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It is the intent of this report to analyze alternative floor system
designs and determine whether or not they are sensible
alternatives to the current open-web steel joist system.

Current Floor System N
The current floor system consists of a 2” concrete slab on N R
metal deck diaphragm spanning across 14K6 open-web steel TERNTS
joists, which in turn span 26 between W12 steel beams. ?;t'. _

’%ly

Alternative Systems J ml. ‘
The following alternative floor systems were compared to ;
one another and to the original system based on a number of SRS
different criteria. These criteria are system weight (PSF), 2= gy d
overall depth, potential for vibration problems, fire EII- :
protection, constructability, and the cost of materials and - ﬁlﬂ
installation. ? - It

% Bm
1. Concrete Continuous Span Joists :
2. Concrete Flat Plate
3. Concrete Flat Slab with Drop Panels
4. Lightweight Precast Concrete Double-Tees
5. Composite Deck and Composite Steel Beams

Conclusions
When investigating the alternative floor systems I realized that the concrete systems
have an inherent resistance to fire which is a benefit during construction because
spray-on fire proofing is not needed for these types of floors. The greater weight of
the concrete systems is a benefit when considering induced vibrations, but it requires
a more substantial foundation to support the increased dead loads. The precast and
composite steel system provide a decrease in labor costs because the pieces are easily
assembled and there is little to no formwork needed on site, unlike the cast-in-place
systems which are heavily reliant on formwork. In the end two systems were
eliminated from the list of viable alternatives: the concrete joist system because it was
very costly to install and the flat slab with drop panels because it did not provide any
significant advantages over the flat plate system. The remaining systems would
require further investigation to determine the final candidate for an alternative floor
system.
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Introduction
Erie on the Park is a 25 story condominium complex that was erected in 2002 under
the Chicago Building Code. This code references the American National Standards
Institute’s minimum design loads for buildings and other structures. This code
assigns a live load of 40 psr to the dwelling units and the corridors serving these units
along with a 15 psF load for partitions. Superimposed dead load the engineer used
was 13 psF for the units and the corridors serving the units. This includes 10 psr for
ceiling and mechanical systems and 3 psF for the finished floors. These loads will be
used in the following analysis of alternative floor systems for the residential floors of
this building.

Existing Floor System

The existing floor system, of the residential floors, is an open-web steel joist system.
In this system 14K6 open-web steel joists span 26° between W12x87 steel beams.
The beams, in turn, span 26’-4” between columns. A 0.6C26 non-composite steel
deck spans the joists and supports 2” of normal weight concrete with 6x6—
W1.4xW1.4 welded wire fabric. The overall depth of the floor system omitting the
finished floor and ceiling systems is 16”. This is only increased by a couple of inches
when the floor and ceiling are included because the open-web joists allow the
ventilation ducts to weave between the bars of the trusses instead of hanging below
the joists.
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Figure 1: Typical Floor Plan with typical bay highlighted
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Alt. 1: Concrete Joists
The continuous concrete joist system is the concrete counterpart to the steel joist
system. Unlike the steel joist system this system has inherent fire proofing qualities,
and does not require spray-on fire proofing. This system weighs much more than the
building’s current open-web steel joist system, 85 psr compared to 30 psr. This
additional weight affects the size of the columns and ultimately the size of the
foundation. The added diaphragm weight also alters the seismic design of this
building. The increase in weight could help the floor system, too, by greatly
decreasing the chances of floor vibrations. The overall depth of this system is 18.5”,
and there is room in between the joist ribs for the MEP systems to run their conduit
and ducts. These would have to be bent around the girders to go from one bay to
another which would increase the necessary ceiling to floor distance. This system
requires more time and labor during construction in the way of forming the joists and
waiting for the concrete to cure enough to remove the forms and support its own

weight.
/ AAE OF KERA
- . 4 3 Clhomn ¢ q l/d . N .4
El “ “
STEM BOTTOM REBAR aiRveER
Figure 2: Cross-Section of a Concrete Continuous Joist System
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Figure 3: Continuous Concrete Joist Plan

Using the CRSI 2002 Design Guide to find a concrete joist system | determined that
40” skip joist system with 8” ribs was an efficient system for this bay size. The depth
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of this floor system is 18.5”, which includes a 4.5 slab and 14” deep ribs. The girder
required for this system is 26” wide and the same depth as the joist ribs.

Alt. 2: Concrete Flat Plate

The flat plate design is an alternative the open-web steel joist system for a number of
reasons. The bay dimensions are relatively square which lends itself to a two-way
concrete system such as the flat plate. There are many attributes of this concrete
system that would benefit this building. For instance, this system provides a fire
proofing barrier with a very high rating between the floors, thus there is no need for
spray on fire proofing and the associated labor. This is a heavy floor system,
typically greater than 100 psF, therefore there will not be any walking vibration
issues. The flip side, though, is that the foundation would have to be increased
greatly to accommodate the extra dead load of the floors. The lateral systems would
also have to be strengthened due to the increased seismic loads attributed to the
heavier floor system. This is a thin system, with an overall depth of 97, which allows
room for mechanical, electrical, and plumbing within the ceiling cavity. During
construction, this is an easy system to form and the forms could be reused from floor
to floor.

Figure 5: Flat Slab Plan

This system was sized from tables in the 2002 CRSI handbook and it was found that a
9” flat slab with 31” x 31” columns worked for this bay size. It would be
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advantageous to later check if using post-tensioning this system could reduce the
column sizes and the thickness of the slab.

Alt. 3: Concrete Flat Slab with Drop Panels

A concrete flat slab with drop panels is a possible alternative to the steel joist floor
system because the typical bays are square (26’ x 26’). This system provides inherent
fire proofing between each of the residential floors. The inherent weight of this
system nullifies any concerns pertaining to walking vibrations. This added weight
raises concerns related to the foundation as well as the lateral system, though. The
lateral system would have to be re-evaluated for the seismic loads because of the
increase in the weight of the floor diaphragms and the foundation would have to be
strengthened to account for the additional weight. This system allows for room in the
ceiling cavity for the mechanical, electrical, and plumbing systems without
dramatically increasing the overall height of the building. This system provides a
challenge during construction because of the formwork for the drop panels, but it is
possible to reuse the formwork due to the similarity of each of the floors.
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Figure 6: Cross-Section of Flat Slab with drop panels
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Figure 7: Flat Slab Plan

This system was sized using the CRSI handbook. The system that best fit the bay
size was a 9” thick slab with 7” drop panels that are 8’-8” square. The columns are
significantly smaller than the flat plate system at 15” x 15”.
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Alt. 4: Precast Concrete

A precast concrete system would be another concrete alternative to the steel joist
system. This system would have many of the same advantages as the other concrete
systems: inherent fire proofing, greater weight alleviates vibration concerns, and it
provides a ceiling cavity for the MEP systems. Like the other concrete systems, this
system is heavier and would require a redesign of the columns, foundation, and a
second look at the lateral system under seismic loadings. This system is more like
steel during construction in that it requires more crane time to lift the pieces into
place and the erection time is usually shorter. Also like steel, though, precast pieces
are a long lead item and you would have to order them earlier in the design process.
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Figure 9: Precast Double-Tee Plan

Looking at the PCI Design Handbook it was determined that a 12” double-tee with a
2” topping layer is adequate for this bay size. This double-tee is made of lightweight
concrete to save on overall weight of the system. Precast, inverted tee beams with a
depth of 20 support the double-tees.

Alt. 5: Composite Steel Beams
Steel beams are an alternative to the open-web steel joists. Using composite beams
and decks reduces the overall depth of the floor system because you are able to use
lighter beams and girders. This allows for space in the ceiling cavity for mechanical
equipment and ducts. Since it is a lighter system there is the possibility of having
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issues with vibration. Spray-on fire proofing would have to be applied since the steel
is exposed below the concrete slab. Though this system is lighter than a concrete
system it is still heavier then the joist system, thus the columns, foundation and lateral
systems would have to be reevaluated under the larger load. This system is relatively
easy to construct and the metal deck provides a temporary staging area. What is
going to be very labor intensive is welding the shear studs to the beams.

I |

Figure 10: (Left) Section through Beam. (Right) Section through Girder

- -
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Figure 11: Composite Slab/Beam Plan

These bays were designed with two beams 8’-8” o.c. per bay. To support a 1.5”
metal deck with 4” of normal weight and the superimposed loads a W10x15 with 18
shear studs along its length was utilized. Two of these W10 beams frame into a
W14x30 girder with 44 shear studs along its length. All the connections in this
system were assumed pinned.
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Steel Concrete Precast Composite
Joists | Joists | F1@tPIate | FlatSIab i po i tees| steel Beams
\Weight (psf) 30 85 112.5 123 54 40
Depth (in) 16 18.5 9 9 +7 14 14
‘Vibration Maybe Mo Mo No No Maybe
Column Size W14 20x20 31x31 15x15 20x20 W14
Constructability] Easy Hard Medium MT_?:;ST i Easy Medium
Long Lead Y M M N Y Y
Formwork M Y Y Y M N
Fire Rating (hr) 1.5-2 >2 >2 >2 1.5-2 1-2
Cost (USD)
Materials} 7.85 6.85 5.20 5.80 6.35 8.65
Installation] 4.28 9.40 7.05 7.50 1.30 449
Totall] 12.13 16.25 12.25 13.30 765 13.14
Viable . XX Mo Yes Mo Yes Yes
Alternative

All of these systems are possible alternatives to the current open-web steel joist floor
system, but some of them are more efficient than others and thus better alternatives. The
concrete joist system, | believe, could be ruled out as a viable alternative. This system is
much more efficient when the bays have a higher aspect ratio (>2:1). It is also a heavy
system that would require a redesign of the foundation, and the labor/installation costs are
the highest of all the systems. The flat plate system is still a viable alternative because it
is a relatively easy floor system to form, thus reducing the cost of labor, and it is very
efficient for square bays. It is a heavy system, which would reduce the possibility of
vibration issues, but this also requires a more substantial foundation. Introducing post-
tensioning to this system would be advantageous because it would decrease the weight of
the system. The flat slab system is also very efficient when used with square bays, but it
is @ more difficult system to construct and form and it is ultimately heavier than the flat
plate system and that is why it is no longer a viable alternative. Light weight concrete
double-tees are a viable alternative because they are incredibility inexpensive and easy to
install. They are also lighter than any of the other concrete alternatives which means the
foundation would not have to be increased as much as with the other systems. Lastly, the
composite steel system is a viable alternative because it is the lightest system next to the
open-web steel joists and it is relatively easy to install.
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APPcndix

Al: References

CRSI Handbook, 2002

Manual of Steel Construction LRFD, Third Edition, 2002
PCI Design Handbook, Edition 5, 1999

RS Means Assemblies Cost, 2005

Underwriters Laboratories Fire Resistance — VVolume 1, 2001
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