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Technical Report 2: Pro-Con Structural Study of Alternate Floor Systems
SMILOW CANCER CENTER — YALE-NEW HAVEN HOSPITAL
20 York Street, New Haven, Connecticut

EXECUTIVE SUMMARY

After studying each of the three alternatives to the existing floor system of Smilow Cancer Center, it is
evident that there are some viable options to be considered further, while some systems would simply
not work for this type of building. All of the alternate systems investigated for Tech Report 2 were found
to be capable in terms of strength issues; problems in serviceability were what determined which
systems warranted further study. The most obvious instance of this is the girder-slab floor system.
Although the system could be designed to maintain the bay size of 30'x28’, the high cost of the D-Beams
involved would make the system inefficient. Furthermore, the floor depth and therefore story heights
would be relatively high, which would drive the costs of finishes, curtain walls, etc. As shown in the
calculations, the bay size was reduced to 30’x14’ to remedy the problem of deep beams. The issue with
this solution is the subsequent re-organizing of the spaces due to the additional columns put in place—a
rather messy process as any architect would testify.

Despite the elimination of the girder-slab system as a viable alternative, there are still two other systems
left in the running. Both the flat plate and post-tensioned systems were found to be feasible options for
changing the structural floor system of Smilow Cancer Center. Each system’s design was able to maintain
the original bay size and configuration while keeping the floors to a reasonable depth (8” — 10”
compared to the existing 25” — 30”). Of course, that 10” depth is relatively uniform throughout the plan,
while the 24” deep girders are located only along the girder grid. Nonetheless, further investigation of
these two floor systems is justified and would include comparative costs, availability in the region,
construction methods, etc.

In summary, Tech Report 2 was a preliminary investigation of an alternate overall structural system for

Smilow Cancer Hospital. Subsequent reports and proposals would use the information and data gathered
in this report to support future designs for an alternate structure.
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INTRODUCTION

The Pro-con Structural Study of Alternate Floor Systems Report (Tech Report 2) is an analysis/design and
discussion of the existing floor system of Smilow Cancer Center as well as three possible alternate
systems. The composite slab on metal deck and steel framing system in the current design is analyzed
for strength (i.e. bending, shear) and serviceability/practicality (i.e. deflection, vibration, fire rating, etc.).
In addition, three other floor systems are designed and analyzed for the criteria mentioned previously.
The pros and cons of each floor system are then weighed against each other to get an idea of which
would be a viable option in considering an alternate overall structural system for future
reports/proposals.

BACKGROUND INFORMATION: Overall Structural System

The existing structural system of Smilow Cancer Center consists of a concrete slab on metal deck floor
system supported on a steel framing system (moment, lateral braced, and regular gravity frames) and
four reinforced concrete (RC) shear walls. On the first level, concrete beams of varying sizes run along
three edges of the building. The floor slab and steel beams act in composite action with each other,
while the moment frames and shear walls share the lateral load. The whole structure rests on a 4-foot
thick mat slab foundation (the slab is 8 feet thick at shear wall locations). A relatively simple structure,
the footprint of the building through the first five levels is almost square (210 ft x 176 ft). At the
beginning of the seventh floor, however, the northeast “corner” of the building ends in a rooftop garden,
and the rest of the building rises to the roof as an L-shape.

Normal weight concrete is used for the shear walls and the foundation, while lightweight concrete is
used for the floor slabs. Concrete strength ranges from 3000 psi to 8000 psi depending on the location
and use. All reinforcement is A615 Grade 60 steel. A range of steel W-shapes are used for the framing
system, but all are of the standard A992 grade steel (F, = 50 ksi). Additionally, Hollow Structural Shapes
(HSS) conform to ASTM A500 Grade B, while all other steel shapes (i.e. plates, channels, etc.) conform to
ASTM A36 (F, = 36 ksi).

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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EXISTING FLOOR SYSTEM: Composite Slab on Metal Deck + Steel Framing
-refer to Al through A6 of the Appendix for existing floor system analysis-

As mentioned in Tech Report 1, the typical floor slab for Smilow Cancer Center is a 4-1/2” thick
lightweight concrete slab on a 3” deep, galvanized, 18 gage composite steel floor deck with a 3 span
minimum. Reinforcement consists of one layer of 6 x 6 — D4 x D4 welded bar mesh and top reinforcing
bars. The slab is supported on steel framing and concrete shear walls at some locations. As per ASCE 05,
the floor slabs are considered as rigid diaphragms when taking into account lateral loads.

The bay analyzed for this report (shown in Figure 1) is a 30 ft x 28 ft interior bay located on the fourth
floor of the hospital. This bay has wide flange columns at the corners, W24x55 girders along three edges,
and three W18x35 beams—two within the bay and one on the fourth edge. Pages A1-A6 of the Appendix
shows the calculations for strength and serviceability of the existing floor system. As determined in Tech
Report 1 and again here, the existing member sizes (i.e. slab thickness, beam and girder sizes) are more
than adequate to support the gravity loads on the structure. The only criterion not met by the floor
system is the deflection on the supporting W24 girder. Of course, the girder was treated as a stand-alone
beam when calculating deflections; composite action was not considered in the calculations.

In terms of other serviceability issues, the composite slab on metal deck system seems a sensible option
seeing as it is the system chosen by the building’s designers. According to the Fire Resistance Directory
published by Underwriters Laboratories (UL), the 4-1/2” slab exceeds the minimum thickness of 3-1/4”
to achieve a 2-hour fire rating without having to spray the metal deck. The extra thickness may be due to
a higher fire rating requirement or other factors that might control.
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Figure 1: Typical Interior Bay on Fourth Floor
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ALTERNATE FLOOR SYSTEM DESIGN 1: Girder-Slab System
-refer to A7 through A9 of the Appendix for girder-slab design/calculations-

The first alternate floor system examined by this report is the relatively recent girder-slab floor system.
Though most commonly used for mid- to high-rise residential buildings, the girder-slab system could be
ideal because of its efficient use of both structural steel and precast concrete hollow core planks. The
system consists of a D-Beam (dissymmetric beam) girder with hollow core planks abutting either side of
it. The cores of the plank are then filled with grout to bond the planks to the girder (see Figure 2).
Practical advantages of this system include a faster, more efficient method of construction, since the
precast floor planks are assembled, not cast, in place. Hence, construction can take place in all sorts of
weather conditions; it also allows for faster access for other trades to begin their work.

For help in designing a girder-slab floor system, Girder-Slab Technologies, LLC offers the Design Guide
v1.4. This guide is available on the company’s website (www.girder-slab.com) and was referenced
extensively in the design of the alternate floor system for Smilow Cancer Center. As can be seen in the
calculations in the Appendix, the major drawback of converting to a girder-slab floor system is the
relatively short span lengths of D-Beams. As such, the bay size would have to be decreased to 30’ x 14’ to
avoid beam depths of 24 or even 30 inches. Taller floor heights would mean more curtain wall area and
higher costs. On the other hand, decreasing the bay size would increase the number of columns and
amount of space taken up within the building. It is because of this compromise that the girder-slab
would not be a very viable option for an alternate floor system.
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Figdre 2: A cross-section of a D-Beam with part of the hollow core plénk§ still attached
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ALTERNATE FLOOR SYSTEM DESIGN 2: Reinforced Concrete Two-way Flat Plate
-refer to A10 through A15 of the Appendix for flat plate design/calculations-

Another alternate floor system considered by Tech Report 2 is the reinforced concrete (RC) two-way flat
plate supported on 24”x24"” concrete columns. Because of its relatively long span capacities and open
ceilings (no beams, drop panels, or column capitals), this system would be well-suited for a hospital with
its many MEP equipment and fixtures running along the ceiling cavities. And because of concrete’s
inherent proficiency in fire protection, a 10-1/2” thick slab, such as the one determined in the
calculations, would easily achieve a 2-hour fire rating. Although the slab may seem relatively thick, it is
still significantly thinner than the 30+ inch deep girder-deck-slab combination of the original floor
system.

Going through the design steps outlined in ACI 318-05 shows that punching shear is the controlling
factor, increasing the slab thickness from the assumed 8 inches to 10-1/2 inches. Also, the increased
thickness meets the minimum requirement of Table 9.5c of the ACI Code; therefore, no deflection
calculations are required. The final design for the two-way flat plate is illustrated in page A15 of the
Appendix.

ALTERNATE FLOOR SYSTEM DESIGN 3: Two-way Post-tensioned Floor Slab
-refer to A16 through A21 of Appendix for post-tensioned slab design/calculations-

The third and final alternative to the composite slab and metal deck floor system of Smilow Cancer
Center is a two-way post-tensioned (PT) floor slab supported on 24”x24” concrete columns. This type of
system makes use of as much of the concrete as possible by eliminating most portions in tension. In this
way, slabs do not have to be as thick as conventional reinforced concrete. This offsets the cost of the
post-tensioning strands and also reduces the overall weight of the building. Similar to the flat plate floor
system, a PT slab can easily achieve a 2-hour fire rating with an adequate slab thickness. But despite the
advantages over conventional flat slabs/plates, PT construction does have its drawbacks. For one thing,
the system is relatively expensive. Also, on-site construction has a higher risk when post-tensioning is
involved: the PT cables are under a great deal of tension and can be very volatile if snapping should
occur.

For the preliminary design of a PT floor slab for Smilow Cancer Center, this report uses the design
methods presented in ACI 318-05 and IBC 2003. First, a trial slab thickness of 8 inches was determined
using a limit on the ratio of span length to slab thickness. Then, by calculating loads/stresses and
checking the configuration of the PT strand within the slab itself, it was determined that one strand per
foot (approx.) of slab width would be adequate. The final design (for this report) of the PT floor slab is
illustrated in page A21 of the Appendix.

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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SUMMARY: Comparison Table

The following table summarizes basic information and key features of each type of alternate floor system
plus the existing system. Note that weights were calculated using dead loads calculated in each system'’s
design/analysis.

FLOOR SYSTEM TYPE FLOOR WEIGHT 2-HOUR RELATIVE FURTHER
DEPTH FIRE RATING COST STUDY

Existing Composite Slab ~30” 93 psf Yes Moderate Existing

and Metal Deck

Girder-Slab 9” 85 psf Yes Low Not Justified

RC Two-way Flat Plate 10.5” ~125 psf Yes Low Justified

Two-way PT Slab 8” 100 psf Yes High Justified

http://www.engr.psu.edu/ae/thesis/portfolios/2009/don5000
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