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Executive Summary

The purpose of this report is to investigate the possibility of alternate floor systems of the
Borgata Hotel Tower. This is a 43 story, 2.2 million square foot hotel in Atlantic City, New
Jersey. The hotel will serve guests for the adjoining low rise casino and spa.

There were a number of floor systems considered, but after preliminary research some of the
options were ruled out. A one-way concrete slab was ruled out because the center bay, which is
also the largest bay, is almost square and more suitable for a two-system. A non-composite
steel framing system was ruled out because the framing size and depths would be much greater
that of a composite system. The field was narrowed down to four possible alternative solutions:
steel frame with composite deck, Girder-Slab D-Beams with precast hollow core planks, two-way
flat plate and two-way flat plate using filigree precast planks. The following is a table with the basic
design criteria listed:

System Slab Beams Girders Columns
Composite Steel 6” Slab on 1 4" W12x19  W16x31 W14, Size Varies
Composite Deck
Girder-Slab 8” Hollow Core None DB 8X35 W14, Size Varies
Two-Way Concrete 10” Cast-In-Place, With None None Concrete, 32”x31”, 22"x22”
Mild Reinforcing
Two-Way Concrete Filigree 2 %" Precast with None None Concrete, 32”x31”, 22"x22”
7 %” Cast-In-Place
Topping

Each system analyzed has its advantages and disadvantages. Each system is analyzed based on
cost, performance, constructability, lead time, erection time, vibration resistance, depth,
weight, durability, grid changes, architectural consideration and lateral system effects.

After analysis and careful consideration, the two-way flat plate filigree system was chosen as an
acceptable solution to the original design. This system compared equally in cost with most of
the other options, and had the least negative impact on the outcome of the project. The filigree
system will speed the construction process while performing similar to the original design.




Technical Assignment 2 Christopher Shipper

Table of Contents
EXisting Structural SYStem .........ccvviiiiinineinniinni s s ssssssssssssssssssssasssnsss 4
DESIZN LOAUS.....ceiiiiieiiniinniieieninnsssenssnssansssssssssssssassssessansssssasssssssasssssssssssassasssns sssassasssnssnsss 6

Alternative Floor Systems

Composite Steel Frame SySteM........ccciiiineenniisnnnninesnssnssnssnsssnsnssssssssssssssssssssssssass 7
GIrder-Slab SYStEM........ccoeeireeiececreee et ccneeceeeseeessaeesasessseesssessseesssasssnssssasesasssnassnssenaes 9
Two-Way Flat Plate with Drop Panels............ceeeecreeerseennenreceensneecseessseesssesssaesssasesaeens 11
Two-Way Filigree FIat Plate.........coceervceirneeceecseenneensseecsencecssesssesssseessnssssasesassssseessesenes 12
CoMPAFISON TABI...cu eieeeeceteercreeercerceeneeceeeeessraresaeeesseesssessseessnsssnsssnasesassessasesnasennsannn 14
L0073 T 11 o o T 15
Appendices
Appendix 1 — Composite Steel Frame — Calculations, Cost Analysis Tables......... 16
Appendix 2 — Composite Steel Frame — Calculations, Cost Analysis Tables......... 20
Appendix 3 — Composite Steel Frame — Calculations, Cost Analysis Tables......... 26
Appendix 4 — Composite Steel Frame — Calculations, Cost Analysis Tables......... 32
EXiStING FIOOT PIANS.......cccoeieeireir e cnene s crnasccancsssnsssnasssnssenssesasasssessssnsssnsssnasssasssssesssnnssns 36
References and Design AIdes.........cuvviuiiieniiineinnninnnninsmnnninisnsismssssssssssssssssssasss 37



Technical Assignment 2

Existing Structural System

Floor System

The typical floor is supported
by a post-tensioned
concrete slab system. The
concrete is normal weight
(145 pcf dry unit weight) and
has a minimum 28 day
strength of 5000 psi. The
slab is 7” thick at the center
of the building, and 8 %”
thick at each end where the
floor plan is circular in
shape. The typical bay sizes
are 30’-0” X 26’-0” and 30’-
0” X 17'-0”. There is
variation in span sizes at the
ends of the building. Post-
tensioned cables are to
conform to ASTM A-416 and
shall be Grade A or Grade B
and are loaded with varying
forces from 50 to 900 Kkips.
The non typical floors are a
mix of post-tensioned
systems with a thicker slab,
and two way flat slabs with
drop panels. The figure to
the right shows the typical
bay sizes along the building.
A full typical floor plan can
be found in the appendix.
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Roof System: The flat roof slab is similar to the typical floor slab. It is a post-tensioned system, but the
slab is 8 %" thick for the entire slab. The roof slab supports most of the buildings mechanical
equipment as well as catwalks used to access the mechanical equipment.

Lateral System: The structure is laterally supported by reinforced high strength concrete shear walls
in both the North-South and East-West directions. The shear walls also assume gravity load from the
floors. The concrete is normal weight and has a minimum strength of 9000psi. Most of the shear walls
extend the full height of the building, but a few stop at certain stories because of smaller shears
towards the top of the building. The layout of the shear walls can be seen on the typical floor plan in
the appendix.

Foundation: The Borgata Hotel is located on the site of a former landfill. The dump was not excavated
and the soil below the dump is a combination of marine tidal marsh and clay/sand seams. A deep
foundation system was chosen for the building. The transfers gravity and lateral loads to the earth
through concrete filled steel tube piles. The piles are 16” in diameter and contain reinforced concrete.
Piles are driven to various depths until reaching very dense sand. Columns bear directly on pile caps
which vary in size. In some cases at shear walls, the walls and columns bear on 9’-0” concrete pile
mats. The slab on grade is a 1’-6” thick structural two-way slab. This slab spans between piles caps
since the soil below (landfill) has no bearing capacity.

Columns: Columns are cast-in-place

concrete with strengths that vary
depending on stories. Below, table one
contains the column concrete strengths for — et £

the various stories. The figure to the right P | o t__ L F
shows the typical column sizes and
common reinforcing arrangements. =

Concrete Compressive Strengths b
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Design Loads

Dead Loads
Slab 85, 103 psf
Partitions 15 psf
Live Loads
Guest Rooms 40 psf
Guest Hallways 40 psf
Elevators/Stairs/Exits 100 psf
Casino Floor 100 psf
Casino Corridor 100 psf
Mechanical — Basement 150 psf
Mechanical — Roof 150 psf
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Alternative Structural Floor System Overview
Steel Composite Floor System

The steel composite floor was designed using the same bay sizing as the original design. A
representative three bay model was constructed in RAM Structural System to represent the bay
layout in the center of the building. The concrete deck is 6” total with a 1 /4" Vulcraft composite metal
deck. The typical beam size is W12X19 and the girders are W12X19 and W16X31. Shear studs are 3/4”
diameter by 3 7/8” long. Beams and girders were designed for a minimum of 25 percent composite
action and maximum of full composite action.

Advantages
(@) (@
Cost: The composite framing proved g
to have the lowest cost for any of @ 4 WiZe1s (18 T

the structural systems (structural
system only). The reduced amount

of concrete and lack of forming .h‘ﬁ:f‘ f ‘E‘ ‘E‘
required are factors in the low cost. FE E E E
Most  contractors are  highly

experienced in steel framing, @ 1 Wigx3 (2H) J
therefore there is also low cost for T 7
labor.

6~ COMCRETE .
Weight: The use of steel framing TR

decreases the distance the concrete DECK

has to span, which in effect, C’D

decreases the required thickness. ’

This decrease in thickness reduces

the weight of the system even with 1 4 GOLUNN
. . (TYP OF ALL)

the addition of beams and girders. J
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The weight of the composite system @ + st (28) e
(for the three bays designed) is

135.6 kips versus the original post &l H ] i
tensioned system, 165.2 kips. This =3 g = =
will result in a decrease of column F e £ F

and foundation sizes, as well as
decreased seismic loads. @ + w218 (18) +

Construction: Steel composite
framing is one of the most
commonly used framing systems in
the construction industry and is well "COM POSITE STEEL FRAME
known by most contractors. This

system would prove to be easy to

construct which could reduce cost

and schedule time.
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Disadvantages

Depth: This system results in the largest floor system depth, with a total floor depth of 22”.
This depth increases the overall depth of the original design by 15 inches. This depth increase
will have drastic effects on the project. Since the building is 43 stories, the total height of the
building would increase by about 54 feet. This height increase would require a greater
amount of curtain wall to be used. The height increase also affects the cost of construction.
The taller the building, the more it costs to construct.

Architectural Considerations: The use of steel framing would require the installation of a
finished ceiling system. This would not only increase load on the framing system, but would
add significant cost to the project. The original design uses the bottom of the concrete deck
as the ceiling.

Fire Protection: The fire rating for structural floor elements in this building is two hours. The
deck alone has adequate fire rating, but the steel beams and girders have no fire resistance
by themselves. This would require a spray on fireproofing which is expensive and will increase
the overall cost of the system.

Lead Time: The amount of steel required for this project will require a large amount of
fabrication. The fabrication will cause a long lead time for structural steel and could delay the
erection of the frame for months.

Column Sizes: The relatively large size of the bays in the building requires large columns to be
used at the base of the building. Assuming only gravity load, preliminary analysis shows the
need for W14x311 columns to support interior bays towards the bottom floors of the
building. Columns of this size are limited in quantity and expensive. It is unpractical to use
columns of this size. If a composite system is to be considered, the use of smaller wide flange
shapes with reinforcing or a composite wide flange in concrete must be considered.
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Alternative Structural Floor System Overview

Girder-Slab System

Christopher Shipper

The Girder-Slab System was designed using the Girder-Slab Design Guide, provided by Girder-Slab
Technologies, LLC. The design guide is available upon request, or can be found at www.Gider-
Slab.com. The Girder-Slab System is made from 8” hollow core precast planks that are support by
custom made, castellated beams, called D-Beams. The D-Beams used in this design are DB-8X35.
The parent beam for the castellated beam is a W10X49 and a 1” x 3” metal rail is welded to the

top as the top flange.

Advantages

Depth: The composite action
combined with the unique plank to
girder connection provides a system
that performs like a steel frame but
has the depth of a concrete flat
plate. This system has nearly the
same depth as the original design.

Construction Time: The use of steel
beams and precast panels allow the
structure to be erected quickly and
efficiently without have to wait for
slabs to cure. The system can be
erected vyear round with out
worrying about the winter stopping
construction if it gets too cold.

Weight: The Girder-Slab System
significantly reduces the weight of
the floor system. The hollow core
planks are rated at 60 psf and the D-
Beams are only 35 plf. The total
weight of this system is 121.4 kips
versus the original system at 165.2
kips (for the three representative
bays).

Column Size: The use of the Girder-
Slab System and resized bays results
in much smaller column sizes that
the long span composite system.
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Disadvantages

Cost: Cost analysis using RSMeans shows that this
system will be the most expensive to construct. No data
could be found on the cost of the D-Beams. The D-
Beams require extensive fabrication. A fabricator must
split a parent beam with castellated cuts and then shop
weld a steel bar to act as a top chord. The D-Beams
were arbitrarily estimated as costing the full amount of
the parent beam.

Grid Changes: The D-Beams have a shallow depth, which
in turn gives them low moment capacity. The large spans
and moderate load in the Borgata were unforgiving to
the D-beam, even when using the largest D-Beam
available. To allow the use of D-Beams, the column grid
was modified. Since the typical spacing between
columns in the East-West direction is 30’-0”, and two
guest rooms lie in each bay, an extra grid was placed at
the center of each bay. The grid in the North-South is
governed only by the central hallway, so the grid was
changed from 17’, 26’, 17 to three bays of 20’-0”. This
layout allowed the use of the smallest D-Beam, DB8x35.

REMOVE TOP MINY

FLANGE @
GROUT ALL SLAB
EACH CORE CORES @ BEARING

PRECAST SLAB\ WITH 4000 ps| GROUT
|
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Alternative Structural Floor System Overview

Two-Way Flat Plate

The Two-way flat plate system was designed
using the Direct Design Method. A minimum slab
thickness, governed by deflection control, was
found to be 10”. This system adds 2” to the floor
depth but a total of 4” since 2” drop panels were
used. Though the system adds depth and weight,
the two-way slab avoids the use of post-
tensioning. The amount of reinforcement
necessary was relatively low due to the load floor
design loads in spite of the long spans.

Advantages

Depth: The use of a reinforced two-way slab
keeps depths of the system shallow, but not as
shallow as the post-tensioned system. This
system adds and extra 2” of depth, which
equates to an extra 7’-2” of total building height.
This extra height would have minimal effects on
construction costs and need for extra curtain
wall.

Fire Protection: The two-way system has a total
depth of 10”, which does not require any
additional fire proofing.

Constructability: Cast-in-place construction is a
common and frequently used method used by
contractors. This could save time and money
during the construction process.

Performance: Since the loads are relatively
moderate, the required amount of reinforcing is
not large and the system can easily carry the
required design loads.

Disadvantages

Weight: The addition of three extra inches of concrete adds an extra 36.3 psf to the system. The
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overall weight of the two-way system is 236 kips (for the three representative bays).
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Alternative Structural Floor System Overview

Two-Way Filigree Flat Plate

The two-way filigree flat plate system
was designed using the Direct Design
Method. Using filigree eliminates the
need for costly formwork and the need
to wait for slabs to cure. The filigree
system was design using the Direct
Design Method for two-way slabs. A
slab without voids was chosen so there
would be no need for beams and the
slab reinforcing could be run in both
directions.

Advantages

Depth: The filigree system results in
the same depth as the conventional
two-way system. This depth is slightly
larger than the original post-tensioned
design.

Fire Protection: The filigree system
satisfies fire proofing requirements and
performs the same as the conventional
two-way system.

Constructability: The prefabrication
technology in Filigree reduces the need
for field skilled and unskilled trades.
Although all trades are represented,
fewer are needed for each task with a
reduction in payroll needs and
enhanced cash flow.

Time: Since filigree does not require
setting up formwork and stripping it,
the erection process goes much
quicker. According to Mid-State
Filigree Systems, Inc. up to 50,000
square feet of production can be done
per week.
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Performance: Since the loads are relatively moderate, the required amount of reinforcing is not too
large and the system can easily carry the required design loads.

Aesthetics: The filigree planks are manufactured in a controlled environment with more accuracy
and attention than possible in the field. The filigree planks are cast in polished steel molds and will
enhance the architectural aspects of the project. This is desirable in the Borgata because the bottom
side of the slab is the ceiling for the floor below.

Cast-in-place
concrete topping

Polystyrene
voids

Temporary
shoring

Filigree wideslab

Disadvantages

Weight: The addition of three extra inches of concrete adds an extra 36.3 psf to the system. The
overall weight of the two-way system is 236 kips (for the three representative bays).

Lead Time: The use of precast planks can result in a long lead time. The time to fabricate the planks
may not affect the project if the system is chosen at an early stage in design.
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Alternative System Comparison Chart

Composite Steel | Girder-Slab Two-Way Two-Way
Concrete Filigree
Cost! $22,900,000° $34,410,000 $34,450,000 $34,230,000
Depth 8” 10” 10”
Weight issckps | 1214ks SRS
Deflection 0.3” total Deflection not Deflection not
load calculated per calculated per
deflection ACI 318-05 Table ACl 318-05
=1/600 9.5(c) Table 9.5(c)
Constructability Easy construction, New Easy Less common
common method technology, construction, construction
not common | common method method
Lead Time Little to none

Erection Time

Vibration

Durability

Fire Proofing

Grid

Architectural

Lateral System

Viable
Alternative?

Footnotes:

Moderate

Steel fatigue,
corrosion

No changes

Short Short
Good Excellent Excellent
Steel fatigue, | Concrete spalling Concrete
corrosion spalling
Minimal Non required Non required
Required at
beam
No Changes No Changes
Minor No Changes Superior
Changes Quality
No changes No changes
No No Yes

1. Cost of the systems was estimated using RSMeans Building Cost Data 2008. A representative three bay model
was used to construct the cost. The total cost of this system was divided by the square footage of the model, and
multiplies by the total building square footage.
2. The steel system cost was estimated for the cost of the structural system only. No costs for additional curtain
wall, fire proofing, ceiling finishes or the effects that the additional building height would have on the construction
cost were calculated, but taken into consideration when choosing viable solutions.

-14 -
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Conclusion

Analysis of all the systems has only narrowed the choices of systems by one. The steel
composite system was ruled out due to the enormous column size requirements, total building
height effects, fire proofing requirement and interior finish changes it would require. These
monetary costs were not calculated but assumed as a defining factor in the decision.

The Girder-Slab system may be a possible alternative system to be used, but was ruled out
because of the major changes it would require for the architectural gird. These grid changed
would effectively double the number of columns in the building. Another factor in the decision
to rule out Girder-Slab was the lack of industry experience with a project of the Borgata’s
scope. Girder-Slab has been used in many low-rise apartments and other housing projects, but
nothing to the scale of the Borgata has been completed using this system, according to my
research.

The two-way concrete system was removed from consideration for the alternative system
because it is basically a less effective system than the original design, but has the same
construction. The lack of post-tensioning cables requires the slab to have a greater depth,
which in turn increases the weight of the system by 43 percent. Using a conventional concrete
slab would be wasteful in materials and would not affect cost drastically versus the current
system.

The two-way filigree systems were chosen as the best alternative system out of the four
possible candidates. Though this system is almost identical to the performance of the two-way
flat plate, it implements a completely different construction process. The filigree requires a
larger amount of reinforcing due to the decreased effective depth of the reinforcing in the short
span direction, but the effects on the construction process should greatly outweigh the cost of
extra reinforcing steel. The filigree slab system will allow the building to be erected faster than
the conventional two-way slab which will allow other trades to complete work sooner, thus
allowing the building to open earlier. This building is a hotel to an already existing and open
casino. The sooner the building opens, the more revenue the owner can collect.

-15-
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Appendix 1 — Composite Steel Frame
Calculations
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Appendix 1 — Composite Steel Frame
Cost Analysis

W12X19 26 $26.72 4 10 40 $2.31 $2,871.28
W12x19 17 $26.72 8 8 64 $2.31 $3,781.76
W12X19 31.5 $26.72 2 18 36 $2.31 $1,766.52
W16X31 31.5 $41.84 2 28 56 $2.31 $2,765.28
1.5VL $1.79 1953 $3,495.87

6x6-W2.1x2.1 $19.53 53.5 | $1,044.86

5.25 1953 31.65 $120.00 $25.50 | $4,604.47

$20,330

$22,901,216

Column Designs

W14x43 W14x43

W14x90 W14x53
W14x132 W14x61
W14x176 W14x82
W14x211 W14x99

W14x257 W14x109
W14x311 W14x132
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Appendix 2 — Girder-Slab
Calculations_
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Appendix 2 — Girder-Slab
Cost Analysis

$75.25 8 $9,030.00
1953 $19,920.60
120 1.33 | 159.99996 $10.00 $1,600.00
$30,551
$15.64
$34,414,398

Column Designs

W14x43 W14x43
W14x48 W14x43
W14x61 W14x43
W14x82 W14x53
W14x90 W14x61
W14x109 W14x68
W14x132 W14x82
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Appendix 3 — Two-Way Flat Plate with Drop Panels
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Appendix 3 — Two-Way Flat Plate with Drop Panels
Cost Analysis

1953 31.6 $120.00 $25.50 $4,604.47

4.74 $1,875.00 $8,887.50

$8.75 $17,088.75

$30,581
$15.66
$34,448,326
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Appendix 4 — Two-Way Filigree Flat Plate
Calgylations
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Appendix 4 — Two-Way Filigree Flat Plate
Cost Analysis

1953 $7.09 $13846.77
48.222 | $120.00 $25.50 $7016.30
5.08 | $1875.00 $9525.00

$30,388

$15.56
$34,231,314
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Appendix 5 — Building Floor Plan
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Appendix 6 — References and Design Aides

Girder-Slab System Design Guide V1.3, Girder-Slab Technologies, LLC.
www.Girder-Slab.com

RAM Structural System, Bentley Systems, Inc.
ACl 318-05, American Concrete Institute

AISC Manual of Steel Construction, Thirteenth Edition
American Institute of Steel Construction
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