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Executive Summery

The purpose of this technical report is to delve in how alternate floor systems would function in
the existing building and what impact they would have on the overall design. The current floor
system, in place at the Embassy Suites Hotel project is a two way concrete flat slab with drop
panels, which was found in Technical Report 1 to be exceptionally designed to carry the loads
imposed on it by wind and gravity. The other potential floor systems were designed with limiting
factors in mind. Additionally, a bay size of 16.5’ x 23.3” was used on a typical guest room floor,
where in some cases was rounded to accommodate for design parameters. The alternate floors
systems that were taken into consideration are as follows:

One Way Slab with Reinforced Concrete Beams
Composite Deck System on Steel Framing
Hollow Core Concrete Planks on Steel Framing

The existing 8 inch two way slab system was designing in accordance the ACI 318 - 11 code for
concrete construction. This design takes advantage of the height restriction situation presented by
zoning parameters and allows for a fairly open design. The system is supported by 14” x 30”
concrete columns. The one way slab system consists of a 10 inch slab and is supported by 14” x
20” beams running both the 16.5 and 23.33 directions (4 beams total for the bay). The composite
deck system was designed using The Vulcraft Deck Catalogue and the ACI Steel Manual. The
deck chosen was a 2VLI120 with a 2 inch topping thickness and a total depth of 4 inches. This
system was supported by (4) W10 x12 beams (2 infill beams spaced at 5.5 inches) and (2) W10 x
12 girders. The last system considered was a hollow core concrete planks on steel framing. The
plank size selected was a 4 foot wide and 8 inch thick untopped hollow core plank with 58-S
strands. The framing members supporting this system were found to be (4) W 12 x 58 steel
beams. All systems were designed with having a minimum 2 hour fire rating in mind.

In analyzing these systems based on cost, weight, and impact to floor to floor both the pros and
cons of each system were taking into consideration when comparing them to the exiting design.
It was found that with all these factors in mind the existing floor system is the most efficient
system that can be in place. However, the composite deck system showed promising results
when compared and can be a viable option in future reports. Detailed descriptions of the systems
and design calculation can be found throughout the report and in the Appendices respectively.
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Introduction: Embassy Suites Hotel

The Embassy Suites Hotels is the newest, 7 story,
luxury, hotel to become part of the Miller Global,
LLC family. Along with Miller Global, the
owner the collaborative construction team on this
venture include, Cooper Carry, architect; SK & A
Structural Engineers, PLLC , structural designers;
Balfour Beatty Construction, construction
manager; Jordan and Skala, MEP firm;
Christopher Consultants, LTD, civil engineering
firm. The site is located at the junction of 1-95 and
Fairfax County Parkway. The location lies in the
Springfield region of Fairfax County, Virginia.
The site is approximately 16 miles away from the
heart of downtown Washington, D.C... Patrons will Figure 1.2: Site Map. (Photo taken from Google Earth)
also be in close proximity to both the Fort Belvoir

Main Army Post and the National Geospatial-Intelligence Agency (NGA) facility. The
construction delivery method was design —bid - build. Construction
began in November 2011 and will be completed July 13" 2013.

Upon its completion, this 31.5 million, 185,000 square foot, hotel will
feature many amenities. These include a large open air atrium and
spacious two room suites. The hotel will serve  as a model for
comfort and convenience. The building’s architecture boasts long
flowing curved lines that give it immense visual appeal and a unique
flow. The hotel’s ground floor will contain a 1300 square foot pool
area, a fitness center along with multiple meeting areas, a bar, a lounge
and over 1400 square feet of retail space.

The ground level and upper floors store front materials will be made

~  Figure 2.2: Facade. (Photo
up of manufactured masonry (adhered concrete stone veneer). It iS taken from Miller Global, LLC

comprised of boral cultured stone country ledge stone along with website)

architectural adhered precast concrete panels. It also contains 1” insulated glass windows with
aluminum frames and automatic entrances. The upper levels the exterior facade will feature an
exterior insulation finish system (EIFS).

This report will be describing the various structural elements and systems in place at the
Embassy Suite Hotel project. This report will also be delving into the design of alternative floor
systems that can be viable options that would fit in this sound, cohesive building project.
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Structural Systems

Existing Foundation

Prior to construction, subsurface exploration and geotechnical engineering analysis were
conducted on the future Embassy Suites Hotel site and was completed in Januaryl1l, 2011 by
ECS Mid- Atlantic, LLC. The report indicates a number of test borings were performed on 3
separate occasions. The test borings were drilled at depths ranging from 2.5 “to 79’ to determine
the soil composition in different areas of the site. ECS Mid- Atlantics results showed fill soil
material was found in ten boring locations around the site. The fill material was composed of
silty sand and clay from depths of 6.5” to 8.5’ below the ground surface. Further down the
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Figure 3.3: Core Boring Locations

borings indicated the existence of natural soils that were mainly composed of clayey sand, silt
and fat clay. A weather rock material was found at 77’ to 78.6’and ground water was encounter

at of 18.5” to 65°.
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Due to the variability in soil composition, the [ < coL screue ror '\
project team had to employ a partial mud matt | - *“ " *="
system to equalize the soil capacity around the
site in some areas. A mud matt system is a thin
layer of lean concrete mix (in this case 2000
psi) placed over the existing soil below and
allows a stable base for construction. The
spread footings were designed to have an
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strap beams ranging from 36 width x 24 depths
to 42 width x 24 depth beams were used. A
strap beam is a structural element used to
connect to isolated footings together. These beams help distributed the building load to the
footings and eventually the ground. The beams range in size and have varied vertical and
horizontal reinforcing.

Figure 4 Footing Detail

The typical slab on grade is a minimum of 5 inches in depth and sits on 4 inches of washed
crushed stone. The capacity of the slab is 3500 psi for the interior portions and 5000 psi for
exterior slab conditions. The slab contains 6x6 — W 2.0 x W2.0 welded wire fabric and has
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Framing System

In the image below, shown is a typical framing plan
for floors of the Embassy Suites Hotel (Floors 3 to 7).
A typical bay size is 23 by 18’ for floors containing
the guest suites. The columns chosen in for the
framing plan were almost all 14 x 30 inch rectangular
reinforced concrete columns. The majority of the
columns have a minimum compressive strength of
6,000psi. There are no beams running in between the
interior and exterior columns. The only reinforced
beams found are located in stairwell openings and
elevator shafts. Due to the increased load on the
second floor, large concrete transfer girders had to be

used to accommodate for the fitness and pool area. Level 2 also contains HSS columns along
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Figure 6: Typical Framing Plan Levels 3-7
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Lateral System

To resist lateral forces due to wind and seismic loads the
structural engineers employed reinforced concrete
moment frames moment frames. A concrete moment
frame load resisting system (in this case a slab and
columns cast monolithically) opposes overturning
moment caused by lateral loads. The concrete moment
frames are the main lateral force resisting system in the
building. The lower storefront levels have welded steel
moment connections. The moment connections were
designed to develop the full capacity of the member. The
connections use high strength % or 7/8 inch ASTM A325
or A490 threaded bolts. The bolts connect the ¥ x 1 inch
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plates to the beams were the plates are butt and penetrate welded. Figure 9: Welded Moment Connection

Figure 7: Main Lateral Force Resisting System
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Roofing System

The high level roofing system consist of 2 inch deep 20
gauge Type N cold formed metal deck. The metal deck
is topped by 3.25 inch light weight concrete slab. This
slab has a compressive strength of 3,500 psi. The deck
holds a minimum of a 3 span condition. The lower level
roof (top of retail space) is made of 1.5 inch deep 20
gauge Type B cold formed metal deck. The roof deck
systems are supported by wide flange beams, concrete
reinforced beams varying in size and open web steel
joists. The lower level roof system is comprised of a
thermoplastic membrane fully adhered with heat welded
seams and vapor retarder over a metal deck. Part of the
lower level roof (top of part of the second floor) contains
a green roof system that includes a pre-vegetated 50
percent extensive and a 50 percent intensive system that
is placed upon a protective mat.
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Codes and Requirements

2009 Virginia Construction Code (IBC 2009) with the Virginia Statewide Building Code
2009 Virginia Mechanical Code (IMC 2009)

2008 International Electric Code

2009 International Pluming Code (IPC 2009)

2009 Virginia Fire Prevention Code (IFC 2009) with the Statewide Fire Prevention Code

American Society of Civil Engineers (ASCE 7- 05)
Publication #4 “Standard Recommended Practice for Concrete Formwork” (ACI 347)

American Concrete Institute Specifications for Reinforced Cast-In-Place Concrete (ACI
318-08)

American Concrete Institute Specifications for Structural Concrete (ACI 301)
American Institute of Steel Construction (AISC 325-11)

American Iron and Steel Institute Specification for the Design of Light Gage Cold
Formed Structural Steel Members (A.1.S.1)

Steel Deck Institute Design Specifications (S.D.I)

Codes Used in Analysis

ASCE 7-05, Minimum Design Loads for Buildings
ACI 318-08, Building Code Requirements for Structural Concrete

International Building Code (IBC), 2009
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Materials
Concrete
Element Weight Strength (psi)
Footings Normal 4000
Grade Beams Normal 4000
Retaining Wall Normal 4000
Retaining Wall Footing Normal 4000
Interior Slab-On-Grade Normal 3500
Exterior Slab-On-Grade Normal 5000
Formed Slabs Normal 5000
Formed Beams Normal 5000
Columns Normal 6000
Foundation Walls Normal 4000
CMU Grout Normal 2500
All Other Normal 3000
Table 1: Concrete Material Summery
Steel
Element Standard Grade
Reinforced Bars ASTM 615 60
Welded Wire Reinforcement ASTM 185 N/A
Pre-stressed Steel Wire ASTM 416 N/A
Wide Flange Shapes (Beams, Girders, ASTM A992 50
Columns etc.)
Stiffener Plates ASTM A572 50
Hollow Structural Sections ASTM 500 B
Steel Pipe ASTM A53 B
Angles, Channels, S-Shapes etc. ASTM A36 36
Nuts, Bolts ASTM A325, N/A
A490
Misc. Steel ASTM A36 36

Table 2: Steel Material Summery
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Gravity Loads

Dead and Live Loads

In this section, gravity loads (dead, live, and applicable) are presented. These loads are compared
to actual building load calculations used in Embassy Suites Hotel. Assumptions for
superimposed dead load are offered in Tables 3 and 4.

Live Load

Live Load
Element Design Live Load (psf) Thesis Load (psf)
Guestroom Floors 40 40
Mechanical Rooms 150 150
Partitions 15 15
Elevator Machine Room 125 125
Stairs and Exit Ways 125 125
Slab on Grade 125 125
Balconies 125 125
Table 3: Live Load Values
Dead Load

Dead Load
Element Design Dead Load (psf) Thesis Load (psf)
MEP - 10
8 Reinforced Concrete 100 100
Slab
Deck and Slab (Vulcraft) - 39
Precast Hollow Core - 56

Panels

Table 4: Dead Load Values

Page 12 of 55




Dominick Lovallo PENNSTATE Embassy Suites Hotel
Structural Option % Springfield, Virginia
Dr. Hanagan Advisor - - Technical Report 2
Penn State University Colle ge of En glneeting October 12, 2012

Flooring Systems

The purpose of this technical report is to design possible alternative floor systems that could
have been viable solutions in the initial design of the Embassy Suites Hotel. These alternative
systems are to be compared to the existing floor stems to gain a better understanding of how the
actual floor systems was chosen based on factors like fire protection, weight, cost, and depth,
examining the benefits and drawbacks of each system. The alternative systems comparisons will
also look at how the structure, design, and construction of building components can be affected if
these other systems were in use. The systems to be compared are as follows:

Two Way Flat Slab with Drop Panels

One Way Slab with Reinforced Concrete Beams
Composite Deck with Steel Framing

Hollow Core Panels with Steel Framing

On a typical floor, (floors 3 to 7) a bay size of 23° — 4” by 16” — 5” was chosen for the alternate
floor designs due to the fact it has the largest span sizes and would potentially control the design.
In some cases the bays size was rounded for ease of calculation.

PARTIAL FRAMING PLAN LEVELS 5-7 - PART A

WM o }"‘

@ ==
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Existing Floor System: Two Way Flat Slab with Drop Panels

23.33’

16.5’

T

i
NS I U £3 FE—

The existing flour system in place at Embassy Suites Hotel is a two way flat slab construction
with drop panels along column line B. The slab thickness is 8 inch and the compressive strength
of the normal weight concrete is 5000 psi. The slab reinforcing includes number 4 reinforcing
bars spaced at 10 inches on center, either way and run the full length from column to column.
The floor system also uses a thickened slab or drop panel system around the columns to protect
against punching shear and increased resistance to moment. Punching shear is a failure
mechanism were the slab separates from the column due to concentrated shear force. Drop
panels are 3.5 inches thick (total slab thickness around column on typical floor is 11.5 inches)
and extend 5 feet from either side of the columns.
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Advantages

Having a two way flat slab system with drop panels in place is a cost effective method that
allows for shallow floor depths and low floor height if building height in a zoning area is an
issue. Concrete is usually more cost effective than steel construction and it is almost always
readily available. Additionally, concrete has natural fire resistive qualities and this system in
particular allows for the achievement a two hour fire rating without any additional fire resistant
material being added.

Disadvantages

One disadvantage of using a two way slab system like this is the cost of large amounts formwork
that need to be placed for the concrete to set up or its 28 day cycle. In general, concrete
construction usually takes more time to complete due to the fact the concrete has to reach a
portion of its full capacity for any load to placed on it. Also there are some reinforcing issues that
have to be addressed with the required correct placement of the bars to develop the full moment
capacity of the slab.

Results

The two ways slab was found to have and overall depth of 11.5 inches and have a total weight of
188 psf. This system by far has the shallowest at 11.5 inches. This is an important factor to
consider due to zoning restrictions in the Fairfax county region of Virginia which limits the
overall building height above grade. The slab itself is sufficient for a minimum fire rating of 2
hours.

To calculate the estimated cost per square foot RS Means 2011 Square Foot Cost manual was
used. Values for costs were chosen based on a similar bay size square footage, total load and
total depths. With these factors chosen a $17.35 per square foot cost was determined. This value
was not adjusted for location or for the bay only having 2 drop panels in it. RS Means assumes
that every column will have a thickened slab. If the actual bay size were used and the other
limiting factors addressed the cost could potentially be reduced making this the most cost
effective system.
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Alternative System 1: One Way Slab with Beams

23.33’

16.5’

The first alternative floor system that was explored was a one way slab system with reinforced
concrete beams. The existing bay size for a typical floor was not altered in this calculation. The
slab was chosen to span the 23’-4” (across N-S Direction) length with the beams running in the
16°- 5” direction. The existing 14” x 30’ reinforced concrete columns were not altered in the
consideration for the alternated design. The slab thickness for a one way slab is usually
governed by deflections and is some cases fire rating. In this case, it was established that a slab
thickness 10” was required and the beam dimensions were found to be 14” x 20” spanning the
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23’ — 4” direction. The compressive strength of the concrete was assumed to be 5000 psi in
calculations.

Advantages

There are several benefits to a one way slab system in a building structure. Concrete is typically
able to be accessed without any problems and can be formed and erected on site with relatively
low levels of difficulty. The system also allows for the option of having a decreased slab depth
while still having at least a fire rating of 2 or more hours.

Disadvantages

One way slab may have to be more heavily reinforced due to their nature being less stiff because
the system is only one directional. This may cause cracks to develop more rapidly. If height is an
issue another disadvantage would be increases total system depth. Lastly, again cast in place
concrete can be extensive due to the amount of formwork required for the concrete to set.

Results

Throughout the examinations of the alternate floor systems the one way slab had a total system
depth of 30 inches making it the deepest floor system. Along being the deepest the one way slab
it also was the heaviest being 1125 psf. This is almost 5 times the existing weight per square
foot. Before the start of construction the site was found to have differential soil capacities forcing
the design professions employ mud matt systems to equalize the capacity around site. With the
increased weight of this alternate system, the existing foundation would in turn have to be
redesigned to compensate for the extra weight potentially having to employ an entirely new
system. Along with the increased, weight the system will greatly reduce the floor to ceiling
height. With their being height restrictions, the building would not be able to accommodate a
compensation for the increased depth their not being able to increase the floor to floor height.

The total cost of the system was determined to be $22.10 per square foot, only being slightly less
than the most expensive system, yet still being almost $5 dollars more per square foot compared
to the two way slab system.

With all factors considered, the increased weight, cost impact on structure and architecture this
would not be viable alternative option to be in place and will not be considered in future reports.
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Alternate System 2: Composite Floor System on Metal Deck

23.33’

W

5.5

16.5’

A composite floor system with metal deck was chosen for the second alternate design.
Composite floors systems work well to reduce floor depth without losing any capacity due to the
concrete and steel working integrally as one system. The infill beams are spaced at 5.5 inches
and the deck spans the 23.3 foot direction. The size for the beams and girders were determined to
be a W10 x 12. Other sizes were considered but ultimately with depth being a factor in the
design a W10 x 12 was selected. Additionally, this type of construction was chosen to get a cost
comparison between a dominantly steel system with the existing system being all concrete.

Advantages

Overall, the main advantages of having this type of system in place are reduced slab heights that
can potentially allow for the ease of placement of mechanical and electrical systems under the
floor and the reduction in the self weight of the structural components themselves.
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Disadvantages

With a dominantly steel floor system cost is always a factor. For one, the addition of fire
proofing to achieve a 2 hour fire rated system is mandatory since steel itself has no natural fire
resistive properties itself. Also, due to the increased depth of the beams the total depth of the
ceiling would have to be increased causing a problem if there are height restrictions and could
have architectural impacts.

Results

In contrast to the concrete one way and two way slab floors, a composite system was examined.
The deck and slab thickness was calculated to be 4.5 inches, a little more than half the depth of
the existing system. The overall depth was determined to be 13.87 inches, only slightly larger
than the two way slab. This will not have a significant effect on the ceiling and overall floor to
floor height. Of all the alternative floor systems, the composite system was shown to have to be
lightest, having a weight of 114 psf. This will in turn not affect the existing foundation system in
terms of being able to be carried by the soil capacity on the sight.

Along with being the lightest system, the composite floor is also the most cost effective. The cost
per square foot is $16.80, which is .55 cent less that the existing system. In calculating the price
in RS Means, again assumptions had to be made because of the irregularity of the bay size.
Additionally, to achieve a minimum fire rating of 2 hours the extra cost of spray fireproofing was
incorporated in the price analysis. While examining the components of this floor design with its
low cost, light weight, minimal affect on building height is a promising option and will be looked
at further for a design option in upcoming assignments.
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Alternative System 3: Hollow Core Precast Planks on Metal Deck

24’
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A -----------\\---------
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P S ————

A ——§
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The final alterative floor system considered was a hollow core concrete plank on steel framing.
The system consists of 4 foot wide planks sitting atop W 12x 58 beams and girders. The planks
themselves have a dead load of 56 psf and contain 5 strands with half in diameters. No topping
was selected for this system. For this floor system the bay size had to be increased for 23.33 feet
to 24 feet to allow for ease of construction and even spacing. The planks span the 24 foot
direction and have a capacity of 160 psf.

Advantages

The main advantage to using precast hollow core planks is construction time. They can easily be
erected quickly and require no time to cure on site. The hollow for planks have the capacity to
span longer distances and usually have a shallow depth it a good option if height restrictions are
an issue. Also, the light weight of the plank and with the addition of small amounts of additional
fireproofing can potentially reduce cost.
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Disadvantages

Even with its quick erection time, a drawback of a hollow core system is it has to use heavy
equipment to hoist it into place that can take a lot of project location. The hollow core planks
themselves cannot simply support the floor alone and have to employ a framing system wither
steel or masonry walls. With this the framing can result in added floor thickness and could be a
problem if floor to floor height is an issue. Hollow core floors come in standard lengths and do
not work well if there are irregular bay sizes or bays that are not rectangular shaped.

Results

To support the loads present a 4 foot, 8 inch 4HC8 with 58-S stand was selected. The plank was
chosen using the Precast Concrete Association’s (PCA) design aids and was not required to have
any topping thickness. The floor depth was determined to be 20. 2 inches, being the second
deepest system. Due to deflection purposes the framing size had to be increased significantly
resulting in a heavier and larger section when compared to the other steel framed system.

Using RS Means, the cost per square floor was found to be $22.27, being the most expensive
system and much more costly when compare to the existing one way slab system. Again with the
Embassy Suites Hotel having zoning restrictions, limiting the height above grade the increased
floor system depth would cause construction difficulties. This coupled with increased cost would
not make this a feasible option for a design in future reports.
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System Comparison Summary

Comparison Criteria | Two Way Slab | One Way Slab Composite Hollow Core
with Drop with Reinforced | Deck System | Concrete Planks
Panels Concrete Beams | on Steel on Steel Framing

Framing

Slab Self Weight (psf) 100 125 39 56

Slab Depth (inches) 8 10 4 8

Overall Weight (psf) 187.5 1125 48.7 67.9

Overall Depth (inches) 115 30 13.87 20.2

Fire Rating 2 Hr. 2 Hr 2 Hr. 2 hr

Fire Protection Sufficient Alone | Sufficient Alone Spray Spray

Modification of Building Existing Increase Floor to | Increase Floor | Increase Floor to

Design Floor Ht. to Floor Ht. Floor Ht.

Constructability N /A Moderate Easy Easy

Cost Per Square Foot $17.35 $22.10 $16.80 $22.27

| Feasibility Yes No Yes No
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Conclusion

Overall, developing alternative design options for the flooring systems in the Embassy Suites
Hotel, one can gain a better understanding of how structural design options are determined using
limiting factors that present potential problems. The alternative flooring systems were designed
with trying to achieve the shallowest depth due to the fact that there are zoning restrictions for
the building in its existing location. The existing system in place at the Embassy Suites Hotel
project is a two way flat slab system. The alternatives consists of a one way slab system with
reinforced concrete beams, a composite deck system with steel framing and a hollow core plank
system on steel framing. In comparing the alternate floors, factors such as impact on floor to
floor height, system weight, floor depth, and cost were considered.

In analyzing the existing system and comparing it to the alternate designs it was found that due
to height limitations and relative low cost the existing floor system is the best solution. The one
way slab system was by far the most out of reach for an alternative system to be implemented
With its high cost, large depth and considerable weight this system cannot be feasible to due
limitations present when compared to the existing system. The precast hollow core planks offers
value when it is compared to overall construction type, having the planks premade off site and
easily installed. This system turned out to contain the largest cost and the second largest depth
having almost a foot of difference when compared to the existing system. If that 1 foot was
compounded on every floor the building would not meet the zoning codes requirements for
height.

The most promising and potentially feasible alternative system was the composite floor system
with steel framing. This system with its low cost, low floor to floor height only being a little
more than 2 and a half inches larger than the existing system and the lightest weight can a great
alternative design to consider. This system would allow for mechanical and electrical equipment
to be easily placed underneath the floor without any substantial effect to the ceiling height or
over-all floor to floor height. The main potential drawback to this system was its lack of natural
fireproofing qualities but this can easily be rendered by the used of spray fire proofing partial.
Further examination of the impact on the foundation and conversion of the concrete columns to
steel have to be taken in consideration in the future. With all the factors present the composite
deck with steel framing system is viable option and logical choice for the Embassy Suites Hotel
project.

Page 23 of 55




Dominick Lovallo
Structural Option

Dr. Hanagan Advisor
Penn State University

PENNSTATE Embassy Suites Hotel

Springfield, Virginia
Technical Report 2

College of Engineering October 12. 2012

Appendix A: Plans
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Floor Plan 2 Part A
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Appendix B: Two Way Slab with Drop Panels
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Appendix C: One Way Slab with Reinforced Concrete Beams

ah Ny | .~
| e A Zo Sl |- Wy 52 ps To by 2 p
Vrr
— Lj . T
\ I Iy |
i< = a
g
] - il
‘ —T
= FE T -« - i<
Ve ' 4 .
BN
v 3,230 =
FA S e =411 »3/4}/ ¥/
(VA 8 cay] f:'
f
n = ( ]%j’\ ,,’J { 4 “I: {.’ < i /’/,, 9 ;
4 /';__ ~_‘;‘;I/J\‘ ,g_:.'u“b.u7
-tbj“‘"ql & o
@ =
d= h - <we cou. - ch/; 0= ic = ——
R 3
e /}/‘ “Hter &7
T e — < - ' /e
w =) 28 23 351 . €Y e |
S W ¢ i |
/) (s &3 )< 3 : e
Mly= L9 LSRN -9 . k-
=13 = | &K/

Page 37 of 55




Dominick Lovallo
Structural Option

Dr. Hanagan Advisor
Penn State University

PENNSTATE

College of Engineering

Embassy Suites Hotel
Springfield, Virginia
Technical Report 2
October 12, 2012

G 7o/ ( : F R
% / ./ 4 // 77 JCpL < Lrth o A ;»7:
- ﬁ;""ﬂ 7 2 O > =5 s Gray [
2LP & o ad 1y e ey :
{/g/}{ ';/i ;o /K’(C/l 5
AR EETY; .
= /. ;} B <2,
'V -tnbrS—tell L7 ';_‘J",,H",:: YRR
-9,
i L &4 T /t‘-\\aJ’ ff’v;) = e )
/My G 15)
P 28 = s, T
g Jfrd
AL, ‘
.«\_!"r ffz//}-j:jp 2
I 'A"/f‘r.'.i \g .
4o My — YT 5 ocg s
o s N O N [
: o 171.5)
':j\ 2 & 3 ;) e g b A o & (A YA
d ke et -
d= 0= 1.5"%0e = * 7% = (B 1S
+ L pniaad 27
G= . As K, 7,;;_’, LN o)) 9.0 #
i @ Y14
<=/ O P | o) = T
Ay B il 3.205
ba 553
_/{f.g_p /Qj g 'f!.
G oy V4
. : 2 a2+ wY, G a ,
BMy = o 7 JLN{/K las— 74 )= A4S
[/ / {4‘, _j,/ ,'"4' f. ix b

Page 38 of 55




Dominick Lovallo
Structural Option

Dr. Hanagan Advisor
Penn State University

PENNSTATE

College of Engineering

Embassy Suites Hotel
Springfield, Virginia
Technical Report 2
October 12, 2012

7 /< -y -
. 4 C
- /‘/;;a i . 74
s U /_,‘;(/,.’.(j/ &
/ — ‘L / d u¢ /s /;"’f’ﬂ ) e § YL,
1 — B =TT L s B
s v,
b 4
/ J
AT B D A ek
— Kook ! £ ﬁ)a.‘}‘/’"'
2 PA— & <
j“/’“;\’ g0 =, { C e - . 85, ( ' :‘V
L \f' \ Ca tudof \ /‘\ N i
/
7
= .:7’/_"‘;7{_ ) J 4 < 6 21 s
sy A A S~ r U o gre s
'//k,,j, /&4 .
147
T L
SR D . L B X ] i
| I
|
{
- R
a0
ol
- - L)
' o0 @ & ‘\_
) - )
RS b 7 :
T F L EAR
3 Liso |9 X o Krlan,. [,n,/f,’"ﬁj F BAES

Page 39 of 55




Dominick Lovallo PENNSTATE Embassy Suites Hotel
Structural Option ﬁ Springfield, Virginia

Dr. Hanagan Advisor : - - Technical Report 2
Penn State University Colle ge of En gIRESEILG October 12, 2012

A 7 Fa & 4 / 7
it e g B — F & ey, /i,l
- -
R p
) ﬁ/{.{(r # (}4,}
o
- = 1 -
FiE L » .
b { / -+ |
{\/J(!j A A ,«/l"‘/" /, Ao —> As, il b
/
ot }ﬁkr.'é((‘\ o Arna 2 ! y. -y
7 A F g
5. ~
) 77
/ Fo
N g
— > A= 7
7
o
! 2 » & 4
E F ,/) i = 7
A g # 3
4 = 2 = = //f o
W /8 i ==

- . / //‘:jﬁ-}/
o= 3 E W /
S
/ /,_//: W 4 e = ’f _

: ; NS av LIS

2 ST ‘Ao)f] - =T~

P 1 ‘~jkﬁ ’j(' L)
& Lt / e y,*
4

Page 40 of 55




Dominick Lovallo
Structural Option

Dr. Hanagan Advisor
Penn State University

PENNSTATE

College of Engineering

Embassy Suites Hotel
Springfield, Virginia
Technical Report 2
October 12, 2012

{ L
) / ,
/ N o . g
4 A L
(-
7= cr - v
— - OL-S / a
/
: 7 y [ -
g = B bl A /¥ 7 A
/ = e = 9 7 X/
¢ \(+
/ e 4 A,
7 n ¢
/ /”//}'/ / &

i_ ’(( oG / (/} 4 el / y // : /’ ,-»y,. /“:, A /;"
1 .
° 2 M .. H,Lii_ g |
7 — 7Y %,

Page 41 of 55




Dominick Lovallo PENNSTATE Embassy Suites Hotel

Structural Option ﬁ Springfield, Virginia
Dr. Hanagan Advisor : - - Technical Report 2
Penn State University Colle ge of En gIRESEILG October 12, 2012

./
\75/ -2 ~ Vv /i ’,—/_
/’./'
'y V¥ )
— 7 [ }
/} A > /& -/\/ Y et uf' o )
] ¢ = 3 i
,‘(L =,
o fi_ G ) /
‘.‘.r - ["/‘Jj 7 —4(
2 e
W ‘Ij,&’/iif
i Lk T /S
/ )"O‘?\_\ /\I’ llj-‘('-,"
l‘-’,l ( / r T \ ] ¢ | y J 4
\ rd \ / N\
A .= (.13 23.33)7
e - ) \ “-/ —.l _)(\ = J ( o :
()]
4
,/Jk>- 2 o ‘)’rk - » ) |
( )
/}1 -
3 r «12¥ D g/

Page 42 of 55




Dominick Lovallo
Structural Option

Dr. Hanagan Advisor
Penn State University

PENNSTATE

College of Engineering

Embassy Suites Hotel
Springfield, Virginia
Technical Report 2
October 12, 2012

Appendix D: Composite Floor System on Steel Framing
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Appendix E: Hollow Core Planks n Steel framing

3.6 Hollow-Core Load Tables (cont.)

a Strand Pattern Designation Section Properties

76-5 4'-0" % 8" No Topping 2 in. topping
Normalweight Concrete
A = 215 in® -
5 = straight o I = 1886 in* 3071
Diarmeter ol trand in 1606 | Yo = 400 in. 529
Humber of strand (T} 1% e = 400 in. 4.

mambers and 15 B for fopoed memierns. = 224 |t 324
Aemainder is fve lbad. Long-ime cambers include - EG It ai
superimpossd dead aad bul do ol incivde five fasd.

%5{!;!'!'{

|
£ 1 ¥
0000001 &1 e &
Safe loads shown includs dead bad of 10 BIF for - - - - L 5 = 417 in? 652
Wt
oL

WSa 182 in
Capacily of seclions of olher configurations ane i :
similar. For precss values, see loeal holow-com 'FC = 5000 psi
MantClirer. f,, = 270,000 psi
Key
385 Sale supedmposed sardos losd, I
0.1 — Estimated camber at erection, in.
0.2 — Esmated long-lime camber, in.
Table of safe superimposed service load, Ib/ft*, and cambers, in. Mo Topping
Strand Span, ft
designation
code 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 29 30 31 3233 | 34 35 38 37 38 39 40
3B5 345 313 2E3 260 240 223 204 179 1566 140 124 110 88 8F 77 B8 61 54 4B 43 36 33 | 29
66-5 01 02 02 02 02 02 02 02 03 03 03 03 02 02 02 02 0.1 00 00-D1-02-03-05|-06
02 0.2 02 03 03 03 0.3 03 0.3 0.3 0.3 03 02 02 0.1 0.0-0.1-02-03-05-07-08 1.4
443 407 367 334 309 2B5 263 242 213 188 167 145 133 118 106 95 B6 77 B9 G2 65 50 44 | 33 35 31 26
76-5 02 02 02 02 03 0.3 0.3 0.3 03 0.3 04 04 04 03 03 03 03 02 02 01 00-0.1-02|-0.4-05-07-08

02 0.2 03 0.3 03 04 04 04 D4 04 D4 D4 04 03 05 02 01 000102 —DADEDE-1.1-14-1.7-2.0
422 360 346 316 280 267 247 231 216 202 190 170 168 160 144 130 116 107 57 BE B0 72 66 | 60 54 48 42 37 32 2§

58-5 02 02 03 03 03 04 04 05 0.5 0.5 0.5 06 06 0.6 0.6 06 06 05 05 05 0.4 0.3 02| 0.1 0.0-0.4-0.3-0.5-0.7-03
0. 4 0.4 7 07 07 07 0.7 0.7 4 2 0.0-0.2|-0.4-0. . 2,
235 22 I 77 70 63 568 51 45 40|
68-5 03 03 03 04 04 05 05 06 0.6 0.7 07 07 0.6 0.6 0.6 OB OB 0B 06 OB 06 07 07| 0.6 05 04 0.2 0.1-0.1-03
03 04 05 05 08 0F 0F OF OF OF 05 05 10 10 10 10 08 05 05 OF 07 0E04)| 02 00-02-05-08-11-1
4BB 442 402 370 341 318 205 275 250 241 220 215 203 195 180 168 157 144 135 126 118 110101 | 92 84 77 70 64 58 53|
78-5 03 03 04 05 05 08 08 OF 07 OB 09 09 10 10 10 11 14 14 1.4 1.1 11 11 14| 1.0 09 08 07 0.6 05 03
04 05 05 06 0.7 0B OB 08 1.0 1.0 1.4 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.2 1.2 1.1 1.0)| 0.8 07 0.5 0.3 0.0-0.3-07]
4HCB + 2
Table of safe superimposed service load, Ib/ft®, and cambers, in. 2 Iin. Normalweight Topping
Strand Span, fi I
designation -lol
code 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 209 30 3 32 33| 34 3I5 36 37 I8 W
400 365 333 308 282 256 224 197 173 153 185 118 105 ©3 B2 68 56 45 35 26
66-5 02 02 02 02 02 02 03 03 03 03 02 02 02 02 01 00-00-01-0.2-03

02 02 02 02 02 02 02 02 01 041 0001020304 06-07-00-12-14
474 435 396 366 340 304 267 235 208 1B4 164 146 130 116 103 88 74 62 51 #1 A
76-5 02 02 03 03 03 03 03 03 04 04 04 03 03 03 03 02 02 01-00-01-02
02 02 03 03 03 03 03 03 02 02 02 01 00010204 0507051314
445 405 374 342 3B Z9E 275 260 243 228 217 196 177 159 143 126 110 B85 82 70 58| 48 40 32
58-5 03 03 03 04 04 05 O5 05 05 08 06 06 06 08 06 05 OS5 05 041 03 02 01 00-041
03 03 04 04 04 04 05 05 05 05 04 03 03 03 02 0101 -02-04-06-08}-12-15-18

453 426 303 366 342 319 200 B2 267 251 230 216 185 177 158 140 124 110 ©7 B4 73 62 53 44 36 28
68-5 04 04 05 05 06 048 OF 07 07 08 OB 08 08 OB 08 08 OB 0B 07 07 0E& 05 04 02 04-04
04 05 05 06 06 06 06 07 07 07 06 06 08 05 04 03 02 0003 0D4|-DE0DB-12-16-20-24
472 435 402 375 348 325 305 ZBE 273 257 245 Z32 220 207 186 167 148 133 119 106] 84 83 T3 B4 55 48 ﬂ

78-5 0E 05 06 06 OF OF OB 08 09 10 10 10 14 11 14 14 14 14 14 13 1.0 08 09 07 06 05 O
0F 06 06 OF 07 08 OB 0B 09 00 08 08 08 OB 07 07 06 04 03 01|01 030608131722

Strength is based on strain compatibility; botiom lersisn is kmited to 7.5, ; see pages 3-8 through 3-11 for explanation.
See item 3, nole 4, Saction 3.3.2 lor axplanation of vertical e,
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Appendix F: Analysis Comparisons
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