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Executive Summary

Technical Assignment 2 is an exploration of different floor systems comparing structural,
construction, and architectural issues. North Mountain IMS Office Building currently uses a complete
pre-cast concrete structural system. This system utilizes 10°-0” feet wide by 2°-0” deep pre-stressed
double tees as floor framing. This system was most likely chosen due to the great span to depth ratio of
pre-stressed members. With a typical bay reaching 48°-0”, the use of double tees eliminates interior
columns, which allows for maximum flexibility for the three floors of rentable office space. However,
designing an alternative floor system with a typical span of 48°-0" is a challenge. To allow for thorough
investigations of multiple floor systems, structural bays that span 30°-0” will also be considered for
certain floors.

The floor systems explored:
Existing System: Pre-cast Concrete Double Tees
System 1: Composite Steel Framing
System 2: Hollow-Core Plank
System 3: Steel Joists
System 4: Two-way Concrete Waffle Slab

Comparisons are based on many issues such as cost, weight, efficiency, depth, constructability,
and fire rating. The Summary Comparison Chart can be found on page 13. It is important to keep in
mind that this report is based on simple assumptions and is intended to be a guide for future thesis
redesign reports. Information for comparing the various systems was gathered from many different
resources; they are noted throughout the report as needed.

Based on various criteria, the following floor systems are viable options for alternative floor
systems, composite steel framing and two-way concrete waffle slab. However, for the two-way slab and
the composite framing to be viable options, different bay sizes must be explored. As stated before,
30°-0” x 30°-0” bays were analyzed for the waffle slab and composite steel system.
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Codes and Standards

Note: The Senior Thesis project requires the use of the most current codes and standards, those
referenced for calculations in this report are listed at the end of this section.

Building Codes:
1. International Building Code (IBC), 2003 edition
2. International Energy Code (IECC), 2003 edition with 2004 supplements
3. National Electric Code (NEC), 2005 edition with Phoenix amendments
4. International Mechanical Code (IMC), 2003 edition with Phoenix amendments
5. Arizona State Plumbing Code, with 2003 supplements
6. Uniform Fire Code (UFC), 1997 edition with Phoenix amendments

Structural Codes:
1. American Concrete Institute (ACI-318), 2002 edition
2. Precast Concrete Institute (PCI), 6™ edition

Building Design Loads:
1. American Society of Civil Engineers (ASCE-7), 2002 edition

Thesis Project Codes and Loads:
1. IBC 2005
2. ASCE-7, 2005
3. ACI-318 2005
4. AISC 2005
5. PCI, 6™ edition
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Load Summary

Live Loads:
e ROOFLIVELOAd........o ot 20 psf
o Floor Live Load........ccovvuiiiiiei i e e e 80 psf
o StairLiveLoad.......cccooviiiiiiii i, 100 psf
e Partition Live Load..........c.ccoiiiiiiiii i 20 psf
Dead Loads:
e Superimposed Roof Dead Load...................cocevennnne.. 15 psf
e Superimposed Floor Dead Load...............ccoceviininnnnn.n. 15 psf
Wind Load:
e Total Wind Force (North-South Direction)..................... 218 Kips
e Total Wind Force (East-West Direction)..............cccceeeenes 285 Kips
Seismic Load:
o Design Base Shear.........ccoviiiiiiiiii i 1627 Kkips

The floor live loads for North Mountain are typical office loads. The second, third, and forth
floors all feature an open floor plan with no set dimensions for walls or corridors. Because of the open
floor plan, the floor live load is 80 psf. By code, corridor loading above the first floor is 80 psf. This
value was used as the live load over the entire floor. In design, it is much easier to assume a uniform
load over the entire floor compared to breaking the loads down between office and corridors. Also, a
partition live load of 20 psf is used over the entire floor.

The floor dead load only accounts for 15 psf of superimposed load which includes mechanical,
electrical, and pluming equipment. The nature of precast concrete structures makes it very simple to
calculate the actual weight of the structure; a dead load in pounds per square foot is not needed because
each piece of precast is detailed and the exact weight calculated.
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Existing System: Pre-cast Concrete Double Tees

North Mountain IMS Office
Building floor framing consists of 2°-0”
deep, 10’-0” wide double tees with a
minimum of 3-1/4” concrete topping.
This minimum topping thickness is
needed to produce the required 2 hour
fire rating between the first and second
floor. The tees are normal-weight
concrete and have a 28-day compressive
strength of 6,000 psi. The minimum prestress release strength is 4,200 psi. The prestressing strand is 7
wire, ¥%2” diameter 270 ksi low relaxation strand. Each strand is pulled to 72.5% capacity, which results
in a 30 kip force. The strand is held down at one point in the middle of the tee. Depressed strand
provides greater flexural strength while reducing the stresses in the concrete during prestress release.
Typical spans are 44°, 487, and 54°. Figure 1 shows the second floor plan and double tee layout.
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The 2°-0” deep double tees bear on 2°-0” deep by 2’-8” wide inverted tee girders. 28-day
strength is 7,500 psi and minimum release strength is 3,750 psi. Typical inverted tee girders use 22 %2”
diameter stands for tensile reinforcement. Span length for a 30’-0” bay is 28°-0” due to the columns on
each end. Dapped ends on the double tees allow the top of the tee to line flush with the top of the girder.
The topping is then poured over the tee and the girder at the same time, interlocking them.

Precast concrete as a material and building technique can provide structures that are very
economical and efficient. North Mountain IMS Office Building is well balanced between function,
economics, and efficiency. However, obtaining a balanced building project is no simple task. Precast
design encompasses many different disciplines which add to the complexity of a project. There are
architects, engineers, fabricators, and erectors each with their own unique objectives. Economical and
efficient precast structures effectively combine all parties’ objectives. Communication and good project
management is extremely important; all parties involved must work closely together.

The precast fabricator is a large component because they can only make pieces in certain sizes
and shapes. The architect and design engineer must first consider the capabilities of the fabricator when
considering a precast structure. This is only one example why early communication is an essential part
of the design process.

Repetition and similarity work best for precast; money is saved because there is less time
associated with detailing and fabrication. North Mountain utilizes this principle very well. Each floor is
almost identical with similar double tee and girder spans.

North Mountain exclusively uses normal-weight concrete. Due to large structure weight, the
seismic load for this building is more than five times than the wind load. It would be a reasonable
exercise to analyze the structure using a light-weight concrete, since reducing the weight is the only way
to reduce the seismic load.

Pre-cast Concrete Double Tees

Positives Negatives
Span to depth rafio Weight
Fast construction tim e Transportation of pieces
Fabricated in a comtrolled shop setting Labor intensive
Mo fire proofing
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System 1: Composite Steel Framing

Composite steel construction allows for shallow
steel members compared to non-composite construction
because the strength of the concrete floor is used in
combination with the steel section. With girder spans
up to 48°-0”, non-composite construction was not
considered for this report. Even with a composite
framing system, steel members must be deep to meet
deflection requirements with large spans. A RAM
Structural System Model is used to design steel
sections for the typical existing bay, 48°0” x 30°-0” and
a 30’-0” x 30’-0” bay; Figures 2 and 3 show the
preliminary sizes for steel sections of each bay,
respectively.

[T el gied]
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Figure 2 Figure 3

Intermediate beams are spaced at 10°-0” on center with a girder spanning the 48°-0” and 30°-0”
dimensions. A difference of 9” (nominal) total floor depth is observed between the two bay sizes.
However, there are obviously more columns resulting in more foundations and longer steel erection
time, because there are more pieces to connect.

The deck and concrete slab was designed using Vulcraft load tables. The design of the deck can
be found on page 15 in the Appendix. A main factor effecting slab design is fire rating. Another factor
is unshored span length. It is important that the deck can support construction loads without having to
be shored from below; it is an unnecessary addition to labor casts and construction time. In reference to
the above criteria and strength requirements, a 2” composite deck with 3-1/4” concrete topping has been
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selected. This deck is designated as 2VLI19 with t=3-1/4”. The combination of deck and slab chosen
requires no fire proofing, which will save construction time.

Composite Steel Framing

Positives

Negatives

Low cost

Easy to constrct
Maintains structural sid
Aroustic petformance

Heavy steel sactions
Deep sructural sandwich
Needs fire proofing
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System 2: Hollow-Core Plank

Pre-stressed hollow-core plank provides
great span to depth ratio due to the pre-stressing
force. Voids in the plank keep them lighter than
a regular concrete slab. These voids could also
be insulated to prevent thermal and sound
transmission. Load tables from the PCI Design
Handbook were used to size the plank.
However, each hollow-core fabricator has
unique section properties and specific details for
producing their own product. This could result
in slightly different designs from precaster to
precaster.

Using the existing bay size, the plank :
would span 30°-0” and would bear on a large girder. The glrder spans 48’ 0” Based on load tables, 10”
deep planks with 2” topping are required to carry the necessary floor loads. The girder supporting the
plank was sized with hand deflection calculations, resulting in a W36x182. The girder is much larger
than the composite framing beams due to increased dead load of the hollow-core and the lack of
composite action. This calculation is shown on page 16 in the Appendix. A steel angle would have to
be welded to the web of the steel girder to support the plank. Normally, the plank rests directly on the
top flange of the girder, but due to the large depth of this girder, a different arrangement is necessary.

Hollow-core Plank

Positives Negatives
Plank span to depthratio Cost
Fabricated in controlled shop setting High dead load
Quick erecion ime Large steel sirders

Potential one piece floor and ceiling
Compatability with other m aterials
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System 3: Steel Joists

Steel joists provide a great floor
system because they are light weight and
relatively shallow. This system is so light
weight because each member acts as a truss.
However, due to this light system, vibration
control can become an issue. A vibration
analysis is beyond the scope of this report, but
would need to be addressed if this system is
chosen for future thesis assignments.

The criteria and load table used to
design the steel joists can be found on page 17
in the Appendix. Spanning 30’-0” and with
5’-0” joist spacing, a 24LH7 was required to
support dead and live loads. Less concrete is needed for the slab, because the joists are spaced closer
together than the beams for the composite system. This creates a floor system that is nearly 30 pounds
per square foot lighter than the closest competitor.

Once again, a large steel girder is needed to span 48’-0”. With a W36 x 135 and 3.5” of
concrete, the total depth of the floor becomes 39.5”. This is a full foot deeper than the existing pre-cast
concrete system. Steel joists also tend to be relatively expensive. With joists spaced at 5°-0”, there are a
lot of members to be installed and connections to be welded; it becomes a labor intensive job. Unlike
precast which also has lots of connections, one pre-cast member accounts for much more of the
structural system, and erection time is significantly shorter.

Steel Joists
Positives Negatives
Light weight Large steel girder to span 4§
Joist have good span to depth rafio Vibration resistance
Fabricated in a controlled shop seting Cost

Qualifies for LEED building design Owverall depth

LREP can mn through open webs Labar intensive

Fequires fire proofing
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System 4: Two-way Concrete Waffle Slab

A two-way concrete system is
another system that provides a great span to
depth ratio. However, 30°-0” x 30°-0” bays
were used to size the waffle slab system.
This results in more columns in the floor
plan but can provide a shorter floor to floor
height.

Using CRSI Design Handbook
reinforcing a relatively shallow system was
selected. The slab is 3” think and the ribs
are only 8” deep. The slab reinforcing is
divided into column strip and middle strip. The design chart from CRSI is shown on page 18 in the
Appendix. Middle strip reinforcing is 2 #6 bars in the bottom and 11 #5 in the slab. Column strip
reinforcing is 1-#8 and 1-#7 in the bottom and 23 #6 in the slab.

Two-way Concrete Waffle Slab
Positives Negatives
Great span to depth ratio Labor intensive
Mo fire proofing Extensive formwork and shorinz
Shall ow structural sandwich Changes to sturturd bays
Quality cortrol
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Summary Comparison Chart

Weight (1bs ft 3)

Overall Depth of
Floor System (in)

Effects to Other
Structural Elements

Vibration
Resistance

Fire Proofing

Arcitectural Issues

Viahle Solution

for tee fabricafion

Tees: 47 psaf
Topping 40 psf
Total: 87 psf

Tees: 24"

Topping 323"
Total: 27235"

very zood

no addifional fire
proofing required
with 3-14" topping

n'a
existing system

Existing Svystem

Concrete: 63 psf
Deck: 3 psf
Framing: 3 psf
Total: 73 psf

Concrete: 325" | Concrete: 5.23
Girder: 24"
Total: 20 23"

an

Girder: 33
Total: 38.23"

commections to exterior walls,
possible moment frame

dverage

not required with certain
types of deck

more columns | deeper floor
i1 office space system
Yes No

and shorins

Slab: 37 psf
Beams: 23 psf
Total: 3% psf

Slab; 3"
Beams: 8"
Total: 11"

momett frame analysis,
increased foundat ons,
exterior wall system

very good

not required

mate columns in
office space, less deep

Yes

System Double Tees Composite Steel Concrete Waffle Slab |Hollow-core Plank Steel Joists
Bay Size 480" x 300" 300" x 300" | 480" x 3070 300" 7 300" 480" x 300" 480" x 30007
*Cost ($/ft.3) 518.92 §18.95 nfa $21.00 52173 §20.35
Erection Time very fast, fast, long lead time for slow, useslots of fast, long lead time slow, matTy
long lead time larze steel sections temporary form work for latrze steel members to

sections

Topping 23 psf
Plank: 63 psf
Eraming 3 psf
Total: 98 psf

A

Topping: 2
Plank: 10"
Girder: 36"
Total: 38"

connections to
exterior walls

above average

not required

much deeper floor

Nao

place and attach

Conecrete: 23 psf
Deck: 3 psf
Joists: 3 psf
Total: 31 psf

Concrete: 3.3"
Joists: 24"
Girder: 56"
Total: 39.5"

connections to
exterior walls

below average

spray-on fire
proofins

much deeper floor

* Cost data obtained from B3 Means Assemblies pricing guide.
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Conclusions

Based on the above summary comparison chart and design data, it has been determined that there
are no other reasonable options at 48’-0” x 30°-0” bays for the systems analyzed within this report.
Because of the large spans, the other systems are much deeper than the existing precast double tee
system and deemed them unacceptable. In a medical office building, it is important to have a shallow
structural sandwich so mechanical, electrical and plumbing systems can fit, and tenants can effectively
use the office space.

However, the two systems analyzed with 30°-0” x 30°-0" bays are both acceptable options for
redesign. These two systems are the two-way concrete waffle slab and composite steel framing.
Despite adding more columns and foundations to the structure, these floor systems would provide a cost
effective and efficient floor. North Mountain IMS Office Building is a great example of how
prestressed, precast concrete can be very cost effective with long spans and competitive to other
systems.
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Appendix

Deck and Slab Design
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Hollow-core Plank Design
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Steel Joist Design
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Two-way Concrete Waffle Slab Design
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