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Executive Summary

This technical report will discuss and compare three alternative floor systems to the currently
existing floor system in the Piez hall addition. The existing floor system in Piez Hall is a two-way
flat slab with drop panels, it 1s compared to a composite steel deck, a pre-cast hallow core planks
on concrete girder, and a one-way post-tensioned slab. The system’s cost, weight, and depth are
compared among the four types. Other criterions such as impacts on architecture, fire rating,
vibration, lead time, constructability are also used to compare the systems. These factors will be
used to determine the feasibility of each system.

The existing system of a two-way flat slab with drop panels was believed to be the most feasible
system 1n terms of cost. However it was also the heaviest system. One has a system depth of 20”
and a cost of $17 per square foot. I believed that the structural engineer chose this system because
of the low cost and ease of construction.

The composite system 1s a doable alternative. Although it 1s expensive and has a deeper floor than
the original system, its light weight and ease of construction makes it a doable option.

The pre-cast hallow core planks on concrete girders was discovered to be the most expensive and
has the greatest depth out of the four systems. These two disadvantages together are enough to rule
out the possibility to use the system as an alternative.

The post-tensioned slab was found to be the most favorable alternative. Although it cost more than
the original system, it has the smallest depth out of the four systems as well as a lighter weight
system compared to the existing systems. As a result, smaller columns and foundations can be
used, which may lower the overall cost of the project to compensate for the addition cost per
square foot. Hence it 1s a feasible option.
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Building Introduction

The new Piez hall extension at Oswego University located in New York will provide high quality
classrooms, teaching and research laboratories, as well as interaction spaces for all kinds of
engineering departments. Inside the new facility, there will be a planetarium, meteorology

observatory and a greenhouse.
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FIGURE 2: AERIAL MAP FROM BING.COM SHOWING THE FIGURE 1: SITE MAP SHOWING EXISTING PIEZ HALL AND
LOCATION OF THE SITE THE NEW EXTENSION (SHADED AREA)

The Piez hall addition will add an expansion of approximately 155,000 square feet to the existing
Piez hall. Snygg hall, which 1s next to the Piez hall, will be demolished as a result of the new
addition. In the back of the U shaped Piez hall, there will be a walkway connecting Wilbur hall and
the new addition. The construction of Piez hall extension began as early as April 2011. It 1s
anticipated to be complete by April 2013 with an estimated cost of $110 million dollars. The
building has 6 stories and it stands 64 feet high. The new 210,000 square feet concrete framed
extension was designed by Cannon Design. The building 1s designed so that its exterior enclosure
looks somewhat similar to the existing Piez hall (see Figure 3). The building is decorated with a
skin of curtain wall. Brick 1s used i the south side facade. The second and third levels have spaces
cantilevered slightly out to the west.

The Piez hall extension has numerous sustainability features to attain LEED Gold Certification.
The building energy efficient curtain wall with a high R value will reduce heat loss. The mechanical
system includes a large geothermal heat
pump with a design capacity of 800 tons will
be implanted to cool and heat the building.
Occupied spaces have access to daylight.
The roof has photovoltaic array, skylight and
wind turbines. These features together will
reduce the total energy use of the building to
47% and save 21% of the energy cost each
year.

FIGURE 3: EXTERIOR RENDERING SHOWING THE BUILDING
ENCLOSURE




Structural Overview

Foundation

According to the soil report for Oswego County, the proposed site will be suitable for supporting
the renovation and addition with a shallow spread foundation system. The maximum net
allowable pressure on soil 1s 6,000psf for very dense till layers and 4,000 psf for medium dense
clay and sand layers. All grade beams, foundation walls and piers will have a concrete strength of
4000psi1 while all other footings and slabs-on-grade will have a concrete strength of 3000psi.It 1s
estimated that all foundations will undergo a total settlement less than 1 inch. Differential
settlement 1s estimated to be less than 0.5 inch. Details of typical footings are given in Figure 4.

Basement non-yielding walls have granular backfill with drains at locations where surcharge effect
from any adjacent live loads may cause problems. These non-yielding walls are designed to resist
lateral soil pressure of 65pct where foundation drains are placed above groundwater level. Any
cantilever earth retaining walls are designed based on 45pct active earth pressure. All retaining wall
are designed for a factor of safety equal to or greater than 1.5 against sliding and overturning. The
frictional resistance can be estimated by multiplying the normal force acting at the base of the
footing by a coetficient of friction of 0.32.
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Floor System

The typical floor structure of Piez Hall addition 1s a cast-in-place flat slab with drop panels. The
slab thickness of the floors 1s 12” throughout the entire building with primarily #6 @ 9” o.c top and
#6 @ 12” o.c bottom bars in 5000 psi strength concrete. 42”x24”concrete beams spans a length of
46.2’ with 4 #8 @ top and 6 # 10 @ bottom reinforcement bars are placed in the edge of the floor
slab primary located to support the cantilevered portion of the building in the second and third
floor. Also, 24”x24” interior concrete beams are placed along the corridor of building to support
areas where the slab 1s discontinuous such as stair and elevator shaft locations. A continuous
507x10” edge beam each spans a length of 31.5” 1s placed on the north side of the south wing
where the conservatory 1s connected to the building. The total depth of the floor system 1s 20”. A

typical framing plan of the south wing can be found in figure 10 and 11.

A drop panel is placed in almost every column location to increase the slab thickness in order to
magnify the moment carrying capacity near the column support as well as resisting punching shear.
Typical drop panels are 10.5’x10.5’x8” (see Figure 6)

In the conservatory the structural engineer employed composite steel floor system primary because
lateral forces 1s not a concern due to the fact that the conservatory is embraced by the Piez hall

building. Thus expensive moment connections are not necessary.

In addition, reinforcements for temperature change are #6 bars at 18” spacing, which 1s the
maximum required spacing for temperature reinforcement. Typical steel reinforcement placement
for the slab 1s given in figure 5
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Framing System

Typical bay in the new south wing of the building are 31.5’x31.5’. Corridor areas have a bay size of
10.3’x31.5°. The 10.3’ span 1s less than two third of its adjacent span of 31.5°. Thus, this imitation
suspends the use of direct design method. The equivalent frame method will be used to analyze
the slab.

Typical columns are 24”x24” square concrete
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The planetartum and conservatory in the middle of

the “U” of building 1s built with structural steel framing. The floor system 1s a composite steel deck
supported by W-shape beams. The sizes of the beams are typically W 14x22, W16x26, and W16x
31. Columns consist of various kinds of hollow structural steel and W10x33. Again, a typical
framing plan of the south wing can be found n figure 10.
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Lateral System

Shear walls and diagonal bracing are the main lateral force resisting system in the Piez hall new

addition. They are evenly distributed and orientated throughout the building to best resist the

maximum lateral loads coming from all direction. Typical shear walls are 12” thick and consist of

5000psi concrete. Shear walls extend from the first level to the top of the roof. Loads travel

through the walls and are distributed down to the foundation directly. Diagonal bracing are

concrete struts that framed into concrete beams. They are located on the second to fourth level

and placed on the sides of the cantilevered portion of the building. Since the building is a concrete

building, concrete intersection points also serve as moment frames. Together, these elements

create a strong lateral force resisting system.
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FIGURE 10: SHEAR WALL LOCATIONS OF A TYPICAL FLOOR
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Roof System

There are three different kinds of roof system for the Piez hall extension. Steel decks and steel
beams are used to support the roof for the planetarium. The roof for the cantilever part of the
third level 1s designed to let people walk on top of them. Therefore, a fairly thick roof of 10”
concrete 1s required. All other roof for the fourth level uses 6.5” thick concrete because they are
not intended for excessive live load. On top of the roof, there are photovoltaic array, skylights,
wind turbine and mechanical equipment that contribute to LEED.

Design Codes

¢ Building Code Requirements for Structural Concrete (ACI 318-0.)

e Specifications for Masonry Structures (ACI 530.1)

¢ Building Code Requirements for Masonry Structures (ACI 530)

e  Masonry Structure Building Code Commentary (ACI)

e AISC Specifications and Code (AISC)

e Structural Welding Code - Steel (AWS D1.1 2002)

e Structural Welding Code - Sheet Steel

e Building Code of New York State 2007

e  Minimum Design Loads for Buildings and Other Structures (ASCE. 7-02)

Design Codes used for Thesis

e  Minimum Design Loads for Buildings and Other Structures (ASCE. 7-10)
e International Building Code (2009 Edition)
¢ Building Code Requirement for Reinforced Concrete (ACI 318-11)

® Steel Construction Manual (AISC 14" Edition)




Materials Used

Footings

Foundation Walls and Piers

Framed Slabs and Beams

Slabs-on-Steel-Deck

Concrete

TABLE 1: SUMMARY OF MATERIAL USED WITH STRENGTH AND DESIGN STANDARD

Typical Bars

Steel Fibers

Channels and Angles

Hollow Structural Sections
(Rectangular & Round)

Anchor Rods

All Other Steel Members

Steel

ASTM A-615

ASTM A-820 Type 1

ASTM A36

ASTM A500

ASTM F1554

ASTM A36 UON

60

36

N/A

TABLE 2: SUMMARY OF MATERIAL USED WITH STRENGTH AND DESIGN STANDARD
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Gravity Loads

Dead, live and snow loads are computed and compared to the loads listed on the structural
drawings. After determining the loads using ASCE 7-10, spot checks on members of the structural
system were checked to verify their adequacy to carry gravity loads.

Dead and Live Loads

Although the Structural engineer has given a superimposed dead load of 15pst for all levels, but a
more conservative and general superimposed dead load of 20psf were used in the calculation.
Facade, column, shear wall and slab were all taken into account to obtain the overall dead load in
each level. The exterior wall consists of curtain wall, CMU, precast concrete panels in different
location. Thus to simplify the calculation, a uniform 30psf were taken as the load of the facade in
all sides of the building. The overall weight of the building 1s found to be 29577 kips. This total

weight 1s needed to compute the base shear for seismic calculation later on.

Weight Per Level

Level Weight (kips) ‘Weight (psf)

1 5293.10 197.67

2 6449.73 221.54

3 6246.66 229.84

4 6246.66 292.84
Roof 3265.58 121.95

Total Weight 29577.02

TABLE 3: DISTRIBUTION OF WEIGHT PER LEVEL AND TOTAL WEIGHT
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Live Loads shown in the middle column of Table 4 are given by the structural engineer. The
structural engineer 1s rather conservative to use all design live load to be 100pst when an 80psf can
typically be used for educational occupancy. Since this 1s a University building, typical floor 1s likely
to be classrooms which have live load of 50pst as defined by ASCE. 7-10. Similarly, public spaces
can be mterpreted as corridor above the first floor which has a live load of 80pst.

Live Load
Space Design Live Load (psf) ASCE 7-10 Live Load (psf)
Typical Floors 100 50
Public Spaces 100 80
Exit Corridors 100 100
Stairs 100 100
Lobbies 100 100

TABLE 4: COMPARISON OF LIVE LOADS

Snow Loads

Following the procedure outlined in ASCE 7-10, the result of snow loads were obtained. The
resulting snow loads were found to be 46psf. This 1s close to what the structural engineer had
calculated.
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Alternative Floor Systems

In this technical report, three alternative floor systems were compared to the existing floor system.
Factors such as system weight, depth, cost, construability, impact on architecture, impact on lateral
system, and 1impact on foundation between the systems will be compared among each other. The
result of the comparisons can be found in table 5 at the end.

It 1s also worth mentioning that the cost estimate for the four floor systems were based on 2013 RS
means assemblies cost data. A bay size of 31.5’x31.5’ was used in the calculation, but the cost
estimate was based on a slightly different bay size. This 1s done because RS Means does not
provide an assemblies estimate for the bay size used in this analysis. Therefore, all four floor
systems used a bay size of 30’x30” for cost estimate. Moreover, the particular assembly accounted
for 3000psi concrete, but 5000psi concrete was used 1n the design. This should not be a problem
because all other floor systems also accounted for 3000psi concrete in the assembly. Hence, an
approximate difference in cost between each system can be used mn evaluation.

The following floor systems were compared and discussed

Existing two-way flat slab with drop panels
Composite steel
Pre-cast hallow core

O O O O

Post-tension concrete

Figure 13 shows a typical bay used to design and analyze the four floor systems.
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Two-way Flat Slab with Drop Panels (Existing Floor System)

The existing floor system of Piez Hall addition 1s a cast-in-place two-way flat slab with drop panels.
The system was analyzed to provide a comparative base against other alternative systems. A series
of spot check on a typical bay, beams, girders and columns were found to be able to carry the
loads. A typical bay of the existing system can be found n figure 14.

Advantages:

Flat plate floor system 1s known to be highly buildable. One of the advantages of flat plate system
1s flexibility in room layout. This will allow architects to introduce partition walls anywhere as well
as given the choice to change the size of a room. Another advantage of flat plate system 1s the ease
of construction, which will shorten the total construction time needed to complete the entire
building. Thus this will lower the total project cost since labor cost will be cheaper due to the
lowered overall hours workers work in the project. Also, any mechanical and electrical services can
be mounted directly on the underside of the slab instead of bending them to avoid beams.

Disadvantages:

There are only a few disadvantages of a flat plate system. First, 1t has a relatively high deflection
compared to other systems, which will require a thicker slab. The weight of the system 1s also
heavy, thus bigger columns and foundation 1s needed.

Comment:

The two-way flat plate system used in the Piez hall addition had an overall depth of 20” (including
drop panels). This system would cost about $17 per square foot. Out of the four systems
compared, 1t 1s by far the most inexpensive system. Given the many advantages and the low cost of

the system, a two-way flat slab with drop panels was a wise choice for the Piez hall extension.
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Composite Steel

A composite system was chosen as the first alternative to the existing floor system. In a typical
31.5°x31.5° bay size, the results revealed that a 1.5VL18 composite deck with 2.5” concrete topping
and spray fiber coating was required to adequately carry the loads and achieve a 2 hour fire rating.
The beams needed for this composite system were W16x26 with 40 studs per beam (2 studs per
rib) at 10.5” on center. The girders required were W24x55 with 24 studs per girder (1 stud per rib)
spanning a length of 31.5°

Advantage:

A composite system could have been chosen for many reasons. A composite system is the light,
which makes 1t an advantageous choice. By allowing the concrete to act in compression in the top
and the steel to act in tension in the bottom, each matenal 1s utilized effectively to carry the load.
Thus members can be sized smaller and lighter. Moreover, it 1s quick to erect and construct,
making it perfect if scheduling 1s tight. As with any other steel framing system, bay sizes are able to
be increased.

Disadvantage:

Despite the advantages of a composite system, there are several flaws as well. Fire-proofing 1s
required to be added to the deck, steel beams, and girders to meet the fire rating needed for the
system. In addition, shear studs must be welded to the beams, which adds additional labor and
material costs. Also, girders with holes in the web are often necessary to allow mechanical and
electrical services to go through. However, a hole in the web will lower the load bearing capacity of
the member. Therefore, a deeper section 1s needed to compensate for the loss in strength, which
adds additional depth to the system.

Comment:

A composite system analyzed for the Piez hall extension had a 43.2psf total weight and a total deck
thickness of 4”. However, the system had an overall depth of 28”. This is about 8” deeper than the
original system, which will result in an increase in total building height of about 32”. This does not
seen to be a significant disadvantage of the system because an overall height increase of just 32” will
not add much lateral loads to the building to cause the foundation to fail. Nor it will violate height
restrictions of the current area.

The total deflection of the system was found to be about 1.55”, but it was considered to be
acceptable since it was less than the maximum allowed 1,/240. It was found that cambering were
not necessary to minimize deflection. Another concern for this system 1s that vibration will be
expected to be greater than the other alternatives, but still at an acceptable range. Further
calculation 1s needed to evaluate the need of deeper beam or thicker slab to control vibration. Also
a composite system will allow the use of wind-bracing system, which 1s lighter than the shear walls
in the current system.




The cost of a composite system 1s about $22.75 per square foot. Through analysis, it was found
that this system 1s feasible for the Piez Hall extension. Although the cost for a composite system 1s
higher than that of the existing system, the lighter weight system and faster construction schedule
makes up for these disadvantages.

It 1s believed that the structural engineer did not choose a composite system due to higher
deflections and possibly higher vibration. Also, the deeper floor system and higher cost may have
be the reason for not selecting this system.
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FIGURE 13: DESIGNED COMPOSITE STEEL SYSTEM FOR A 31.5°X31.5” BAY
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Pre-cast Hallow Core Slab

The second alternative floor system that was evaluated was a precast hallow core planks on
concrete girders. This system was designed by referring to the tables in the Nitterhouse products
catalog. Keeping the original 31.5’x31.5” bay size, 1t was found that a 10”x48” hallow core planks
with 2”7 concrete topping was needed for the slab. A 20”x20” concrete girder with both 8 #9 top
and bottom remforcement bars would be required over a 31.5” span. The beams parallel to the
planks were not sized because the load they carry 1s minimal.

Advantage:

Similar to a composite system, a precast hallow core system 1s quick to erect and construct. It uses
high strength concrete that 1s very easy to mstall, which will speed up the construction process. It 1s
capable of carrying large loads and achieves a 2 hour fire rating with a very thin slab. It 1s also
known to be light weight and durable.

Disadvantage:

The major disadvantage of a hallow core system 1s the expensive cost. It has the highest material
and total cost compared to the other three alternative systems. This kind of floor system also has
the highest total system depth, which could possibly bring a concern to the zoning requirement for
total building height. In addition, pre-cast hallow core planks comes in 48 increments, which
means that the column layout of the building will need to be rearranged. In another words, a
typical 31.5’x31.5" bay in the Piez hall extension will need to be adjusted to become 31.5'x32’ in
order to use a pre-cast hallow core system.

Comments:

The total system depth of the hallow core system was 32”, making it the deepest of all. It 1s about
12” deeper than the current system. T'o maintain the existing floor-to ceiling heights, an overall
mcrease in building height of about 48” 1s required. It is preferred not to increase building height
to a great extent because this would increase mass and surface area of the building, and thus
mfluences the seismic and wind forces.

The estimated cost of this system 1is about $26 per square foot. Of the four systems, the pre-cast
hallows core system cost the most. Compared to the current system, this is a $9 per square foot
mcrease n cost.

The mvestigation showed that the pre-cast hallow core system 1s not a feasible solution to the Piez
hall extension due to its high cost. The deep floor system and the need to rearrange column
layouts are also very unfavorable. Therefore, it will not be investigated further in future technical
reports.
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FIGURE 14: DESIGNED PRE-CAST HALLOW CORE SYSTEM FOR A 31.5'X31.5' BAY
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Post-Tension

A one-way post tension system was chosen as the third alternative floor system. Three continuous
bay having two 31.5’x31.5” exterior bay and a 10.5’x31.5” interior bay were chosen to analyze. It 1s
found that an overall slab thickness of only 9” 1s required to carry the load. Bonded
reinforcements were chosen to be #5 at 12”7 o.c for mterior spans and #8 at 12” o.c for exterior
spans. 9 #5 top bars were placed i top of the slab near the columns where negative moment 1s
critical. Normal slab remforcement is required in a post-tensioned slab because the tendons are
unbounded to the concrete.

(32) %0, 7-wire strands with a jacking force of 266kips were distributed evenly in the slab of a width
of 31.5°. Tendons are placed according to the locations of positive and negative moments in the
slab. Post-tension tendons need to be n the tension face of the concrete to impose compression
and cracking control. The strands in the 10.5’x31.5” interior bay are placed above the neutral axis
because the shorter span in between two long spans causes a negative moment to exist above the
neutral axis.

Advantages:

A post-tension system usually allow for longer span length and thinner slabs that already has a 2
hour fire rating. Additionally, it also allows greater crack and deflection control. Moreover, only
very simple concrete formwork 1s necessary to construct a flat plate system. Since the system 1s a
flat plate, it will result in a uniform flat ceiling that is convenient for mechanical and electrical
services as well as maintaining most of the advantages given by the existing two-way flat slab system.

Disadvantages:

There are few disadvantages to use a post-tension system. For one, anchoring devices and grouting
equipment are required to tighten the post-tension tendons. This will add to the cost and time of
the project. Additionally, punching shear and future slab cutting must be thoroughly addressed
since 1t 1s one of the most critical failures for flat plate post-tension system.

Comments:

The post-tension system was estimated to have a cost of about $18 per square foot. Although this is
slightly more than the current system, it 1s still consider within a feasible cost range. However, the
thin and light weight slab of this system makes it an attractive alternative, which will potentially
decrease the overall building height and column size.

New consideration and design principles will be introduced in the future technical report. A
decision will need to be made between using a two-way post-tensioned flat slab with drop panels
and a one-way slab using post-tensioning girders. The two-way post-tensioned flat slab with drop

panels seems to be a reasonable alternative to the current system due to the current column layout
of the Piez hall addition.
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FIGURE 15: DESIGNED POST-TENSIONED SLAB FOR A 31.5'X31.5' BAY
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Criterion

Cost (USD/SF)

Slab Thickness
(inches)

Architectural Impacts

Foundation
Impact

$17

No impacts

No impacts

Floor Systems

$22.75

Increased Depth
may cause problem

May Reduce
foundation size

$26

May need to
rearrange column
layouts

May slightly reduce
size

$18

May reduce depth

May slightly reduce
size

Deflection (inches)

Constructability

Feasibility

1.20

Easy

Yes

1.55

Medium

Yes

1.25

Easy

No

Minimal

Medium

Yes

TABLE 5: SUMMARY OF THE FOUR SYSTEMS




Conclusion

This technical report is prepared to provide several possible alternative floor systems that can be
used in the Piez hall extension. The existing system, a two-way flat slab with drop panels, was
compared to a composite steel deck, a pre-cast hallow core planks on concrete girder, and a one-
way post-tensioned slab. The criterion for this comparison included cost per square foot, system
depth, weight, deflection, vibration, impact on lateral system, impact on foundation, impact on
architecture, constructability, fire protection, and lead time. It is desirable to minimize the cost,
weight, and the overall height of the building.

The existing two-way flat slab was the least costly system, but also the heaviest system. The floor
system contained many advantage included flexibility in room layout, ease of construction, and
good coordination of trade. It is verified to be a good choice for the Piez hall addition.

Composite steel 1s the lightest system of them all. It 1s also easy to erect and construct, which may
drastically reduce the project schedule. However, the additional cost 1s relatively high and the
system depth was also the largest compared. The composite steel shall be considered a feasible
option, but 1t 1s not as good as the current system or the post-tension system.

Through comparison, the result showed that a pre-cast hallow core planks on concrete girder will
be an uneconomic and inefficient alternative system to the Piez hall addition. The post-tension and
the existing two-way flat slab are the most attractive systems found through evaluation.

Out of all the alternatives, the post-tension concrete system 1s the most comparable to the original
system. With this system, the building weight will decrease as well as the total depth. Additionally,
1t will maintain most advantages given by the existing system. One major disadvantage with the
post-tension system 1s the construction difhiculty associated with the post-tensioning process and the
lack of adaptability to future change as well as the additional cost per square foot. However, the
advantages for this system compensate for the drawbacks, and hence it 1s considered to be a viable
option.

In future technical reports, the author will investigate further into the existing flat slab and the post-
tension system. A decision will be made between a two-way post-tensioned flat slab with drop panel
and a one-way slab on post-tensioning girder. These systems will be examined for their impact on
the overall system of the Piez hall addition.
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Appendix A: Composite Steel Calculations
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Appendix B: Pre-cast Hallow Core Calculations

DESIGN DATA s W W sk

. Precast Strength @ 28 days = 6000 PSI 13w z
. Precast Strength @ release = 3500 PSI

3 e
. Precast Density = 150 PCF }
. Strand = 1/2"@ and 0.6"@ 270K Lo-Relaxation. =} O O O O @
. Strand Height = 1.75 in. ° . ° a o ° °
A L

. Ultimate moment capacity (when fully developed)... e

SO WN =

Prestressed Concrete

10"x4'-0" Hollow Core Plank
2 Hour Fire Resistance Rating With 2" Topping

PHYSICAL PROPERTIES
Composite Section
A.=327in? Precastb, =13.13in.
lo=5102 in? Precast Se= 824 in?
Yoor= 6.19 in.  Topping Six = 1242 in?
Yep=3.81in. Precast Si; = 1340in?
Yeo=5.81in. Precast Wt. = 272 PLF
Precast Wi. = 68.00 PSF

310§

&

6-1/2"3, 270K = 168.1 k-ft at 60% jacking force

7-1/2"@, 270K = 191.7 k-ft at 80% jacking force 407404

. Maximum bottom tensile stress is 10yfc = 775 PSI ‘ ‘
. All superimposed load is treated as live load in the strength analysis of flexure and shear.

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

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

. Topping Strength @ 28 days = 3000 PSl. Topping Weight = 25 PSF.

. These tables are based upon the topping having a uniform 2" thickness over the entire span. A lesser

thickness might occur if camber is not taken into account during design, thus reducing the load capacity.

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

. Load values to the right are controlled by ultimate flexural sirength or fire endurance limits.

. Load values may be different for IBC 2000 & ACI 318-99. Load tables are available upon request.
. Camber is inherent in all prestressed hollow core slabs and is a function of the amount of eccentric

prestressing force needed to carry the superimposed design loads along with a number of other
variables. Because prediction of camber is based on empirical formulas it is at best an estimate, with
the actual camber usually higher than calculated values.

SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & ACI 318-05 (1.2D + 1.6 L)
Strand SPAN (FEET)
Pattern 26]27]28|29]30]31|32[33]34]|35]36[37 |38 30] 40|41 |42]43 ]| a4
6-1/2"a | LOAD (PSF) 202(181|161|144|128114(101| 80 | 79 | 69 | 60 | 62 | 45 | 38
7-1/2"2 |LOAD (PSF) 246|222 |200 (180|162 (146|131(118|105| 94 |84 | 74 | 66 | 58
NITTERHOUSE D e o D
CONCRETE \] PRODUCTS Individual designs may be fumished to satisfy unusual canditions
—_— L\ —_— of heavy loads, concentrated loads, cantilevers, flange or stem

openings and narrow widths. The allowable loads shown in this
2655 Molly Pitcher Hwy. South, Box N table reflect a 2 Hour & 0 Minute fire resistance raling.

Chambersburg, PA 17202-9203
717-267-4505 Fax 717-267-4518 1108008 10F2.0T
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A stand = 0. 153102 ( determined Lrom experiment )
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P(g;"gy Hollpw) Cove Conc MinGGD Lt

Pj 24
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Pre Cost Hallow Core ConC. Miabeo U

3-0235 — 50 SHEETS — 5 SQUARES
8-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

8-0137 — 200 SHEETS — FILLER

COMET
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Post-Tensioned Slab Calculations

Appendix C

P | /1o

AN ‘08aMmsQ

—_ \ 5
Ea - TR s > - Jim . Bl = . NERCHW s
* ,4_
: . o S L
¥ K -
- ! 1y i
— " \.‘\
% B* W z,r,
- - ! - } el
_ r
) - \n . C +
= = \ \ 5
L -~ «
i o) 4 . %
= T 3 J, i -
(Y — - 3 . 7
& & rl |f ,. d ‘r y
| s 1 & .
C " ¥ i g 3 ‘
| S T — ~ ¥ N L = v
S | | { .u,. p & ;
") I >
A * _ i
EA
/\.j\lll.l. — 2| A =
H A | | 2
| <
U r 0—4 - "
A | . bl
| 4 b g
| - = * _ - A <y j 5 ) -
= | ~ b
| | 1 ‘ .
¥ —(1—(] —0) - =
_ ‘_ 3 2 =
< ,\/ — e S :
S e \ 2D .
p el . ;
- -
X ‘ (0l 8l
fan
H3ITI4 — S133HS 002 LELOE
S3HVYNOS § — S133HS 002 LETOE
S3HVNDS § — S133HS 00} — 9€20€ L3N0D
S3HVNDS S — S133HS 0§ — SE20-€

| Z Juswusissy 1eduyda]




Post - tension

MinBap L1

30235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

COMET
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@ +ire of Jacking CACI $.4.1)
~
"
Ci_ = 5D0Q PSi
Jompression = 0.6 fei = 1,46

- - - ‘g .
lenBio?L = 2 Tci_= i',“'r,:

(-

3000 Psl

% , " $
;‘. j,’, 2,_-)& ’f?_‘ or ré ON ¥ 3
Y
0D - s D
‘/A B ’-) F3t Mya
= 3 Psi max
- 1 -
waet L::A balonie -
\J

6o ~80% of DL (sef wejght)

J
3 =1 5 i
0.75(112.5) = $4.4psf
" 0 -1 4.dis A
Cover  Require ment 2-Hr_ retinq ;
: e = T
restiainga 200s - Ve
Unfestrained shabs = |4
= Yy TOP,

@ Service (oad > (Aci18.4.2(a) and |

b A fer

1S Sume

5.9,

b.-f.. M

Carbonate. 0aqre '.0"\;:‘
i "

Pa 2o
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Post - +enson _ MinGoo L

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
3-0137 — 200 SHEETS — FILLER

30235 —

COMET

CMﬂnuouS Poct - Tension Beam

+ Deyy At o PT_Tendon

% P V- l Negtal
=t LY ~ | Axis

A . AT
3L.s’ ' jo.3' " 35’ }

Prestress Farce qu,u-‘red % balance 752 Of Self-wt DL

LW = 0.75 Wow = 0,75 (112.8)(3L5%t) = 2.66 k/4¥

Forte needed in tendons to Counteroct He lad in te ead bay,
J

P- WAL _ (;:_,ﬁdkr-“:)(%LS'#_'f__gw_k
8 ned (%% ./11)

Qend = (25495) /2 = 175 =4 75"

Determing. # tfeadons 7”"&“‘"»4 :
# +$aadons = 23+/2£.6ﬁ</fghbns) = 3L x5

Use. 32 teadons (3" diawetar stands @12" spac:r’nj)

Altuo\  Fosce  for banded teadons

Pacteal = (32 tendans) (26.6) = g5/ %

)J‘Ju‘ﬁ'gé baloace. Load

W= (5Vese ) x (n.66K/%8) = 2.71%/ tendom

Determing GCtue|l Pre Compression “StresS

¥ = /| 3 . > (2551 min. Ok
Fl(';-a‘l /A g;./('?h\ts‘f:g wgn)-is‘of’s,> R3E
< 300 Pst max Ok

Pquo
\J




‘.,\’;-l» - Tenslon SMia (:()DL'\ Pq':b/b
1 J
_'Hh.f ‘rxle s
7 L] W
LInT £8.5-E87=11
@08 2 ' 2
TTE oL Wit (2.¢c)C1o.3) i 8 i K
<<=y Ve g 2 FALIAAR I PS5
CEEE bl 8(2.0/12)
wwowik
el I i - - ; 3
0| MuCh less force 1 -'"':IJJ A tHe intecior ;f“"‘{
iy i e
W W
Lk
BBBHB
S§§§ if:gr-f—;g{ Pre StresS ':'\;f('z‘ = \s-fk
R ]
8885
onoon
'||-| f ’ M
3 Teacon ~Ordiaate Tendon Center pf @@ty [opation
o e - o S
b Ex terior SupPort -anchor acl
¥ /| f ‘l I'* = Taop S\ et
Tntesr {of pan - hat+) .s¥
9 | Te
End pan = botd i
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D - 1 p v
Fost - Teaslon f’f'f‘gﬂc U

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES
30137 — 200 SHEETS — FILLER

COMET

Dead Lload morments.

Wor= (112.5 +15)(3L.5") 71000 = 4.02 ¥+t

—— // - —res =
> 7
.85 K/
| ]
lvl-- I .i _--'_:- L__ £’

Total un! ,Ij,-‘(i,w.{ rarenst = W= 3.00K7TH

W

See STAAD resukts for different load Cases.

Pg</io
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b

Postprocessing Concrets Design Bridge

|23 soses | -1 Forces

S TERVEREE T
S peimatcn | | Boam o s
| gt

| P Reguts

Sm¥HNHFR

J_.-*"l/’/]/ B’I‘H"‘"}"{TT J\KN‘HL_‘_J_EL\LM,ﬂLi,L-"“L)-IS

GadG&

Oswego, NY

Technical Assignment 2 |




Oswego, NY

Technical Assignment 2 |

BADPro - [Tech 5. &

e Edit View Took Select Resuts Report Mode Window Help -l2x
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Postprocessing Concrete Design Bridge Deck
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BEAEL R X2 EN? || SRASGED |Dad- a2 =B T KA || BFACF||NEQE ¥ |0«

AGBERSOB |t ol S| 2R CPED s | =
5
o Postprocessing Cancrete Dasign —
%
w £
2] i i
R
w» 4
x|=|2
= 1)
i
»
ki
» §;
=g
Ef=
™
[ - - e
1 —T 1 | athossuge LT, 1T T T E; g“m B B
= Rl k] & " =3,
- i T T13
E7)
5
L]




Post = Teasion MirGod L)

fzié/fo

30235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

gfﬁﬁﬂ I+ Stasses ;NMQ'AIPTE‘S after Jet J(I.ﬂj (bLtPr) (ﬂ{f U.4])

Mid _ Sfon  Stresses.

Eﬂr = (~MpL +Mbal) 75 = P/A

£bd‘f = (f/“m M) 75 - F/A

Intuior Sfan
Frop = [(-239 t [78) () (1o20) 7 (5lo3in $)] - 25051

=-393 psi (Comprssion) < 0.6Fei = Ifoopsi = 0k

Pt = [ (28 =178)(15)0020) /5103 in¥)] - 25085

= {07 P51 (comprssion) < 0.6 1€/ = 19005 => ok

SuPPort StresseS ’
Feop = [C292 + 113)(:;)(mw)/sbs] - 250 Psi
= -424 psi (Compression) < p.£fci = 1§00 psi Dok

fbot [(+ 292 - Ji{)(lz)(im;)/qms] - 250 P5i

=% psi  (CompPression) < 0.6 foi => ok

|\

ibﬂe 2+ Stusses @ Service load (DL+LLtP7) (18.3.3 and18..2)

Mid Span stresses,
Intecior  Span
frop= [ €232 - 110 1 |78) (1090)(12) /5 193] - 250 s

= ~{s2 (CompresSion) <o 4sfec = 2250 Psi =0k

Fuot = (2% + V0 - 198) (1050) (12) /5103] - 250 Fsi

= (52 tension < §Jfe = 424 Psi Dok
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Post — Tension Min Gao Li

Iz? Yo _

8-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES

3-0237 — 200 SHEETS — 5 SQUARES
30137 — 200 SHEETS — FILLER

COMET

ENA San
Fiop £ [(— 3z - 167 + 221 () 01000)/5103) =250 Psi

= -840 (ComPression) < 0.45f7r ok

foot= [ (363 +167 - 221)(12)(loa)5103] - 250 Psi

= 359 psi (tension) < CJfc => ok

Supfort Stresses

op 2 L(+ 292 # 134 = 218) (12) (1o0) /5103] - 250 psi
= 239 (#easion) < e = ok

frowe [(~292 =134 + 29 (12) (o) /5123 ] - 250 Psi

= =739 ((compression) < 0.4¢ f2 2ok
» All Stresses are Hithin He Permissible | Code [imits.

Ultimate Strenath

}\SS'};:L ecCentr f(-'fq e= 4.5 @ intecior Suppord
(v
e=0 0@ exterior Suppolt

= (Sg!k)('&j)/ll = 248 k-1

/“A'Q_‘r = Mpal - My




Post - Tension Minboo Ul

@5/10

N

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

qu’[(‘al load Combirotion for QHirate Smnqﬂl Ae&;’o‘n.’

My = L2 Mpr T1.6M1 +],0Msec

At _iidspan’:
Moz 1 2(%3) +1.6(17) +1o(=15) = £¢7.¢ k-t

At Supfort

Moz 126292) +1.6 Ljaw) -+ Lo(=30) = ~59skH

Determing Minimum bonded e inborcement

Posttive morment reﬁion
Interion spn? 1= 152p5{ > 20/ = lELPSi Yy Reinforcement
ET . 4 . . ) required.
Extecior Span’ f4=359Psi > 2fe = 14 fsi
Minimum Positie marment required s (ACT 15.9.3%.2)
y=Fr o Chethe DA
- 150,/ %9+860) (9) = 2.85in
Ne = Mpy i+ UL LS x-é, -j x X,
* [%3*'47'}(\:)/5013 X3 x2.65 x 3.5 x|z
= 435.4k
As,min = Nc/o.;:fj
= (éjia)/('} xboksi) = 2LI7in”

As,min = (2).18in%) 7305 = 0. 47in* /44
Provide #8 bars @ 12in 0.C Bottom (o in/et)

Minimom |erath shall be' Y Cloar Spon & certered “pasitive
)8 moment r.-'.‘qwn

Oswego, NY
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Post- Tension Min beo Y

Fg‘?/?o

3-0235 — 50 SHEETS — 5 SQUARES
3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0137 — 200 SHEETS — FILLER

COMET

fj= ls; 7C1524652) @) = 1.7

N = (239 +110)(12) 7Soi3 x5ix 1.7 x3.5 12 = 2£8.%
As,min = féff.‘hﬁ‘!,{x@) = 9in?
As,mia = Qin*/3ls' = 0.28 1/

Fr:wr]e_ #5 hars @ ,'2” 0.c ToP (."':'fﬂ:/ff)

Ni’j‘d’{% monert rejkoﬂi
As,min = 0.00075AS (AcI 139.3.3)
Intecior Supfor
Ad= 1@ )05 +31.5) 2% 12
max| (9") (35) xl2 =3%02
As,min = 000075 (3402) = 2.55(n°

:{?135— T;)P(Z.??,r'nz)

Exteriof Supforts:
Aol = q"x R.5'4 xI2
max| 9" x 31.5%2 %12 = 3402
=(9) #5 . Top, (2.7912°)

Must  Sfan oo min|mam of Y 4l Clear SRA on each side of
SuPPort (Acz 18.9.4.2)
At leost 4| bars reuired in each dicection (A 15.4.3.3)

Place. top Lars Within 1.5h adac from face. of Ssupfort
on each Side CAcs 18.9.38 ) => LisxPi=|3,5" oma’

Moxi mum “bar Spacim = 12" (AcI -18.9.3.3)
N




Post - Tenslon Min (po (]

Iifrr’o/b

50 SHEETS — 5 SQUARES

3-0236 — 100 SHEETS — 5 SQUARES
3-0237 — 200 SHEETS — 5 SQUARES

3-0235 —
3-0137 — 200 SHEETS — FILLER

COMET

LL.V‘(‘)'( minimurn Teinforte meat | H it s Sufffclert for vHinote S—f(:'fj"}c,

Mn = (Ar.rj + Aps {ps) (d-a2)
d=effective. depth
Apsz 0,53 (#of +endons)
oyt {32) = 4qia*
Fos = fse + 10,000 t ($2 bd) 720 Aps) o slabs with A >35 (A1 18.2.2)
= 124,000 s +10000 + [1S000ps (31.5) x2d T Boo x 4.9i* )
= |5%000 + 12%d
A= (psy t Astes) 203572 b)

At Supfort :
d=qv_ 3,7 = Wt 2gv
ﬁ,s = 88000 +1286(3) = |44.288ps;
oz [(2.79)(¢0) +©.9) (1043 ksi )]/ (085x 5 x 2.5 xh) = 0,7
dma = 29[ (2.7 ) orsi) + (49)(w3)] (8" 0.7/2) /12
= du2 *F > - 5955 o lhimate streath does not gove
As, regiced & 2.79 in*
A mid shan’ (end sfan)
4= q" - 145" - %" =1.25"
frs = 134000 + 128 (7.25) = 93324 Psi
&= [(2149)(60) + (40 (¥3ksi)]/ [0.85(5) (3l.sx12)] = LR"
dma= 04[0LIG) +(¢.)(1axksi Y1 [7.25 - (P )] /12]

= |Oq0k-f+ >> {51.8 T D minimum reinfortement is ok

At Support At ﬂid' sfan:
Use (PES @ both ToP vuse. 48 @n" 0.C Bottr @ ead Span
jaterior & extedor Supfarts £5@ 12" 0.C botom@ (nterior span
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Appendix E: Typical Plans
«— Z

Oswego, NY

Technical Assignment 2 |




AN ‘08aMmsQ

STENNYHO OL BV INDIONS M3 ONL

ONY IN3WS3S "ONILYD &vE BALS (g1
ONLLYXO BB L3N 30 JOL N0k -0

| Z 3uswusissy 1ediuyda|

A




AN ‘08aMmsQ

N

| Z 3uswusissy 1ediuyda|

Z3Id ONLLSIX3

o




!
N

28

WTAE

1 . =
M.Iﬂ.@. .
B
= = |
i . |
(@r—= P | pon:
¥ | soom v
a s Nmn_OZ_._.w_xm,
& - ]
. g _ f
.,
@ - L.
mm @ _ENLU T T f _
ws — » ] i
. < 175 | T | |
T ._< 5 4B i s gl | |
R S | P i _
mm. | = = o | VAR , !
g H &
- -5 Fllde |
e i :
I Emr" ..... hexaim .xu— < \ f _ -
§ ] FANH f _
_‘ . _\w Al ¥ !
-3 2 , _
@wmm. o f | |
. : |
m t==C1n) - 7
5l? O : FI s | _a _E bl 7 _ |
PRl P8z if 5 [ F 52 [ i w | A
— L B 2 W
_ L n_ VMA 658 ol CON R ﬁ CR Y [ oo e f ||
P g g P S i g e SRy Py 3 SRS | P R N — Ry SRR | S [RENPERY Sy FERI [P Sy NIy WS—— [ | S U ———— Y N i —— - ——
t : H~ 1% A o ! T
_ .
L

AN ‘08aMmsQ | Z 3uswusissy 1ediuyda|

A




N

AN ‘08aMmsQ | Z 3uswusissy 1ediuyda|

T
e

|
——d
Q

I

|

|

|

L

T

|

I

L

| I —

T g

pN >y
-—
S

1
I
|
T
"
h
'
i
'
I
i
|
i
I
t
|
!
i
|
I
il
T
1
I
I
'
|
Tt
!
I
I

¥

X .01} §6A2,

I
MY
lz-g4

[
=
*
ZF

SW
s

(i)
$0S0S-T/11 OL IS VL3O

B
B
B

&

o3 o3

1 1 L e

@
8

X
l
=f
g
]

E
:

1 ! —_— < e =
_ T _ E o TN 4 ¥ E @ w&
= - - - F— = . E LS vl [
R ale| T " s Wil (2], = 1 i
(M L R T T v . O O
||||||||| { e — 1 —- e —— e — - 4 + £l
AT Hewg S N I : TR N7 I ST A T s 0 I ([
als _ I 34| g g A0 4 2 o T (| i
= cl )
i W e
| - | — 73 ¥ 4 I IR U R 1008 * .:*l | #
503 uv.._. =5 .4r &6 23 &7 | = 2 L 152 1| il
y = T illz | MK 3 P | N I I B M*E_m < |3 mi w__
R v 2 @ k|2 3 | H = & g | [ktrs03 .0
’ s _ el +;..c.“.~p EE T | m m o w.w. .mm " Mui m baﬂ.n“wl__- * *‘Mﬂ s .r._.b whw_,vuﬁ
L8 o lesT— :
_ 7 _ 8& o Pros 3 # K & E_ - 7 _,_
g @ .
| | | ilE T e * N NAE] A [y
- w 4
I ot IS ety i A J—m. u..w..,:.“ ' Ww X L I L ok W PP N /
= IF M ' !
3 I r P ,.m_ﬁ:wm_,.z;_m A *F | E Eewwl ELEE Feml _
A D E.U.." ES 1= .LI i .
8|3 | | _ -
o - w S
| m
1 e N | B | I A O R e e B b T B
¢ cl3 _
& 54 ‘ =
_ :
' -
|||||||||||| ._




o z
Qﬂl 3LON 33S AvE HEM.'I'IIJ.N‘O(‘L)

m mm M _\M:_QEX_( _m _ W
¥ 801 _M _ W
||||||||||| =T =7, AN Y N ) [ e
2 _ |
gﬁ \,A\,x i |
3 Lize.al e LR m Mv L _ .i: E
e - — —— == == \Wﬂl I r n_ i
A - * _ !
§ L = 5 i 73 SNISTE
N ! z _ f
L —
LT |_r-|u\1_ A= I 3 rt T -
of B i
2 m | 2l o s |2 | i
a3 2 !
._ * m\ _ i
__. N 7 e ; i
e e g b _
r =) 1 = ! i
izt g : : | |
H £l _ f
ek ﬁ
_ '
g I
# 3 -
| |7 ! _ _ |
h i _ : [ |
sl o K m _ __ h
. . g | _ _ _ 7
BN o 2 [ : _ ,
=2 | f
m_ “ 3 N _ _ _ ~ | [
e g _ _ L] | _
e S Zhe1313 ol 513 r13 ¢l3 @3 h3goa o3 eedlea
] _ I
' ! '
W _ |
L so | _ _
«L-01 b.—m.h_- ". L

®  © ® @ "%

AN ‘08aMmsQ | Z 3uswusissy 1ediuyda|




AN ‘08aMmsQ | Z 3uswusissy 1ediuyda|

201082

o e

R NI DN TIATY L

L]
W VIV - N d DN 13437 QuHL

o

0DIMSO

0k My

&
3
gy o I
PSEOL# 4ONS

Sa90TONHOAL ’

"ONIYIINIONT —boeemee | VR~

'IONIIOS : : I =
- NoLLIAaaY
TIvH Z31d a r .

0 3008




801L0S-Z

p—— g ot sk

2
- )
£l
3 - 7 _ ll-ﬁ
] .
" - 33
=
4
¥ ¥ P ] o3
! _ H ; éos
3 MK H3
|
| ZH3)
|
: H H - B 1 1 ¥ H ¥ E|
3 H H z z H 3 z : 3 = |
|
|
|
- ﬁ. el
H H i H x H 2 H H d N3
PSEOL# 40NS 13 13 vi3 ) 13 3 63 18383 43 293 03 ] ¥ €3 -]

S3IDOTONHOIL

7 'ONIYIINIONT
‘JON3IDS o wn Fanen, } H
- NOLLIOaY o - - o
TIVH Z31d 4 2 s £ z

AN ‘08aMmsQ | Z 3uswusissy 1ediuyda|




I | s
4G OFTh
™
Ve g8
1 | STRUCTURIL &8 LN TOL KT
I 1 I ] CLETERWELLS
1 | ’ ]
| | | 1 | |
L 1 1 1 | i | i | i I 8 L 1 i 1 | _‘l -
I I I  — I I I 3
F X !
1 = | ES
Vs dLid -— pumy 1 - ]
PRECear & —H- o o) ;]
RS MTEE TUANL =1 - 15 =
AT Wt |
N EEEAR = " L i - * : 1 -
= A a FQuETH BVRL
— i — T - — e f——
. &, 1.
= rLee - —) -
SR LR SR NTALETTD |-
CLRTEN weils & — N
= = CHEREALE 2
- — whiow RAICH W
) = I .
== 1_- s s
=i == o
& . L —{ . 1— g 4
P = d 5
A L %
- [
BRE CEAT P ML O T ——t_ -] " - :
R T o 3 L
=% "‘
[
- ~
ke
— —. = - ._SW
5 " 0z
3 i
* B
L
2 ¥
5 =
2
)
..... 5
b HETERL TSV
- L + 1 Tooer
5
¢
& ¥
S =

1. 0

NORTH ELEVATION

SO T T

z

Oswego, NY

Technical Assignment 2 |




Oswego, NY

Technical Assignment 2 |

|(n|u::.u:)

STRUCTURAL-ZEALANT-GLAZED:

CURTAIN WALLZ

7
15

PRE

>

CAST PANEL JOINT
(TYP.) SEE DETAL 62+ :
=

(oseazaan)
STRUCTURAL-CEALANT-GLAZED
ALUMINUM-ERAVED CURTAN WALLS
ENTRANCES AND
STCREFRONTS

GEEe)
PRECAST
ARCHITECTURAL
CONCRETE
— 3
AL
Al
PARTIAL WEST ELEVATION

SCALE: 1 = -0
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