Shear DRN =75 { .6 xFux v+ FuxAnt) = 75 [ .6 x Fy x Agv + Fux Anf)
RN G18.1 kips  Anv 23.3125
Ant 1.640625
Agv 2375
Wald Limit States
Base Metal DRn =75 x 6 xFuxtxLweld
©RN 1402.83 kips
Weld Rupture ORn = 1.392 x Lwald » twald(1/16") x (1 + 5 (sin8)*1.5)
©RN 606.27 kips
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Project |AF432
Date 4/8/2008
Engineer |Steve Reichwein

Brace to Girder Connection - LRFD

Fy.beam S0 ksi Bolt Dia. 0.75 |in Lweld 30 n

Fu beam BS ksi #Rows of Bolis 3 ftweld 8 118 in
Fy plate 36 ksi #Bolts/Row 7 ] 375 Deg
Fu plate 58 ksi Plate t {ea) 2 |in Whitmore

Brace W12X136 Plate w I [11] Section

Girder WA4X145 Gusset Plate t 25 |in Length 18 in

Brace Limit States

Tension Yielding TRn=09Fy Ag )
@Rn 17955 kips
Tengion Rupture ©Rn =75 Fu { Ag - Abolts)

PRn 1433.553435 kips

Block Shear ©Rn=.75{ 6 x Fux Anv + Fux Ant) = 75 (.6 x Fy x Agv + Fux Ant)
©Rn 8443865623 kips  Anv 231075
Ant 345825
Agv 30.81
Bolt Limit States

Bolt Shear/Row

om 119.4 kips
Bearing on Beam/Row
om 207.9675 kips
Bearing on Plates/Row
om 939.6 kips
Tearout on Beam/Row
Edge Bm @m  151.6428685 kips
Cther Bm @m  303.2850375 kips
Tearout on Plates/Row
Edge Plate om TET.B125 kips
Other Plats S 1370.25 kips
Rn Beam 835.5 kips
®Rn Plate 8358 kips
Plate Limit States
Tension Yielding RN =0%Fy Ag
$Rn 1186.4 kips
Tension Rupture ©Rn = .75 Fu { Ag - Abolts)
@Rn 1108.25 kips
Block Shear RN =75( 6 x Fux Anv + Fux Ant) = 75 [ .6 x Fy x Agv + Fux Ant)
PRn 1698.4 kips  Anv 73125
Ant 2734375
Agv a7.s
Gusset Plate Limit States
Tension Yielding RN =0.9Fy Ag
@Rn 1458 kips
Tension Rupture RN =75 Fu{ Ag - Abolis)
$Rn 1872.03125 kips
Block Shear DRN=_75( .6 x Fux &nv + Fux Ant) = 75 ( .6 x Fy x Agv + Fu x Ant)
@Rn 208.7 kips  Anv 36.3625
Ant 2734375
Agv 4875
Weld Limit States
Base Mata DRN=T75x 6 xFuxtxLweld
PRn 1912.95 Kips
Weld Rupture @R = 1.382 x Lweld « tweld{116") x (1 + .5 (sin &)*1.5)
DR 326.74 kips
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Project  [AE432

Date A/8/2008

Engi Steve Reichwein

Brace to Girder Connection - LRFD

Fy. beam s0 ksi Bolt Dia. 075 [in Lweld 38 n
Fu,beam 65 ksi #Rows of Bolts 4 tweld 8 116 in
Fy plate 36 ksi #Bolts/Fow 7 [z} 3rs Deg
Fu,plate 58 ksi Plate t (ea) 225 |in Whitmare

Brace W12X170 Plate w 9 in Section

Girder W14X145 Gusset Plate t 3 in Length 18 in

Brace Limit States

Tension Yielding

Tension Rupture

Block Shear

Bolt Limit States

Bolt Shear/Row

Bearing on Bean

Bearing on Plate:

Tearout on Bean
Edgs BEm
Cther Bm

RN

RN

@Rn

@m

WRow
@m

=/Row
&m

WRow
om
@m

Tearout on Plates/Row

Edge Plate
Cther Plate

©Rn

om
om

Beam

PRn Plate

Plate Limit States

Tengion Yielding

Tension Rupture

Block Shear

Gusset Plate Limit States

Tension ‘Yielding

Tension Rupture

Block Shear

@R

RN

@Rn

RN

RN

BoE

@©Rn=0%Fy Ag

2250.0 Kips

RN =75 Fu { Ag - Abolis)

2176.2 Kips

DR =75 BxFuxdnv+FuxAnt) = 75 ( .6 x Fy x Agv + Fu x Anf)

1125.54 kips

159.2 kips

336.96 kips

1409.4 kips

2457 kips
491.4 kips

1151.71875 Kips
2055375 Kips

1114.4 kips
1114.4 kips

©Rn=0%Fy Ag

1312.2 kips

Any 25.08
Ant 6.24
Agy 744

RN =75 Fu { Ag - Abolis)

1076.625 kips

DR =75 BxFuxdnv+FuxAnt) = 75 ( .6 x Fy x Agv + Fu x Anf)

1635.7 kips

©Rn=0%Fy Ag

17496 kips

Anv 63.8125
Ant 4921875
Agy 87.75

RN =75 Fu { Ag - Abolis)

1852.25 Kips

DR =.75 (.6 x Fux &nv + Fux Ant) = .75 (.6 x Fy x Agv + Fu x Ant)

@Rn 10304 kips  Anv 43.875
Ant 3.28125
Agy 58S
Weld Limit States
Base Meta ©Rn =75 % 6xFuxtxlweld
@®Rn 2423 .07 kips
Weld Rupture ORn = 1.352 x Lweld x tweld({1/16") x (1 + .5 (sin §)*1.5)
@Rn 1047.20 kips
[
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Project:  AE 482
Date: 4/8/2008
Enyineer. STEVE REICHWEIN

GUSSET PLATE CAPACITY (LRFD) . % : '
N N ) \:‘\.\.,
Fy= 36 ki )‘-\\\'\—\é} S . C/
Bolt Diameter= 075 In NN X~
#of Rows of Bols= 1 AR A (P\ . __,.-3»\\ /
Lb- 18 in / ¥, PN A B,
Gussetpl| Brace | JRNPL | oRnyid | RML [0RNDS.| oFn | y/~ KN AN
() | size k) (k) k) k) k| W, — e TN
VI 14 4273 | 6075 | 75785 | 66411 | 42729 ’*‘\{’q\ AN Y ’Q T
0625 | W2 | 3133 | A155 | 5A0.35 | A46E1 | 31334 >Ny X L Ve
W10 | 2849 | 405 | 48598 | 39224 | 78486 ol TN GO I 61 TR
V14 4489 5832 | 71367 | 60119 | 24885 GUSSET PLATZ WITH WHITMORE SECTION 14 GUSSET sl Pﬁ(wu%nwm- SECTHN N GUESET
073 V2 | 4114 | 5346 | 64842 | 53534 | 41143 | o Lowi fon BUCING OECK = (LIALLY/ COERWIVELT USE LS FOR SHPLCTY.

N 17 0.6 74 0/ A = R OF WHTHORE SECTION THWT 15 T THE CO1LIWY
wio 374.0 1E6 5831 17069 71.01 o = AREL OF ATMORE SEETON THT 3 IO THE EEAL

W14 6545 TTT6 | 95196 | 80188 | E5453 | rop skscw cicks OF THE GeITMORE SECION, TME JREA CF THE BEAY AND COLINK CN BE LTLZED, A5 WELL 43

1 w12 600.0 7128 854 56 7458 £49 .09 THE 1IELD STRESS OF THE BE&M OF COLUMK, |E. #n= ﬂ|.'.\.fr_\':jl—m;:Pr_t.;HA;_I[F\‘ol]}. t_\'lEE\HE UMY B_?ﬁl[rﬂ[u
o 5454 648 777 56 677 58 Fa54d hw::}i IS 10 THE COMMECTONCOLUMY WER PEREBDEULAR T0 GUSSET). THE WHINMORE SECTION WUST 3 TRINCARED,
W14 8528 972 118945 | 100198 | 85279
1.25 w2 817 851 1080.70 | 893.23 | 78172
W10 710.7 810 97195 | 78448 | 71086
Viid 1046.6 1166.4 | 1427.34 | 1202.37 | 1046.63
14 w12 9594 10682 | 12¢6.84 | 1071.87 | 95043
w10 8722 972 1166.34 | 941.37 87221

W14 1237.8 13608 | 166523 | 140277 | 123778
1.75 w2 1134.8 12474 | 191298 | 125052 | 113463
W10 1031.5 1134 1360.73 | 1088.27 | 103148
V4 14271 15552 | 1903.13 | 1603.16 | 1427.13
2 w12 1308.2 14256 | 172913 | 1429.16 | 130820
wio 1188.3 1298 158513 | 125516 | 1189.2T
wid 1615.2 17496 | 2141.02 | 1802.56 | 161524
225 w2 1480.6 1603.8 | 194527 | 160781 | 148054
w10 1346.0 1458 1749.52 | 141206 | 134604
w14 1802.5 1944 2378.91 | 2003.95 | 180249
25 W12 1652.3 1732 2161.41 | 1786.45 | 165228
w10 1502.1 1620 1943.91 | 1568.95 | 150207
w14 198%.1 21384 | 2616.80 | 2204.35 | 1989.09
2735 wWi2 1823.3 1960.2 | 2377.95 | 1965.10 | 1823.33
W10 1657.8 1732 213830 | 172585 | 165757
W4 21762 | 2332.8 | 285469 | 240474 | 217519
3 W12 1993.9 | 21384 | 2553.69 | 2143.74 | 1993.93
W10 1812.7 1944 232289 | 1862.74 | 1812.66
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Project: AE 482
Date: 4/8/2008
Engineer: STEVE REICHWEIN

CLAW ANGLECAPACITY (LRFD)

Fy= 36 ksi
Bolt Diameter = 0.75 in
# Angles per Conn = 4
b Rn Angle Group (k)
# of Bolts 3 | 4 | 5 | 6 | 7 | 8
Angle
L3X3X1/2 356.4 356.4 356.4 356.4 356.4 356.4
L3X3X7/16 314.9 314.9 314.9 314.9 314.9 314.9
L3X3X3/8 273.5 273.5 2735 273.5 273.5 273.5
L3X3X5/16 230.7 230.7 230.7 230.7 230.7 230.7
L3X3X1/4 186.6 186.6 186.6 186.6 186.6 186.6
L3X3X3/16 141.3 141.3 141.3 141.3 141.3 141.3
L3 1/2x3 1/2x1/2 401.2 423.8 423.8 423.8 423.8 423.8
L3 1/2x3 1/2x7/16 351.1 374.5 3745 374.5 374.5 374.5
L3 1/2x3 1/2x3/8 300.9 324.0 324.0 324.0 324.0 324.0
L3 1/2x3 1/2x5/16 250.8 272.2 272.2 272.2 272.2 272.2
L3 1/2x3 1/2x1/4 200.6 220.3 220.3 220.3 220.3 220.3
L4X4X3/4 601.8 703.7 703.7 703.7 703.7 703.7
L4X4X5/8 501.5 597.5 597.5 597.5 597.5 597.5
L4X4X1/2 401.2 486.0 486.0 486.0 486.0 486.0
L4X4X7/16 351.1 427.7 427.7 427.7 427.7 427.7
L4X4X3/8 300.9 370.7 370.7 370.7 370.7 370.7
L4X4X5/16 250.8 311.0 311.0 311.0 311.0 311.0
L4X4X1/4 200.6 250.1 250.1 250.1 250.1 250.1
L5X5X7/8 7021 976.2 1039.4 1039.4 1039.4 1039.4
L5X5X3/4 601.8 836.7 904.6 904.6 904.6 904.6
L5X5X5/8 501.5 697.3 764.6 764.6 764.6 764.6
L5X5X1/2 401.2 557.8 620.8 620.8 620.8 620.8
LEX5X7/16 351.1 488.1 548.9 546.9 5.6.9 545.9
L5X5X3/8 300.9 418.4 473.0 473.0 473.0 473.0
L5X5X5/16 250.8 348.6 397.9 397.9 397.9 397.9
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Appendix F

Parametric RMS Acceleration Calculations
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CONCRETE SHEAR WALL CORE PARAMETRIC RMS ACCELERATION

Project AE 482
Date 4/8/2008
Engr Steve Reichwein

Tall Building Acceleration (Serviceability Limit States Under Wind Load, Griffis)

Equations Parameters
| . 50 Year Wind Speed 114 mph
A:(2)=Cr(2) £or 10 Year Un 84.36 mph | 37717965 mis
- ETABS Ts 1.77 5
ETABS Tirans AL s
Ap(2)=Cp (Z]W Ka G1916501414 Mim
bon= oo Kraans 65242338 61 N/m
. - { (Damping) 0.02
4,(2)=C5(2) K% M 1110058.97 |[Ib-sec’2/ft_| 16206861[kg [
MMI 4918511077 50| kg-m*2
rr1.88 VB B 140 fi 42672 | m_ |
o~ N Uy NsB . 9z — -
A;(Z2)=C,(Z) KU o f05 o prleE o 0.25 Cp 4.08
: ¢ 5 [ 046
N.B Cs 71.00
- Vel
4,(Z)=C e@)ﬁ o 0.25 Ag 0.022 0.00227 g 227 Hg
® L ] -
g - g # AL 0.028 0.00257 g 267 Mg
C {Z) =0.0116 x BO.Jé w7 Aa 0.001 0.00009 g 0.09 ]
. ’ Ax 4416 |ug
C (Z) = 0.0263 8—0.54 w7 Design Target 4.500 ug
. = 0.
. N_B Motes: 10 year wind is equivalent to 0.74 x 50 year wind spead
¢ 112 s =
Ce‘\Z] =0.00341 = B ® Z'_L' £0.25 If accelerations exceed design limit, tuned mass damper may he requirad
H
However, calculations are only an approximation and a wind tunnel test will he required to verify
. - N,B
C,(Z)=10.00510 x« B« 7. E'ﬁ =0.25
i

E = (2TIN)? x M
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STEEL BRACED FRAME CORE PARAMETRIC RMS ACCELERATION

Project AE 482
Date 4/8/2008
Engr Steve Reichwein

Tall Building Acceleration (Serviceability Limit States Under Wind Load, Griffis)

Equations Parameters
7354 = —
_ ‘" 50 Year Wind Speed 114 mph
4;(2)=C, (Z}W 10 Year Un 5436 mph | 37.717965]  mis
ETABS Ts 29 H]
U %?4 ETAES Traans 4.3 s
Ap(Z)=Cp(Z) KT %% D Ks 16977955610 N/m
2 » Krrans 26445426 36 N/m
e N_B Z (Damping) 0.02
- N 5 82 { )
4(2) Cs(z}Ks_n_nexg-n_st;.oa g, =0 M B17008.66 |lb-sec’2it | 11020640]kg |
MM 3620446234 00| kg-m"2
e N.B B 140 fit 42672 | m |
A(Z)=C,(Z - f— < .25 C
e( ) a( )K;"'“Xr:n'ij;'“‘UH Co 11.32
c, 0.49
Uz.?a N.B Cg 75.11
A,(Zy=¢, (Z)W,ULH).ZS Ao 0.040 0.00412 g 412 g
¢ e " A 0.061 0.00625 a 6.25 g
5 0019 2
C_D (Z] =0.0116 x BO.ES w7 Ag 0.002 0.0001 q 013 Mg
Ay 9.369 Hg
Design Limit 4.800
C,(Z)=0.0263 x B xZ —— =
1 N.B Maotes: 10 year wind is equivalent to 0.74 x 50 year wind spead
C,(Z)=0.00341 x B~ x Z,—UE =025 If accelerations exceed design limit, tuned mass damper may be required
H
However, calculations are only an approximation and a wind tunnel test will be required to verify
N_B
C,(Z)=0.00510 x B xz ’UL =0.25
H

Ap = (43 + 4} + (B2 x 4,)1)"

K = (2TIN)* x M
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Appendix G

Architectural Breadth Studies
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Fire Resistance Ratings - ANSI/UL 263

Design No. N501
® ®
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NI

Steel Beam — Min size, a W8X24 with outside dimensions of 7-7/8x6-1/2 in. with a flange
thickness of 3/8 in., a web thickness of 1/4 in., and a cross-sectional area of 7.06 sq in.

1. Normal Weight Concrete — 148 pcf.

2. Steel Floor and Form Units* — 1-1/2 in. fluted type, welded to beam.

3. Drill Screw — No. 8-18 by 1/2-in. long Phillips panhead drill screws, self-drilling and self-
tapping, made of case-hardened steel.

4. Runner Angle — 24 MSG galv steel with 1 and 2-in. legs. Fastened to steel deck 12 in. O.C.
with Item 3.

5. Channel Bracket — Fabricated from 25 MSG galv steel, 1-11/16 in. deep with 1-in. legs and
spaced 24 in. O.C. Fastened to the runner angles with Item 3.

6. Corner Angle — same material as Item 4, fastened to channel brackets with Item 3.

7. Gypsum Board* — 5/8 in. thick. First layer fastened with 1-1/4 in. long, 0.150 in. diam
screws spaced 16 in. O.C. Second layer attached with 1-3/4 in. long, 0.150 in. diam screws
spaced 8 in. O.C. Screws are self-drilling and self-tapping Phillips head made of case-hardened
steel.

8. Corner Bead — Fabricated from 20 MSG galv steel to form an angle with 1-1/4 in. legs. Legs
perforated with 1/4 in. diam holes approx 1 in. OC. Attached to wallboard with special crimping
tool approx 6 in. OC. As an alternate, the bead may be nailed to the wallboard.

9. Joint Compound — 1/32 in. thick on bottom and sides of wallboard from corner beads and
feathered out. Paper tape embedded in joint compound over joints with edges of compound
feathered out.

10. Protective Material — Spray-Applied Fire Resistive Materials* — Spray applied to the
underside of the steel floor units, filling the flutes of the units and providing a smooth ceiling
which was 1/4 in. thick as measured from the bottom plane of the floor units.

See Spray-Applied Fire Resistive Materials (CHPX) category for names of manufacturers.
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11. Alternate Joint System — (Not Shown) — For lath only. A 1/16 in. thickness of gypsum
plaster applied to entire exposed surface over either paper tape on joints embedded in
cementitious compound or 2 1/2 in. wide glass fiber tape stapled 8 in. OC on joints.

12. Alternate Construction - Steel Framing Members* — As an alternate to Items 3, 4, 5 and
6 steel clips attached to both sides of beam flanges 2 ft OC and at ends of beam. First layer of
gypsum board fastened to steel clips with 1-1/4 in. long Type S drywall screws. 2 in. by 2 in. 25
MSG angle fastened to clips on bottom portion of assembly with 2 in. long Type S drywall
screws. Second layer of gypsum board fastened to angle and steel clips with 2 in. long Type S
drywall screws, spaced 2 ft OC. Screws are self-drilling and self-tapping Phillips head made of
case-hardened steel.
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Fire Resistance Ratings - ANSI/UL 263

Design No. X521
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1. Steel Studs — 1-5/8 in. wide with leg dimensions of 1-5/16 and 1-7/16 in. with a 1/4 in.
folded flange in legs fabricated from 25 MSG galv steel. Steel stud cut 1/2 in. less in length than
assembly height.

2. Gypsum Board* — 1/2 in. thick, one layer.
3. Joint Compound — Applied at corners to cover corner beads. As an option, nom 3/32 in.
thick gypsum veneer plaster may be applied to the entire surface of Classified veneer baseboard.

4. Screws — 1 in. long self-drilling, self-tapping steel screws, spaced vertically 12 in. OC.

5. Corner Beads — 26 MSG galv steel, 1-1/4 in. legs attached to wallboard by crimping spaced
6 in. O.C.

6. Steel Column — Min. size of column W14 x 228, with outside dimensions of 16 by 15-7/8 in.
with flange thickness of 1-11/16 in., a web thickness of 1-1/16 in., and a cross-sectional area of
67.06 sq in.

Appendix Page 134



Fire Resistance Ratings - ANSI/UL 263

Design No. X518
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1. Steel Studs — 1-5/8 in. wide with leg dimensions of 1-5/16 and 1-7/16 in. with a 1/4 in. folded flange
in legs, fabricated from 25 MSG galv steel. Steel stud cut 1/2 in. less in length than assembly height.

2. Gypsum Board* — Two layers of 1/2 in. thick wallboard.

3. Screws — 1 in. long self-drilling, self-tapping screws, spaced vertically 24 in. on centers, except on the
outer layer of wallboard on the flanges, which are spaced on 12 in. centers.

4. Screws — 1-5/8 in. long self-drilling, self-tapping screws spaced vertically 12 in. OC.

5. Corner Beads — No. 28 MSG galv steel, 1-1/8 in. legs. Attached to wallboard with 4d by 1-3/8 in.
nails spaced 12 in. OC at each leg.

6. Joint Compound — 1/16 in. thick. As an option, nom 3/32 in. thick gypsum veneer plaster may be
applied to the entire surface of Classified veneer baseboard.

7. Steel Column — Min size of column, W10 x 49, with outside dimensions of 10 x 10 in. with a flange
thickness of 9/16 in., a web thickness of 5/16 in., and a cross-sectional area of 14.4 sq in.
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Fire Resistance Ratings - ANSI/UL 263

Design No. U411

1. Floor and Ceiling Runner — (Not Shown) — Min. 25 MSG galv steel 1 in. high, return legs 2-1/2 in.
wide (min), attached to floor and ceiling with fasteners 24 in. OC.

2. Steel Studs — Min 2-1/2 in. wide, 1-1/4 in. legs, 3/8 in. return, formed of min 25 MSG galv steel max
stud spacing 24 in. OC. Studs to be cut 3/4 in. less than assembly height.

3. Batts and Blankets* — (Optional) — Mineral wool or glass fiber batts partially or completely filling
stud cavity. Fasten each batt to wallboard base layer with a min 9/16 in. long staple. Use five staples for

each 4 ft piece. Drive one staple in the center of each piece and a staple at each corner, approx 3 in. from
edges.

See Batts and Blankets (BZJZ) category for names of manufacturers.

3A. Fiber, Sprayed* — As an alternate to Batts and Blankets (Item 3) — Spray applied cellulose
material. The fiber is applied with water to completely fill the enclosed cavity in accordance with the
application instructions supplied with the product. Nominal dry density of 3.0 Ib/ft’. Alternate application
method: The fiber is applied with U.S. Greenfiber LLC Type AD100 hot melt adhesive at a nominal ratio
of one part adhesive to 6.6 parts fiber to completely fill the enclosed cavity in accordance with the
application instructions supplied with the product. Nominal dry density of 2.5 1b/ft’.

3B. Fiber, Sprayed* — As an alternate to Batts and Blankets (Item 3) and Item 3A - Spray applied
cellulose insulation material. The fiber is applied with water to interior surfaces in accordance with the
application instructions supplied with the product. Applied to completely fill the enclosed cavity.
Minimum dry density of 4.3 pounds per cubic ft.

4. Gypsum Board* — 5/8 in. thick, outer layer paper or vinyl surfaced. (Laminated System) Wallboard
applied vertically in two layers. Inner layer attached to studs with 1 in. long Type S steel screws spaced 8
in. OC along vertical edges, and 12 in. OC in the field and outer layer laminated to inner layer with joint
compound, applied with a notched spreader producing continuous beads of compound about 3/8 in. in
diameter, spaced not greater than 2 in. OC. Joints of laminated outer layer offset 12 in. from inner layer
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joints Outer layer wallboard attached to floor and ceiling runner track with 1-5/8 in. long Type S steel
screws spaced 12 in. OC.

Optional, (Direct Attached System), Inner layer attached to studs with 1 in. long Type S steel
screws spaced 16 in. OC in the field and along the vertical edges. Outer layer attached to the
studs over the inner layer with 1-5/8 in. long Type S steel screws spaced 16 in. OC in the field
and along the vertical edges and 12 in. OC to the floor and ceiling runners. Joints of screw-
attached outer layer offset from inner layer joints. Joints of outer layer may be taped or untaped.

Nom 3/32 in. thick gypsum veneer plaster may be applied to the entire surface of Classified
veneer baseboard. Joints reinforced.

4A. Gypsum Board* — (As an alternate to Item 4) — Nom 3/4 in. thick, installed as described in Item 4
with 1-1/4 in. long Type S screws for inner layer and 2-1/4 in. long Type S screws for outer layer.
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Appendix H

Construction Management Breadth Studies
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zﬁ“ RAM Steel v11.2

M DrReer Takaaff Model P ANKS
LT Building Code: IBC

Gravity Beam Design Takeoff

N4/NRINR N4-78-46

Stes Code: AISCLEFD

STEEL BEAM DESIGN TAKEOLE:

Tlour Types ROOT
Story Level 43
Stesl Crade: 20

W36XN182

Total Humber of Studs = 0

Floor Type: FLE 41 M
Story Level 42
Steel Grade: 50

SIZE 2
Wa¥1In
WI12K19
WI16K26

Total Humber of Studs = 0

Floor Type: FLE 40 AL
Story Level 41
Steel Grade: 50

SIZE #
WEH10 3
WI10X12 1
1
2

WI1MNI4
W8X1s

LENGTH (fi) WEIGHT (lbz)
34098 6463

628

1 4834

3 19156

4001

10670

45751

LENGTH (fi) WEIGHT (lbz)
R4 SR8

108.50 2056

112 355

20,00 621

2775 973

40.00 1765

38.50 2135

5699

LENGTH (fi) WEIGHT (lbz)
128.08 1290

18.75 238

g7 1

4852 BB6

y w Gravity Beam Design Takeoff
l FAM Steel v11.2

H NatiRase Taken Madel - PTANKS

wiiiei| Building Ceds: IBC

Page 2/5
04/0R8/08 N4-78-46
Steel Code: AISC LEFD

SIIE

WIIK1S
WI4K22
WIXK26
WIeX26
WI1eX31
WIBX3S
W16X36
WIEK40
WIlH44
WIEH4E

Totl Humber efSmds = 0

Floor Type: FLR 24 TO 3%
Story Levels 15 to 40
Steel Grade: 50

SIZE
WEX10
WI0X12
WIXK1e
WI2K1D
WI4K22
WIAX 6
WIBX3S
WIlH44

Total Mumber of Studs = 0

Floor Type: FLR 4 TO 23
Story Levels Sto 24
Steel Grade: 50

ES

L

T el b

5

LENCTH (ft)
105.60

9452

80.00

5B.03
117 48

LENGTH (f)
233

WEICHT (lbc)
2058
2087
2082
1517
3630
9619
1134
2028
2402
1470
415
9813
1548
12658

WEIGHT (lbs)
1434
238
1202
7127
1548
nE
9395
3682
2831

v 1 Gravity Beam Design Takeoff
' RAM Steel v11.2

RAM D:::Ba==: Takeoff Model - PLANKS
eitreicesl] Building Code: IBC

Page 375
04/08/08 04:28:46

Stes Code: AISCLEFD

SIZE #
WK1 16
1
1
3
1
23
&
4
11
4
2
W24N62 1
W24HET6 7
80
Total Humber of Studs = 0
Floor Type: FLE 3
Story Level 2
Steel Grade: 50
SIZE =
15
2
1
5
2
4
Ll
3
14
]
2
13
50

Total Humber of Studs = 0

Floor Type: FLE 2
Story Level 1
Steel Grade: 50

LENGTH (f}) WEIGHT (Ibs)
193.16 1946
16.00 193
925 131
56.25 202
20.17 522
TRES

2534

2006

5088

3683

2031

1993

LENGTH (1)

WEIGHT (lbz)
181.16 1825

y ‘ Gravity Beam Design Takeoff
' FAM Steel v11.2

RAM D:t:3::e: Takeoif Model - PLANKS

Building Code: IBC

Page 45
04/08/08 04:28:46
Steel Code: AISC LEFD

SIZE
WEX10
WIZX14
WIXK1e
WEH1E
WIIK1S
WI4X22
WIeX26
WI1eX31
WIBX3S
WI4X33
WIEK40

Total Mumber of Studs = 0

R

el L e

1 de e L b e

LENGTH (1)
181 16

WEIGHT (lbs)
1815

TOTAL STRUCTURE GRAVITY BEAM TAKEOFF

Steel Grade: 50

SIZE
WEX10
WEX1E
WI0KI12
WIIK14
WIXK1e
WIIK1S
WIXK26
WI4K22
WI4X38
WIeX26
WI1eH31
WIeX36
WIRKIS
WIEK40
WIEX50
WIEH4E

LENGTH (fr)

2364.50
15069.13
50,00
462795
64.00
1596 95

2109.65
32.00
48275
3604 45
90,51

WEIGHT (lhs)

1134
47659
9740
105526
1470
23162
135449
4517
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ﬂ ‘ Gravity Beam Design Takeoff
l RAM Stesl v11.2

RAM D:Bzez: Takaot Modsl - PLANKS

il Building Code: IBC

Page 55
04/08/08 04:28:46
Steal Code AISCLEFD

SIZE B LENCTH {ft) WEICHT (Th:)
W2LNFS 49 1056.03 3857,
20 540.00 39833
72800 2a1a90
a0 T
Total Numbar of Stude =
ETABS TAKEOFF
ElementType | Material | TotalWeight | NumPieces

Column STEEL 2945.134 516

Beam STEEL 813.933 344

Brace STEEL 1317.75 684

Brace 36KSI 172.47 172
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”‘ Gravity Column Design TakeOff
l RAM Steel v11.2

DataBase: Takeoff Model - PLANKS 04/08/08 06:09:34
luesicra] - Building Code: IBC Steel Code: AISC LRFD

Steel Grade: 50

I section
Size # Length (ft) Weight (1bs)
WI10X33 51 1883.7 682239
W10X39 5 92.0 3600
W12X40 13 486.2 19356
WI14X43 57 1828.2 78386
W12X45 2 83.3 3715
W14X48 8 211.7 10156
WI12X50 1 41.7 2070
WI12X53 3 109.8 5826
W14X53 10 310.0 16456
WI2X58 1 41.7 2410
Wl14Xol 27 1098.4 66901
WI12X65 1 41.7 2708
WI10X68 4 105.7 7191
W14X68 11 458.3 31193
W14X74 7 291.7 21637
WI12X79 1 26.4 2085
WI14X82 17 708.4 57849
WI10X88 4 128.0 11281
W14X90 25 1041.7 93934
WI12X96 1 32.0 3071
W14X99 19 791.7 78394
W14X109 16 651.4 70934
W14X120 15 625.0 75076
W14X132 10 401.4 53000
W14X145 21 814.0 118277
W12X152 1 32.0 4867
WI14X159 16 565.5 89866
W14X176 10 416.7 73446
WI14X193 10 372.4 71982
WI14X211 16 567.0 119624
W14X233 8 2947 68685
WI14X257 12 439.0 112936
W14X283 10 353.1 100084
WI14X311 3 79.3 24648
W14X342 4 166.7 57282
W14X370 4 128.0 47476
W14X398 4 105.7 42069
W14X426 4 128.0 54445
W14X550 4 128.0 70560
436 1835714
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