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Executive Summary

The following technical report compares the existing floor system of CityFlatsHotel as well as
three optional floor systems. All four systems were designed, analyzed, and compared in order to
determine which system(s) were practical for the building and viable for further study. Currently,
the floor system of CityFlatsHotel is precast hollow-core concrete plank, which is adequately
designed to withstand the building load criteria, as previously determined. In order to properly
compare each floor system, a typical floor bay of the building was taken into consideration. The
following alternate floor systems were examined for the CityFlatsHotel:

* Precast Hollow-Core Concrete Plank on Steel Framing

* Composite Steel Deck System

*  One-Way Joist System

The existing 8” hollow-core concrete plank system is supported by exterior masonry shear walls,
as well as interior steel frames with additional masonry shear walls. This system is assumed to be
designed by the PCI Design Handbook. The system self-weight is fairly heavy, compared to the
other alternative floor systems, but takes advantage of using larger spans with minimal steel
columns located throughout the interior of the building. The precast hollow-core plank on steel
framing was designed using the PCI Design Handbook to determine a 8” concrete slab without
topping. The W12x50 steel girders that support the plank were designed with the AISC Steel
Manual, by checking the live load and total load deflections. The composite steel deck system
was designed using the Vulcraft Deck Catalog and the AISC Manual. The preliminary design
consists of a 2VLI22 deck with a slab depth of 4.5 and a topping of 2.5”. The supporting beams
and girders are W10x12 (6) and W16x31 (8) respectively. The final alternative system is a one-
way joist system, which consists of 6 wide joists spaced at 66 on center with a pan depth of

14”. The slab designed is 4.5 and has a 2-hour fire rating.

The advantages and disadvantages are discussed for each floor system and ultimately the existing
precast concrete plank is the best choice for this type of construction. However, through
comparison of the designed alternative floor systems it was determined that the one-way joist
system may be the most promising system for further investigation. The only disadvantage of
this system would be its increased floor system depth, which is not a concern for CityFlatsHotel
since its current height is below the maximum height restrictions of Holland Michigan. Each of
these alternative systems as a whole can be seen through detailed descriptions and diagrams. All

calculations as well as building plans are provided in an Appendix at the end of the report.
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Introduction: CityFlatsHotel

CityFlatsHotel is the latest eco-boutique hotel located at 61 East 7" Street in Holland Michigan.
This environmentally friendly hotel has been awarded LEED Gold and is only the third eco-
boutique hotel to achieve such status in the United States and is the first of its kind to earn such
recognition in the Midwest. Located on the outskirts of downtown Holland, which was named
the second happiest place in America in 2009, the 56-guest room hotel is a unique place to stay.
Not only are the hotel rooms decorated in a variety of ways, so that no two rooms are alike, this
S-story hotel offers many additional features to keep visitors satisfied. Accommodations include
guest rooms, junior suites, master suites and more. Coupled with being located close to top of the
line shopping, fine dining and extravagant art venues CityFlatsHotel is the place to stay when

visiting Holland and its surrounding unique attractions.

The ground floor houses the main lobby for the hotel, a fitness suite and the CitySen Lounge.
Also available is office space, high-tech conference rooms, and a digital theater for those who
may want to conduct business meetings or private get-togethers. The remaining floors of the
building are occupied by the various hotel rooms, with the top floor mostly reserved for CityVu
Bistro restaurant and City Bru bar. The views from the restaurant of downtown Holland and
Lake Macatawa are spectacular, which go well with the diverse fresh entrees served at CityVu

Bistro.

The exterior of CityFlatsHotel consists of multiple materials. Mainly covered in glass, other
features including brick accents, metal panels, and terra cotta finishing make up the building seen
at the intersection of College Ave and 7™ Street. The contrast in simple materials leaves an
appealing building image and gives it a sense of modernity, which is continued throughout the
entire hotel. Accompanying the exterior image and fascinating interior design, efficient features
can be found in every room. Such features include but are not limited to cork flooring,
occupancy sensors, low flow toilets and faucets, fluorescent lighting, Cradle-to-Cradle

countertops, and low VOC products.

CityFlatsHotel’s structural system will be described throughout this report by taking a closer
look at the structural concepts and existing conditions. To understand how the various structural
components work, detailed descriptions of the foundation, floor system, lateral system, and

gravity system are provided.
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Structural Systems

Foundation

Soils & Structures Inc. completed the geotechnical engineering study for the CityFlatsHotel on
July 16, 1998. A series of five test borings were drilled in the locations shown in the proposed
plan (Figure 1.1). Each test boring was drilled to a depth of 25 feet in order to reveal the types of
soil consistent with the location of the site. The results showed that the soil profile consisted of
compact light brown fine sand to a depth of 13.0 to 18.0 feet over very compact coarse sand and
compact fine silt. In test boring two a small seam of very stiff clay was discovered at 20.0 feet.
Groundwater was encountered at a depth of 14.0 feet. From these findings it was recommended
that a bearing value of 4000 psf be used for design of rectangular or square spread foundations
and a value of 3000 psf be used for strip foundations. Since the test boring was performed in a
relatively dry period, it was noted that the water table might rise by as much as 2.0 to 3.0 feet

during excessive wet periods.

SEVENTH STREET

FIGURE 1.1: This is a plan view of the Five Test Boring Locations
Note: The layout of the building here was the proposed shape. The
actual building takes on an L-shape as can be seen later in Figure 5.1
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Based on the conclusion from the geotechnical report it was decided to have all sand and/or sand
fill be compacted to a density of 95 percent of its maximum density as determined by ASTM
D1557. By compacting the soil through methods of vibration allowed the soil bearing capacity to
be set at 8000 psf for footings. The basement floor consists of 4 concrete slab on grade that has
a concrete compressive strength of 3000 psi and is reinforced with 6x6 W2.9xW2.9 welded wire

fabric. Examples of the foundation and footings can be seen in Figures 1.2 and 1.3 respectively.

This typical layout is consistent throughout the entire foundation system.

I
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Figure 1.2: Typical Exterior Foundation

Superstructure

ZZR T

Figure 1.3: Typical Column Footing

Due to the relatively “L” shape of CityFlatsHotel, the buildings framing system is able to follow

a simple grid pattern. The overall building is split into two rectangular shapes that consist of 6

and 7 bays. The typical grid size is between 18°-0” to 18°-8” wide and 22°-6” to 30’-2” long. The

main floor system used is an 8” precast planking deck with 2”” non-composite concrete topping.

The concrete topping is normal weight concrete and has a compressive strength of 4000 psi. The

floor system is then supported by steel beams, which range in size and include W30x173’s for

exterior bays and W8x24’s for interior corridors. Details for these two beam connections can be

seen in Figure 1.4 below.
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The precast plank allows for quicker erection, longer

spans, and open interior spaces. The use of precast
plank is typical for all floors other than the basement
] G T Lo . )
/2" EXPANSION JONT ; floor and specific areas of the ground floor, which
CONCRETE TOPPING OVER . . . .
PRECAST CONCRETE PLA“K7 . l utilizes slab on grade. All floor slabs on grade are 4
} Sife o CUTSTRIR CORSE  thick except for radiant heat areas, which require the
g : gblé%sEg?)meF PRECAST
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e
_____ _ TR &~ PRECAST BEARING 1 1 1
e R with 6x6 W2.9x2.9 welded wire fabric.
IR e »
KEYWAYS BETWEEN PREC ST ~~— -
Eté’g‘fs/é ETHEEN P oA —— STEEL BEMI - EE Masonry walls are also used throughout the building

;EE%ST INSERT WELDING E)/-(\EEN[E)EEFA?MRAE%;?\ITTE%LINE

layout to hold up the precast concrete plank floors.

Refer to Appendix A for wall locations. These walls

simply consist of concrete masonry units that are

reinforced with #5 bars vertically spaced at 16” o.c.

10 PRECAST BEARING DETAIL and extend the full height of the wall (Figure 1.5). In

D

S7.01 P 1o order to connect the precast planks with the masonry

Figure 1.4: Typical Steel Beam Support Detail

block, 4” dowels, typically 3’-0” long spaced at 48”

o.c., are grouted into keyways and used to connect

the two members together (Figure 1.6).
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Figure 1.5: Typical Masonry Wall Reinforcing Figure 1.6: Typical Member Connection Detail
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Columns add the final support and are typically HSS columns located around the perimeter of
the building as well as along the corridors of the hotel. Refer to Appendix A for plans with
column locations. HSS 8x8x3/8” columns were typically used on the exterior and HSS 8x8x1/2”
columns were used in the interior. HSS 12x12x5/8” were used in order to support the larger
beams and greater tributary areas. All load bearing masonry walls and steel beams will take the
reaction load from the precast concrete plank flooring, as well as any additional loads from upper

levels, and transfer the loads thru the columns and exterior walls thru to the foundation system.
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Roof System

The roof framing system like the floor framing system is laid out in a rectangular grid. It consists
of 1.5B 20-gauge metal decking supported by K-series joists. The typical joists that are used
range between 12K 1 an 20K5, which have depths of 12 and 20” respectively. These K-series
joists span between 16’-6” to 30°-8”. The roof deck spans longitudinally, which is perpendicular
to the K-series joists. The joists are spaced no further than 5°-0” apart and typically no shorter

than 4°-0”.
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Codes and References

Codes Used in the Original Design

"

2 2 2 2

2003 Michigan Building Code

ASCE 7-05, Minimum Design Loads for Buildings

ACI 318-05, Building Code Requirements for Structural Concrete
Specifications for Structural Steel Buildings (AISC)

International Building Code (IBC), 2006

Codes Used in Analysis

"

M A 32 2 2 A A3A A

ASCE 7-05, Minimum Design Loads for Buildings

ACI 318-05, Building Code Requirements for Structural Concrete
Specifications for Structural Steel Buildings (AISC), 13" Edition
International Building Code (IBC), 2009

PCI Design Handbook, 7" Edition

RS Means Assemblies Cost Data, 2010

RS Means Facilities Construction Cost Data, 2010

PCA

VULCRAFT Deck Catalog
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Materials

Reinforced Concrete

Footings

Slab On Grade

Precast

Precast Topping Slab
Reinforcement Steel

Deformed Bars

Welded Wire Fabric
Structural Steel

Structural W Shapes

Steel Tubes (HSS Shapes)

Angles & Plates

Bolts, Fasteners, & Hardware
Masonry

8” CMU

Grout

CityFlatsHotel - Holland, MI
Technical Report 1
September 23, 2011

¢ = 3000 psi
¢ = 4000 psi
¢ = 5000 psi
¢ = 4000 psi

ASTM A615
ASTM A185

ASTM A992
ASTM A500
ASTM A36

ASTM A153

f'm = 2000 PSI
. =3000 PSI
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Design Load Summary
All of the design loads that are used during the analysis of CityFlatsHotel are listed in Table 4.1
below.
Live Loads (LL)
Area GMB Design Loads (PSF) ASCE 7-05 Load (PSF)
Private Guest Rooms 40 40
Public Spaces 100 100
. 40 (Private Corridor) /
Corridors 100 100 (Public Corridor)
Lobbies 100 100
Stairs 100 100
Storage/Mechanical 125 125 (Light)
Theater (Fixed) 60 60
Restaurant/Bar 100 100
Patio (Exterior) 100 100
Dead Loads (DL)
Material GMB Design Loads (PSF) ASCE 7-05 Load (PSF)
8" Precast w/2" Topping 80
10" Precast w/2" Topping 92

8" Masonry Wall, Full Grout
w/Rein. @ 16" o.c.

MEP 10 Section 3.1

Partition 25
Finishes/Miscellaneous -
Roof 15
Snow Load (SL)

Area GMB Design Loads (PSF) ASCE 7-05 (PSF)
Flat Roof 35 35
Ground 50 50

Table 4.1: Summary of Design Loads

11
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Typical Span
The typical bay used in the analysis of the existing and alternative floor systems is defined in

Figure 5.1
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Figure 5.1: Typical Bay Used in the Analysis of Existing and Alternate Floor Systems
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Floor Systems

Existing: Precast Hollow-Core Concrete Plank on Load Bearing Masonry & Steel Interior

. . P | 1
Material Properties T s Ll'_..a T - T J“
1 il
. 2 4’_ 29 2”T : EL ________ "._ e N LA et - - .;._
Concrete 87 x4°-0” w/2” Topping - o o e S LT 2=
¢ = 5,000 psi )i |
T 1 I
Tendons: 66-S T -1 ’
them 3 vl
£, = 270,000 psi 1 g 1
Loadings: Dead (Self Weight) = 81 psf 8 3 1
Live = 40 psf ' — [’(’
L]
Superimposed = 35 psf | l R j.______“r____
Descrpition g{f"-— |;
Z|
The hollow core precast concrete plank system spans a w‘: A ]
maximum distance of 18’-4” for the particular section of  ° + ——t e
the building shown in Figure 6.1. The 4°-0” wide planks T 18°-4” Yy el .
run the entire length of the floor. For the analysis of this S l e [—
: H e
floor system, a typical bay of 18°-4 x 24°-2” was used < iy T

can be seen in Figure 5.1. The weight of the hollow-core plank is distributed evenly to the
exterior load bearing masonry wall, as well as the interior

Figure 6.1: Existing Hollow-Core Plank
steel frame.

The planks that were designed for the building are 8” thick planks with 2” topping and come in
4> wide sections. The design method for the planks used by the manufacturer was unknown, so it
was assumed that the planks were designed using the PCI Design Handbook. In order to achieve
the maximum span of 18°-4”, 66-S strands were used within the hollow core panel. This relates
to the designation of the number of strands (6), the diameter of the strands in 16™ (6), and that
the strands are to be straight throughout the panel. The assembly of this panel can hold a max
service load of 224 psf, which exceeds the total un-factored load of 90 psf. Reducing the number
of strands can be a way to have the plank support only the 90 psf load required. The total un-
factored load is a combination of hotel room live loads, superimposed dead loads, and an

additional 15 psf for the 2” topping. Supporting calculations may be found in Appendix B.

13
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Advantages

The main advantage of precast hollow-core concrete planks is the low cost and time efficient
construction process. The precast plank floor has the lowest cost compared to all the floor
systems investigated in this report. Since precast concrete does not require the curing time that
cast-in-place concrete requires, the installation process is much quicker. The reason behind this
is due to the fact that precast planks are constructed in a plant where curing can take place year
round under controlled conditions. The overall effect is faster construction schedules and
ultimately a lower overall project cost. Typical spans of hollow-core systems tend to be greater,
resulting in open floor plans and greater structural grid sizes. Hollow-core planks can span up to
33’ before the amount of loading allowed greatly decreases. This can be a result of the general
use of higher strength concrete, such as 5000 PSI. Along with the longer span, the floor depth of
the hollow core-planks is much shallower than the alternative floor systems, except where
supported on beams, allowing for the most efficient floor-to-floor heights. Building height
restrictions could be a main reason to use hollow-core plank to decrease floor-to-floor height,
which reduced the overall building height. Due to the majority of this floor system consisting of
concrete, sound and heat transmission is greatly reduced. Plus 2 hour-fire rating can be achieved
with minimal fireproofing required for only the few interior steel frames. Finally, even though
the amount of concrete used increases the building weight, the voids in the planks lead to

minimal increases to the overall building weight.

Disadvantages

The most relevant disadvantage using the hollow-core precast system is that precast concrete
requires more upfront planning. Thus, the design phase of the project could potentially prolong
the construction schedule. Lead-time becomes a concern since the concrete planks may have to
be transported via oversized trucks from the manufacturer. Plus the speed is set by how fast the
masonry walls are erected, and the planks need to be threaded between the framing columns and
beams, which requires a lot of coordination of floor to floor construction. Also there are more
members that need to be picked up by the crane for this system, again slowing the process down.
An additional concern is that the architectural design can be limited as this system works best

with square or rectangular bays since precast planks are not good for curved or angled edges.

14




Hunter Woron - Structural CityFlatsHotel - Holland, MI
Professor M. Kevin Parfitt Technical Report 1
The Pennsylvania State University September 23, 2011

Alternative #1: Precast Hollow-Core Concrete Plank on Steel Framing

. . AL 1
Material Properties:

Concrete: 87 x 4’-0” Untopped
f’c=5,000 psi
Tendons: 66-S
fou = 270,000 psi
Loadings: Dead (Self Weight) = 56 psf
Live = 40 psf 24°-2”
Superimposed = 35 psf

Description
The precast hollow-core concrete plank on steel system is very

similar to the existing precast plank system utilized by the

CityFlatsHotel. However, this system would utilize steel  /

T T
columns/beams and replace the exterior load bearing masonry < >

18°-4”

walls. For this report, the steel columns that support the
. Figure 6.2: Hollow Core Plank on Steel
precast plank system were not analyzed, as they will be

further investigated at a later time.

To maintain a fair comparison of the alternate and existing floor assemblies, this system will
continue to be analyzed for the typical bay size of 18’-4” x 24°-2” as shown in Figure 5.1.
However, the concrete planks will span in the 24°-2” direction rather than the 18°-4” direction of
the current system, as seen in Figure 6.2. The 4’ wide planks run the entire length of the floor. In
order to decrease the precast plank self weight and still withstand the total floor load, a plank
depth of 8” with no topping was selected using PCI Design Handbook. To achieve the span,
strands of 66-S were used within the hollow-core panel. This designates that there are 6 strands
with diameter of 6/16” running straight throughout the panel. This plank system design has a
capacity of 98 psf, which exceeds the value of the total un-factored load of 75 psf. The total un-

factored load was determined using the hotel room live loads and superimposed dead loads. If
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the plank is topped an additional 10 psf would need to be added, but the plank capacity still

exceeds this amount as well. Supporting calculations may be found in Appendix C.

The steel members that support the precast concrete planks were design using the American
Institute of Steel Construction manual (AISC). Girders were determined to be W18x35 members.
Additional options include W12x50 members and W16x36 members. These options are in place
in order to reduce the overall system depth by decreasing the flange depth, however these options

are less economical due to the increase in flange weight.

Advantages

There are many benefits of using precast hollow-core concrete plank on steel. Structurally,
hollow-core planks provide the efficiency of a pre-stressed member. This allows for larger load
capacity, a great span range, and deflection control. Since the precast hollow-core concrete
planks are produced and cured in a control environment, the result is a product with greater
strength and durability, which allows for increased floor load capacity. Future costs aren’t an
issue, as this system requires very little maintenance. Again precast planks lead to a faster
construction schedule and cheaper overall project cost. Hollow-core installation is fast and
efficient due to the fact that time-consuming actions of cast-in-place concrete are virtually
eliminated. Additionally this system as a whole is recognized as a LEED rated system, which is a
main component for the CityFlatsHotel. Other advantages consist of naturally sound-resistant

material and reduced building weight.

Disadvantages

Unfortunately, with advantages come disadvantages. The main downside is the decrease in floor-
to-floor height, or inevitably the increase in overall building height. The reduction is due to the
deeper floor system caused by the W12x50 steel girders that support the concrete planks. The
floor system depth would increase from 10” (existing floor system with topping) to 20.25” (the
12.25” depth of the girder + the 8” depth of the precast plank). This presents a problem in areas
where the total overall height of the building is limited. The lead-time would also increase as the
fabrication, detailing, and transportation of the steel become factors. Lastly, all steel members
require spray fireproofing to obtain the appropriate fire rating. These factors can be anticipated to

increase the overall project cost.
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Feasibility

In Holland Michigan, the building height limit is 11 stories. Since CityFlatsHotel is currently
only 5 stories above grade, this system could be implemented and keep the building within the
code limitations of its current location. For this system to be considered as a potential candidate,
a further investigation would have to be conducted to verify if this system would actually impact
the pace of construction as well as the overall budget. The money saved through a faster
construction schedule could account for the increased costs and leave it as a viable option. Due
to the fact that there is less needed coordination of multiple trades, and the cold weather becomes
less of an issue if the building becomes all steel versus a mix of steel and masonry. The final
check that would have to be completed would be the effect the increase in building height would

have on the structural system as a whole, recalculating seismic and wind loads.
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Alternative #2: Composite Steel Deck System

Material Properties: A T4
Concrete: 4.5” Slab 6’-0”
2.5” Topping v
f’c = 3000 psi 4
Steel: 'y = 50,000 psi ﬂ 6’-0”
Reinforcement: 'y = 60,000 psi 24°-0” X
Metal Deck: 2VLI22 — 3 Span L .
Loadings: Dead =45 psf o0
Live = 40 psf X
Superimposed = 35 psi
6°-0”
\/ T T \/
Description < >
18°-4”

The typical bay size used to design a composite steel deck .

Figure 6.3: Composite Steel Deck
system is 24°-0” x 18’-4” as shown in Figure 6.3. This was
chosen to maintain a fair comparison between alternate and existing floor systems and allow for
intermediate beams to be spaced at 6’-0”. This slight change does not alter the building layout in
a drastic manner, which allows for the column spacing to remain the same. Note that the columns
for this floor assembly were not designed for this report, although due to changes in framing

structure the column sizes would most likely change.

To comply with the typical bay and loadings, a 2VLI22 composite deck was selected using the
Vulcraft Deck Catalog. This deck will support a 4.5 normal weight concrete slab with a 2.5”
topping, which is able to span 9°-4” unshored given a 3 span condition. This exceeds the 6’-0”
spacing used for this design. The size of the steel beams and girders were designed in accordance
with the American Institute of Steel Construction (AISC). The size of the members designed as
well as slab thickness satisfies the load and deflection limits of the entire system. Supporting

calculations may be found in Appendix D.
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Advantages

Advantages of the composite steel deck system include its low self-weight and constructability.
The system self-weight of 45 psf is significantly lower than the self-weight of concrete dominate
systems. This results in a reduced gravity load on the foundation, which reduces the required size
of columns and foundation. This minimizes the costs associated with the overall structural
system. Since a composite steel deck is a quick erection system the construction process is
simplified. This is partly due to the fact that no shoring is required for the 6’-0” spans. Also, steel
erection takes less time since there is less forming (metal deck serves as the formwork), placing,
and curing concrete. The overall result is a fast construction schedule, cheaper budget, and less
waste material. Additional advantages include a fire rating of 2-hours and a relatively shallow
system depth of 20.4” (15.9” depth of girder +4.5” slab depth) that will leave sufficient space

and flexibility for mechanical ducts and plumbing in the ceiling.

Disadvantages

Once again, the main disadvantage is the floor system depth of 20.4”. The girder size designed is
a W16x31, which increases the floor depth drastically. This system depth would either adjust the
entire height of the building, adding additional costs, or it would reduce the ceiling heights. With
an all-steel frame building, fireproofing would be required to obtain an approved fire rating for
the building. Other concerns with a steel frame building is additional lead time as a result of the
steel needing to be fabricated, shipped, and the extra detailing that is required. An additional
disadvantage to the composite deck system is the poor sound-insulating property of steel. This
may be of concern since CityFlatsHotel has a large concern for noise transferring between walls

and floors, which may require additional soundproofing and lead to an increased cost.

Feasibility

Ultimately, after weighing the advantages and disadvantages of the composite system, it seems
like the disadvantages outweigh the advantages. Even with a low system cost the negative
factors, which include a decrease in floor-to-floor height and poor sound-insulating materials, are
too overwhelming for a hotel design. Therefore, use of this system for CityFlatsHotel is not

likely, and further investigation is not necessary.
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Alternative #3: One-Way Joist System

Material Properties: 4 [/ L]

Concrete: 4.5” Slab | |
66/ 6” Pan Joists
f’c = 3000 psi

Reinforcement: 'y = 60,000 psi

Loadings: Dead = 56.25 psf | ‘
Live = 40 psf 24-07 | |
Superimposed = 35 psf

Description

The one-way joist system was designed using a typical bay of

24°-0” x 18’-6” as show in Figure 6.4. It was designed to span v

in the 24°-0” direction. A 4.5 slab was used with 6” wide by 14” D‘ VD

deep joists spaced at 66 on center. The depth of the pan joist is 187-67

14”, which is adequate for deflection control, in accordance with Figure 6.4: One-Way Joist
PCA requirements. The minimum reinforcement for the slab is (1) #3 bar spaced at 12” on
center. In order to prevent flexural failure, reinforcement was designed for the joists.
Reinforcement for the negative moment is (2) # 6 bars (top reinforcement) and reinforcement for
the positive moment is (1) #8 bar (bottom reinforcement). Shear reinforcement includes #3 bars
with 8” spacing.

Both exterior and interior girders were designed to span in the 18’-6 direction, which is
perpendicular to the joist ribs. The exterior girder and interior girder were both designed at 24”
wide in order to match the assumed column dimensions, which is a 24” square column. These
dimensions provide for better constructability. For the interior girder the required top
reinforcement is (3) #8 bars, while the required bottom reinforcement is (2) #8 bars. For the
exterior edge girder the required top reinforcement is (3) #6 bars, while the required bottom

reinforcement is (2) #6 bars. Supporting calculation may be found in Appendix E.
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Advantages

The one-way joist system is the most economical concrete systems for long spans with heavy
loads, which is why it was chosen as an alternative. The 6°/66” joist system designed is
considered a “skip” joist, since the pans are spaced further apart. The longer spans result in wider
column spacing that allows for a more open floor plan, a desirable feature for hotels. One-way
joist systems also have inherent vibration resistance, reduced dead load due to pan voids, and
easier placement of electrical and mechanical equipment between pan joists. Another advantage
to owners is the simplicity of future renovations, reducing costs. Plus, this system is capable of a
2-hour fire rating without additional fireproofing. Overall with the longer spans and inherent

vibration resistance a one-way joist system is an attractive alternative floor assembly for hotels.

Disadvantages

One disadvantage of the one-way joist system is the self-weight, which is larger than the self-
weight of the other alternative floor systems due to the amount of concrete used. This will add
more weight to the building, thus resulting in more gravity load to the foundation. Also, the
construction will not be as efficient due to the necessary framework that is required in order to
build this system. Another slight disadvantage is the depth of the system, which is larger than the
existing system. However, electrical and mechanical equipment can potentially be run between
the pan joists, except for at each column line where the equipment would hit the girder. This

eliminates the need for additional floor depth in order to accommodate this equipment.

Feasibility

The one-way joist system may be worthwhile to examine in the future and compare the total cost
of the building associated with the one-way joist system against the total cost of the building
using the existing floor system. Since there is potential that the cheaper cost of the one-way joist
system could outweigh the effects of the increased self-weight, the one-way joist system is a
feasible alternative and may require additional study. Luckily, the increase in floor depth is not
of concern, since the building, which resides in Holland Michigan, has overall building height
flexibility before reaching the maximum allowable height of the area. However, increasing the

overall height does become a cost comparison issue.
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Precast Plank

on Load Precast Plank Composite One-Way Joist

Comparison Criteria| Bearing Walls on Steel Steel Deck y
. System
and Steel Framing System
Frame

Slab Self Weight 81 PSF 56 PSF 45 PSF 80 PSF
Slab Depth 8" 8" 4.5" 4.5"
System Depth o 20.25" 20.4" 18.5"

y p (8Il+2llTopping) - . .
Deflection 0.77" < 0.91" 0.71" < 0.92" 0.66" < 0.8" 0.20" < 0.92"
Vibration Average Below Average Good Exceptional
Fire-Rating 2 Hour 2 Hour 1.5 - 2 Hour 2 Hour
Fire Protection None Minimal Spray Spray None
Impact on Building Existin Reduced Floor- | Reduced Floor- | Reduced Floor-
Design 9 to-Ceiling Height|to-Ceiling Height|to-Ceiling Height
Constructibility Easy Easy Easy Average
System Cost* $12.21/SF $22.22/SF $14.79/SF $14.83/SF
Feasibility Yes Yes No Yes

*System cost is estimated using RS Means Assemblies Cost Data and RS Means Facilities

Construction Cost Data.
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Conclusion

In analyzing alternative floor systems for CityFlatsHotel, a better understanding of the impacts of
various design decisions was formed. Each alternative system was designed using a typical bay
size, and was compared to each other, as well as to the existing floor assembly. The existing
floor system is a precast hollow-core concrete plank floor, which bears on exterior load bearing
masonry walls and an interior steel frame. The alternative floor systems include a precast
hollow-core concrete plank on steel framing system, a composite steel deck system, and a one-
way joist system. The major comparisons factors for this report were system depth, self-weight,

cost, and constructability.

After comparing each alternative floor system with the existing system, it was concluded that the
existing floor system is the most efficient due to its cost, system depth, and acoustic properties.
However, a few of the alternative systems may be a realistic solution for the building as well.
The precast hollow-core plank on steel frame offers a design consistent with the existing system,
but eliminates the exterior load bearing masonry walls. Although it is a lightweight system that is
time efficient, the additional steel sacrifices cost and floor-to-floor height or overall building
height. A one-way joist system incorporates a deeper system and is a heavier system (self-
weight), but is the most economical concrete system for long span conditions. The composite
steel deck system is arguably the least feasible for the CityFlatsHotel. Even though the total cost
per square foot is lower than other alternative floor assemblies, but has the largest floor system

depth and poor sound-insulating properties, which is a priority for hotels.

The most likely alternative system for the CityFlatsHotel, besides its existing system, is the one-
way pan joist system. This system created the second thinnest overall floor system depth, as well
as one of the cheaper systems per square foot. Being the most economical concrete system for
long span conditions CityFlatsHotel could utilize this alternative system with wider column
spacing, reduced dead load due to pan voids, and easier placement of electrical and mechanical
equipment in the pan joists. Another upside is the natural sound-insulating properties as well as
fireproofing the concrete system provides, which is a common system for hotels. Therefore it is

logical that this system is feasible for the CityFlatsHotel.
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Appendix B: Existing Floor System

CHAPTER 3

3.6 Hollow-Core Load Tables (cont.)

CityFlatsHotel - Holland, MI
Technical Report 1
September 23, 2011

PRELIMINARY DESIGN OF PRECAST / PRESTRESSED CONCRETE STRUCTURES

Serend Patisrm Designetion o Section Properties
“ 4-0"x 8 No Topping 2 In. topping
Normaiweight Concrete
A = 215 in’ .
S = siraight 4.0 [« 1686 In* 3071 In*
ST Digmetee of strand n 16ths | 1 ¥ = 400 in 529 in.
- Number of strand (7) e € ] 2 ¥y = 400 In 471 n
« 85 = 417 in? 581 in?
Safe ioads shown includo doad ioad of 10 LAY for [IOOOOOQ'] ‘8 5 - 417 in’ 652 in.
uniopped mambers and 15 I for foppod mambars. .
Aaengingar & Fw oed. Long-tme cambers neoy E;I - ?g; :::: 3:: :::
suponmposod doad iaad but do nad includo Mve lad.
VS« 182 In
Capacey of sectons of ofhor confgumatons an o
smiar. For procise vakes, see local holow con f; = 35000 psi
manuiscl. f., = 270,000 psi
385 Sa‘e supormposed sonvioe load, b
01 - Estmated camber g1 erection. in
02 -~ Emmated ong-time camber, In.
4HCB
Table of safe superimposed service load, Ib/ft?, and cambers, in. No Topping
Strand Span, ft
designation
code 1112 13 14 35 16 97 98 9% 20 27 22 23 24 25 26 27 20 29 30 3 32 33| J4 35 I6 I7 26 29 40
385 345 313 283 260 240 223 204 179 158 140 124 1°0 S8 87 7V 69 61 S4 48 43 38 33| 29
66-S 01 02 0202 02020202030303030202020200000-01-02-03-05/-06
02 02 02 03 03 03 03 03 03 03 03 03 02 02 07 OO0 -V2-0DIDS5-ODT-0S =14
445 407 367 334 306 285 263 242 273 188 167 M5 133 115 106 55 B8 77 68 62 55 S0 44 | 38 35 I 26
76-S 02 02 02 02 03 03 03 03 03 03 04 04 04 03 03 03 03 02 02 0! 00-01-02|-04-05-0.7-09
02 02 03 03 03 04 04 04 04 04 04 04 04 03 03 02 01 00-01-02-04-C06-08)-1.1-14-17-20
422 380 346 3'6 290 267 247 231 2'6 20¢ 160 175 166 160 144 130 198 107 G7 B8 B0 72 66 | 60 54 48 42 3r 32
58-S 02 02 03 03 03 04 04 05 05 05 05 06 06 06 06 06 06 05 05 05 04 0302] 01 0.0-04-03-05-070H
476430393351mxezaazsszommzo&zcoma1ee1um m TZ1 90 0! G2 B4 | 77 70 63 56 51 45 40
68-S 03 03 03 04 04 05 05 06 06 07 Q7 O7 08 08 08 08 08 O8 08 08 OB 07 07| 06 05 04 02 010103
03 04 05 05 06 06 07 07 Q8 Q8 05 09 10 10 10 10 05 05 05 08 07 0604] 02 00-02-05-08-1.1-1
AB8 442 402 370 341 318 255 275 256 247 225 215 200 155 T80 168 157 144 135 126 118 10101 | 82 B4 7 P B4 S8 59
78-S 03 03 04 05 05 06 06 07 0.7 08 0% 0§ 1.0 1.0 1.0 1.1 %1 91 91 @1 @1 w1 11| 1.0 0.5 0.8 0.7 06 05 O3
0405 05 06 07 Of 08 08 10 10 13 12 12 12 13 13 13 33 33 32 32 11301 08 07 05 03 00-03-07

Table of safe superimposed service load, Ib/ft?, and cambers, in. 2 in. Normalweight Topping
Strand o~ Span, ft ]
designation
code 13 14 15 16 1f 13 19 21 22 23 24 25 26 27 28 26 30 31 32 33| 3¢ 35 36 37 38 39 &0
400 365 333 308 255 224 |7 173 153 135 1§ ‘05 G3 B2 €8 6 45 3% 2%
02 02 02 02 0X 02 03 £3 03 03 02 02 02 02 0 0000010203
02 02 02 02 9ANQ2 02/02 01 01 00-01-02-03-04-08-07-09-12-14
474 435 396 356 340 DT 235 208 184 164 146 130 196 103 B8 74 &2 51 41 3
76-S 0Z 0Z 03 03 03 03 03 03 04 04 0.4 03 03 03 03 02 02 01-00-0.1 Oil
02 02 03 03 03 03 03 03 02 02 02 0! 00-01-02-04-05-07-09-12-%.
445 405 374 M2 318 288 275 200 243 228 217 196 177 159 143 126 110 95 &2 70 58| 49 &0 92
58-S 03 03 03 04 04 05 05 05 05 06 06 06 06 06 08 05 05 05 Q1 02} 01 00-0.1
03 03 04 04 04 04 05 05 05 05 04 i 12-1.5-18
463 426 333 365 342 319 200 282 267 251 236 Z16 156 177 158 140 124 110 97 e4| 73 G2 53 44 36 28
68-S 04 04 05 05 05 06 07 07 07 08 OB 08 OB OB OB 08 08 02 07 07| 06 05 04 02 O.1-01
04 05 05 06 06 06 06 07 07 07 06 06 0B 05 04 03 02 00-02-04{-06-00-12-16-20-24
472 435 402 375 348 325 305 288 273 257 245 202 220 207 186 167 149 153 119 106] 8¢ 83 73 B4 55 46 90
78-S 05 05 06 05 07 07 08 05 05 1.0 %0 %0 %% 19 1% 11 11 1.1 1.1 <¢f 1.0 05 05 07 06 05 03
05 06 06 07 07 05 08 08 09 09 05 0F OF 08 07 07 06 04 03 0401 -03-06-09-1.3-1.7-2.2

Strangth & bssad o0 slrain compatbiity, boniom ension i3 Imied 1o 7 s‘fl__ ; oe8 pages 3-8 through 3-11 for explangton

See tem 3, note 4, Section 3.3.2 for explanason of vertical ine

First Prinzing/CD-ROM Editior

“® PCI DESIGN HANDBOOK/SEVENTH EDITION
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Appendix C: Alternative System #1

Precast Hollow-Core concrete Plank on Steel Framing

CHAPTER 3 PRELIMINARY DESIGN OF PRECAST / PRESTRESSED CONCRETE STRUCTURES

3.6 Hollow-Core Load Tables (cont.)

E Strand Pattern Designation Section Properties

Zi‘s 4-0" x 8" No Topping 2 In. topping
Normalweight Concrete
A = 216 in’ .
S = siraight 4.0 i - 1686 In* 3071 In*
Digeneser of strand  16ihs | 1 ¥ = 400 in. 529 in.
) Number of strand (7) % € i} 2l vy - 400 In 471 In
0.0.0.00.0 7| 2: wa | &=
Safe ioads shown includo doad ioad of 10 Y for . . . . . 5 - 417 in’ 652 in.
uniopped mambers and 15 DA for doppod mambors. . 4 4
aengingar & Fw s Long-0me cambes ncoe g{ - 226 :::: 3§1 1':::
nat includs & .
supenmposod doad iad but do nat includo Mve iaad. VS - 192 In,
Capacey of sections of ofhor confgumations an N
smiar. For procise wvakes, soe local holow-con " = 5000 DSI
maAaTien:
f., = 270,000 psi
<oy
385~ Sa‘e supermposed sonvice load, b
Q1 - Estmated camber @ erection. in
02 - Estmated long-time camber, In.
4HCB
Table of safe superimposed service load, Ib/ft*, and cambers, in. No Topping
Strand _~—Spap, ft
designation
code 112 13 14 15 16 17 18 19 20 21 2 #3 24 25 27 28 29 30 3 32 33| 34 35 36 I7 I8 9 4
305 345 313 263 260 240 223 204 175 158 140 124 {10 S8 87 7 68 61 54 48 43 38 33| 28
66-S 01 02 02020202020203030303A0420202¢02010000-01-02-03-05[-086
02 02 02 03 03 03 03 03 03 03 03 03 0X 02 01 0-01-02-03-05-07-08 -1.4
448 407 367 334 306 285 260 22 273 188 167 145 133 85 B8 7T B8 62 55 SO 44| 38 35 31 26
76-S 02 02 02 02 03 03 03 03 03 03 04 04 04 03 03 03 03 02 02 01 00-0.1-02|-04-05-0.7-09
02 02 03 03 03 04 04 04 04 04 04 04 04 03 03 02 0% 00-01-02-04-06-08]-1.1-1.4-1.7-20
322 380 346 316 290 267 247 23° 216 202 150 175 165 160 144 130 198 107 G7 88 B0 72 €6 | 60 G4 48 42 a7 32 23
58-S 02 02 03 03 03 04 04 05 05 05 05 08 06 08 06 0B 0B 05 05 05 04 0302] 01 0.0-04-03-05-070
) ) o y 5 ) ) ) )
476 430 363 6| 332 300 ZBG 265 250 245 223 208 200 1B 165 153 142 132 21 110 ‘01 GE B4 | 77 70 63 56 &1 a5 4o
68-S 03 03 03 04 04 05 05 06 06 07 Q7 O7 08 O8 08 O8 08 OB 08 08 08 O7 07| 06 05 04 02 010103
03 04 05 05 06 OF 07 Q7 Q8 QF 05 0§ 10 10 10 10 05 05 05 08 07 0604|102 00-02-05-08-1.1-1
AB8 442 402 370 341 398 295 275 256 2T 226 215 200 155 180 168 157 144 135 126 78 10 01| 82 84 ¥ ) 84 S8 5
78-S 0.3 0.3 0.4 05 05 06 06 07 07 OB 05 05 1.0 1.0 1.0 1.9 %1 %1 £1 ©1 @1 @1 @1 | %0 0.5 08 07 06 05 0F
0405 05 06 07 08 08 08 10 10 13 12 12 12 13 13 13 33 13 32 12 3130108 07 05 03 00-03-07]
Table of safe superimposed service load, Ib/ft*, and cambers, in. 2 in. Normalweight Topping
Strand Span, ft I
designation I
code 93 94 15 16 17 13 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33| 3¢ 35 36 37 38 39 40
400 365 330 308 282 256 224 107 173 153 135 116 ‘06 G3 B2 G8 6 45 3 2%
66-S 02 02 02 02 02 02 03 03 03 03 02 02 02 02 01 0000010203
02 02 02 02 02 02 02 92 01 01 00010203 -04-QE-07 031214
474 435 396 356 340 304 267 235 208 184 164 ‘46 ‘30 1'6 103 B8 74 €2 51 41 31
76-S 0Z 0Z 03 03 03 03 03 03 0.4 04 04 03 03 03 03 02 02 01-00-0.1 c«il
02 02 03 03 03 03 03 03 02 02 02 0! 00-01-02-04-05-07-09-12-1
445 405 374 A2 318 238 275 260 243 220 217 86 77 156 143 126 110 &5 ®@
58-S 03 03 03 04 04 05 05 05 05 06 06 06 06 08 08 05 05 05 01
03 03 04 04 04 02 05 05 05 05 04 03 03 03 02 01-01-02-04
463 426 333 365 342 319 299 282 267 251 236 216 195 177 158 140 124 110
68-S 04 04 05 05 06 06 07 07 0.7 08 CB OB OB OB OB 08 08 02
04 05 05 06 06 06 06 0F 07 OF 06 06 OB 05 04 03 02 00-02-04
AT2 A5 402 375 348 325 905 208 273 257 245 232 220 207 186 167 149 133 119 106
78-S 05 05 06 06 07 07 08 03 03 1.0 0 %0 %% 19 1% 11 11 1.1 1.1 ©49 10 03 03 07 C6 05 0.3
05 06 06 07 07 08 05 08 05 05 0§ 0F OB 08 07 07 06 04 03 04/-01-03-06-09-1.3-1.7-22

Strangth & bssed 0 sirain compaibiity, bonom tension is bmind 19 75T ; s pages 3-8 through 3-17 for exglanation
See tem 3, note 4, Section 3.3.2 for expianasion of vertical ine

3-32 First Printing/CD-ROM Editior % PCI DESIGN HANDBOOK/SEVENTH EDITION
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Appendix D: Alternative System #2

Composite Steel Deck System

VULCRAFT" AYASATASA

2 VLI Lo
No Studs . PN

Maximum Sheet Length 42'-0" - 1z - -5
Extra charge for lengths under 6'-0"
ICBO Approved (No. 3415) Pty o Jereprs s

STEEL SECTION PROPERTIES

St AT avs

n Deagr \
Dwck P g :; - v,
troe - (o]
" N
{
T4 3 ] b ee m
a3 31 0406 46 263 I3
M1k X o & 0 ees L ¥ )1 &
04 1 =L 2498 n.s28 % e
2Wne 0.0%%e 2.3% 2.704 te) < e 4

(N=9.35) NORMAL WEIGHT CONCRETE (145 PCF)

vttt | B S0 Wa o Suparergosed Live Loes P55
Depts o okl
e 4 &0 g0 o0 T8 2a )
45 1 ’ s 120 4 " v 3 0 T o Q)
13 P e £l 8 1% 12 12 3 2 ] n”
1 ¢ VaE ) f ? b3l * 180 1% e 1 £ A ™
B e ¢ e X3 6 e Z M am 168 w ) ¥ 10 91
2 ¢ 3 X} C ) e 288 o ) ) 1w " *
8.7 ’ g1 R 3 m 7 e T " » " 3 s I e "~
8 g0 | w3 420 3 7S 43 %0 19 " 2 & »e L] L
=) 1211 T3 420 ¥4 4 3 241 4 72 L “ ] 0 e 3
B ".n 420 R 3 > s 4 e w2 3 1 |} or
0 174 420 43 a0 3 BRs 12 >0 - T 1 &4 p N S
g : a6 &0 ¥5¢ ] et i £ 1® 10¢ x )
M < ¥a &0 ) 12 ] Wt 168 2) 1% 0 1
— | o5 | 1we | o ) =) " ¥ 28 | 1w 1 PP 1
s 14 1 &0 2 &) ST ¥ 2% o) " 3 15 &
- -10 | 420 0 00 4 353 0 e 0 %0 w2 1 r 2
e T2 420 34 o8 » w w2 128 - 129 18 08 e %
¥ g4 420 a0 %0 < 1 194 73 1 1
10 10- 420 0 00 34 218 15 0 i .4 1
" 1 0 3) e ¢ s ] e 243 Fral am 185 ” w7 °®6 15
18 0 %) e ] o ¥ 153 0 ] 1 & “ =
T &0 ) o w0 ) ") 21 £ 1 ¢ 128 8 8 ¥
s a0 &0 2) &) E e wm 3 s ] " i3]
Ve [ 10 420 02 00 420 3’4 u P * £ e ’ £
re 420 43 00 420 & ' M0 ] < 22 a0 ¥ 9 4
o3 T 420 0 00 4 0 400 L . ¥ P 1 23 ]
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Appendix E: Alternative System #3

One-Way Joist System
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