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Executive Summary:

The purpose of this report is to determine through analytical methods and a comparison
of industry system information, possible alternatives to the existing floor system for
Tower 333. The existing system is a composite concrete deck supported by long span
composite steel beams and girders.

Existing System:

The existing floor system is a 2-1/2” concrete slab on a 3” deep metal composite deck
with an f’c of 4,000psi and WWF 6x6 W3.5xW3.5 reinforcing. Supporting the slab are
W18x40 composite beams which span 42° N-S in a typical bay. The beams frame into
composite girders on the interior which are typically W18x97 spanning E-W.

Alternative Systems:

When analyzing the alternative floor systems, criteria such as the overall weight of the
system, vibration control, fire proofing, ease of construction and relative cost were
considered. These alternative systems were then compared to the criteria performance of
the existing floor system.

The following are the alternative floor systems considered:
1. Existing steel beam framing with light weight concrete deck.
2. Open web steel bar joists with thinner concrete deck.
3. 2-way flat slab with drop panels
4. 2 way post tensioned slab

Conclusion:

The main idea taken into consideration in this report was to develop a system that will
allow for a core only design of Tower 333’s lateral system. This lateral system would be
utilizing the pre-existing concrete core of a previously abandoned construction project.
Therefore the biggest factor considered was overall weight of each of the systems.
Lowering the weight will decrease the seismic loads on the building, thus eliminating the
need for the moment frames on the exterior of the building and turning it into a core only
design. This slimming down of the building weight does have its consequences however
in the form of costs, less fire protection and vibration control. It is important to note that
elimination of the exterior moment frames will result in the need to carefully investigate
any torsional movements of the overall building framing. While this is out of the scope
of this particular report, it will be investigated in more detail in Technical Report 3.

The 2-way flat slab and post tensioned slab systems are ideal for controlling vibration
and perform well for fire ratings due to their large mass. However, it is because of their
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heavy weights that they are almost immediately eliminated as a good alternative
compared to the existing system. The steel bar joists on the other hand, have the
advantage of being a less expensive (structural costs) and extremely light system. The
downside to open web bar joists, especially with a thinner concrete slab is its
vulnerability to vibration, which can be a major issue to ignore when designing an office
environment. Open web bar joists were found to be the best alternative floor system to
eliminate weight, but still require adequate fire protection. In conclusion, the best viable
system that performs well under all the listed criteria is the existing composite framing
utilizing a light weight concrete deck.
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EXxisting Structural System:

Introduction:

Tower 333 is an 18 story office building with 8 levels of below ground parking. The
building is scheduled to be completed in December of 2007. The code used to design
Tower 333 was the IBC 2003 with reference to ASCE-7 02’ for load values. For this
analysis, ASCE -7 05’ was used as an update. Floor loadings used were 50psf live load,
20psf partitions, 5psf mechanical, and 5psf miscellaneous.

Existing Floor System:

The typical bay of the upper office floors of Tower 333 are supported by 42’ long
W18x40 composite beams with a camber of 1-1/2” and 30” long W18x97 composite
girders with a camber of %.”. Both have a strength of 50ksi. These members in turn
support a 2-1/2” concrete slab on a 3” deep composite metal deck with the strength of the
concrete being 4,000psi. To control expansion and contraction of the concrete there is
WWEF 6x6 W3.5xW3.5 reinforcing in the slab. The floor to floor height is 13’-10” and
the overall weight of this system is 58 psf with a framing depth of 24”. The finished floor
to finished ceiling height is 10" which allows 2-10” of plenum clearance space. This
plenum space is utilized for the mechanical equipment which incorporates a variety of
12” and 14” deep ducts to transport air to strip diffusers along the perimeter of the
building. Refer to Figure 1 for a framing plan of the existing system.
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Alternative System #1: Existing Framing with Lightweight Concrete

With the idea of lighter is better for this study and with the convenience of using the
existing framing, using lightweight concrete is a viable alternative to the existing floor
system. The drop in concrete deck weight from 50 psf to 39 psf is a considerable
advantage in weight. For 23,000sg.ft floor plates a savings of 253 kips per floor is
realized. With seventeen additional floors, over 4,300 kips of dead weight can be
eliminated. This does not account for the smaller beam and girder sizes that also result
from the lower slab weight. This loss of dead weight could have a substantial impact on
eliminating the moment frames and reaching a core only lateral system. Keeping the slab
the same thickness, and utilizing the same type of steel framing, the 2 hour fire protection
criterion remains the same as the existing system. The disadvantages to the light weight
concrete are that it will be more expensive to produce. The lighter system might also pose
a problem with vibration control. However, the cost and time savings of eliminating the
exterior moment frames from the structure could outweigh the additional cost of utilizing
lightweight concrete. In conclusion, this would be an advantageous alternative system
and should be analyzed further.

Using the Vulcraft steel roof and floor deck catalog, and the AISC Manual of Steel
Design LRFD 2005, it was determined that the new system would use a 2-1/2”
lightweight concrete slab on a 3” composite deck with a recommended WWF of 6x6-
W1.4xW1.4. Supporting the slab should be a W18x35 beam with a total of 26 shear
studs. The girders would be W18x60 with a total of 24 shear studs. Camber on both
girders and beams will be approximately the same as the original design. This alternative
is reflected in Figures 2 and 3 that follow.

Figure 2: Composite Deck with Lightweight Concrete.
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Figure 3: Existing Framing System Typical Bay

Alternative System #2: Open Web Steel Joists with 2-1/2”” Deck

If weight is used as the overall controlling concern, then open web steel joists would be a
good alternative floor system. Their extremely light weight construction would reduce the
deadweight even further than the light weight concrete of alternative system #1. Having a
total dead weight of 35 psf, including the 2-1/2” concrete slab, with the joists spaced at
24” on center, the open web joists are the lightest of all five systems. This would likely
provide the best chance at achieving a core only lateral system.

Open web joists are also very economical to construct especially considering that the 2-
1/2” slab eliminates 3” worth of concrete over the whole floor. However, with the 42’
spans and their light weight construction, the ease at which this system will resist
vibration is going to be a big disadvantage. Another disadvantage is the fact that this
system will be over 24” deep, including the slab, joists and girders. This deep system will
leave the mechanical system, including distribution ducts and equipment with very little
room, which might force the finished floor to ceiling height to drop below the 10’. This
change in architecture of the building might not be beneficial for the building especially
considering that the 10’ floor to ceiling heights, in conjunction with high windows, have
an impact on the building’s LEED rating regarding daylight penetration. The
complications of fireproofing open web joists also pose a disadvantageous issue. Thus it
can be determined that due to floor vibrations and a deeper floor depth that this system is
not going to be an advantage over the existing system.
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Using the Vulcraft steel roof and floor deck catalog, the New Columbia Joist Company
catalog and the AISC LRFD 05’ manual, the joist system designed is a 2-1/2” normal
weight concrete slab on a 9/16” non-composite deck, with 24K9 joists spanning 42’ at
24” on center. The girders supporting the joists were determined to be W24x76 non
composite. It is worthy to note that if sacrificing weight in the girder is not an issue; a
shallower W-shape can be achieved with a W21x83, W18x86 or a W16x100.

Figures 4 and 5 that follow provide additional detail on the open web joist alternative for
Tower 333.

Figure 4: 24K9 Open Web Bar Joists with 2-1/2” Concrete Deck
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Figure 5: Typical Bay for Open Web Bar Joists

Parfitt — Tower 333
Page 9 of 27



Alternative System #3: 2-Way Flat Slab with Drop Panels

Despite Tower 333 being a steel framed building, one alternative would be to consider
concrete framing. A 2-way flat slab might be an efficient floor system. However, with the
typical bay of the existing structure being 30°x42’, additional columns would have to be
added to achieve a smaller bay size for economy reasons. A square bay size would be the
most advantageous alternative. This adding of columns could pose two problems. One
being that the addition of columns into the middle of the floor eliminates rentable floor
space as well as the open plan design. The second problem is that these columns will add
additional cost and require a retrofit of the existing foundations.

One advantage to a flat slab is its ease of constructability. With the exception to the drop
panels, very little formwork is needed. This allows these systems to be built efficiently
and at low cost. This 2-way slab design for Tower 333 results in the slab having a depth
of 10.5” and drop panels 9” deep. Therefore the overall depth of the floor system is less
than 24”. This decrease in floor depth allows the mechanical equipment more room in the
plenum space while still maintaining the 10” high floors the architect has specified.

The main disadvantage to this system is its weight. The dead weight of this system with
30°x30’ bays is approximately 150psf which is more than double the previous two
systems. For 20°x20’ bays the dead weight is 116psf. With typical bays in Tower 333
being 20°x30” we can then reason that the dead weight of the system would be
somewhere between 116psf and 150psf. This increase in dead weight, along with the
building located in a seismic zone and being 260ft high will immediately eliminate any
possibility of using the existing core as a core only lateral system. Therefore system #3
has been eliminated from the list of viable alternative floor systems.

Using the CRSI 2002 design guide it was determined that for a 30°x30” square edge panel

the slab thickness would need to be 10.5”. A preliminary analysis and design of the slab
is listed below:

30°x30” Square Edge Bay

Reinforcing: Size of Drop Panel:
Col. Strip Mid Strip 9" deep
Top.
Ext. 14#5 e 10' wide
Bottom 13 #8 11 #7 Min. Sg. Column Size: 16"
Top. Int. 18 #6 14 #5 Conc. Weight: 150psf
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The design of a 20°x20’ square edge panel would require a minimum slab thickness of

9”.

Top.
Ext.
Bottom
Top. Int.

20°x20’ Square Edge Bay

Reinforcing: Size of Drop Panel:
Col. Strip Mid Strip 2.5" deep
10 #4 6.67' wide
12 #4 10 #4 Min. Sq. Column Size: 14"
19 #4 10 #4 Conc. Weight: 116psf

Figures 6 and 7 that follow show the general design layout for this alternative system.

Figure 6: 2-Way Flat Slab with Drop Panels
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Figure 7: Typical Bay of 2-Way Flat Slab

Parfitt — Tower 333
Page 11 of 27



Alternative System #4: 2-Way Post-Tensioned Slab

The 2-way post-tensioned slab alternative floor system is similar to the 2-way flat slab
except for the fact that it does not need extra columns to create smaller bay sizes. Due to
the post tensioning tendons, the slab is capable of spanning Tower 333’s full bay spans of
30’ and 42’. This advantage allows the retention of column free space for an open floor
plan, which in turn means more rentable space and a higher quality space from a real
estate perspective Another advantage is the depth of the slab. The overall floor depth,
including the drop heads which were determined to be at least 7.5” deep, is 19”. This
leaves the mechanical equipment with over 2’ of usable space.

One of the disadvantages to the 2-way post tensioned slab is the laying of the post-
tensioned tendons. The laying of the tendons is a complicated process, which leaves little
room for error. The large dead weight of the post-tensioned system is another negative
factor in this system.

A calculated slab depth of 11.5”, not counting the drop heads, results in the post-
tensioned floor system weighing almost 150psf. This is more than double the weight of
alternate systems #1 and #2. Also, given the long span of 42’ which is slightly greater
than the PTI recommended max span of 40’ likely could result in the use of higher
strength concrete and larger numbers of high strength tendons. Along with the heavy slab
and long spans is the need for large drop heads to minimize deflection and conventional
stresses. In summary, it was concluded that due to the large dead weight of the 2-way
post tensioned slab which would generate additional seismic loads and the long span
condition, that this alternate system would not fit the requirements for pursuing a core
only lateral system.

Following the PTI design guide for post tensioned slabs and the Atlas Prestressing Corp.
design workbook provided by Dr. Boothby for use in preliminary design, the resulting 2-
way post tensioned slab was 11.5” deep with 20” square columns, 23 - %" dia. tendons
running in the 30’ span and 44, %" dia. tendons running in the 42’ span. The heavy slab
resulted in the need for drop heads of a minimum thickness of 7.5” primarily to
accommodate punching shear. Had this system proven to be a viable alternative, further
analysis would be performed to determine the width of the drop heads and the reinforcing
needed in the slab. The tendon layout and resulting forces used for the design for the
shorter span direction is shown in Figure 8.
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Figure 8: Draping Diagram with Tendon Forces

Summary and Conclusions:

Alternative System Comparison:

1104

The results of the alternative floor system analysis and preliminary design for Tower 333
are shown in the comparison chart that follows (Figure 9).

Open Web Joists | Lightweight Concrete | 2Way Flat Slab | 2-Way Post-Tensioned |Normal Weight Concrete
4 Steel Beams Slah 4 Steel Beams
YWeight Japsf 39psf 116-150psf 144psf A0psf
Max Depth]  26.5 inches 23.7 inches 19.5 inches 19 inches 237 inches
Column Free Floar Plate? YES YES MO YES MO
Yibration YES MO NO MO MO
Additional Fire Proofing YES YES MO MO YES
Constructability Easy Medium Easy Wedium Wedium
Relative Cost High Mediurm Lowe Low Medium
Alternative to Existing? MO YES MO MO Existing System
Figure 9

Alternative System Comparison Chart
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All four systems analyzed in this report would in fact work for Tower 333 given the right
circumstances and requirements. The main criterion which resulted in the largest effect
was the weight of each system. The eventual goal is to achieve a core only lateral system.
This would be achieved by utilizing the existing core and foundation system previously
abandoned by a different owner of the site due to financial issues. The existing system of
composite W shapes, and concrete on composite metal deck already requires the use of
moment frames on the exterior of the building in conjunction with the existing core
system. Thus, any system that produces substantially higher dead weights was
immediately recognized as at a disadvantage and quickly eliminated from the list of
viable alternatives.

The 2-way flat slab does have the advantage of thinner floors and ease of constructability
with no need for additional fire protection. However the addition of columns to create
smaller bays creates the need for retrofitting the foundation as well as eliminating the
open-plan floor plate. This in addition to the heavy weight of the 2-way flat slab
eliminates it as an option.

The 2-way post tensioned slab also has the advantage of thinner floors and no additional
fireproofing. The post tensioning system would allow column free floor plates and make
the system ideal were it not for the increased weight and unusual long span. Thus due to
the heavy weight and the 42’ span being slightly larger than the PTI recommendation, the
2-way post tensioned slab is also eliminated.

One alternative system that is extremely light is the open web joist system. The
substantial decrease in dead weight of the system makes the open web joists ideal for the
goal of turning Tower 333’s lateral system into a core only system. However, due to the
decreased weight, the open web joists are susceptible to vibration. The thin 2.5” deck,
light weight joists and 42’ long span drastically limit the amount of vibration the floor
system will resist. Along with resistance to vibration is the disadvantage of fireproofing.
Spray on fireproofing for open web joists is not only costly but difficult to do. The depth
of the open web steel joists is also a factor. At over 24”deep the joists are pushing the
limits of how much space the mechanical equipment will have. With these factors in
mind, the open web joists are then scratched from the list of alternative floor systems.

The only alternative floor system that fits the criteria of lighter weight, resistance to fire
and vibration, economical and minimum floor depth is the existing framing system with a
lightweight concrete deck. By leaving the deck the same depth, a 2 hour fire rating is
maintained while also resisting floor vibrations. Utilizing the same steel framing, with the
exception of lighter W shapes, no additional costs to fireproofing the steel is needed. By
using lightweight concrete on the composite deck, the dead loads are greatly reduced.
These advantages lead to the lightweight concrete deck as the best possibility of a core
only lateral system while still maintaining the functionality of the original existing
system.
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Appendix:

Calculations and Design Charts
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