Executive Tower
Sean Howard
Structural Technical Assignment 2
Pro-Con Study of Alternative Floor Systems

Executive Summary

This report investigates the effectiveness of using an alternative floor
framing system than the existing. The existing framing system was
designed and compared to four additional framing systems for cost,
total thickness and constructability. The existing floor system consists
of an 8” flat slab with 8" drop panels at column locations. The four
alternative systems are two variations of concrete and two of steel and
are noted in the report respectively, concrete flat plate, post tensioning,
composite steel beam, and open web steel joists.

The two steel systems were analyzed using RAM structural analysis
program and the steel composite was also checked by hand
calculations displayed in Appendix D. The deck and load calculations
of the steel joists are called out in Appendix E. As for the two concrete
systems, the flat plate system examines the constructability compared
to the how much more concrete this system will require over the flat
slab with drop panels. The post tension is an alternative attempting to
achieve a system considerably less thick than the existing. The hand
calculations for the flat plate and post tension are in Appendix B and C
respectively.

The findings through this intense analysis show two systems to be more
dominate over the others. The concrete post tensioning and steel
composite beams both achieve two goals, thinner slab and
constructability, and warrant the continued research to see which
system will be most rewarding in the end. The post tensioning was
designed to be a 7 %" slab but through more research and a better
understanding of the system, a thinner slab can be achieved. The
composite beam is less labor intensive and lowers the dead load self
weight approximately 40 psf less than the post tensioning.



Design Introduction
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The Executive Tower consists of normal office loads for the DC area
codes and will be designed according to these criteria. Normal office
live and dead loads will apply to existing and alternative design
systems. The height restriction is enforced for the Executive Tower will
be taken under consideration. The Maximum height is 130 feet,
Executive Tower tops out at 129-6". This leaves no room for the
possibility of making floor heights taller, so each floor will be designed
to fit a 2’-6” floor thickness or lesser criteria. The bays being examined
for this study is incase by column lines G, F, 7, and 8 (Bay 2) over
looking New York Ave and a second, just for analyzing the steel
alternative systems, at columns lines A, B, 5, and 4 (Bay 1)representing
the northwest corner adjacent H St and the existing church. Both are
represented below in Figures 2.1 and 2.2.
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\ 2-Way Post Tension. Bay size is
= 30'x14’

Figure 2.2 — shows Bays 1 & 2 that
are being used to analysis the Steel
Composite and Open Web Steel
Joists alternative systems. Bay 1
(yellow) is 30'x30" and Bay 2 (green)
is 32'x20’-6". The beam spacing
differs from the two systems and is
explained in the respective reports.




Loads
Live Loads
Listed are all the Loads required in the designing of Executive Tower in

accordance with ASCE7-02. However, for this study of the designed
bay will consists of only office space.

e Office + partitions 80 + 20 = 100 psf
e Lobby 100 psf
e Mechanical 150 psf
o terrace (Viewing Area) 100 psf
e Roof 30 psf
e Corridor 100 psf
e Corridor above 1* floor 80 psf
e Parking 40 psf
e Stairs 100 psf
Dead Loads

The design bay being considered for this assignment was arbitrary
picked for the 3" floor. Floors 1-6 adjacent the existing church is a self
supporting CMU block wall and will not be distributed into the existing or
alternative design problems. The calculations for the north facade at
floor 3 and the floor are listed below.

3" Floor Framing

8" reinforced Concrete slab 100 psf
Sprinklers 5 psf
MEP ducts 5 psf
Finishes 10 psf

120 psf

3" Floor Curtain Wall
Tributary area (height) = 9'-0”

6” Precast Panel (trib = 50") (150 pcf)*(6"x45”) = 280 pLf
5" Glass (160 pcf)*(1/2"x108”) = 60 pLf
340 pLf



Existing Floor System

2-way Flat slab with drop panels

The Executive Towers is an 11 story office building with a 12™ floor as
the penthouse supplying space to the mechanical rooms and offices for
the building engineer. Three levels of parking are located underground
and are accessible from New York Ave. Executive Tower is layout into
a typical open plan office spaces with partitions. The building is
primarily cast in place concrete with minimal precast for architectural
details on the fagade. The building takes on an irregular footprint the
adjacent church (top of drawing) and the three avenues on the
remaining faces. Due to the fact Executive Tower rest on an unusual
footprint, the columns layout takes no typical form as can be seen in
Figure 1.1 located below.
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Figure 1.1 — AutoCAD Drawing from
3" floor framing plan. All floors are
typical.

From this design criteria, the concrete framing structure was formed into
a two-way 8” concrete flat slab with 10'x8'x0’-8” drop panels at column
locations. An additional 4’-0'x3-1/2" continuous thickened slab was
placed at the perimeter of the building supporting the glass and precast
curtain wall facade.

The layout of reinforcing steel is placed as a general #4 bars at 12"
O.C. for the entire flooring system and then additional bars are placed
according to the flexural strength required.
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Alternative Floor Framing Systems

Concrete Flat Plate

For one of the alternative systems, a concrete flat plate, similar to a
concrete flat slab with drop panels, allows the construction of buildings
with irregular positioned columns. With this system the column
locations and thus the facade can remain unchanged. As seen in
Figure 1.1, this analysis of a flat plate system looks closely at Bay 2 on
the right exterior panel seen below in Figure 5.1.
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Figure 5.1 — Bay 2 being
analyzed for the concrete flat
plate alternative system

From the analysis of this system, it was found that the controlling slab
depth was 11”. This added weight will cause a negative affect through
the entire structure requiring it to carry approximately 38 psf more than
the existing 8” slab. The added weight will result in higher costs to
purchase concrete for the whole building and requires thicker and more
steel reinforcing bars. The concrete Mat foundation will have to be
increased to satisfy these new loads.

The Concrete Flat Plate will however be easier to construct since it will
not require extra to form the drop panels. This will help with
construction time and costs but this will not be sufficient to out-weigh
the materials costs.



2-Way Post Tensioning

A two-way post tensioning was studied to attempt to reach a floor depth
considerably less than the current system. The original flat slab with
drop panels uses an 8” slab with 8" drop panels. The typical Bay 2 was
used to study this system and its advantages it would have on the
structural as a whole. The calculations for all the post tensioning can
be seen in Appendix C. Bay 2 was used for this investigation as seen
below in Figure 6.1.
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Figure 6.1 — Bay 2 used to
analyze the post tensioning
alternative system

After investigating the post tensioning system, it was discovered that a
minimum thickness of 7 %" could be achieved. This is only a %"
difference compared to the flat slab but this is also excluding the 8”
drop panels at all column locations creating a total dead load self
weight of 94 psf approximately 25 psf less than the flat slab if including
the drop panels in with the slab self weight. It was calculated that the
slab will require 14 tendons spread evenly across the midspan to
midspan tensioned to 24.8 kips per strand.

The amount of concrete removed when using post tensioning will not be
a deciding factor. Post tension is an expensive process that will need
and will need to drastically adjust the slab thickness to be worth it.
However after further study of a post tension system using an
equivalent frame method and other advanced studies, a slab thickness
less than 7 ¥2” can be achieved.



Composite Steel Beams

A steel frame with composite beams and composite decks were
decided to be investigated for this assignment. When laying out the
bays to Executive Tower's footprint, two distinctive bays were
incorporated. It might have been possible to make one typical bay for
the whole building but doing so would disrupt the architecture of the
building’s facade by moving around exterior columns. It was decided to
frame the steel beams and girders according to the exterior column
layout for this reason and can be seen in Figure 7.1.

Figure 7.1 — shows the two typical bays used in the
analysis of the steel composite system. Bay 1 is 30'x30’
and is highlighted yellow. Bay 2 is 32'x 20’-6" and is
highlighted green.

For this analysis of a steel composite system, the framing system was
developed in AutoCAD and sized using RAM structural analysis. The
sections computed by RAM were used as starting points to solve for the
beams and girders by hand calculations which can be found in
Appendix D. The two separate bays used can be seen on the next
page in Figures 8.1 & 8.2. An initial slab thickness was chosen to be
4.5” with a 1.5 VLR22 Vulcraft deck due to the exposed slab load. As a
result, the slab is 3.5” thinner than the current flat slab reducing the total
dead load per by 42 psf per floor. This significant drop in dead load will
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recycle all the way down through the columns and into the foundation.
The decreased loading in the foundation would result in a decreased
thickness the Mat Foundation and after an intense analysis of the soils
and loading might prove that a Mat Foundation is not required.
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Figure 8.1 — results from the
RAM analysis of the composite
beam alternative system for
Bay 1
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Figure 8.2 — results from RAM
analysis of composite beam
alternative system for Bay 2

W12x14 (10)
W12x14 (10)

The deepest section solved for was G2 (App. B, p.7) resulting in a
W21x44 girder supporting to four beams and its respective deck. The
total depth of this section including the deck comes to 22.4”. This
number rest with in the limitations set in the beginning of the report and
leaves approximately 7.6” of workable space.



Open Web Steel Joists

The open web steel joists were decided to be investigated based on the
fact that the slab thickness can be made decisively less than the flat
slabs 8” thickness. This allows the floor dead load to be considerable
less. Just like the composite steel, the steel joist framing plan and bays
analyzed are displayed below in Figure 9.1. The hand calculations to
determine the deck used and loading to apply to the frame are
presented in Appendix E. The calculations for joist and beam sizes
were computed using RAM and are recorded in the report.
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Figure 9.1 — shows the framing plan if using
an open web steel joist system. Bay 1
(yellow) is 30'x30’ and Bay 2 (green) is
32'x20'-6".



W12x19

W16x26

W16x26

W12x19

Figure 10.1 — RAM results for
steel joist system at Bay 1. The
bay is 32'x20’-6" with beams
spaced at 10’-4” O.C. and joists
snaced at 2’-6” O.C.

Figure 10.2 — RAM results for
steel joist system at Bay 2.
The bay is 30'x30’ with a beam
at the midspan and joists
snaced at 2’-6” O.C.

W21x44

Through the RAM analysis and hand calculations, it was found the most
efficient deck and span was a 0.6C Vulcraft deck spanning 2’-6” O.C.
with a 2” deck. The total depth of the framing system is 23" thick
leaving 7” of open space to be used to pass MEP duct work under. The
reduced slab thickness will benefit the design of the columns and
foundation used and ultimately the costs. However, this will not out
weigh the cost to prefabricate all the joists required for a twelve story
building. This system has a considerably less dead weight and can
used to redesign the foundation system to not as much concrete.
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Further

systems depth constructability pros cons research?
flat slab 8" thin concrete | have to form
slab, and the drop
thin floor panels, and
3 depths more
reinforcements
than post
tensioning
flat plate 11" flat plate are | slab thickness
convenient almost a full
to construct | foot deep
only having | creating a
4 no
to use a large
continuous unwanted
plywood dead load
form criteria
post tension 7.5" slab expensive for
thickness post
reduces tensioning,
materials slab thick
1 costs didn’t reduce yes
to out weigh
the time and
cost to post
tension
composite 22.4" compared to | depth of large
beam the steel girder sections
joist, this will | will get in way
work of MEP ducts
2 compositely | and may yes
with the slab | increase floor
the beams to | depths
be slightly
thin
steel joists 23" easy to cost to order
place and and prefab all
construct, the joists
5 open webs o
allow dust
work to run
through
joists
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Conclusion

This report has analyzed the probability of using four alternative framing
systems to be used in place of the existing structure. All the systems
have been design to fit the 2’-6” floor thickness criteria as best as
possible. The major goal in this report was developing a system that
would have a thinner section than the existing. This will drastically cut
down on the amount and weight of the concrete being used which will
reduce the materials costs. In the steel systems if used, rather than
using the CMU block shear walls lateral system, it would be feasible to
construct a braced frame system around the exterior of the elevator
core. This will make trying in the lateral system with the framing easier
to construct. The shear walls for the concrete systems can remain but
for the flat plate, the shear wall will have to be reinvestigated due to the
added dead weight of the system to insure they are still affiant.

The flat plate system required a slab thickness of 11” across the critical
sections. The reinforcement required to support this much added dead
weight creates an area of steel in the vicinity 7 square inches and a
continuous #5 bar placed every 12” O.C. rather than the standard #4 at
12" O.C. This system proves to be too costly to perform any further
studies on.

The post tension system allows the floor depth to be slightly thinner
than the one in place. However, during calculating the checks for the
current system, the minimum slab thickness according to ACI should
have been 9 %" but the slab is 8”. Through more research, a slab
thickness considerably less than 7 %2” can be acquired.

A composite steel frame will prove useful in studying more. Having the
slab take part of the load will directly affect the beams and girders
section sizes. The bays examined for this assignment did all stay under
the 2’-6” requirement but allowed only approximately 7” to work with.
This could still be useful studying further assuming the height
restrictions on Executive Tower were lifted.

It was found the steel joists could be used effectively at saving money
on non composite decks and beams and the joists can allow MEP duct
to pass freely under the 2” concrete deck. The open web joists were
best for constructing as quickly as possible but since time is not critical
here, the costs to have everything prefabricated would make this
system not worth continued research.
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Appendix A
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