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Executive Summary

Wellington at Hershey’s Mill is a retirement community located in West Chester, Pennsylvania.
Consisting of 370,000 square feet and a total of 5 stories, Wellington offers 197 independent
living apartments on the top three levels, a garage level directly below them, and a section with a
lobby and offices for businesses within the building.

Technical report two is a comparison of the current floor system with the alternate systems that
will be introduced and examined. At the conclusion of this report, it will be clear what options
are viable as an alternate floor system for Wellington and which are not.

The existing floor system consists of a non-composite steel beam and concrete slab system for
the lobby level and first level and a wood joist floor system bearing on wood framed walls for
the second and third levels. The alternate systems being considered are:

• Pre-cast hollowcore plank system
• Wood Joist system
• One-way concrete joist construction (CRSI)
• Light-gauge steel system

The layouts of the systems were similar to the existing one due to the intended use of each level.
Since the layouts are different between the first level and second and third levels, the same
section on both the first and second levels will be evaluated for the alternate systems.

The systems were evaluated for cost, depth of the system, susceptibility to vibrations,
fireproofing, and weight. The light-gauge steel system was determined to be the most efficient
in cost, weight, and depth. The wood joist and hollowcore plank systems were not ruled out as
possibilities but are not superior to the light-gauge system. The one-way concrete joist system
was determined to not be an advantageous solution due to cost and construction time issues.
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Existing Floor System

Wellington at Hershey’s Mill is a 370,000 square foot retirement community in West Chester,
Pennsylvania. Wellington includes 3 levels of independent living apartments, a garage level
below the residential levels with a lobby alongside it, and a lower level containing the offices of
doctors and other businesses for Wellington directly below the lobby.

Wellington has an existing system that combines a non-composite steel beam and concrete slab
system on the lobby and first levels with a wood joist floor system bearing on wood framed walls
on the second and third levels. There is a garage under the residential levels, which makes the
first level framing different from the second and third levels. Because of this difference, a full
section of the building will be evaluated instead of one typical bay. This evaluation will be of
the first floor layout and the second and third floors’ layout.

The following figures show the chosen section with the current floor system.

Figure 1
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Figure 2

For the alternate systems, the layout will be the same as the existing system. It is important to
remember the intended use of the floors when designing the structure. The first level framing
has to be designed around the space needed for the maneuvering of cars in the garage. The
center bay is 18’ wide in the existing system and will remain at this dimension for the alternate
systems. For the second and third levels, the existing system has bearing walls separating the
apartments and the corridor. In order to keep structural elements from disturbing the apartment
layout, the same spacing will be used in the alternate systems again keeping the supporting
members on either side of the corridor.

Many systems were considered but eliminated due to the restrictions mentioned above. The
range of alternate system is limited due to this, but still shows a variety of options for Wellington.

Floor Loads

Assumed Dead Loads: MEP = 10 psf
Carpet = 1 psf
Ceiling = 1 psf
Total = 12 psf

Live Loads: Private rooms & the corridors serving them: 40 psf

Alternate System #1 – Pre-cast hollowcore plank system

This system was designed using the Nitterhouse Concrete Products Manual. The 8”-4’ Spandeck
– U.L. – J952 with 2” topping was chosen for this system. Using a span of 12’ in the load table
and a 4-1/2”ø strand pattern, it was determined that this plank was more than sufficient to carry
the superimposed loads. This system will be bearing on masonry walls which were designed
using an empirical design procedure.
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Figure A (1)

Pre-cast hollowcore planks are an excellent alternative for many reasons. Construction time is
lessened because the planks are pre-cast and ready for quick installation in any type of weather.
Cost is less of an issue when compared to a full concrete slab of the same depth because less
concrete is used, which in turn provides a lighter weight floor system. On the second and third
levels, the depth is only 10” total, which provides a higher ceiling. Other benefits are that no
extra fireproofing is required, vibrations are reduced, and the planks are durable.

Alternate System #2 – Wood Joist Floor System

The wood joist floor system was designed using the TrusJoist TJI® 110, 210, 230, 360 & 560
Joists Beam, Header, and Column Specifier's Guides. The first floor will have wood columns as
interior supports instead of interior masonry bearing walls. The second and third floors have the
wood joists spanning from bearing wall to bearing wall. The wood columns were designed to be
7”x7” 1.8E Parallam PSL and the floor girder beams 5 ¼”x20” Microllam LVL. The joists were
calculated to be 11 7/8” TJI 560 joists at 16” o.c. bearing on 10” ungrouted, unreinforced CMU.
The joists for the second and third floors were designed to be 14” TJI 560 joists at 12” o.c.
bearing on 10” ungrouted, unreinforced CMU.

Figure A (2)
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This system is an appropriate arrangement for the intended use of the building. The floors are
lightweight and allow for faster installation because their components are premanufactured.
Since wood is a combustible material and the joists are not manufactured to withstand fire,
fireproofing is required by code. A negative aspect of this system is the limited sound proofing
the wood provides in the floor. Vibrations can also be a disadvantage because of the flexible
quality of wood. The system is also deeper than the other systems.

Alternate System #3 – One-way concrete Joist construction

A one-way concrete joist system consists of a monolithically cast-in-place slab, joist, and girder
combination. The joists are evenly spaced spanning in one direction with a thin concrete slab
over top. This system is also known as a concrete pan floor system and involves pan forms that
are removed after the concrete is cured and finished.

The CRSI Design Handbook 2002 was used for the design of this system. 30” pans with a 12”
rib depth and 3” top slab were selected. For a clear span of 22’, a 5” rib at 35” c.c. was found to
be sufficient. The system self weight is 63 psf. Deflection calculations were not necessary
because the system thickness was greater than ln/18.5 for the end span and greater than ln/21 for
the interior span. The girders were designed using the width calculated for the girder with the
longest span and then used for the other girders to maintain a recurring system. The width of the
girders was found to be 22” with a depth of 15” to equal the joist depth.

Figure A (3)

Figure B (4)
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A repetitive structure and no requirement of additional fireproofing are advantages for the one-
way joist system. However, cast-in-place construction often costs more in time and money and
is a heavier structure altogether. This system will also require the re-design of the foundations
because of the overall weight.

Alternate System #4 – Light-Gauge Steel system

The light-gauge steel system was designed using the Marino Lightweight Steel Framing
Catalogue. The first level has exterior 10” CMU bearing walls; ungrouted and unreinforced.
The joists chosen are Marino’s 12J14 joists at 16” o.c. The columns were spaced at 11’-4”, half
the original spacing, because the headers could just support the load at the original spacing. The
headers were designed to be the 16SW12. The second and third floors have 14JE10 joists @ 24”
o.c. over the apartments and 6SW18 joists @ 24” o.c. in the corridor. The joists rest on metal
stud bearing walls designed to have 3-5/8” studs @ 16” o.c.

Figure A (4)

For the parts of the building that include a jutted-out section (see Figure B (4) below), a header
was placed to break up the span of the joists. Because the headers do not take the applied loads
at the full span, a column was placed at the midspan as well as one foot away from the exterior
wall. The placement of the columns one foot distance from the wall was necessary to decrease
the header span to 14’ so it was able to take the applied load. The header was designed as a
16SW10.

The member positions are awkward and will be altered if this system is chosen as the alternative
to the present system.
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Figure B (4)

A light-gauge steel system is a good alternative for this building because of the low cost and
non-combustible construction. The system is lightweight and not very deep. Prefabrication of
the members allows for faster, easier installation. A shallow foundation, like the existing one,
will work with this system because of the light weight.

Conclusion

After the examination of the four alternate systems, it was determined that the light-gauge steel
system would be the best alternative to the existing one. Although the layout of the example
system is awkward, this can be remedied with further investigations. The wood joist and the
hollowcore plank systems cannot be ruled out as alternatives, but they are not considered
superior to the light-gauge system because of a few disadvantages such as sound proofing. The
one way joist system is not a good alternative due to cost, construction time, and weight issues.

Floor System Weight Depth
(Approx.)

Cost Fireproofing Vibration Conclusion

Wood Joist
System

Light 34” +
plywood

Efficient Necessary Increased
vibration

Not ruled out

Pre-cast
Hollowcore
Planks

Moderate 29” + 2”
topping = 31”

Efficient Not necessary
for planks

Reduced
vibration

Not ruled out

One-way
Joist System

Heavy 15” Not Efficient Not necessary Reduced
vibration

Too costly

Light-gauge
Steel System

Light 16” + slab Efficient Necessary Increased
vibration

Most efficient
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Appendix 1 – Alternate System #1
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Appendix 2 – Alternate System #2
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Appendix 3 – Alternate System #3
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Appendix 4 – Alternate System #4
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Appendix 5 – Tables used in Masonry design

Reference: Beavertown Block Company (www.ncma.org/etek/index.cfm)

http://www.ncma.org/etek/index.cfm
http://www.pdfdesk.com

