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EXECUTIVE SUMMARY

In this technical report, the existing floor system of the Fairfield Inn and Suites is analyzed,
and alternative floor systems are designed and discussed to determine the viability of each
system. Currently, the floor system used in the Fairfield Inn and Suites is a hollow-core
precast concrete plank floor which is adequately designed to handle the criteria for the
building. The technical report looked at the following alternative floors systems for the
Fairfield Inn and Suites:

1. Hollow-core precast concrete plank floor on steel framing
2. Non-composite steel system
3. Two-Way post tensioned slab

The existing hollow-core precast plank system sits on load bearing masonry which allows
for an 8” slab thickness, assumed to be designed by the PCI Design Handbook. This system
is light weight and takes advantage of using larger spans without the use of columns
throughout the entire building. The hollow-core precast plank system on steel framing was
designed using the PCI Design Handbook to determine a 6” concrete slab with 2” topping
was necessary to carry the loads of the building. The steel girders were designed by taking
into account the deflection caused by the live loads of building and using the AISC Steel
Manual to determine the W18x35 sized members. The non-composite steel system was
designed using the AISC Steel Manual and Vulcraft Steel Floor Deck guide. The preliminary
design consists of a 2C18 metal deck under a 4.5” concrete slab. The supporting girders and
beams were determined to be W21x48 and W10x12. The two-way post tensioned slab was
determined to have a preliminary 7” slab with 12 tendons uniformly distributed in the long
direction and 13 tendons banded in the short direction. Due to a small number of tendons
in each direction, it may suggest that the slab thickness is conservative and in further
investigation may find an even thinner slab thickness.

The advantages and disadvantages are discussed for each floor system, and ultimately the
existing floor system is the best choice for this type of construction. But, through
comparison of the alternate systems it was determined that the two-way post tensioned
slab may be the most feasible system under further investigation, as it would hardly alter
the existing building conditions and gives a slab thickness of 7”, thinner that the existing.
The steel framing system and hollow-core plank system on steel would alter the floor-to-
floor height too drastically, as the new floor depth for each system would be approximately
25”. Each of these alternative systems and the structural system of the building, as a whole,
can be seen through detailed descriptions and diagrams, as well as, the materials and codes
used in the actual design of the floor systems. Building layout and detailed calculations for
each analysis performed can be found in an Appendix at the end of the report.
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INTRODUCTION: Fairfield Inn & Suites

Fairfield Inn and Suites is a 10-story hotel. The hotel is located in the heart of Pittsburgh
within walking distance to downtown Pittsburgh, Heinz Field (football stadium), the new
Rivers casino, plus many other Pittsburgh attractions. The hotel’s closest attraction,
directly across the street, is the Pittsburgh Pirates baseball stadium, PNC Park. Being in
such a prime location, this hotel with accommodate thousands of guests visiting the area
throughout the year making it an essential addition to the community.

The hotel occupies 135 guest rooms in addition to an indoor pool and fitness center for its
guests. There will be a variety of typical king/queen size rooms to king/queen suites to
satisfy the needs of all guests. Guests to the hotel will enter into an 18’ lobby off of Federal
St. where the main entrance exists. The lobby consists of a large reception desk for check-
in/out, a breakfast area, and a large seating area featuring a cherry finished wood fireplace.
The hotel holds a basement below grade that consists of the electrical, mechanical, and
maintenance rooms, along with the laundry room and break room for employees.

The facade of the building is similar for all views. Cast-stone decorates the exterior levels
one thru four. Brick veneer than extends to the roof of the building. As one approaches the
18’ lobby entrance a glass curtain wall system surrounds the entrance doors and extends
above the entrance two stories adding verticality to the building. The entrance is then
emphasized by a large steel supported, tempered glass awning shading the lobby. On street
level, the lobby is lined by additional high glass windows also shaded with smaller glass
awnings. From the highway that passes the buildings north facade, one will notice the
hotel by its large illuminated sign placed inside a 56’x18’ bond-face brick detailed rectangle
accenting this view.

The structural system for the hotel is primarily hollow-core precast concrete plank floors
on load bearing masonry walls, while shear walls resist the lateral forces against building.
Steel transfer beams at the second floor transfer the loads of the load bearing walls to
columns supporting the 18’ lobby. The ground floor is a concrete slab on grade that
transfers the gravity loads of the building to a foundation system that is composed of auger
cast piles and steel grade beams.

The purpose of Technical Report 2 is to take a closer look at the existing floor system of the
Fairfield Inn and Suites. Alternative floor systems were also designed and analyzed to fit
into the existing building conditions. A comparison is given in regards to each floor
system’s framing and structural slabs designed to determine which floor system is best
suited for the building’s structural system by weighing the pros and cons of each floor.
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STRUCTURAL SYSTEM

Foundation

A geotechnical soils report was conducted for the Fairfield Inn and Suites site on November
27,2007 by Construction Engineering Consultants. In the study, it was found that the
typical soil found on site is brown silt, clay, and sand. The reported water level was
approximately 25’-0” on site. The depth of the basement is 12°-8” below grade, therefore
there should not be a concern regarding the uplift pressures on the foundation due to the
water level. Due to the moderate depth to bedrock and precaution taken in regards to
water level, the deep foundation system consists of auger cast friction piles and grade
beams. With the foundation not extending below 33 ft., the net allowable bearing pressure
on site is 200 psf.

The ground floor rest on a 6” concrete slab which is 5 ksi normal weight concrete (NWC).
The slab increases in thickness from 6” to 12” within the core shear walls where the
elevator pit and area well are located. The slab reinforcement consists of W/ 6x6-
W1.2xW1.2 welded wire fabric and #5 bars located 12” o.c. top and bottom and each way.
The slab depth is approximately 12°-8” below grade, while the elevator pit extends to 17’°-5”
below grade.

The piles extend 12’-8” deep below grade and are spaced approximately between 26’ to 31’
apart (refer to Appendix A). The typical size of the pile caps
is a 7’-6” square approximately 4’ deep with four 16”
diameter piles per cap. The core shear walls incasing the
stairs and elevator have additional rectangular pile caps and
piles for more support. Pile caps are reinforced with #8 bars
at 6” o.c. The typical column piers extending from the pile
caps are composite 24”x24” columns with horizontal ties
and vertical bar reinforcement. (see Figure 1.1)

Grade beams run between pile IYPIAL DETEL THRU PILECAP
caps transferring the loads from Figure 1.1

the facade and interior shear

walls to the foundation (refer to Figure 1.2). Depth of beams

ranges between 36” and 48” depending on location.
Reinforcement and size varies per grade beam.

Figure 1.2
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Floor System

Fairfield Inn and Suites typical floor system is a precast concrete plank floor with a
thickness of 8” untopped. The hollow core concrete plank floor allows for the building to be
supported without the use of columns on floors two thru ten and longer plank spans.
Concrete compressive strength for floors is fc=5000 psi. The typical span of the precast
plank floors are 31’-0” and 26’-0". The floor systems supported by load bearing concrete
masonry walls.

The floor system for the first floor is a combination between 4” slab on grade and the 8”
precast concrete plank floor. There is no basement below the first floor running along the
south wall and the entrance on the west wall of

the building (see Figure 2.1). Due to a pool 1T !'é[ “fﬁ:““ ) ]‘I _
being located in this area, the hollow core of —‘]%! N €~ - 1
the typical plank floor would not be sufficient rl pn. S
in supporting the weight of the pool and lobby i1 ?E'i &
live loads. Therefore, the floor system is a 4” - ', - .
slab on grade with W/6x6-W1.4xW1.4 weld § : J o _;]\
wire fabric reinforcement. LT AN ¢ \_;
i Ly ror g T
| I 'hh
Since the floor system is a precast plank floor, "ﬂ[_;*" E— "] b | ¢ T

there are a limited number of steel beams

girders throughout the structure. These

transfer beams range in size from W 33x118

to W 40X149.With no columns to support i

floors two thru ten, the majority of the beams - ... B R . =T S—|

present are transfer beams on the second ' : '

floor that transfer loads from the floors above

to the columns extending from the pile caps

and thus transferring all loads to the foundation system. The transfer beams run along the
: back of the elevator shafts from the west wall to

Figure 3.1: Partial First Floor Slab

TT | ClalFee= e | 11|
5 i IREan o5 I? ; the east wall, and along the back of south wall of
NEIIEN B QT . stair B extending from the west wall to the east
e, S wall (see Figure 2.2). Transfer beams range in size
e D from W 33x118 to W 40x149. Girders run along
NEj| J' : the first floor supporting mechanical equipment
N loads and tying into the beams and shear walls
B supporting the first floor. Girders and beams
| e throughout the building are non-composite
Ao : systems.
il E £
: s T The roof system and smaller high roof system are
1, ?E'ﬁﬁﬁ'ﬁ@lﬂ " the same use the same 8” untopped precast

Figure 2.2: Second Floor Transfer Beams
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concrete plank floor. W8x28 beams run along the shear walls inclosing the elevator and
stair shaft while W8x18’s extend outward from the corners of the shear walls inclosing the
shaft. Hoist beams support the top of the elevator shaft in high roof system. There are a
total of six drains located on the roof for the drainage system. (refer to Appendix A)

Columns

The only columns used in the Fairfield Inn and Suites are the ones
extending from the pile caps to the second floor supporting the 18’ first

floor. The columns range in size from W10x100’s to W 12x120’s depending

on location. All columns connect into the pile caps where the weight
each column supports transfers the load down to the foundation (refer
to Figure 3.1). The base plates are %2” thick and typically 14”"x14”. Each

plate utilizes a standard 4 bolt connection using 1” A325 bolts.

Lateral System

Figure 3.1

The lateral system for the Fairfield Inn and Suites is a combination of ordinary reinforced
concrete masonry shear walls. The exterior shear walls are 10” concrete masonry and the
core shear walls are 8” concrete masonry. The core shear walls surround the staircases and
elevator shaft. On floors two thru ten, two additional load bearing masonry walls extend

from the west wall to the east wall running
along the south wall of staircase B and the
north wall of the elevator shafts (see Figure
4.1). Shear walls supporting the ground floor
to the fourth floor support a compressive
strength of £¢=8000 psi. All other shear walls
support a compressive strength of fc=5000
psi. The typical reinforcement in both the 10”
and 8” shear walls is #5 bars at 16” o.c., 24”
0.c., or 32” o.c. with bars centered in wall and
solid grout wall.

The wind and seismic loads, as well as gravity
loads, reach the foundation by first traveling
through the rigid building diaphragm (floor
system) to the load bearing walls. From there
the loads carry through the transfer beams

MR — i
I 1 u I'_

ReEdil

Figure 4.1: Lateral Shear Wall System

and girders which connect to the columns at second floor. All loads travel in the columns to

the basement level and into the auger cast piles and grade beam foundation. This load path

is governed by the concept of relative stiffness.
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CODES AND REQUIREMENTS

Various references were used by the engineer of record in order to carry out the structural
design of the Fairfield Inn and Suites:

e The 2006 International Building Codes as amended by the city of Pittsburgh

e The Building Code Requirements for Structural Concrete (ACI 318-05), American
Concrete Institute

e Specifications for Structural Concrete (ACI 301-05), American Concrete Institute

e The Building Code Requirements for Masonry Structures (ACI 530), American
Concrete Institute

e Specifications for Masonry Structures (ACI 530.1), American Concrete Institute
e PCI Design Handbook - Precast/Prestressed Concrete Institute

e Specifications for Structural Steel Buildings - Allowable Stress Design and Plastic
Design (AISC), American Institute of Steel Construction

e Minimum Design Loads for Buildings and Other Structures (ASCE 7-05), American
Society of Civil Engineers

e RS Means Assemblies Cost Data
e RS Means Facilities Construction Cost Data
e Live load deflection criteria used: < €¢/360

e Total load deflection criteria used: < ¢/240
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GRAVITY LOADS

The gravity load conditions determined by ASCE 7-05 are provided for reference:

Dead Loads:
Concrete 150 pcf
Steel 490 pcf
Partitions 15 psf
MEP 10 psf
Finishes and Miscellaneous 5 psf
Roof 20 psf
Live Loads:
Description Design LOf’ild Used By ASCE 7-05
Engineer
Public Areas 100 psf 100 psf
Lobbies 100 psf 100 psf
First Floor Corridors 100 psf 100 psf
Corridors above First Floor 80 psf 80 psf
Private Hotel Rooms 40 psf 40 psf
Stairs 100 psf 100 psf
Roof 75 psf 20 psf
Mechanical 150 psf 150 psf
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FLOOR SYSTEMS

EXISTING: Hollow-core precast concrete plank on load bearing masonry

Material Properties

Concrete: 4’-0"x8” untopped .
f.=5,000 psi
fei =3,500 psi :
Tendons: 76-S é{ Plank Floor
f,u = 270,000 psi £ /o /
Loadings: Dead (self weight) = 56 psf A e ;
Elve =.40 psf ] é __' |
uperimposed = 25 psf 0" g1
- B A O
Description gy 0
The hollow core precast concrete plank system é} ! :
spans distance of 26’-0” for the particular section I "ﬁ% |
of the building shown in Figure 5.1 and the 4’-0” v L] '
wide planks run the entire length of the floor. In : o SR
regards to the analysis of this floor system, an
interior section of 26’-0"x13’-5” bay was used as g

shown in Figure 5.1. The plank floor system is
framed into a load bearing masonry walls that Figure 5.1 - Hollow-core plank floor
distribute the weight of the precast concrete floor.

The planks that were designed for the building are 8”
thick planks un-topped. Unable to retrieve the actual
design method of the planks from the manufacture,
the design assumption was made that the planks
were designed using the PCI Design Handbook. In
order to achieve the 26’-0” span of the planks, 76-S
strands were used within the hollow core panel. This
relates to the designation of the number of strands
(7), the diameter of the strands in 16t (6), and that
the strands are to be straight throughout the panel. The assembly of this panel can hold a
service load of 95 psf which exceeds the total load calculated of 80 psf. The total load is a
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combination of live loads, superimposed dead loads, and an additional 10 psf for untopped
members. Supporting calculations may be found in Appendix B.

Advantages

One of the greatest advantages to using the precast hollow core plank floor system is the
time efficiency that it allows. The precast concrete does not require the curing time that
concrete that is cast-in-place requires, allowing for it to be installed much quicker. This
leads to a faster construction schedule and ultimately lower overall project cost. The typical
span of a hollow-core system tends to be greater and has a greater loading capability
increasing the size of the basic structural grid. Along with a longer span, the floor depth of
the precast planks is much shallower allowing for the most efficient use of the floor-to-floor
heights. With the plank floor system resting on the loading bearing masonry walls, the
entire system is concrete, which is a good sound-insulating material and fire-resistant
without any fire proofing required.

Disadvantages

The most relevant disadvantage of using the hollow core precast plank system is that
precast concrete requires more upfront planning. The faster construction schedule could
be counteracted by prolonged time in the design process for precast design.
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ALTERNATIVE #1: Hollow-core precast concrete plank on steel
Material Properties

Concrete: 4’-0"x6” with 2” topping
f.=5,000 psi
f'ei=3,500 psi

Tendons: 96-S
fou=270,000 psi

Loadings: Dead (self weight) = 74 psf C?‘* Wli;:;s ?
Live = 40 psf -
. P ®ﬁ‘ g | S |
Superimposed = 25 psf iy |
'. i | | Hollow-core Planks
Description i
i
The hollow-core precast concrete plank on steel e Jt :

system is very similar to the existing floor
system of the building. This system would
dismiss the use of the load bearing masonry
walls. The existing columns that run from the 4
foundation to the second floor would further be
extended to run through all floors of the
building. These columns were not analyzed and
designed for the conditions of the alternative floor system

in this report, as they are part of the lateral system and will be discussed at a later time.

S I

W 18x35

Figure 6.1 — Hollow-core planks on steel

The planks will span distances of 26’-0” and 31’-0”, while the widths of the panels are in 4’-
0” increments. Since the existing floor system uses load bearing masonry walls to support
the panels, there is no set dimension for the size of the bays. The columns that do extend
from the foundation to the second floor are spaced at a minimum 10’-5” to a maximum 13’-
5” apart, which when extended through all the floors, would give the building its bay sizes.
In regards to this analysis, since the panels are in 4’-0” increments, an interior bay size of
26’-0"x16’-0” is designed as seen in Figure 6.1.

In order to keep with the existing slab depth of 8”, a 6” plank with 2” topping was selected
using the PCK Design Handbook. In order to achieve the 26’-0” plank span, strands of 96-S
were used within the hollow-core panel. The designation relates the number of strands (9)
with the diameter of the strand in 16ths (6/16”). The strands are to be straight, as
determined by the S. The design of this plank system is capable of holding a capacity of 82
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psf. This exceeds the value of the total load 80 psf, determined by the live load,
superimposed loads, and dead load of a 2” topped concrete plank member.

The steel members that the precast concrete planks will frame into were designed using
the American Institute of Steel Construction manual (AISC). Girders were determined to be
W18x35 members. W10x12 beams can be used parallel to panels to add stability to the
floor system. Supporting calculations for this floor system can be found in Appendix C.

Advantages

The hollow-core precast concrete plank system on steel has numerous benefits. The system
as a whole is recognized as a LEED rated system, which for many projects and buildings
today, it is necessary to be LEED approved. The light weight of the hollow-core precast
concrete allows for larger bay sizes, as well as typical girder sizes to support the live and
total loads from deflection. With no curing time of the precast concrete, the floor system
can be constructed year round allowing for faster construction of the project. This system
is also durable and low maintenance, reducing future costs for the owner.

Disadvantages

Along with the advantages, there are several disadvantages with the plank system on steel.
The main disadvantage is the decrease in floor-to-floor height. The decrease is due to the
deeper floor system caused by the W18x35 steel girders that support the planks. The floor
depth would increase from 8” (existing floor system) to 25.7” (the 17.7” depth of girder +
8” precast concrete). This would present a problem if the building is located in an area
where building height is limited. Not only would the precast concrete produce extra lead
time in the design process as mentioned previously, but the steel would need upfront
planning. The fabrication, detailing, and transportation of the steel could increase the lead
time. The steel also would require spray fireproofing to obtain the appropriate fire rating.
All these factors could increase the cost of the overall project.

Feasibility

In Pittsburgh, the building height limit is 11 stories, and the building currently occupies 10
stories, therefore this system could still exist within the boundary conditions for this
building at its current location. Depending if this system could dramatically impact the pace
of the construction, leading to a faster construction schedule, this system could be a likely
candidate for further investigation. With the faster construction schedule, the money saved
could account for the few cost disadvantages this system posses’ in its use for the Fairfield
Inn and Suites.

Page |13



Fairfield Inn & Suites, Marriot
Pittsburgh, PA

Amanda Smith

Technical Report II

ALTERNATIVE #2: Non-Composite Steel Framing

Material properties

Concrete: 4.5" slab
2.5” topping
fc=3,000 psi
Steel: fy = 50,000 psi
Reinforcement: fy = 60,000 psi
Metal Deck: 2C18 - 3 span

Loadings: Dead Load (self weight) = 45 psf
Live load = 40 psf
Superimposed = 25 psf

CONNECTION ANGLES 8 BOLTS —

8” as seen in Figure 7.1.

®

@r }_II W 10x12

|

H
W|21x48 W 10x12
W 21x48
26’-0
W 10x12
W 10x12
®r— o H

Figure 7.1 — Steel Framing

Description

The typical bay sized used to design a
non-composite floor system is a 26’-
0”x13’-5". This was chosen because in
order for this system to work for the
building, the existing columns would
need to extend to the roof. As to not
alter the building too much, the spacing
for the columns would remain the same
for the building, although the column sizes
would probably change. At this point, column design was not completed. Ultimately, this is
what determined the bay size analyzed. Intermediate beams would be spaced equally at 8-

A 2C18 non-composite Vulcraft deck is used to accompany a 4.5” concrete slab. For the
normal weight concrete slab with a 2.5” topping, the deck is able to span 12’-4” unshored
giving a 3 span condition. This well exceeds the 8’-8” spacing used for this design. The size
of the steel girders and beams were designed according to the American Institute of Steel
Construction manual (AISC). The determined size of the steel framing can be seen in Figure
7.1. The size of the members designed and the slab thickness satisfies the load and
deflection limits of the entire system. Supporting calculations for the steel framing and

concrete slab can be found in Appendix D.
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Advantages

The most beneficial advantage of the non-composite steel is the quick erection of this
system, speeding up the overall project construction. The non-composite system requires
no formwork and therefore reducing the labor of the layout. Since the decking spans 12’-4"
during un-shoring construction, no shoring is necessary. The absence of shear studs that a
composite system would require lowers the cost of the project as well. Additionally, there
is flexibility in the system when it comes to laying out our building systems throughout the
building.

Disadvantages

Once again, the depth of the steel beams will reduce the floor-to-floor height in the
building. The girder size designed is a W21x48 creating a 25.2” floor system depth
including the 4.5” concrete slab on deck. This would either adjust the entire height of the
building, adding additional costs to the owner, or it would reduce ceiling heights giving the
hotel rooms a tighter feel. The self weight of this floor system is also substantially larger
than that of the existing system. This could cause an increased loading on the framing
members in flexure, which in turn could raise the cost of materials for the floor system.
Lead time is also a factor in working with steel due to steel needing fabrication, detailing,
and transportation to the project. With an all steel framing system, fireproofing would be
necessary to obtain an approved fire rating for the building. With the occupancy of the
building being a hotel, the rooms need a certain amount of privacy and steel materials are
not known to be sound-insulating materials, therefore extra sound insulation may be
necessary in the walls, ceilings, and floors, to keep the noise entering and exiting each guest
room down.

Feasibility

Ultimately, after looking at the advantages and disadvantages of the non-composite system,
it seems the disadvantages outweigh the advantages. Therefore, use of the this system in
the Fairfield Inn and Suites is not likely, due to the decrease in floor-to-floor height and the
additional costs that may be present, and no further investigation is necessary.
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ALTERNATIVE #3: Two-Way Post Tensioned concrete slab
Material properties

Concrete: 7” slab (NWC)
fc=5,000 psi
fei =3,000 psi

Rebar: fy =60,000 psi

Tendons: unbonded
2" @ - 7 wire strands
Apt =0.153 in?
fou=270,000 psi Two-Way Post Tension before pour concrete

Loadings: Dead (self weight) = 87.5 psf
Live = 40 psf
Superimposed = 25 psf

Description @ . @ o 0 = 9
Through the design of a two-way T'ﬁ : T

post tensioned slab, a typical bay E e

size of 26-0"x23"-0” was used as e | !

seen in Figure 8.1. The preliminary

slab thickness of 7” was y i : -
determined by the slab/depth ratio - W 7 %/) ? s Y _

of 45. Conservatively, the 2 7 / ' :

slab/depth ratio of 40 would give a % 5

slab thickness of 8”, but in order to % /// // R % %
exceed to advantages of the Y e 4} R .
existing floor system, a thinner slab i :

thickness of 7” was designed. 322" : i

Columns were not analyzed in this ; ]

study with the new alternate floor ()8 ' i

system, but the design assumptions

made in this analysis use the existing column Figure 8.1 - Two-Way Post Tensioned Slab

conditions for the building structure. The

existing load bearing masonry walls that support the current floor system would not be
necessary in the building with this floor system because there would be columns extending
from the foundation through all floors.

Assuming the direct design method, 12 uniform tendons were required in the long
direction and 13 banded tendons necessary in the short direction with a resistance of 26.6
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kips/tendon. The banded tendons in the short direction and uniformly distributed tendons
in the long direction works well with this type of construction in regards to the placement
of tendons at openings. The only large opening in this bay would be the core elevator and
stair shafts located within shear walls. In addition to the unbonded tendons, reinforcement
was necessary at the interior and exterior supports and ends of the spans. Supporting
calculations can be found in Appendix E.

Advantages

The two-way post tensioned slab has many advantages. The thin floor allows for an
increase in floor-to-floor height. The thinner slab reduces the amount of concrete needed
and can reduce the overall building weight. In turn, this reduces the foundation load and
can be a major factor in areas where the soil can’t support a heavy building. The post
tensioning allows for longer clear spans while the slab can still carry large live loads. The
existing building design consists of load bearing masonry walls and transfer beams that
carry the weight to the columns down to the foundation, but post tensioning slabs would
neglect the use of the load bearing walls completely and could reduce or neglect the use of
transfer beams throughout the structure. The rigidity of the post tension limits the effects
of vibration in the structure, while the tendons in the slab reduce floor deflection. The
reduced amount of concrete and transfer beams in the structure, would impact the overall
cost of the project dramatically.

Disadvantages

The two-way post tensioned slab can be very labor intensive and potentially dangerous.
This type of system requires people who have experience with its construction. In the
construction of a post-tensioned slab, the tendons require jacking to meet the require
strength. If the tendons are jacked improperly or place incorrectly, before the concrete is
poured, a tendon could snap and rupture through the concrete. This would put a delay in
the construction of the slab, in addition to the curing time required for the concrete. Once
the concrete is poured, it is very difficult to cut openings into the system because there is a
chance a stressed tendon could be cut, altering the design of the slab reinforcement.

Feasibility

The use of a two-way post tensioned slab is a possibility. The use of this system in the
Fairfield Inn and Suites could reduce the overall building weight and could eliminate the
use of the load bearing masonry walls and transfer beams. The drastic reduce in cost of the
project would ultimately outweigh the concerns in the construction of the system. This
design is a realistic alternative system for the building and further investigation may prove
it is better suited for the building than the existing floor system.
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OVERALL SYSTEM COMPARISON

COMPARISON PRECAST PLANK | PRECAST PLANK | NON-COMPOSITE | TWO-WAY POST

CRITERIA ON LOAD ON STEEL STEEL FRAMING | TENSIONED
BEARING WALLS | FRAMING CONCRETE SLAB

Slab Self Weight | 56 psf 74 psf 45 psf 87.5 psf

Slab Depth 8” 8” 4.5” 7"

System Depth 8” 25.7” 25.2” 7"

Deflection 1.15"<1.3” 0.360”<0.675” 1.19”<1.30” Further study

necessary

Vibration Further Study Further Study Poor Good

Fire-Rating 2 hour 1.5-2hour 1.5-2 hour 2 hour

Fire Protection None Spray Spray None

Impact on Existing Reduces floor-to- Reduces floor-to- Increases floor-to-

Building Design ceiling height ceiling height ceiling height

Constructability | Easy Easy Easy Hard

System Cost* $12.80/SF $23.36/SF $32.50/SF $19.85/SF

Feasibility Yes Yes No Yes

*The system cost is a rough estimate using RS Means Assemblies Cost Data and RS Means
Facilities Construction Cost Data
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CONCLUSION

In analyzing the existing floor system of the Fairfield Inn and Suites, a better understanding
of the design decisions was formed. Designing alternative options for the floor system of
the Fairfield Inn and Suites, allowed me to understand why certain design considerations
were taken into account when designing the building.

After comparing each alternative floor system with the existing system, it was concluded
that the existing floor system is the most efficient in construction time, cost, and physical
properties for the Fairfield Inn and Suites. However, some of the alternate systems may be
a realistic solution for the building as well. A two-way post tensioned slab offered a thinner
floor thickness even though it is a heavier system and it is has a very intense and involved
construction process. The hollow-core precast plank on steel offers a design that is
consistent with the existing system. It is still a light weight system that is time efficient at a
low cost. The down fall is, with the addition of the steel beams, the floor depth increases
from 8” to 25” sacrificing the floor-to-floor height. A non-composite steel framing system
presented the same increase in floor depth for the system. This system is also the most
expensive system to construct and is a much heavier system. Overall, this system is the less
likely alternative solution for the Fairfield Inn and Suites.

The most likely alternative system for the Fairfield Inn and Suites, other than its existing
system, is the two-way post tensioned slab. This system created a thinner overall floor
depth being very effective for the building. This system is very cost effective to save the
project money. The tendons throughout the slab help carry additional live load while
limiting deflection and reduce vibration in the system. The system would alter the lateral
system of the building because it eliminates the use of the load bearing walls by using
columns, but this could also eliminate the transfer system throughout the building;
reducing the overall use of steel and additional fireproofing that would be necessary for the
steel beams.

Concrete systems are common in construction practices for midrise hotels; therefore it is
logical that a concrete system would be more applicable and feasible for the Fairfield Inn
and Suites comparison. Please refer to the following appendices for detailed calculations
and analysis of each floor system designed for the Fairfield Inn and Suites.
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APPENDIX A

Building Layout
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APPENDIX B

Existing Floor System:

Hollow-core precast concrete plank system on load bearing masonry

(This page is left blank intentionally)
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Hollow-Core Precast Concrete Plank Floor
Strand Pattern Designation HOLLOW-CORE Section Properties
76-S 4'-0" x 8" Untopped Topped
I—T_S_s"ai - Normal Weight Concrete A = 215 in? 311 in?
Di;meler%f strand in 16ths = 000 m 3,071 m
No. of Strand (7) 40" : ;b > :gg :2 i'gf ::
Safe loads shown include dead load of 10 l | 417 in? 581 in

(]
L4
"wn

psf for untopped members and 15 psf for 4y, 2 |'si 417 in? 652 in’

topped members. Remainder is live load. L O O O O O O | whoa a8 it 324 pi

L i include d o . . . . . o =

dead load but do not include live load. ' : 3}-s= ; 3‘25 psf 81 psf
= .92 in.

Capacity of of other igurati 2

are similar. For precise values, see local fé = 5,000 psi

hollow-core manufacturer. fpu = 270,000 psi

Key

458 - Safe superimposed service load, psf
0.1 — Estimated camber at erection, in
0.2 - Estimated long-time camber, in.

\
: 10 i

Table of safe superimposed service load (psf) and cambers (in.) No Topping
Strand Span, ft
Designati
Code 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
458 415 378 346 311 269 234 204 179 158 140 124 110 98 87 77 69 61 54 48 43 38 33 29
66-S 01 02 02 02 02 02 02 0.2 0.3 0.3 03 0.3 02 02 0.2 0.2 0.1 0.0 0.0-0.1-0.2-0.3-0.5-0.6
02 02 02 0.3 03 03 0.3 0.3 0.3 03 03 03 02 0.2 0.1,988:0.1-0.2-0.3-0.5-0.7-0.9-1.2-1.4
470 424 387 355 326 303 276 242 213 188 167 149 133 119 10§ 95 Y6 77 69 62 55 50 44 39 35 31 26
76-S 02 02 02 02 03 03 0.3 0.3 0.3 0.3 0.4 04 04 0.3 03 0.3 08 0.2 0.2 0.1 0.0-0.1-0.2-0.4-0.5-0.7-0.9
0.2 0.2 0.3 0.3 0.3 0.4 04 0.4 04 0.4 04 04 04 03 08 0.2 01 0.0-0.1-0.2-0.4-0.6-0.8-1.1-1.4-1.7-2.0
464 421 384 352 323 300 280 260 244 229 211 194 177 160 144N30A18 107 97 88 80 72 66 60 54 48 42 37 32 28
58-S 0.2 02 0.3 0.3 0.3 04 04 0.5 0.5 0.5 0.5 0.6 06 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.4 0.3 02 0.1 0.0-0.4-0.3-0.5-0.7-0.9
0.3 0.3 0.4 04 05 05 0.6 06 0.6 07 07 07 0.7 0.7 0.7 0.6 0.6 05 04 03 0.2 0.0-0.2-0.4-0.6-0.9-1.2-1.6-2.0-2.4
476 430 393 361 332 309 286 269 253 235 223 209 200 180 165 153 142 132 121 110 101 92 84 77 70 63 56 51 45 40
68-S 03 0.3 0.3 04 04 05 05 0.6 0.6 0.7 0.7 0.7 0.8 08 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.7 0.7 0.6 05 04 02 0.1-0.1-0.3
0.3 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 09 09 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.8 0.7 0.6 04 02 0.0-02-05-0.8-1.1-1.9
488 442 402 370 341 318 295 275 259 241 229 215 203 195 180 168 157 144 135 126 118 110 101 92 84 77 70 64 58 5
78-S 03 0.3 0.4 05 05 06 06 07 0.7 0.8 0.9 09 1.0 1.0 1.0 1.1 1.4 1.1 1.1 1.1 1.1 1.1 1.1 1.0 09 0.8 0.7 0.6 05 0.
04 0.5 0.5 0.6 0.7 0.8 0.8 0.9 1.0 1.0 1.1 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.3 1.2 1.2 1.1 1.0 08 0.7 0.5 0.3 0.0-0.3-0.
4HCS8 + 2
Table of safe superimposed service load (psf) and cambers (in.) 2 in. Normal Weight Topping
Strand Span, ft
Designation
Code 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
489 445 394 340 294 256 224 197 173 153 135 119 105 93 82 68 56 45 36 26
66-S 02 02 02 02 02 02 03 03 03 03 02 02 02 02 0.1 0.0-0.0-0.1-0.2-0.3
02 02 02 02 02 02 02 02 01 01 0.0-0.1-02-03-04-06-07-09-12-14
498 457 420 387 347 304 267 235 208 184 164 146 130 116 103 88 74 62 51 41 31
76-S 02 02 03 03 03 03 03 03 04 04 04 03 03 03 03 02 02 0.1-00-0.1-02
0.2 02 03 03 03 03 03 03 02 02 02 0.1 0.0-01-02-04-05-07-09-12-14
492 451 414 384 357 333 310 203 274 245 219 196 177 159 143 126 110 95 82 70 59 49 40 32
58-S 03 03 03 04 04 05 05 05 05 0.6 06 06 06 06 06 05 05 05 0.1 03 02 0.1 00-0.1
03 0.3 04 04 04 04 05 05 05 05 04 03 03 03 02 0.1-0.1-02-04-06-09-1.2-15-1.8
463 426 393 366 342 319 299 282 267 251 239 216 195 177 158 140 124 110 97 84 73 62 53 44 36 28
68-S 04 04 05 05 06 06 0.7 07 0.7 0.8 08 08 08 08 08 08 08 08 07 07 06 05 04 02 0.1-01
04 05 05 06 06 06 06 07 07 07 06 06 06 05 04 03 02 0.0-0.2-04-06-09-12-1.6-20-24
472 435 402 375 348 325 305 288 273 257 245 232 220 207 186 167 149 133 119 106 94 83 73 64 55 46 38
78-S 05 05 06 06 07 07 08 09 09 1.0 10 1.0 1.1 11 14 11 11 11 11 1.1 1.0 09 09 07 06 05 03
05 06 06 07 07 08 0.8 0.8 09 09 09 09 08 08 0.7 0.7 06 04 03 0.1-0.1-03-06-0.9-13-17-22

Strength is based on strain compatibility; bottom tension is limited to 7.5‘/f_’ ; see pages 2-7 through 2-10 for explanation.

2-32

PCI Design Handbook/Sixth Edition
First Printing/CD-ROM Edition
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APPENDIX C

Alternative Floor System #1:

Hollow-core precast concrete plank system on steel framing

(This page is left blank intentionally)
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Hollow-Core Precast Concrete Planks
Strand Pattern Designati HOLLOW-CORE Section Properties
76-S 40" x 6" Untopped Topped
T}s i Normal Weight Concrete A = 187 in? | 283 in?
= straig & s MO
Diameter of strand in 16ths 3 4-0" A 2 S 763 A 1,640 B¢
No. of Strand (7) I = | Yo = 3.00 in. 4.14 in.
o . % = 300 in. 3.86 in.
Safo loads shown include dead load of 10 1 2 S, = 254 in® | 396 in.
psf for untopped members and 15 psf for 6" = 3 0
topped members. Remainder is live load. -O-O-O-O-O-O-O-O- S 254 in. 425 in.
Long-tir bers include i d f wt = 195 pif 295 plif
g
dead load but do not include live load. DL = ;9 psf 74 psf
Ve : VIS= 173 in.
Capacity of of other configurati fc =5,000 psi
are similar. For precise values, see local fou = 270,000 psi
hollow-core manufacturer.
Key
444 - Safe superimposed service load, psf
0.1 - Estimated camber at eraction, in.
0.2 - Estimated long-time cambar, in.
i 4HC6 }
Table of safe superimposed service load {psf) and cambers (in.) No Topping
L Strand Span, ft
Code -1 B W WU OB e BB N M BN B
244 382 333 282 238 203 175 151 131 114 100 88 77 68 59 52 46 40 33 28
66-S 01 02 02 02 02 02 02 02 02 02 02 02 01 00 -01 -02 -04 -05 —07
02 02 02 02 03 03 02 02 02 01 01 00 -01 -03 -05 -07 -09 -12 -15 -19
445 388 328 278 238 205 178 155 136 120 105 93 82 73 65 57 49 42 36 31
76-S 02 02 02 03 03 03 03 03 03 03 03 03 02 01 01 00 -01 -03 -04 -06
03 03 03 03 03 03 03 03 03 02 01 00 -01 -02 -04 -07 -09 -12 -16 -2.0
466 421 386 338 292 263 229 201 177 157 139 124 110 99 88 78 68 60 53 46
96-S 03 03 03 04 04 04 05 05 05 05 05 05 05 05 04 03 03 01 00 -01
03 04 04 05 05 05 06 06 06 05 05 04 03 02 01 -01 -03 -06 09 -1.3
478 433 398 362 322 290 264 240 212 188 167 149 134 119 107 95 85 76 68 60
87-S 03 04 04 05 05 06 06 07 07 07 07 08 08 07 07 07 06 05 04 03
04 05 05 06 07 07 07 08 08 08 08 07 07 06 05 03 02 00 -03 -06
490 445 407 374 346 311 276 242 220 203 186 166 148 133 119 107 96 86 78 70
97-S 04 04 05 05 06 07 07 08 08 09 09 08 09 10 09 089 09 08 07 06
05 06 06 07 08 08 09 09 10 10 10 10 09 09 08 07 05 03 01 02
Table of safe superimposed service load (psf) and cambers (in.) 2 in. Normal Weight Topping
S_imnu' Span, 1t
Designation
Code U (R U SRR e R RO TR e AR O R e e B BN
470 396 335 285 244 210 182 158 136 113 93 75 59 46 34
66-S 02 02 ‘02 (02 02 02 G2 D2 02 02 03 G 00 =03 02
02 02 02 02 02 01 01 00 -01 -02 -03 -05 -07 -09 -1.2
461 391 334 287 248 216 188 163 137 115 95 78 63 50 38 27
76-S 02 03 03 03 03 03 03 03 03 03 02 01 01 -00 -01 -03
02 02 02 02 02 02 01 01 00 -02 -03 -05 -07 08 -12 -15
473 424 367 319 279 245 216 186 160 137 116 98 [ 82 |\ 68 55 43 33
96-S 04 04 04 05 05 05 05 05 05 05 05 04 03 |03 01 00 -01
04 04 04 04 04 04 03 03 02 01 -01 -03\-05 /07 -10 -14 -17
485 446 415 377 331 292 258 224 195 169 147 127 M08/ 94 80 67 55
87-S 05 ‘085 08 0807 07 OF O0r 0808 0T OF-L07 08 05 04 03
05 05 05 06 06 06 05 05 04 04 02 01 -01 -03 -05 -08 -12
494 455 421 394 357 327 288 251 219 192 168 146 127 110 95 82 70
97-8 05 06 07 07 08 08 09 09 09 09 10 09 09 09 08 07 06
06 06 07 07 07 07 07 07 06 06 05 04 02 00 -02 -05 -08
Strength is based on strain compatibility; bottom tension is limited to 7.5 \/f: ; see pages 2-7 through 2-10 for explanation.
PCI Design Handbook/Sixth Edition 2-31
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APPENDIX D

Alternative Floor System #2:

Non-composite Steel Framing
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VULCRAFT \ Ve Wen Wen Wanl

- r] .

. - . d ‘a .
3 a

2 C CONFORM AT

Interlocking side lap is not drawn to show actual detail.

—

MAXIMUM CONSTRUCTION CLEAR SPANS (S.D.l. CRITERIA)

Total NW CONCRETE LW CONCRETE
Slab WEIGHT N=9 145 PCF WEIGHT N=14 110 PCF

Depth DECK PSF 1 SPAN 2 SPAN 3 SPAN PSF 1 SPAN 2 SPAN 3 SPAN

2022 44 B 11 %0 9-4 34 7-8 510 10-2

4.5 2020 45 B=2 A0=73 A0=7 34 8-0 11-3 1M1=-7

(t=2.50) (Cecis 45 10-2 12-4 12-4 ) 35 11-2 13-1 13=1

2C16 46 10-5 12-6 12-11 36 1-7 13-8 13-10

2C22 50 6-7 &7 8- 11 39 7-4 9-5 99

w 5 2C20 51 7-9 910 10-2 39 87 10-9 1-2
= (t=3.00) 2c18 51 9-7 11-10 1- 11 40 10-9 12-9 12-9
— 2C16 52 -1 12-0 12-4 40 11-0 13-1 13-5
()] 2022 56 6-4 80 8-6 43 7-0 9= 1 %5
(o] 5.5 2C20 57 7-5 S5 89 43 8-3 10- 4 10-9
o (t=3.50) 2c18 57 9-2 11-4 1-7 a4 10-3 12-5 12-5
= 2C16 58 9-5 11-6 1-10 45 10-6 12-7 13-0

2c22 62 =1 7-5 B-2 48 6- 9 8-9 o1

(o] 6 2C20 63 7-1 a1 9-4 48 -1 10-0 10-4
(@] (t=4.00) 2c18 683 10 10- 11 1-3 49 8-10 12-0 12-1
] 2C18 B84 9-1 1-1 1-5 49 10- 1 12-2 12-7

= 2c22 88 5- 11 611 7-11 52 6-6 8-6 8-9
(@] 6.5 2C20 89 611 89 %0 53 7-7 9-8 10-0
Z (t=4.50) 2Cc18 69 87 10-6 10-11 53 96 11-8 11-10
2C16 70 810 10-8 11-0 54 9-9 11-10 12-2

2022 74 510 66 7-5 57 B- 4 8-0 8-6

7 2C20 75 69 86 8-9 57 74 95 %8

(1=5.00) 2c18 75 Bad 10-2 10-6 58 92 1-4 1-7

2C18 768 8-7 10-4 10-8 59 9-5 1-5 11-10

REINFORCED CONCRETE SLAB ALLOWABLE LOADS

Superinmused Uniform Load {psf) = 3 Span Condition
Slab REINFORCEMENT Clear Span (ftn.)
Depth WAWLF As 5=0 56 6-0 6-6 7=0 7-6 8-0 86 9-0 9-6 10-0
BXE-W2.1XW2.1 0.042% 84 69
4.5 BXB-W2.9XW2.9 0,058 14 a4
(i=2,50) AX4-W29XN2,9 0,087 167 138
BXB-W2.1XW2.1 0.042% 153 127 107 a1 78
5 BXB-W29XW2.9 0.058* 206 170 143 122 105
(=3.00) AX4-W2.9XW2.9 0,087 305 252 212 180 155
BXE-W2.9XW2.9 0.058* 255 21 177 151 130 113 100
5.5 AX4-WZIXN2.9 0.087 378 313 263 224 193 168 148
(t=3.50) AX4-W4.0XW4.0 0.120 400 400 351 299 258 224 197
BXE-W2.9XW2.9 0.058" 304 251 21 180 155 1385 119 105 94
] AX4-W2.9XW2.9 0.087 400 374 314 267 231 20 177 156 140
(t=4.00) AXA-W4.0XW4.0 0.120 400 400 400 359 309 270 237 210 187
BXB-W2.9XW2.9 0.058" 353 292 245 209 180 157 138 122 109 98 a8
6.5 AX4-W2.9XW2.9 0.087* 400 400 365 n 268 234 205 182 162 146 131
(t=4.50) 4X4-W4.0XW4.0 0.120 400 400 400 400 361 315 277 245 219 196 177
AX4-NZ_9XW2.9 0.087* 400 400 400 355 306 266 234 207 185 166 150
7 AXANA_0XWA0 0,120 400 400 400 400 400 360 3186 280 250 224 202
(1=5.00) 4X4-WE.0XWS.0 0.150 400 400 400 400 400 400 389 344 307 276 249
NOTES: . * As does not meet A.C.1. criterion for temperature and shrinkage.

1

2. Recommended conform types are based upon S.D.1. criterla and normal weight concrete.

3. Superimposed loads are based upon three span conditions and A.C.I. moment coefficients.

4. Load values for single span and double spans are to be reduced.

5. Vulcraft's painted or galvanized form deck can be considered as permanent support in most building applications. See page 23.
If uncoated form deck is used, deduct the weight of the slab from the allowable superimposed uniform loads.

6. Superimposed load values shown in bold type require that mesh be draped. See page 23.

i i’
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/
o Non - (ompostte Steel  CalculationS /3
loayout of £ por System ousiqntd; ZL o =
LOADS: e lood = 40 pSt  (notelrmvs) ] T ¥y
Supenmpased = 25 psf (park, MEP, fiush) e

tood food = 45 pst (Sefweight)
* pL found using vulorod for steel dacics 2u'0"

Slab depih = 4. 5" e
+opping= 2.5" .

NWC. N=9 145 pct
S SphA-iz'”

wse: 2018 peck (2 Confarn)
+'c = 3000 psi _
Fyram™ 00,000 PS)
arotal Lotk = tu +SDLADL = HOPSE

gcr: gL DK, S Spun (refer 4o vulcrodt poqe
3 clear Span used: 4°0' for all deSqn NuMbees used )

€ qou
: £, = 30,000 lond = 151 pSF > 110 pSt J OKAM
3 spon f Yo load = 95 pSf 7 4o psk (L) J oA .
St Vi, 1000 " BIpRE PRSP OR wne) v

BEAMS ¢

=)2D+l.tL
o | 2 (25+45)+) 6(40) = I4& pSt—=>0.14¥ ks

Trip, (ength = '8 = B.Lw’

Wy = B.U ¥ 048 KSE = |.28 it M

Vi = 128 1€ (1342) = g cg ¥ R Mo Pl S
z s

M, - 1289 (1342)°= 28.8 %
&
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Non Composte Skeel (Conk) 2/,
fromw AISC Steel Maaual = table 3-2 -
usIng W Ex10  GMn: 2.9 > 288" SolAY

bLL = X/gw = (’5-"’2)(’2—) 2 0447 h
2uo
Bu = SWL? . B (Hopst)(LuN1242) (1728) _ ) e
384 €1 254 (29000)30.8) (1000)

0.447 7 0.2%3" JOcAY

1"

o

GCIRDERS : ¢

:
J J S
& i Ak fo= 116 o intericr guoter
Al 8w
V= P = 171"
Mo Pa= 1710@0G) = 148.01"™
Using Wi4x2L  @Mp = [5] 1K (From AISC —tabie 3-2)

Bosy =~ 00851 PLE  Tp=ddS5w
i

Wy =40 (8.60) < 3464 pif = 0.340 LIf
= 0340 (1342') . 5 35 ¢
2

By Mn * (zu'o*)()z.)/%o= 0.807"

A:Mo.oxm(2.%7.)(Zw')%>t'728 = 0&49°
29000 (245)

0.907" > 0.849" J oA
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Non Composrtt Steel (CON) Y
’ 3
ALL BEAMS © (
= =(13 42 x| “
B =Ygy = X 2)/240: 0.071
We = (25+45+40)(5.00) = 952.6 pHf —> 0.953 Kif
An= DLt~ 5(0453)(12.42)* (172%) _ et
HE 394 (29000) Tx
i 25. 74\
U\qu AISC tabie 3-3 0 gl infenier peams will bt W'O)‘_',z,,...l
Ix = ©3.8mt
ALL INTER 0L GIIZDERS ! * ax::“fo ;r;zpugn;j
= " P 1

B~ pyg e xm/zqo e cmaLsP

W1 = 110 PS\C

V= 10 psk (£00)(242)_  ag ()15, 78"

iy s Nboth Sides
An = 0.0857PL* _ 0.0857(1278) 0%, 728 = |.20"
el 29000 T x

= P - be [ W 21 vyg
using AISC +apit 3-2: Q| iAtenor 6yf0w'S Will bL |

Ty=999 inY
’30 5“
\
dﬁSiqu oy Wioxi2 R
Fioor System ;)
wWlox12 -4
Y e RS =
' ™ o
X =3
= W lox|2
\ A\ wIl0x\2 5
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APPENDIX E

Alternative Floor System #3:

Two-Way Post Tension Concrete Slab

(This page is left blank intentionally)
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TWO-WAY POST TENSIONED CALCULATIONS l/,z
lomoutt ¢ Floor System o dusign
2
3 | 28t ® s",_(f
2
&
)
3
®— »preled +trdons along
7:‘ shork curtchon
@;a_‘: : (‘l 2,5, 4)
e wniform rendms paaliel
ASSUMPTIONS * +cz ll:‘org gh)rcchm
| Simplified for ease of =

colcalochons il boys (23 ' x2e")
2. N0 hivt load reduchons
2. mealett shaar wall Heet § Coumn Shffnacs
4 No paiern looting i WipL & oy (A 13.90)
5. s\ab deptvaha—for two woy Slab  4o-45
L. +anjc+ balanced 10ad 0o -0 % (p)
USE DIRECT PESIGN METHOD

MATERIALS :
Concrete (NWC) = 150 pef
+¢ =8000 pSi
b e G

Cepor (steel) £y = 00,000 pSi &
0
Post=Tensioning = unlponded Hend i
u'¢, 7 -wige STEANDS, AZO: -
A . | prstess losses = 19151
fou = 270 KSi QStimutea P (A0 18- )

4., = 07fpu-losses (AUt RS1)
¢ _03(270)- 15 = 114 Ksi

Pt = A Fee =(0-153 i )(I74K51) = 200,02 Frendon
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To-Wawy Post Tersiontol (conk) %

prehmuinasy Slab thickness :
< skt 20' ¢IL
%%m %45 /46

 bring constretie Yo PE < 7g" =" Sla

= 0.43" [yse_7"Slab]|

Loodng -
Dead (o0 (Setfwk) = 7,2 x 160 pcf = 87.5pst

Suptrimpostd = 25 pst
Live, Load (hotelyms)= 40 pst
iqn Parameters _
Des'(}y\prts—m:sseo( Z-wau Slab System Shall be desigred aS U Class
ficolfe (Act 1g.3.3)

- ot hme of jackuing (At 194 )

F'e.= 3000 i ' .
compressian = 0.0 = 0. (2000 ps)) <1800 PSI
tenson = 3y = 32000 = [uy psi

. octhme of service Joods (ACI 19.4.2 5 19.5.3)
£ =5000 psi S '
com;rcss‘.o/\ = 0.45€ =045(sooopsl) = 2250 psi
temsion = LIFe = LIBooO = 424 pS)
- gccortting 1O Act 8124 Op > 125ps) (mn)
300 pSi (M)

«target load balances 3
TIUO:’O% of p = will Uuse Wﬂ of 45™

0.05(87.5 pst) = Do g% pst

o achitve 2 pr Firt rotting (assume  (ufbonodt wjﬁ"‘ijw‘f)

ristrned Slab (mf) = %" lotem

uNrCStrayngd Slab (ext) = 1'2." oo
3/410 +UP
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Twio -Wany PostTersiopdd (cont) 3/,2
Trendon Profite f Tendon Orlirute | TOADN (LC)
LoCtttH(en
o Bigporaren.| 1
Ink. Support tP |,
a.m__7n_’u = LP“ ”\"' wac“ W

Ly e, g St 1T
(A enp __2__ "75 :375 *M.QﬂSMﬂd‘F)OM b ,‘gn’b
frame & Calcwlahong @
A=bh= (20x12)(7)< 284N
s = b, 2oy 7). 754g in®
M .

= 1.4¢ Kif
paaned load W, = 50§ pst (20") < [478.9 pif = 198
Fora nuded 1o courtevact joacl n end Doy
P= Wel® 1 4gKE (23')°, gg gx
L 0end 3(3.15/”_-')
o # +tndens 4o Behieve = a_i‘

s 1
° actual foce fu- bovded +Hndon

Pia = (1D(20-0)= 314.2%
* podaned Ioa(h‘(r 2nd Spen

219.2¢ | q,g = 1.BD) K&
321y

c achupl pre Comprssicn Siress

Fact /= 3'%"""7— J4b. 15 psi > 125 psi JSOKAY .

¢ Chat intentr Spon
P~ .5\ K\F(zg)

= H.77 — 12 tndond

- 19970 ¥ »
= 1990 ¥ ¢ 319" / oay
Wy = (3) (%) _ 2 g1

(227
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To-Wauy fost Tensiond (cont) L’/
12
W Y - 0.524 ¢ 1.0 oAy
iy, /o.nzs(zu)

effechive PmShrrSS foree P,hc = 219
o ghack Sk SHesseS  (Mounks from ppM)

M, = g(20)(23 - ") =

SEAD | BaL (end) 26‘31.(‘
emo e S

Mo Il.24™ | s72.43% | $5.13° 1%2.9 "
Mo 12 | do.fs | OB.2C
E*‘[ £ 6z 1.51"
24. 9 25T
1 80.y*
Yo .52

: Koome o MUST BE
“Stress mndiotely aftes jackang (DLt Bar) CO( ﬁ}h = )goopsi
« Midspn *Frp = (Mpe * Moan)/s - P *tension < 3(Fe =104ps

for = (tMo = M o) /5 - B4

-t fy e (- 6@.;;1;%57.)(;2)(;000) = |4Hops) < —{qc%izgil\/
ot = (5%4(_,9—)02)0@) ~lipo psi < 142 79 ¥/

- NP fyp = (- zo.u)zf t1. 57)(12)(1009) - 14 psi =-23%0 ps ™/
e (zo.uz;zu;ﬂ(nzxw)_,qu ps = 3191 ps tenso/

- SUPPERT Fpop = (Mo ™ Maut Vs ~ 7
U L= Mot Meat ) /s T
‘F-fop: 6\2'0‘;%: 2) YIZ XD — | 4(p po
754K /

‘&m’ (—||7_Q+SLZ)H1X,0CO -4 ps = —4o4 PS CWP*./
254¢g

&
£ |10 ps ENEn :

— a4
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Two Wawy Post Tersioned (CW*) 4‘(1—) ¢ 424 psi %
: . l
» Shress o Serviee load (Du +LLt Bp) X(() ¢ 2250 psi

"WdSPM —F'fap‘ (—MDD'MLL"'MW \/S—P/A
“'M" (MD(,“‘Mu. 'Mb‘tn /S = P/A
—INTERIOR  $4ep = (-S43 -~ 20.1 +44.52) _ |46

3 _5/7 : X
Shy s
Fror = (504B+20.1 -Lhp.5Z) _ 4t = —4.67ps YV

2544
TEND £ = (-%0.62 - 28.67 +H.57) _ g, = - 403 psi )/
2S4g
“:M‘ (002 +25.47 -4!57),;4(; = 72 p0 (T)*\/
254g

° SWFRRT L, . (Mot Mo My )5 - E0
‘FM: ('MD("“L«."'M"“')/S ~PA

Tiep= (129 H40.13 -, 2) = 300 psi (1)"/
Z54%

fowr = 12.9-40.13+58.2) = -3 psi (O /
~ZS4y

LAw STeESSES AZE WITHIN ALLUWARLE uwn's]

o YLTIMATE STRENGTH

. T pamany posttensica Maunts , M, | Vaay along lenth of fine Span
M, = PO
= 0" 6 ext Suppot
= 3" @ mt Supprt

M. = 319(30") . g K
i

‘e Secendony post-tension ek, M sec VoY ey petnen Suppes
Mac = MW'ML

21.8S

Msec= 58.2 -79.§ = -21-59'F
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Two-Way Post Tensiond (cont) ‘”/’Z
“ Huypical |oad Cemibo for uthmate Siength dusign
Mu = 1 2Mp H @M F1OMsee
Owidspin = M= 1.2 (B.02)+]. b (6D + (10.8) < 13- ¥IL Ik
€ Suppork= My =1.2FY8.30)+1.6 £17.2) + C21.55) < ~J07. 2 *
cdetermine. . bonded renf . 1o et acoptable for uthvate asgn Shergh

Posthve, Mot 1 eqicn |
Imtencr Spen = ¢ 7 th07¢ 2§ = 20500 =14 ps

fxttior Spon = £4 5173 > 2 [$ = 255000 = 141 Psi
* MMM pasthive. [einform-nk (egu;vtd (AC 189.2.2)
Y= B/ () h E 2 ipaa

73+ 403) | 1
N¢=Mpe t Mu (O- 5) (‘-1)(4?2_)
= (0. 02 +B& 7)o Y190 2'x12) = 152.6 %

254 =g
,‘\S,uun =N 0.5 = 192.0 = 5.09 n*
"/ ‘(‘»4 O\S(lpO) 9,
= 509mn

/' = 0.19506 in'/f
[Use #¢ e 27 gc bottom =0.20 >/ |
Negative, Mot (29ich
AS,MM = (0.00075A ¢ (Au 19.9 3_3)
(1)(23X12),
As.wn = 6.00075(2184) = |-t int
[ @) #4pars +op (Lgo.-nz)]
¢ exterior Suepurts Mgy, = 0.00075 (215 = 1. 04 1n%
[a)#4 barstop (1.90m)]

~MAX por S.pacm? 105" (Act 154 3-5)
btop bers igin 1.50 Awlny fapmtace Of Suppord o0 fach siole GSX?);
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: 7
Two-Way Post Tensined (cont) /A

“ Checkl i v tifacement fyr uthvgte §W\7¢’Vl
Ma = (Asty t Aestps) (d-%,)
d=2Hechve dipth
Aps = 6.153 in* (J2 +tndons) = 1.§36 in*
fos = fe +10,000 + (fe bd)
300 (P\Ps\

= 174,000 + 0, 600 + (&wgzw)(md ) - 194,000 + 7532.2d

k= (Asty+A Ph‘?ﬂ o
0.55Fch
@ SufporTS
= 7" % a -4(%" )< 0"
fos = 184,000+ 2832 2 () < 200993 psi
A= (180)(L0) + 1. LbY(201) _ ; 23
0.85(5)(2)(12)

0 e
Pian= 0.9 (150 + 1otzu))(b 2 ) st {w

® 4\,udSpa/\(fWJH (9) # o ‘fUP (@ int-ext swpcr;slf
goan s .
Fos = 1488Wa psi
o= (5 oq(uo)w 04(99) - 0470
S)(26)(12)

Fun=o. 0](5 04(00)+1.04(199))(5 4‘”7")/,1- 231.5"% 7(31.¥ ﬁm
| Fuei2"oc botlm @ snd Spans |
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T o-Way Post TenSioned (cont) ‘5‘/’Z
Frome B Calculdthens -
A- bn = (22)02X7) = 432 In*
S - lohz (zgnz)(ﬂ 2254 in*

brua/\ad loaa W, * Sw.8%(23) < 1308 24,,14 —[.31 KH
Foree Vmwzd +o coumt:rac+ 16ack N 4nd D6y -

Pé ot  F8L(20) . K
Voa 3 (375%) -
Htendens = BSYLE  _ — |3 4endonS
21 13.3) = I3 "
©-© L erden

cactual fuce fur +engon
Pt = (BY(20.G)= 345.5 ¥
-balancd loag fur 2nd SPGN
W= (345 £y(.a) = |- 2% W

<actual prt- Coyv\P S"‘TﬂS5
Pact = 345.8 (1000). |7 ps; » 120pSi VI
: . 1932
ocmac nttnys Span
E ‘%("_0))2— 2160 “¢ 34b % /o
(%2
- (346 )(8(*2) .+ 2,05 "%
ZLpz K
wb/ : 192 < 1.0 0A — 3t
WoL (0 125)2%) A i
CV\,QC!CSIQ"? S‘\'YLS.S{S &DDM Momv\ﬁ)
/9(25) Z"/ﬂ.)z
LIVE _ Bay(end )
W e 5J>Sf 40 psf | 35.05 8??%1(5
My 196.5 | 00.24 | 92.10 147 (o
[M,-mow./so.u o4 [ d. 5l

Mt 0.5Ms 93.25] 33.12 | Y. |
Mo, 03M, B |19.57 | 27.06
M~ 0.05Mo 111.Z| 43, ] 45 .9
INT | pat .35M, 5.3 23.2 5.7
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“Trio -Nay Post Tensined (cont) 9
ostresseS wamediat ¢ly ofter jocking (DutBsc) iz
MIDSPAN = £ = C Moy + Mea,) /s - PA *(0) < 1900 pSH
{'wf- = (+Mp,,-Ubaﬂ/S ‘F/A * (T) <vy PSi

M = (-bS.
INTERIOZ £, = (0 7’*3"7>/zzsq ~1M psi = =751 psy (CF/
5o (as3=S7)

3sg -~ 1713 Psi = ~10b.e psi (R
o fpt (92:251 UYe.1) _ 79 pgj < —HRO P (0)*/
: 7254 N "
ot = (43.25-H0.1) — 179 psi = .62
WPORT e = (130, = Ld.ST) _ 1qpsi =173 (MK
3 22 5 3
wort = (~120.00 04.51) _ : « =563 ()™
Y 179 psi (O™

* Stress o senice oo (pLtiL +bpt.3
MPSPAN -, F(Moum Mt M) e - R(0) ¢ 250581
Feob = (MoctMa~Moat) o —Bp (1) < 4ot PS)
INTERICR _Q_ = (_(Dg 4~ a5 7) ; *
op : : “AJ e C
2174 s 515 (7

Loor< ((oS.S+23_2-SI-7)_|7q ps) = .92 [N ~f
225y

END fap< €42.25 3512+ Loul) _ 199 psi = - 606 (OYY
225y -
Fuor= (q125+38.12740) - 79 psi = =111 (O
2254

SuAZT _’:

rop G'go‘%tuq"sn— 79 psi = H7Z0 (ﬂ*\/

£0 =(-130V 46,4 +04.51) _ s *
o —ger— 179 psi 778 (c) /

JALe STEESSES pge \ATHIN AownRee Limrrs |
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Tro-Way Fost Tepsian (Cont) ’O/I?- -

“ Piminy Post+ensiin mavwtk, M,
M, =Pre) p=0" 01¢ suppork
£=3" @ mnt. Suppurt

M= B4p(2) - 5.5k
-8

© Steondory post—fensiun MoRAL e
M see :Mbal ‘H?
Msee = (04 .S —Klo &= -22 -
*hypical |oad Cembo or yHmate diSnciY\Wﬁm
Mu= 1.2 Mot M +1.0Msec
@ wDspAN = My ¢ |.2[q%.25)+l-b(33~'2)+ C1n= 153.9
€ SWPUET = Mu= |2 (-54) +1-b (- 87)+(20= - 121 ¥
cdetermnad wn bundgl rbnf. +o spe £ acceptanit -for uthmatt
POSITIVE  MOMENT RE6ION)
Inttnor Spen = £, = 1092 ¢ 2(F, =4 psi
| Extena Span = £ = 179 > 20F¢ =y psi
¢ MUN AL POSH»,W ronf arcoment V‘C%A'/Cd
4Tty =il o :
i) 17910 | 7" 1-FAZ in

Ne= Mot (0)Y(4,) = (q4-23+sg..z)(o,g)(n.Sﬂz)(zsuz}m\&w
S 25y

b SNoperd S gls i Bk < 024
e 723

[sE #4 ¢ [0" OC bottepyr = 0,24 }n‘/ﬁ,:(
°Nﬁﬂ]a+w€ Noment regan
As, in = 0.00075A.¢ (AC! 179.3.5)

° Inttrior S AS . 7(20)(2) ¢ - s
Uppu Acy Nw;7{23)(12)§ 2154 1n
As,muin ’000073(2184)=I-U4 in*
[ (@) *4 bars +op (1.80m) |
o Extenor S"FP"*/“'S A =O-CU)7S(218L4) =|.4 n*
[(4) + 4 bars Hop (150 )]
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Two-Way fost Tensgued (Ccrh‘) ”/

© CheCl munimumt veinfgrcemund for uthmade WT‘,\ 2
n = (Asty +hestos) (@-4)
A=2Hfective 1en
Aps = (.153m*(13) < | 499 in*
foce Fee+10,00 +Ecbd = (74,0010, 00+/S00(73X12)d )

300 Aps 20 (1.9%9)
_ = )84,000+ 7234
e (AS‘F\{ v Aps {Ps)
UESF b

0 :
SupspoRTS d= 7" -%¢ -I/Z(AE") =

fo 5 = 18,000 +2313 (1) = 475706 psi
0 < (1.80)(LO) + 1.L4(199)
0.5(s)=R") 12 i
Thin = 091800 + 1tygag)) (6 -021) = 1SBTH¥ >121% /
@ WS Pav (end) z : .
=7 ih e )= 54"
{PS 2 MUM&PS,
4= 4.93(u0) + 1.64(190) _ ¢ ey
0-85(s)(23)(12)
I o = e S |

PMn = 0.9 L (Ll.%)((po)ﬂ.wmm(s 4,-0729) AR R

T F @ 10" 0C boem @ end Son 35/
U}/@ #y top (& it Soporks )

= e oot
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Two -Way Post Tepsionad (conk)
NI Ve

(Ac 1 111.2.2) € olumns of Fo o prestressed Slakos i tovting
Vie=(pe A IF7e +0.3Fp )b d +V,
W/ @P = Smalkky ¢ 3.8
(%%d +.5) ~ (404 <) - 224 <35
I3 | [UsE 224 |
b‘ = ’%8" (L ot -
59_23.24
= 7'-%ce H(5') =6"
e = (MA+146) = J62.5 psi

Z
Vo = 040 be Conservahve

Ve = (3.24(1.0) [soo +0.2(162-.9))(128)6)* @

“/a

Vo= 2501 %
@Ve 30,75(230.:): ]72.54 K
VM = QMA

Qo= 12D+ Ll =1.2(87.5+25) +1.(40) = 1G9 pst>0199 Kst
% ¥ \ .
Ao~ (25220 ) 1Y 59K
L&
V, - 6.0a(%94) =182
GV = 112,65 ig.2"=y, Jiad

[No AOPITIONAL REINFORE MENT NEEDED

' oy pata -
: fen Showld Net b AN 55Ul , £5PEC A
Dﬁ?ﬁiﬁa balancd loads rom the Paﬁ —ension HNIoNS

Page |48



