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Executive Summary
The goal of this Pro-Con Structural Study of Alternate Floor systems technical report was

to examine 3 alternative floor systems and assess the feasibility of each system. In the list that

follows are the three floor systems that were researched, analyzed and designed for this study.

e One-way precast planks on steel framing
e One-way precast planks on staggered trusses

e Two-way flat plate with one-way post tensioning

Each system was evaluated using both structural and non-structural criteria; a summary
chart of these comparisons is presented near the end of this report. Each system’s viability for

use in Res Tower Il was explored using the results of analysis and comparisons.

Only the two-way flat plate with one-way post tensioning system was determined to not
be feasible. This determination was not due to insufficient characteristics but only because
inappropriate assumptions and design choices were made. If this system were to be changed to a

one-way system with post-tensioned girders, it would become a very viable alternative.

The other two alternative systems were determined to be feasible and viable options.
Both these systems use precast planks which come with their own advantages but the framing

elements used in the systems are extremely efficient with appropriate design techniques.

Page 2 of 46
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Introduction
Located on the Boston University Campus, 33 Harry A
Agganis Way, which will be referred to as Res Tower Il, is a 27 °>\ &
S
story, steel framed dormitory. It is located on the northwest corner RN
1 %@
of the John Hancock Student Village, bordered by the Charles g
River and Commonwealth Ave. Because two more dormitories ?
are planned for the JH Student Village and the cost of developing | !
B(&ovri ™ @
& &} @E;.li‘.f’!

in Boston is so high, the footprint of Res Tower Il had to be as
small as possible, thus forcing the structure to be tall.

The south tower is 19 stories tall with a fan room and
mechanical penthouse on the top level. A student activity space, with
large windows and a terracotta walkout space, occupies the 27" story

of the north tower. The roof of the north tower supports a fan room,
large air handling units and other large service equipment. Floors 3

through 26, aside from the spaces mentioned above, are all private
residential areas with some study rooms and computer labs mixed in.

The facade of Res Tower Il is a panelized skin comprised of terracotta and a metal panel
rainscreen. This facade is a curtain wall system with its self-weight being supported by the floor
above it; which can be assumed to be a continuous load due the small spacing of hung supports.
Res Tower 11 utilizes four main roof systems, all of which include gypsum
under-laminate board, a vapor retarder and an adhered roofing membrane; the prior three aspects
will be referred to as the typical roof assembly. Where mechanical equipment is being supported

the typical roof assembly is placed on concrete deck while on the outer edges of the building, a
metal deck is used. On the 26™ story, to support the walkout space mentioned above, terracotta

pavers on concrete deck are combined with the typical roof assembly to create an inviting, yet
Page 3 of 46
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Structural Systems

Foundation

Haley & Aldrich performed the geotechnical studies for the JH Student Village area and
provided the report in which H&A explain site and below-grade conditions along with
recommendations for the structure. A net allowable soil bearing pressure of 6 kips per square
foot (ksf) was recommended for the design of foundations on the natural, undisturbed glacial
deposits below the site. A recommended design groundwater level was also given which is on

average 10-12’ below the bottom of the existing foundation.

Res Tower Il utilizes a mat foundation system with two main thicknesses, 4’-3”and 3°-9”.
Logically, the taller tower is supported using the deeper mat foundation to resist the higher loads
transferred by the braced frames. The foundation step occurs between grid lines 9 and 10. The
typical reinforcement in the east-west direction is #10’s spaced at 10” on center top and bottom
while in the north-south direction, the reinforcement is #9’s spaced at 10” on center top and
bottom. Additional reinforcing cages are placed under the braced frame columns with the anchor
bolts of these columns being tied to the bottom of the cage to increase the resistance to uplift. A

detail of this connection is shown below in figure 1.
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SCALE: 1/2°=10"

Figure 1: Additional foundation reinforcing
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A 9” deep trench runs along the center of each towers foundation, parallel to the length of
the building. This trench is filled in with 4000 psi concrete and reinforced with WWF after the
erection of the interior columns in this area. In figure 2 below, the trench is shaded and outlined
in red with the lateral force resisting system columns marked in blue.

?19@9 P9 .

& I b
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=
T
i 8 8 S = S
|

Figure 2: Foundation Trench
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Floor Construction

The typical floor construction for Res Tower 1l is 3” 18 gage galvanized steel deck with 3
Y4” lightweight concrete topping, a total thickness of 6 ¥4, and 6x6 WWF reinforcement. This is
used everywhere except the loading dock and trash compactor area on the first floor. The floor
system for these areas is comprised of 3” 16 gage steel deck with 6” normal weight concrete
topping, a total thickness of 97, and epoxy coated reinforcement of #7’s spaced at 12 on center
in the bottom of the flutes and #5°s spaced at 12” on center in the top running each way. All deck

acts compositely.

The decking typically spans about 8°-9”” supported by beams ranging in size from W14’s
to W18’s. These composite beams then span roughly 23 feet to girders or columns. The girders
have the same range in sizes as the beams mentioned previously. These spans create a typical
bay size of 17-18’ x 24-23’. The actual bay sizes vary but never too far from the typical

dimensions. Figure 3 shows a typical floor plan for floors 3-18.

LA T T R T
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Figure 3: Typical floor plan
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Lateral System
Steel braced frames are used to resist the lateral loads placed on the structure. At the

termination of these columns, extra reinforcement is added to better tie the columns to the
foundation and resist overturning forces. All columns in these braced frames are W14’s ranging
in size from W14x61 near the top of the structure to W14x398 for the bottom columns. The
diagonal bracing members are W12’s ranging in size from W12x152 to W12x45. This braced
frame construction is categorized by ASCE7-10 as a concentrically braced frame that has an R
value of 3.25. To allow for corridors to pass through the center of these braced frames, moment
connections were made. Figure 4 shows an elevation of a braced frame with the moment
connections clearly shown. The braced framed locations are highlighted in figure 5.
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Figure 5: Foundation plan with braced frame locations highlighted

Due to the slender shape of the building in the short direction, the braced frames in this
direction (highlighted in red) have wider bases than the braced frames in the longer direction
(shown in blue). The wider base provides a more effective geometry for transferring lateral loads

to the foundation in the form of vertical loads.

Some of the braced frames in perpendicular
directions utilize the same columns making for very
complicated connection details and erection processes. To
successfully portray these connections, 3 dimensional
models had to be built, presented and given to the
contractors. Because of this, the design phase of the
schedule had to be extended and more risk was taken by
the structural engineer that designed the connections. A
construction photo of these connections is shown in figure
6.

Figure 6: Connection construction photo Page 8 of 46
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Figure 7 shows one of the further issues encountered due to the connections of the braced
frames. Where the columns terminate, some of the foundation had to be cut away to allow for the
columns to be placed due to the large connections for the diagonal bracing members. A last
minute adjustment of this type is both unnecessary and disruptive. This issue also pushed the
steel erection schedule and caused delays in the overall construction schedule.

D S il

Figure 7:Foundation braced frame connection issues

Design Codes & Standards

Original Design Thesis Design

1993 BOCA National Building Code American Society of Civil Engineers (ASCE7-10

Table 1: Design codes vs. Thesis codes
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Structural

Materials

The materials listed in the chart below are specified in the structural drawings via the

General Notes page of the structural drawings (S000) or general notes on the individual framing

plans.

Material Properties

Material

Steel

Grade

Structural Shapes

A992

A36

A36

Structural Tubes

A500, B

Structural Pipes

A53, Bor A501

Column Base Plates

A572,50

Concrete

Weight (Ib/ft’)

Mat Foundation

145

Slabs (Dock & Trash)

145

Walls

145

Typ. Slabs

115

Reinforcing Steel

Welding Electrodes

Table 2: Material properties
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Building Loads

In the tables that follow, the dead and live loads that were used by the designers and that

were used for this thesis are listed. The dead loads were looked up in literature, assumed or

calculated depending on the type of material they consist of; while the live loads were designated

as specified by the codes listed in the tables.

Dead Load
I Dead Loads I
IMateriaI Load (psf) I
 -FloorDeck | 46
Superimposed | 30
Table 3: Dead loads
Live Load

Live Loads
Design Load (psf) Thesis Load (psf)
Occupancy Type [Mass. State Building Code |IBC 2009 & ASCE7-10

Coridor | 8 100

loadingDock | 250 250

Table 4: Live loads

Page 11 of 46
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Floor System Analysis
Comparisons were made between the existing floor system and three other alternative

systems. Hand calculations combined with computer modeling and reasonable assumptions led
to the preliminary design of the alternative systems as well as spot checks of the existing floor

system. Listed below are the four floor systems analyzed in this report:

e One-way composite concrete slab
e One-way precast planks on steel framing
e One-way precast planks on staggered trusses

e Two-way flat plate with one-way post tensioning

Costs for the evaluated systems were calculated using RS Means: Square Foot Costs
2010 with the location factor for Boston being 1.17. Appendix G shows the numbers and
calculations used for this assignment. Prices for Post-Tensioning and steel trusses were not found
in RS Means. Prices for these elements were either estimated or found through a different source.

Page 12 of 46
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Existing One-Way Composite Concrete Slab

As part of Tech 1, the existing floor construction was analyzed and evaluated using spot
checks of typical framing members. Figure 8 shows the typical detail specified by the structural
engineer for the composite deck. Columns F-12, F-13, J-12 and F-13 make up the corners of the
bay on floor 5 that was used for these spot checks. Complete hand calculated spot checks can be

found in appendix A.

CUT STEEL DECK AS
REQUIRED 1IN FIELD
{ }

STEEL DECK -18 GAGE CLOSURE

SHEAR CONNECTORS
(3C) WHERE INDICATED

BEAM OR GIRDER ——w

NOTE: .
DECK FLUTE MUST BE IN FULL CONTACT WITH BEAM

FLANGE TO INSURE THAT FLANGE DOES NOT FALL
UNDER HICH CELL RESULTING IN UNBRACED BEAM.

STEEL DECK PARALLEL TO STEEL. BEAM @

Figure 8: Typical Composite Deck Detail

Decking

The typical floor construction of Res Tower II utilizes a 3 18 gage steel deck with 3 4”
light weight concrete. Using the Vulcraft Steel deck catalog, deck type 3VLI18 matches these
characteristics. A 3VLI18 works for the unshored length and has almost 4 times the required
strength to support the required load. This extra strength was due to the 2 hour fire rating
requirement; a slab of light weight concrete must be 3 %4” thick to receive a 2 hour rating. Hand

calculations for decking can be found in appendix A.1.
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Beam & Girder
Strength and deflection checks for both the construction and post-construction phases

were performed on a typical beam and girder. It appears that the members are slightly over
designed but the repetitive nature of the design may be the reason. Also, using repetitive
members may have been an emphasis for the original design. Repeating member sizes can lead
to using members that have more strength than required in certain locations. This extra strength
may also have been designed to allow for variation of use; such that areas could be utilized
differently over time and still have sufficient strength. Hand calculations for a typical beam and
girder can be found in appendices A.2 and A.3 respectively.

Advantages:

Designing a composite deck exploits the strengths of the materials and allows them to
work to their best ability. If designed accordingly, the concrete would be in complete
compression while the steel member would be in complete tension and thus creating a very
efficient system. By using lightweight concrete as opposed to normal weight concrete, a lighter
structure can be considered for strength because there would be less load overall. Lightening the
overall load would also positively affect a typical foundation. Large amounts of formwork are
not necessary because the concrete can be placed directly on the metal decking. Also depending
on the 3 or more unshored span limit, shoring may not be necessary. In the case of Res Tower I,

shoring is typically not necessary.

Disadvantages:

Fire proofing of some kind is necessary on the underside of the slab and on the beams
and girders because they have exposed steel. This not only drives up the cost of construction but
creates an unattractive ceiling that needs to be covered or finished which causes the cost to
increase. Shear connectors (shear studs for Res Tower 1) are also required for this system to
work as it is designed. Making sure that these connectors are placed correctly and effectively can
also add to cost through material costs and field inspections. Although the slab and deck
combination may not be very deep, some girders can become quite deep and make coordination

with the other design disciplines difficult.

Page 14 of 46
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One-Way Precast Planks on Steel Framing
Two systems using prestressed hollow core concrete planks were evaluated for this

technical assignment. One system supports these planks using a typical steel framing plan and

the other utilizes a staggered truss system which is discussed in more detail in a later section.

A preliminary panel size of 6” x 4’ (depth x width) with a span of 18’ utilizing (4) }2”
diameter strands has adequate strength to support the required loads according to the Nitterhouse
Concrete specifications for precast hollow core planks; see Appendix B for the calculations that
led to this decision. Table 5 provides the maximum service loads specified by Nitterhouse, figure
9 gives the dimensions of the panel selected for Res Tower Il and appendix C contains the
complete specification.

SAFE SUFPERIMPOSED SERVICE LOADS [BC 2006 & AC|31805(12D+16L)
Strand SPAN (FEET)
Pattem 121314 |15 [16 |17 [18[19 |20 |21 [22 |23 |24 |25 | 26 |27 | 28| 29[ 30
4-1/2" |LOAD (PSF) 349|317 (200 | 258 (227|197 (174 149|127 (108 92 [ 78 | 66 | 55
6 1/2"g [LOAD (P5SF) 524|478 |437 | 377 (334 292 | 269|237 | 215|188 165|142 | 122|104 | 88 | 73 | 61 | 48 | 39
7-1/2"2 |LOAD (PSF) 541 (452 |451 |416)364 (331 (203 | 274|242 | 214 (100|167 | 144 124 [107| 91 | 77 | 64 | 53

Table 5: Maximum Service Loads for Precast Panels

3!_1 O%lr

5&" 7%" 7%“ 7%" T%N ?%Il 5%"

)
)
y
)
b
)

4I_0ll +0l!’-%ll

Figure 9: Dimensions of Precast Panel
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Adjustments were made to the layout of the columns to make this system work. The
exterior spans had to be changed from 23°-7” to 24’ to match the modular precast panels.
Making this change decreases the width of the corridor from 10’ to 9°-6” which still exceeds the
required width. A girder spanning the 24’ mentioned above was designed as a simply supported
beam using the required imposed loads in addition to the self-weight of the panels specified by
Nitterhouse. A W12x53 meets all the strength requirements as well as total and live load
deflections. Because the planks are not cast in place, no calculations were done using wet
concrete or bare beam deflections. Appendix D has the hand calculations and checks for this
girder.

Advantages:

By eliminating the need for cast in place concrete, the construction time would decrease
because there would be no need to schedule time for curing or concrete finishing. Also, no
fireproofing is needed for the underside of the slab and the ceiling finishes can be applied
directly to the underside of the panels. No shoring is required to support the planks; therefore
construction can be continued near and above these floors allowing the construction schedule to

decrease accordingly.

Disadvantages:

Although fire proofing is not necessary for the panels, it is still necessary for the beams
and girders supporting these panels. Vibration may be an issue for this system because of all the
light weight members that are involved in it. Although the hollow core members require normal
weight concrete, the voids make them very light. Supporting these light weight members could
be very light framing. This featherweight structure is great for typical structures but for a high
rise building, the overturning moment from lateral wind forces would cause uplift forces that
wouldn’t be balanced with the compression force of a heavy building. More investigation into

the lateral forces would need to be done in order to use this system.
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One-Way Precast Planks on Staggered Truss

A staggered truss system utilizes a story deep Vierendeel truss that replaces the need for

interior columns by spanning from exterior column to exterior column. Res Tower Il has the

prescriptive layout for the use of a staggered truss system because it has long outer spans that

support private areas and an interior corridor for resident circulation. This is a perfect match to

the staggered truss system using a Vierendeel truss because the vertical web members in the

center allow space for the corridor while the private spaces of the layout allow for diagonal

members towards the ends of the truss. Figure 10 shows the geometry and preliminary member

sizes of the Vierendeel truss. Appendix E shows the hand work done to set up the truss model

using SAP2000. The corresponding web member sizes are as follows:

A C D E F
3
10 ft 1 2 4
5
12 ft 12 ft | 10 ft 12 ft 12 ft
Figure 10: Staggered Truss Member Layout

1. W8x40 OP, =428 k > P, =420.4 k Tension

2. W8x18 oP, =192 k > P, =182.2 k Tension

3. W8x31 Unbraced Length= 10ft oP, = 317 k > P, = 58.8 k Compression

4. W8x 31 Unbraced Length= 10ft P, =317 k > P, =192.7 k Compression

5. W8x 31 Unbraced Length= 10ft P, =317 k > P, =297.0 k Compression
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A line of symmetry exists in the middle of the truss where the origin is located in figure 10
and therefore the mirrored members have the same qualities as listed above. Sizes listed above
are strictely preliminary; design for this truss would need to be coordinated with the truss
designer, see Considerations. Web members do not need to be W shapes if the fabricator decides
on a different shape for constructibility purposes.

Due to the distributed load on the top and bottom continuous truss members from the precast
planks, these members will have shear and bending forces as well as axial forces. Force diagrams
for the top member are presented in figures 11 and 12 with figure 11 showing the free body and
axial diagrams and figure 12 showing shear and moment diagrams. The bottom member forces
are diagramed in the same layout using figures 13 and 14. Maximum values of each force and the
locations from the left end of the member are given on the right side of the figure. A closer look
at the design and interaction of these members is necessary to decide on the best member size.

Top Member

Equivalent Loads - Free Body Diagram [Concentrated Forces in Kip, Concentrated Torsions in Kip-ft]

Dizt Load [1-dir]
0.000 Kip/t

at &58.0000 ft

Pozitive in -1 direction

REr 137,02 137,79 J22.2?

Resultant Azial Force
Axial
-462.980 Kip
at 46,0000 ft

Figure 11: Free Body and Axial Diagrams for Top Member

Rezultant Shear

Shear ¥2
-39.334 Kip
at 46.0000 ft

Resultant bMoment

Moment M3
-58.81 32 Kip-ft
at 12,0000 ft

Figure 12: Shear and Moment Diagrams for Top Member
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Bottom Member

Equivalent Loads - Free Body Diagram [Concentrated Faorces in Kip, Concentrated Torsions in Kip-ft]

J22. 0% 132,92 138,98 222,77

0.000 KipAft
at 0.0000 ft

Resultant &xial Force

Axial
-213.474 Kip
at 0.0000 ft

Figure 13: Free Body and Axial Diagrams for Bottom Member

Rezulkant Shear

Shear ¥2
39421 Kip
at 12.0000 f

Rezultant Morment

Moment M3
-69.8541 Kip-ft
at 12.0000 ft

Figure 14: Shear and Moment Diagrams for Bottom Member

Dizt Load [1-dir]

Positive in -1 direction

It can be seen from the axial diagram for the bottom member that the middle section is in
compression but when the member meets the support the forces switch to compression. Further
examination into the design of the top and bottom members needs to be done if this system is to

be employed in the future.
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Advantages:

Using a staggered truss system provides many advantages. Eliminating the need for
interior columns greatly improves layout flexibility and allows for large, uninterrupted lobbies
and open spaces at the base of the building. Faster erection and a cleaner site is made possible
because the trusses are fabricated then brought to the site. One advantage, noted by Aine Brazil
in the September 2000 issue of Modern Steel Construction, is the all-dry system speeds up winter
construction. This plays an important role in the construction schedule for Res Tower Il because
during the winter temperatures in Boston can be below freezing for the majority of the season
and admixtures may have been added to the slab concrete to decrease the amount of water in the
slab and the necessary curing time in low temperatures.

Combining the prefabricated trusses with prefabricated hollow concrete planks provides
additional advantages. With the combination of these two elements, the construction process is
much quicker than assembling a composite deck with a standard steel frame. Once a plank is in
place, no shoring is required to continue construction above that level. Because the planks have
voids in them, they greatly reduce the weight of the slabs when compared to composite deck.
These planks also reduce the amount of sound and heat transmission.

Disadvantages:

Unfortunately, a few disadvantages come along with the use of staggered trusses. A lead
time would have to be planned for in the construction schedule to allow for prefabrication of the
trusses. The diagonal web members of the truss limit the locations of corridors and circulation
space, both vertical and horizontal. An obvious hindrance is placed on exterior window layouts
due to the diagonal members and connections to the exterior columns at corners. Differential
camber is an issue when designing with precast planks; as well as curved or angled edges.

Considerations:

To take full advantage of the potential for fast construction for this system close
cooperation and coordination is necessary between all project teams. The structural engineer and
the fabricator must work closely to design repetitive members to maximize the economy of this
system.

Using the precast planks with staggered trusses would allow for an adjustment to the
floor to floor height of Res Tower II if desired. To allow for a 2 hour fire rating, 2” of topping
concrete must be added to the planks. Combining the 2” of concrete with the 6” plank, the
ceiling to floor height is only 8”. Smooth finished or “carpet-ready” (Faraone) planks can be
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purchased to suit the need of the client and further increase construction ease towards the end of
the process.

Changes would need to be made to the exterior skin and facade of Res Tower Il but the
scale of these changes could be minimal depending on decisions made by the client and architect.
A choice between exposing the structure and hanging the facade from the trusses will need to be
further considered for this system if it is to be pursued.

A cost analysis for this system is difficult to perform at this stage of the design because
the combination loaded members are yet to be designed. A cost has been associated with the
precast planks and an additional allowance will be made for the trusses.
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Two-Way Flat Plate with One-Way Post-Tensioning

Post-tensioning allows greater cracking and deflection control; it allows thinner slabs and
longer spans. Normal slab reinforcement is required in a post-tensioned system because the PT
tendons are either sheathed or greased to prevent concrete bonding to the strands. Tendons are
distributed according to a layout profile that is dictated by the locations of positive and negative
moments in the slab. Post-tensioned tendons need to be in the tension face of the concrete to
impose compression and control cracking.

Using the calculations shown in Appendix F, a preliminary slab depth of 7” using
lightweight concrete was determined to be sufficient for the required loads of Res Tower II.
Calculations were only done for one direction of the span due to the preliminary nature of the
design. Ten %2 7-wire PT strands with a jacking force of 266 kips is all that is needed in one bay
with a width of 20 ft. The strands are placed according to the tendon profile shown in red in
figure 15 which is not drawn to scale. Strands are placed above the neutral axis at mid-span of
the interior span because the shorter span length causes a negative moment to still exist.

Neutral Axis

Figure 15: Post-Tension Strand Profile

Normal, bonded reinforcement is still necessary in a post-tensioned slab because the PT
tendons are unbonded to the concrete. All bonded reinforcement was chosen to be #5’s spaced at
12” O.C. to make the construction process more repetitive and less complicated. The appropriate
number bars are given on the last page of the calculations in Appendix F.

Advantages:

Post-tensioning allows for an overall slab thickness of only 7. Combining a thin slab
with lightweight concrete creates an extremely light floor system. Very simple formwork is
needed to construct a flat plate system because no drop panels are required. Because no drop
panels are required the result is a uniform, flat ceiling that already has a 2 hour fire rating. This
makes finishes for the ceiling very fast and inexpensive.
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Disadvantages:

Although the formwork is simple and reusable, it is still needed unlike the precast or
composite systems described above. Anchoring devices and grouting equipment is required to
tighten the post-tension tendons which will add to the cost and lead time of the project. As
discussed above, curing time in the cold winters of Boston can prove to be issues that need to be
planned for either by effective scheduling or adding appropriate admixtures to the concrete.
Some issues that are associated with flat plate systems are deflection control, punching shear and
future slab cutting. Deflection control and punching shear can be taken care of with careful
design but future slab cutting can prove to be troublesome due to the flat plate and the PT
tendons.

Considerations:

After designing and inspecting the flat plate system that was designed for this technical
report, new considerations and design principles will be adapted to future use of this system. A
decision will need to be made between using a flat plate system with two-way post-tensioning
and a one-way slab using post-tensioned girders. The one-way system with PT girders seems to
be the most reasonable design to use due to the geometry of Res Tower 1. A minimum column
size of 22 x 22” was used for this design but due to the decision to switch from this system, no
other calculations were done for column sizing.
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Floor System Summary

Existing

Alternatives

One-way Compaosite

Precast Planks with

Precast Planks with

Two-way Flat Plate

Steel Framing Staggered Trusses |with One-way PT
Architectural Alteration
i NO YES YES YES
(Bay Size)
Architectural Alteration
NO NO YES POSSIBLE
(Facade)
Lateral System Alterations NO YES YES YES
Slab Depth 61/4" 6" g" 7"
System Cost 16.50 + an estimated
18.84 30.59 15.20 + Truss Costs
(per square foot) 16.00 for PT=32.50
Added Fire Protection
YES NO NO NO
(slab)
Added Fire Protection
) YES YES YES NO
(other members in system)
Formwork Minimal NO No YES
Constructability Maoderate Easy Maoderate Difficult

Lead Time Medium Medium Long Short

Vaible Option YES YES YES NO

Foundation:

Table 6: Overall System Comparisons

Because the foundation for Res Tower Il is a mat foundation, it is hard to say how each

system will affect the foundation design. The foundation was designed to fight the uplift forces

caused by lateral forces and hold down sections of the building. It is incorrect to say that the

lighter the building the better because the foundation relies on the weight of the building to

counteract some of the uplift forces. It is also incorrect to say that the heavier the building the

better because a heavy building might cause the foundation system to change completely not just

moderate adjustments to the existing system. Due to this complication, the foundation is

associated with the lateral system and will need to be evaluated as part of tech 3.
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Conclusion
As a result of this study, it has been determined whether or not the alternative systems are

feasible for Res Tower Il. By designing these systems using the existing loading conditions and
assessing them with structural and non-structural criteria, the alternative systems can be directly
compared with the existing floor construction.

Both the typical steel framing system and steel truss system proved to be viable
alternatives for Res Tower Il. The typical steel framing supporting precast panels would have a
minimal effect on the overall appearance of the building where as the truss system supporting
precast panels could have a great effect on the appearance. In order to take full advantage of the
precast nature of these two systems, most of the bay dimensions would need to be changed to
multiples of 4 ft. For Res Tower Il, a change like this could be very inconvenient due to its
highly restricted footprint. The cost of these two systems is much higher than the existing system
but the time of construction would be much shorter because the precast panels do not require
curing time as the composite slab does. To further investigate the feasibility of these two options,

especially the truss system, a lateral evaluation will need to be done as part of tech 3.

Due to inappropriate design decisions and assumptions, the flat plate system had to be
deemed unfeasible. If this system is changed to a one-way slab with post-tensioned girders, it
would be extremely viable. Using the flat plate post-tensioned system would require changing
the entire structure of Res Tower Il to concrete which could potentially be a thesis proposal
depending on the research and outcome of technical report 3.
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Appendix A: Existing Floor Calculations
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~ Tyer Mea

A’C Seniue T Ve ¢

=pPot  (CHeEcc: Pegmemens an  INpicae B o mo1cAz Rk
guoii S
@ &,
17'-l "
e —V7l—
Tooe CousTucnons: + ‘\«HSV 35 (&) 1 T @
R
S"- 18y ‘STeer Decx i 4 &
) - oy T |
3% LWt Couceee = 2 R [
Yo, * : o N | 28 -9
s "
Torer t=le /4 % > x
Vg : = 3 =
-PC Zood ps! 2 ES g
l_q 4
Loeos: .8
= 40 Y -
Sf);l: ) \:'{ 4"& Wik x 3elo) 1 @
= T)_n |
o™ = 40 a8 ‘i
\}U Leedfrv  Decring hfeos
SARYLE CcreEck Unsvhoees Lengm (g gprm)
i ' -~
Jiics) >3- 2 ok Rrx OUwwore
LendGTH
CHeCk S Rep vPosen Lk LoAn
F'e" Crerpp sPAN 2
275 - pst »> 70 paf 0k o
Lok s
ThHE toanynG CHECKk Swows Trbhr THIE s
Comceicmion 11 Vervy  over Deswgnen Bur Tw'S
1= NaT e Coatroct 1o Letn FFhauw
=€ EE<  y7mnNee
n
2HE BATI G S 3¢ LT Conenee
20 RAmiNg ok,
DVeck BVLIIE CHeens ouT

Page 26 of 46



Tech Report 2
Advisor: Dr. Boothby

Tyler M Meek

A.2: Beam Check
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A.3: Girder Check

Qiepes
Twezz Meer | A€ seuior THESIS STeY Cttecres 4
| APV OY [ L B
; T 510"
| Covpos e @uemer 1 WIF X35 (1)
< P Ascommnte Dy i5
? l &) Ginseevanve Be  Beam
3 R Y T Desi
3 ~ J ~ ~ . LUesiGna
A
L=11-b" ”A’
1 ; i
s Pu= 2(13:2%) = ze2* Vo= 20y, 1 (205)(17€) » Yu~ 12.91%
I Wu = 25 pee= 0035 Kley .

- { \ & A il _w\
| Mu (a0z)(25)" + (2e:2)11:5)
\ 7 P3|

Mu-~ hb fr-k
(\‘P@L@ Z-19)  PNAST
ZOpz 129 an ZOn = 129
2 —
O¥E £ koo (283 ( 42 79)(12)
cRes \ / (i
Li, ey = 429
e | ~
CnTRaLs az 0.gb < O wse ax .0
. ’ SPACIAIG = 2R
B’\'v(\
\ My 2 tsilapis= 2 2 @5 - 7 = &A%
(ms 3-14)
‘ IMp= 20%.5 - > Maz i fi -k 5k
‘ Pa= 153 'S Sy Vu= 124/k -
STRENGTH  Gyao
<D€Ft,51~now
N & e
ALL: '?L: [ESQ>(25523/J z 2.8
100
o s {ris)le) - osrs
300 T Beo
)\ N
(‘MVEHM) 'Il/g“ T on't .
Aoy = ..(Eﬁ + Mjf = (8:5) (n3)
Hger EHex -
v /\H < OEFI3 n s Elee
w er Concreien

0.9 &
. I N =+ A | 2 06087575 P-ge
3 240 _

Teeg = _RL° + sulY

T @ 29000

Heen 2849 £ A
3 ; R T S
3 e~ TLIE #'< Goin? . g .;{ Wi8x 25 tugpes fl
| = ) |

Page 29 of 46



Tech Report 2

Advisor: Dr. Boothby

Tyler M Meek

Appendix B: Hollow core plank calculations
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Appendix C Nitterhouse precast plank specification

Prestressed Concrete
6"x4'-0" Hollow Core Plank

2 Hour Flre Reslstance Ratlng With 2" Topplng

PHYSICAL PROPERTIES
Composlte Sectlon

A= 353 In”  Precastb. = 16,13 |,

.=15191n! Precast S.,=370 |0}
Y= d,10 0, Tooplng S. =551 |n]
¥oo=1,80|n, Precas! S, =799 |n}
Y = 3,800, FPrecast Wt =185 PLF

Precast Wt, = 48,75 PSF

DES|GM DATA

1. Precasl Sirength @ 28 days = 6000 PSI : . ) ) , , ,
Z, Precast Strength @ release = 3500 P3| =, & i3 il B_E
3, Precast Denslty = 150 PCF W 'S
4, Strand = 172" 270K Lo=Relaxation, '_’L \CTEENLD P
5, Strand Helght =175 |n, . e —_— T -

E. Ultimate moment capaciy (when fully developed).. © {= Q* r— * r_] * r_] * Q . r_j - Y
4=172"F, 270K = 67,4 k=1t at 60% jacklng force Lz | - | | .o
B=172"E, 270K = 92,6 k=Tt at 60% Jacking force - ™
F=1/2"F, 270K = 95,3 k=t at 60% jacking farce A0

7. Maxlmum bottom tenslle stress |s '1CIE= 775 PSI : !

8. All superimposzed load |z treated as [ve load In the strength analysls of flexure and shear.

9, Flexural strenglh capaclly |s based on strass/straln strand relatlenshlps,

10, Deflectlon llmlts were not consldered when determining allowakle leads In this table,

11, Topplng Strength @ 28 days = 3000 P31 Topplng Welght = 25 PSF,

12, Thase tables are based upon the tooplng having a unlfarm 2" thickness over the entlre span, A lassar
lhlckness mlght oceur IF camber |5 nol laken Imo account durlng deslgn, thus reducing the load capaclty.

13, Load values 1o the [efl of the solld |[ne are controlled by ulllmate shear strength,

14, Load values o the right are controlled by ultimate Aexural strength or fire endurance [Imits,

15, Load values may be different for IBC 2000 & ACI 218-88, Load tables are avallable upon request,

16, Camber |5 Inherent In all prestressed hollow core slabs and Is a funcilen of the amount of eccentrle

prestressing force needed to carry the superlmposed deslgn loads along with & number of ather
varlablas, Becausa pradlction of camber |5 based on emplrlcal formulas |t s at best an estimata, with
the actual camber usually higher than calculated values,

TR

SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & AC| 318=-05 (1.2 0D + 16 L}
Strand SPAN (FEET)
Pattern 12[13[14]15]1&] 17| 18] 18| 20|21 |22 |23 |24 |25 |26 |27 |28 |28 |30
4 = 172 | LOAD (PSF) 38| 317 (280|258 2FF (19T IVE[ T4 12T 108 | 52 | VA | BE | BG
= 123" [ LOAD (PSF) SEA|ATA[A3F| S 358 | FEA | FEG| FET) AL IR |16L |42 122 04 | B | VA | BT | 49 | 39
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Appendix D: Steel framing calculations
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Appendix E: Staggered truss calculations
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Appendix F: Post-tensioned slab calculations
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Appendix G: Cost analysis
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