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This technical report examines the existing floor system on the Office
Building and provides an in-depth analysis of 4 additional alternative floor
systems. A detailed description of advantages and disadvantages that
coincide with is system is provided and then compared with the original
composite floor system.

The four alternative floor systems examined in this report are a hollow-core
precast plank system, a one-way joist system, a non-composite deck and a
two-way flat slab with drop panels. All tables and charts referenced for the
alternative designs are included in the appendix.

After analyzing all four alternative systems and comparing them with the
original floor system, it was concluded that the most sufficient system was
the one-way joist system.

Existing Floor System

This building consists of six floors, all of which are above grade. The same
floor system is used on each floor, which is a composite lightweight
concrete on steel deck system, with typical bays running 38'x 30,

Each floor area is approximately 28,000 square feet. The second floor
through the sixth floor have nearly identical floor plans, as well as beam,
and girder sizes and applied loads. This allows for uniform floor systems
throughout the building.



-

The existing composite floor system consists of 3.25" of lightweight
concrete fill with # 3 reinforcing bars spaced at 18" O.C. each way and is
supported by a 3" VERCO W3 Formlock 20 gauge metal deck.

Alternative Floor Systems

One - Way Joist System for Multiple Spans

The first proposed alternative floor system is a one-way joist system for
multiple spans. This system works well for this building for a number of
reasons. The first being that the existing typical bays have long spans and
one — way joist systems work well for long spans. It is very similar to the
current floor system which means minimal changes will need to be made.
Another advantage to this system is the joist depth. Since the joists are
deep, the slab thickness is minimized which in turn reduces the dead load.



One last advantage is that the pan forms can be re — used to reduce the
cost of construction.

One disadvantage of this system is the time for construction for each floor.
Although the pan forms may be re — used, the concrete must fully cure
before the forms can be removed and used for the next floor. In addition,
shoring must also be constructed to support the formwork until the
concrete is fully cured.

With the aid of the CRSI tables, a sufficient design was found on page 8-
/8. The design specifies a joist span of 39" in the N-S direction with 20"
deep joists and a 4.5" top slab. Each joist is reinforced with #8 bars at 12"
O.C. at the top and one #/7 and one #8 bar in the bottom.
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Non-Composite System

The second proposed system is a concrete slab on metal decking
supported by non-composite steel beams.

The fact that the beams are non-composite is the only difference between
this floor system and the existing one. Since the beams are non-composite,
the shear studs are eliminated which results in a faster construction time,
and a reduction in labor costs.

The major disadvantage of this system is larger beam sizes. By removing
the shear studs, the slab and steel beams no longer act together, therefore
causing only the beam to counteract the moment. This larger beam size
then takes away from the plenum space for mechanical equipment and
electrical conduit., and the only way to make up for this lost space is to
increase the floor-to-floor height.
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This system was designed with the aid of RAM Steel, which designed for
W 18x40 beams And W2 /x84 girders as compared to W'1.2x50 beams and
W24x68 girders in the original composite system.

Two-Way Flat Slab With Drop Panels

The next system designed is a two-way flat slab with drop panels. This
system works well for square bays. The addition of the drop panels
prevents punching shear caused by the columns and allows for greater
moment to be absorbed at the supports as compared to a two-way flat
slab without drop panels. In addition, the slab thickness and column size
may be reduced.

Much like the one-way joist system, an increase in construction time will
result from the time it takes to construct the formwork and for the
concrete to cure,

As before, the CRSI tables were referenced and an adequate design for a
30'x30" bay was found on page 10-26. The design specifies 10"x10”
columns with a 12" thick slab. The column strips are reinforced with 15 #/
bars in the top and 17 #6 bars in the bottom while the middle strip is
reinforced with 10 #7 bars in the top and 15 #5 bars at the bottom.
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Hollow-Core Precast Plank

Lastly, a hollow-core precast plank system was chosen as the final system
to be analyzed. Numerous advantages of this system include quick
assembly time once on site, No shoring is required and the entire thickness
iNncluding the top slab is only 10", Since these planks are manufactured in a
plant, high quality is assured. Longer spans and higher load capacities are
possible because the steel strands are pre-stressed.

As with all systems, there are also some disadvantages of hollow-core
precast planks. Depending on the company the planks are ordered from,
the leed time may be very long which means orders must be placed well
in advance to the start of construction or the project will be delayed.
Skilled workmanship is required in the assembly of these planks to ensure
quality, especially because the joints between panels may be complicated.



Using the 6" Edition of the PCl Handbook, a design was found on page 2-
32. For a 38 span a sufficient design includes a 4" wide and 8" thick plank
covered by a 2" top slab. The plank is reinforced with 5 straight #8 bars.
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Table of safe superimposed service load (psf) and cambers (in.) 2 in. Normal Weight Topping
Strand Span, ft
Designation
Code 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
489 445 304 340 204 256 224 197 173 153 135 119 105 93 82 638 56 45 36 26
66-S 02 02 02 02 02 02 03 03 03 03 02 02 02 02 0.1 00-00-0.1-02-03

02 02 02 02 02 02 02 02 01 01 00-01-02-03-04-06-07-09-12-14
498 457 420 387 347 304 267 235 208 184 164 146 130 116 103 88 74 62 51 41 31
76-5 02 02 03 03 03 03 03 03 04 04 04 03 03 03 03 02 02 01-00-01-02
02 02 03 03 03 03 03 03 02 02 02 01 00-010204-05-07-09-12-14
492 451 414 384 357 333 310 293 274 245 219 196 177 159 143 126 110 95 82 70 59 49 40 32
58-5 03 03 03 04 04 05 05 05 05 06 06 06 06 06 06 05 05 05 01 03 02 0.1 00-01
03 03 04 04 04 04 05 05 05 05 04 03 03 03 02 01-01-02-0406-08-12-165-18

463 426 393 366 342 319 299 282 267 251 239 216 195 177 158 140 124 110 97 84 73 62 53 44 36 28
68-3 04 04 05 05 06 06 07 07 07 08 06 08 08 08 08 08 08 08 07 07 06 05 04 02 0.1-01
04 05 05 06 06 06 06 07 07 07 06 06 06 05 04 03 02 0002 0406-09-12-16-20-24
472 435 402 375 348 325 305 288 273 267 245 232 220 207 186 167 149 133 119 106 94 83 73 64 55 46 30
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05 06 06 07 07 08 08 06 09 09 09 05 08 06 07 07 06 04 03 01-01-03-06-09-13-17-22

Strength is based on strain compatibility; bottom tension is imited to 7. SV]F; ; see pages 2-7 through 2—10 for explanation.

Comparison Chart
[system  [oepth [weight |  cost |

(in) (psf) Mat. Inst. Total
One-Way Joist 255 105 $7.10 $9.45 $16.55
Non-Composite 4.75 52 $11.45 $6.20 | $17.65
Two-Way Flat Slab 12 150 $7.00 $8.25 | $15.25
Hollow-Core Precast 10 68 $14.35 $4.93 | $19.28
Composite 6.25 70 $8.80 $4.61 | $13.41




After considering the advantages and disadvantages of each system, the
best alternative floor system appears to be the one-way joist system.
Although it is a bit more expensive than the two-way flat slab, the one-
way joist system weighs considerably less, and this system is very similar to
that of the existing composite system.

Appendix References

PCI Design Handbook - 6" Edition
CRSI Design Handbook 2002

Vulcraft website for compaosite slab information






