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Executive Summary -

Technical report 2 aims at selecting and analyzing viable floor systems for the John Hopkins

Graduate Student Housing project. Floor systems chosen for the pro-con analysis were:

e 2-way, post-tensioned slab (existing)
e Precast hollow core planks
e Composite steel beam and concrete slab

e 2-way flat plate

Each floor system was analyzed in the same corridor or bay to allow for an equal comparison.
They were all analyzed under the load case 1.2D + 1.6LL as well. Computer and hand
calculation were used to design and check preliminary member sizes for strength and deflection
criteria. Each system was then compared to one another based on structural and non-structural

criteria such cost, weight, architectural impact, construction impact, vibrations, and others.

Throughout the report is a detailed summary of each system including the design summary. A
table summarizing the findings as well as an in-depth feasibility study can be found near the end
of the report. The end conclusions showed that the precast and composite steel systems were the
most viable. A 2-way flat plate in the John Hopkins Graduate Student Housing project was not

economical nor provided sufficient advantages.

All images in this report are provided by Education Realty trust and Marks, Thomas Architects

unless otherwise noted in the reference section.
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Introduction —

Located just outside the heart of Baltimore, 2 blocks from John Hopkins campus, is the site for
the new John Hopkins Graduate Student Housing. This housing project is being constructed in
the science and technology park of John Hopkins. A developing “neighborhood”, the science
and technology park is over 277,000 sg. ft. which is planned to host at least five more buildings
dedicated to research for John Hopkins University. The site is also directly across from a 3 acre
green space. This location is ideal because
it places graduate students within walking
distance of the schools hospitals, shopping,

dining and relaxing.

John Hopkins Graduate Student Housing
project is a new building constructed with

‘ ' :"L - B ’_- . -3 &
Graduate Student Housing Community | sdence and Technology Pak at o Hoplirs ‘ = %’

brick and glass facades for a modern look.
Figure 1 - Showing glass and brick facade along with Curain Upon completion, the building’s main
%,lvjﬂlction is predominantly for graduate residential use, providing 929 bedrooms over 20 floors.
There are efficiencies, 1, 2, and 4 bedroom apartments available. Other features include a fitness
room and rooftop terrace. A secondary function of the building is three separate commercial
spaces located on the first floor. Retail spaces provide a mixed use floor, creating a welcoming
environment and bringing in additional revenue. At the 10" floor, the typical floor size
decreases, creating a low roof and a tower for the remaining ten floors. Glass curtain walls on

two corners of the building also begin on the 10" floor and extend to the upper roof.

The fagade of John Hopkins GSH is composed mainly of red brick and tempered glass with
metal cladding. Large storefront windows will be located on the first floor and approximately 6’
x 6 windows in the apartments. The curtain wall is to be constructed of glass and metal
cladding that can withstand wind loads without damage. There is a mechanical shading system
in the windows to assist in the LEED silver certification.
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John Hopkins GSH is striving to achieve
LEED silver certification. Most of the points
accumulated to achieve this level come from

the sustainable sites category. A total of 20/26

points were picked up in this category due to a
number of achievements such as; community
connectivity, public transportation access, and
storm water design and quality control. Indoor
air quality is the next largest category where
the building picks up an additional 11 points

Figure 2 - an overhead showing the green roof and large
green area across the street

construction. Several miscellaneous points are picked up for using local materials and recycling

for the use of low emitting materials throughout

efforts as well. Shading mechanisms are also implemented throughout the design as well as an

accessible green roof.

There are three different types of roofs on this project. Above the concrete slab on the green roof
is a hot rubberized waterproofing followed by polystyrene insulation, a composite sheet drying
system, and finally the shrubbery. The sections of roof containing pavers will be constructed
using the same waterproofing, a separation sheet, the insulation and finally pavers placed on a
shim system. The remaining portions of the roof will be constructed using a TPO membrane

system.
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Structural Systems —

Foundations:

A geotechnical report was created based on 7 soil test borings drilled from 80’ to 115’ deep.
Four soil types were found during these tests: man placed fill from previous construction 7-13
feet deep, Potomac group deposits of silty sands at 40-75 feet, and competent bedrock at 80-105
feet. Soil tests showed a maximum unconfined compressive strength of 12.37 ksi. The expected
compression loads from the structure were 2400k and 1100k for the 20 and 9 floor towers
respectively. The foundation system will also have to support an expected uplift and shear force
of 1400k per column and 180k per column. Based on preexisting soils and heavy axial loads it

was determined that a shallow foundation system was neither suitable nor economical.

In order to reach the competent bedrock, John Hopkins GSH sits on deep caissons 71-91 feet
deep. Caissons range in 36-54” in diameter and are composed of 4000psi concrete. Grade
beams, 4000psi, sit on top of the
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Floor Framing:

Dead and live loads are supported in John Hopkins GSH through a 2 way post-tensioned slab.
The slab is typically 8” thick normal weight 5000 psi concrete reinforced with #4 bars at 24 on
center along the bottom in both directions. The tendons are low relaxation composed of a 7 wire
strand according to ASTM A-416. Effective post tensioning forces vary throughout the floor,
but the interior bands are typically 240k and 260k. This system is typical for every floor except
for the 9™ which supports a green roof and accessible terrace. Higher loads on this floor require
a 10” thick 2 way post tensioned slab reaching a maximum effective strength of 415k. The
bottom layer of reinforcing in this area is also increased to #5 bars spaced every 18”. One bay on
the 9™ floor (grid lines 7-8) is constructed with a 10” cast in place slab. Plans of this floor can be

found in appendix E.

Mechanical penthouses exist on the 9™ and 20™ roof constructed with a steel moment frame.
Typical sizes for the 9™ floor penthouse are W10’s and W12’s with 1.5 20 gage “B” metal deck.
As for the 20" floor penthouse, the typical beam size is W16x26. Equipment will be supported
on concrete pads typically 4” thick. Two air handling units and cooling towers on the roof will

require 6” pads.
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Figure 4 - Typical floor plan of upper tower
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The loads will flow through the slab and reinforcement to the columns eventually making their

way down to the foundation. To tie the slab and framing system into the columns, two tendons

pass through the columns in each direction. To further tie the systems together, bottom bars have

hooked bars at discontinuous edges. Dovetail inserts are installed every 2’ on center to tie the

brick fagade in with the superstructure. Columns are typically 30”x20”” and composed of 4ksi
strength in the northern tower (9 floors), while columns in the southern tower vary from 8ksi at

the bottom, and 4 ksi at the top.
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Figure 5- Typical detail for post tensioned tendon profile
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Lateral System:

John Hopkins GSH is supported laterally through a cast in place reinforced concrete shear wall
system. All of the shear walls are be 12” thick and are located throughout the building and
around stairwells and elevator shafts. Shear walls in the 9 floor tower are poured with 4000psi
strength concrete while shear walls in the 20 floor tower vary in three locations. From the
foundation to 7™ floor, 8ksi concrete was required, 6ksi from 7" to below 14" floor, and 4ksi for

walls above the 14" floor. The shear walls are tied

into the foundation system through bent vertical bars L "N
[}
1’ deep into the grade beam as shown in figure 6. T f
Shear walls are shown below in the figure with N-S SRl | L T
Jd11 J—e

walls highlighted in blue and E-W walls red. Walls in

WS,
- . T vTgY VERT. VRt P _-LHALID MERALE TN

the center of the building will support lateral stresses ok """"“LJ LJ'

TYPICAL BOTTCM

directly, while those on the end support the torsion %;\ OF SHEARWALL DETAL
i

effects caused by eccentric loads. Elevations of shear 3o SR D L e,
walls can be found in appendix E. Figure 6 - detail tying shear wall into foundation
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Figure 7 - Shear wall layout
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Building Code Summary —

John Hopkins GSH was My Thesis analysis/design will
designed to comply with: be based on:

General Building Code IBC 2006 IBC 2006

Lateral Analysis ASCE7 ASCE7-05

Concrete Specifications | ACI 301, 318, 315 ACI 318-08

Steel Specifications AISC and AWS D1.1 AISC 2006

Masonry Specifications ACI530.1/ASCE 6 ACI 530.1-08/ASCE 6-08

Table 1- Building Code Comparison

Material Strength Summary —

Material Strengths

Concrete

Material Weight (Ibs/ft®) Strength (psi)
Footings 145 4000

Pile Caps 145 4000

Caissons 145 4000

Grade Beams 145 4000
Slab-on-grade 145 3500

Slabs/beams 145 5000

Slab on metal deck 115 3500

Columns 145 Vary-see schedule
Shearwalls 145 Vary-see schedule
Steel

Shape Grade Yield Strength (ksi)
W Shapes A992 50

S, M and HP Shapes A36 36

HSS A500-GR.B 42

Channels, Tees, Angles, Bars, | A36 36

Plates

Reinforcing Steel GR. 60 60

Table 2 - Material Strength Summary
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LLoad Calculations —

_ LOADNG SCHEDULE  (PSF)
Dead Loads: Cocaren - zrmaoe |y
A e FOoR o wor FENTROGE | MECoANCAL 'Ulﬂ.(l
. A ook | o wor | weas onn | o
The dead loads calculated in appendix A have o ' L
COMGRITE Sk 00 = mn 100113 1
. . . WETAL JTCK - - - 2 - -
confirmed the dead loads that were provided in W 5 . s . s s
e - [ -
the loading schedule as seen in table 3. It o - : =
. . . SAETITION OWT LOAS) » - - -
appears that the designer used ASD in their o woor : 2 [ % 2 . =
4" oMW W - - 0 - 20 L
analysis because the total load does not have T S I T I . )
TOTM CaF 1y 313 (2 2 Aoe-N1 0
any factors applied to it. The analysis in this s
. . . 1 N3 AT LAND FEIUETON Nk BTCH TN B GO, e L
tech report will be LRFD which typically 3 01 seap oats 50 00! ALEE SEGHT OF SICE. OF MWK FRARG ENRETS,
MUCWRCH TOR "OE SUMORT OF THESE ONTS PAVE BEES MASE OF AR IOVDUAL BANS,
- - - u-«@mwmanmw A, WEEST ANE LOCATON NG Nt
results in a more aggressive design. B2 P, 108 LOMAED COMCIANTES (0N
& PRPTID AND DUOMG CROW LOADG CHALL B CALCALATER 37 TRES MANUFACTURIR BAGES
O B0OF MOG CEOMETRT AMD TERCH CETIBA' MOAT

Live Loads:

Figure 8 - Summary of loads used by designer

It seems John Hopkins used loads very similar to the ASCE7-05 standards. Exterior mechanical

loads were not specified in the standard, but I am assuming the equipment can cause significant

loads while operating. The 30psf on non-assembly roof areas is most likely a judgment call to

account for the maintenance that would be required for a green roof. Although not specified on

the table, the 100psf required in the corridor and stairwells are most likely balanced by the large

banded post tensioned tendons running parallel to the corridor and around the stairwells.

Area Designed for — (psf) ASCE7-05 (psf)
Typical Floor 55 (includes partitions) 40 (residential) + 15 (partitions)
Corridors N/A 100

Stairs N/A 100

Assembly N/A 100

First story retail N/A 100

Roof used for garden/assembly | 100 100

Exterior Mechanical areas 150 N/A

High Roof 30 N/A

Penthouse Roof 30 N/A

Planter Areas 30 N/A

Table 3 - Live Load Comparison

9/23/11
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Floor System Comparison —

The original floor system was compared with three other viable systems. Typical members were designed
for each system to satisfy strength and serviceability requirements. Results were obtained for these
designs from hand and computer calculations. Cost information was found through RS means unless

otherwise noted. Details of calculations can be found in the appendix.

To keep the systems as comparable as possible, the bay sizes were kept the same as the original design.
The typical floor plan is a long rectangle with typical spans of 25 feet. The alternate systems were
analyzed in a critical section, the central corridor shown below in figure 9. The blue represents the bay
analyzed while the red represents the strip. Although the width of this bay is five feet shorter than the
edge bays, the loads here are considerably larger. The ASCE7-05 recommendation of 100psf for live load
was used, but not the partition load. The partition load was assumed to only occur in the tenant living

areas where it is more likely to occur. The systems analyzed were:

2-way, post-tensioned slab (original system)

Hollow-core planks

Composite steel beam and concrete slab system

2-way flat plate

@
3
&
Ny )
)
8
a

TR B

- ——— o= e o e 2 e e TS Sy Sy S R ——

Figure 9 - Typical plan analyzed
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2-way, Post-Tensioned System:

The long rectangular shape of this building is ideal for a 2-way, post-tensioned system due to its
efficiency. When the slab is poured, sleeves are embedded in the concrete and a greased tendon is fed
through. Once the concrete has reached adequate strength, 3750 psi, the tendon is then stressed. The
stressing and tendon profile can be used to counter the vertical loads whether they are causing positive or
negative moments. The PT system was modeled through RAM concepts for strength and deflection.
Hand calculations were performed to analyze the allowable stresses caused by an individual tendon.
Strength results were calculated using the load case 1.2D + 1.6LL. Results for these calculations can be
found in appendix B.

Advantages

2-way, Post-Tensioned floor slabs are ideal for a dormitory setting because it can easily span medium to
large bay sizes while maintaining a low floor to floor height. Providing a low floor to floor height allows
the building to maximize floor area while minimizing overall height. This system was able to achieve a
9°4” floor to floor height, saving money on other aspects of the building such as the fagade, mechanical
ducts, and electrical wiring. The 8”, 5000 psi slab is redundant from floor to floor, enabling the
contractor to reuse the formwork, thus saving money. Formwork is approximately 50% - 60% of the total
cost of a concrete system according to Mr. David Holbert of Holbert Apple Assoc. The reuse of
formwork also allows for a quicker schedule because the workers can develop a pattern and do not have

to lay custom formwork at every floor.

Architecturally, the slab will not be seen by most, as the ceiling is gypsum wallboard on metal studs.

The ceiling height in the unit spaces and corridor is 8” as mandated by IBC “06. PT slab systems are also
excellent for controlling deflections. This serviceability is evident in the results, where the maximum
deflection was found to be .155”. This system also meets the minimum 2 hour fire rating prescribed in
IBC table 720.1. An exact cost/sq ft for post tensioning was not found. However, according to Stephanie
Slocum of Hope Furrer Associates, the cost for a PT slab would be similar to a flat plate minus the
difference of the weight of the rebar. In the PT slab, the bottom reinforcement consisted of #4 bars every
2’ compared to the flat plate which has #5 bars every 6”. This significant reduction in rebar makes the PT
slab much more economical than the flat plate. A flat plate costs approximately $14.75/ sq. ft. so a PT

slab would cost significantly less than that.
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Disadvantages

With the tendons being immovable, and the thin slab, renovations on PT systems are difficult. Any
undersigned penetration in the slab requires the consulting of a structural engineer and the exact location
of the tendons through an x-ray. One mistake in a renovation process, such as cutting a tendon, would be
a catastrophic one. Another downfall of PT systems is the expertise and skilled labor required to install
them. For this particular system, the structural engineer requires the field foreman to have at least three

years of experience in this type of construction.

Hollow Core Planks:
Hollow core planks were selected as a viable alternative because of the similarity to the post tensioned
system. The slab is precast with prestressed tendons spaced every 5.5 and can span lengths up to 35°.

The middle of the slab has hollow cores as seen in figure 10, taking weight out of the slab. Using the

31108 Nitterhouse design tables, it was found that an 8”
b7 71 w7 | 5} x 4’ plank with a 2” topping would satisfy strength
1%"_| 3 and fire durability requirements of 2 hours.
: — I — Calculations for the strength and deflection of the
fn ) OO@OO o planks, as well for the supporting girder can be
‘ A |—-i L1%" ‘ found in appendix C. The cost for hollow core
| oo | planks is typically $13.86/ sq. ft, another cheap
Figure 10 - Section of hollow core slab system with respect to the PT slab.
SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & ACI 318-05 (1.2D + 1.6 L)
Strand SPAN (FEET)
Pattern 17 [18(19[20|21|22|23 |24 | 25|26 |27 | 282930 |31 |32| 33 | 34|35
4-1/2"s [LOAD (PSF) 280256226 (199[190(170[151[137|119[106| 93 | 82 | 72
6 -1/2"s | LOAD (PSF) 366|341(318(299(271(245(223 21141896176 (159|143[129]|113| 98 | 85 | 74 | 63 | 53
7-1/2"s |LOAD (PSF) 367(342|320(300|282|265|243|221|202| 189|180 |165§151(134 [118]|104| 91 | 80 | 69

Figure 11- Design table used to size plank
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Advantages

Hollow core planks can span large distances while minimizing depth of the structure. A distinct
advantage of the hollow core system is that the precast bottom is able to be used as a clean exposed
ceiling. If the coordination between trades is willing to work together, electrical conduit and small
mechanical pipes can run through the cores. Cutting holes no larger than 560 mm in the bottom of the
planks can be useful for down lighting, which is a typical

fixture throughout this building.

Precast planks would also speed up the construction
schedule because there would be no wait for curing of
concrete or placing of formwork. Planks can also be
erected during winter because no curing is involved. The

hollow core planks weigh 61.25 psf, removing a

approximately 59% of the weight from the floors. This

. . L L Figure 12 - Example of down light in hollow
weight reduction significantly reduces the seismic effect on  core plank the

building. It is hard to say how this weight would affect the foundations. From the geotechnical report,
suitable rock for a building this size isn’t reached until 80’. There may be some reduction in the size of

the caissons, but the overall depth would most likely remain the same.

Disadvantages

As with all prestressed elements, you must be cautious with the camber. As stresses are induced in the
bottom of the slab, it causes an upward deflection in the middle of the slab. Camber will need to be
addressed further if this design is used later in depth. The edges of the hollow core planks need to be
sealed well to prevent water from entering the cores to increase its durability. With the reduction of mass
and prestressed tendons, vibration would be more of an issue with this system than with the PT. An in-
depth study of vibration was not done in this report, but it is reasonable to assume that in a dormitory
setting of graduate students, vibration would not be the controlling factor. With pre-cast elements, there

are increased shipping costs, hoisting and erection costs, as well as connection costs.
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Composite steel beam and concrete slab system:

A composite steel beam and concrete slab was selected to compare steel to concrete, while minimizing
the floor to floor heights. The theory behind the system is that the concrete and steel will work together
to resist the load. With the systems working together, a smaller weight can be achieved instead of
considering the beam to withstand the entire load. Concrete has excellent compressive properties, but is

poor in tension which is where the steel comes into play.

This system was designed to minimize the depth of the structural system, not for system weight. This
would ideally save money in the long run with savings on the facade, mechanical ducts, and electrical
wiring. Calculations can be found in Appendix D. The results showed that the vertical loads and fire
ratings can be satisfied with a 2VL deck with a 2 topping, W10x22 beams, and W12x30 girders. The
average cost for a composite steel system in the city of Baltimore is $21.06/sq. ft. This is relatively high

compared to the PT system, but savings could be found elsewhere due to the steel structure.

Advantages

Steel systems are generally lighter than concrete which reduces the force due to earthquake loads. This
significant reduction in weight could lead to a smaller foundation. Steel frames can also often be erected
quicker than cast in place concrete systems. With regards to construction, steel erection doesn’t require
skilled labor. Steel also provides ductile behavior, so in the event of severe loading, it will yield before
failure. Steel frames also have the ability to be easily modified in the future should the owner choose to

renovate the apartments.

Disadvantages

Although the concrete and decking pass the 2 hour fire rating, the beams and girders currently do not;
therefore, the steel framing would need an unsightly fireproof coating. This fireproofing would require
some sort of drop ceiling to cover it, thus increasing the floor to floor height. With a 12” girder plus
fireproofing and ceiling, the minimum floor to floor height that can be achieved is 9°9”. The steel system
currently laid out also impacts the shear walls. The design was based on a column at the shear wall
location, which would interrupt the continuity of the wall. Steel also has an issue with vibration due a

lack of mass.
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2-way Flat Plate:

A 2-way flat plate is used for large square bays and contains reinforcement at the top and bottom of the
slab. Top reinforcement is required near the columns to integrate the slab with the column and resist
negative moments. A flat plate is similar to a PT slab with regards to construction. The laying of
formwork and pouring of concrete is the same process and costs the same as a PT slab. Where a flat plate
increases cost is in the rebar. The weight of rebar in a 2-way flat plate is much greater than that of a 2-
way PT system. This can be seen by the # 4 bars spaced every 2’ in the PT system compared to the #5
bars spaced every 6” in the flat plate. A flat plate costs approximately $14.75/sq. ft. Laying the
formwork and pouring the concrete is virtually the same procedure as for a PT slab; therefore, the price

will not be less than an efficient PT slab.

Advantages

A 2-way flat plate can span longer distances than a one way system and also removes beams from the
system. Removal of beams reduces the overall weight compared to a one way system, but compared to
the PT system it is heavier. Architecturally, a flat plate will look identical to the PT system, except
provide a thicker structural system. Flat plates are also more easily modified in the future compared to
the PT slab. Flat plates handle vibrations extremely well due to their large mass. Along with a large mass
is fire protection. A flat plate system can easily achieve a 2 hour fire rating without additional

requirements.

Disadvantages

As previously stated, the flat plate is heavier than the PT slab and will increase earthquake loads. The
foundation size might also need to be increased to account for a larger bearing pressure. The thicker slab
also reduces the floor to floor height by a few inches. Deflection control is also often an issue with flat
plates, short and long term. When this system was designed, it was assumed that columns were located
where there currently shear walls. This impacts the lateral system and adds the additional cost of framing

a portion of a column into a shear wall.
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System Summary -

System Summary

Existing 2-way PT slab

Hollow core plank

Composite steel beam/slab

2-way flat plate

Cost ($/sq. ft) <14.75 13.86 21.06 14.75
Weight (psf) 150 62.5 54 150
Foundation Existing Smaller Smallest Possibly a
larger
foundation
Impact lateral Existing Need a columnin | Yes, moment or braced Concrete
systems? shear walls to tie | frames need to be columns within
in planks investigated the shear walls
Structural Depth | 8” 107 15” 9.5”
Fire Protection 2 hour- no extra | 2 hour- no extra 2 hour- beams and girders | 2 hour- no
requirements requirements need a fireproof coating extra

requirements

Architectural Existing uses No drop ceiling Drop ceiling needed Would most

(does it need drop ceiling needed likely utilize

drop ceiling) drop ceiling

Vibration Very good OK Less than ok Excellent

Construction Existing Significantly Slightly accelerated About the same

impact Accelerated Schedule schedule
Schedule

Constructability | Skilled labor - Medium-heavy Medium-heavy lifts, Easy — basic

intensive lifts, detailed detailed connections form work

connections

Feasible Existing Yes Yes No

Table 4 - Systems summary chart
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Feasibility —

Judging by the original system, it seems that the main goal of the John Hopkins Graduate Student
Housing project is to minimize floor to floor height. This allows the owner to fit more rooms within the
same height, thus make more money. A flat plate and hollow core system are the closest contenders to
the PT slab with a 9.5” depth and 10” depth respectively. However, the hollow core planks also weigh
less than the original system which could save cost on the foundation. With the clean bottom, further
costs could be saved by eliminating the drop ceiling and running conduit through the cores.

The composite steel beam and slab system is the second most feasible alternative. The structural depth is
slightly larger at 15”, and also requires a drop ceiling. Increasing depth increases the cost of the facade,
but only minimally. This cost could be offset by the major reduction in size of caissons. Decreasing the
weight of the structure significantly could result in wind controlling the lateral system over earthquake. A

further investigation of this and the differing lateral resisting frame could be included in tech report 3.

The flat plate system has advantages compared to other concrete systems, but to a PT slab, it is clearly
inferior. The only advantage the flat plate has over the PT system is the ease of installation and being
able to be modified during renovations. The structural depth has been increased, increasing cost and
weight of the building. This increases the loads caused by earthquakes and loads on the foundation.
There are no major advantages the flat plate system possesses over the PT slab making it not feasible for

the John Hopkins Graduate Student Housing project.
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Conclusions —

Upon completing the calculations and analyzing the results, it was found that two of the three systems
were feasible. The structural systems were analyzed and designed through hand and computer
calculations. Results were compiled and the systems were compared based on structural and non

structural criteria.

The hollow core planks were deemed most feasible, followed by the composite steel beam and slab.
Planks were designed to 8” x 4’ plank with a 2" topping on top to meet the 2 hour fire rating. Hollow
core planks were able to achieve minimal structural depth while maintaining a low cost. Another main
advantage of the planks were the ability to reduce the weight of the building, possibly leading to smaller
foundations. For construction, precast systems also increase the schedule significantly. Issues to look
into further with the precast planks are camber issues in the field, and how the planks will affect the

lateral system.

A steel composite system is the second most feasible floor analyzed. Typical beams were designed to be
W10x22 while girder were designed for W12x30. This system was designed to minimize the depth of the
structural system. Although the structural depth and cost were higher than the PT system, the overall
building weight was reduced dramatically. A steel system could lead to smaller foundations and a more

dynamic response in the event of an earthquake.

The flat plate system showed no real promise into further investigation. A flat plate slab in this scenario
could only be designed to 9.5” to limit deflections. The only real advantages the flat plate had over the
PT were easier labor issues since no tendons were used, and an easier time modifying the structure down
the road. These were not enough reasons to validate the increase of cost, weight, and altering the shear

wall system to add more columns.
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Appendix A — Load verification
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Appendix B — Post Tensioned System
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012 0.18

0 003 0.08
Min Value = 0.0999 inches @ (34.23,-11.75) Max Value - 0.1547 inches @ (0,0)

Figure 14- Deflection
reaction for PT system.
Maximum displacement is
shown in red at .155
inches

Figure 13- strength
results. Blue line
represents moment
capacity while red
represents required

008
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Appendix C — Hollow Core Planks

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

2 Hour Flre Res|stance Ratlng With 2" Tepplng

PHYSICAL PROFPERTIES
Composlte Sectlon
A.=301In? Precastb. =13,13|n,

l.=3134 |n! Precast S.,= 616 In’
Y= 5,09 N, Topping S = 802 |n?
¥=291In,  Precast S= 1076 In’
Ya=4,81|n, Precast Wt =245 PLF
Precast Wi, = 61.25 PSF

DESIGN DATA =10

1, Precast Strength @ 28 days = 6000 P3| LI 12 i W T rAT
2, Precast Strength @ release = 3500 PS| -

3. Precast Denslty = 150 PCF 1#;"1 3

4, Strand = 1270 270K Lo-Realaxation,

T
5, Strand Helght = 1,75 In, 5 | ( ) @ ! |
6, Ultimate moment capacity (when fully developed),, 4 aQ, ,Q,Q,@n \
4-1/27@, 270K = 92,3 k-ft at 60% jacking force ! - T
B-1/2°@, 270K = 130.6 k-ft at 60% jacklng force —-I—I-E |-l by
T-112°@, 270K = 147.8 k-t at 60% jacklng force A

7. Maximum bottom fenslle stress |s 1DF: 775 P5| ! !
8, All superimposed |oad is treated as live load in the strength analysis of flexure and shear,
8, Flexural strength capaclty |5 based on stress/straln strand relatlonshlps,

10, Deflectlon lImlts were not consldered when determining allowable leads In this table,

11, Topplng Strength @ 28 days = 3000 P5|, Topplng Welght = 25 P5F,

12, These tables are based upon the topplng having a unlform 2° thickness over the entlre span, A lesser
thlckness might ocour If camber Is taken Into account durlng deslgn, thus reducing the load capaclty.

13, Load values to the left of the solld line are controlled by ulllmate shear strength,

14, Load values to the right are controlled by ulilmate flexural strength or allowable service siresses,

15. Load values wlll be dlfferent for IBC 2000 & ACI 31899, Load tables are avallable upon request.

16. Camber Is Inherent In all prestressed hollow core slabs and |s a functlon of the amount of eccentrlc
prestressing force needed to carry the superlmposed deslgn loads along with a number of ather
varlables, Because predictlon of camber Is based on emplrlcal formulas |t 1s at best an estimate, with
the actual camber usually higher than calculated values,

L

SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & ACI 31805 (12D + 1.6 L)
Strand SPAN [.FEET]
Pattern 17| 18| 19|20 21|22 [2a |24 | 25 |26 | 27 |28 |20 |20 31|32 | a3 [ae |35
4 =12 | LOAD (P5F) 2B0|256|226] 199 190 170151 137 (119 (106 53 | 82 | 72
G- 112" | LOAD (PEF) G66(541| 5318|2008 |271 | 245|225 |211|196 (176 [ 159 (143|129 113 | 96 [ B5 [ 74 [ B3 | 53
7= 12" [LOAD (PSF) 6T | 342| 320) 300 (282 | 265 (243 | 221|202 189 180 (165151 [134 |[118 (104 91 | BD | 62
H I TTEH Ho us E This table Is for sknple spans and unBarm loads. Deslgn data
for any of thesa spareoad condltions ks avallable on requess,
COMCRETE "' FRODUCTS Indlilaual saskgns may ba furlstes o sadsty unusual condlilans
- L\. - of heawy loads, concenlraled loads, canllevers, large or 2ham
openings ard namow widths.  The alowable loads shown In this
BEES f'-l'||:||'g.l' Plicher Hwy, South, Box M tablke reflnct @ 1 Hour & O Minwie e mslsiance ating,
Chambersburg, PA 17202-8203
P17-267-0505 Fax 717-267-4518 i3 B8SF1.0T
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Appendix D — Composite Steel Beam with slab
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Appendix E — Flat Plate System
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Appendix F — References
Cost analysis was performed through online RS Means Costworks.

http://www.meanscostworks.com/

Precast Design tables were obtained from Nitterhouse Inc.

http://www.nitterhouse.com/

Information about hollow core slabs and provided figure 12

http://www.cma.org.za/UploadedMedia/CMA%20Prestress%20%28Multi%20Purpose%292%28
1%29.pdf

Further Information on hollow core slabs

http://web.eng.fiu.edu/prieto/HeavyConstruction/HC-Lecture19-PrecastConcrete.pdf

2-way Post tension slab design aid

http://www.cement.org/buildings/Timesaving-2WayPost-1A.pdf
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