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Executive Summary

Aguablue at the Golden Mile is a 31-story apartment building with a parking garage up to level 7. The primary
building material for the structure is concrete, and the existing floor design consists of two-way, post-tensioned
slabs of varying thicknesses.

The purpose of this report was to research various alternative floor systems and determine preliminary designs.
The analyses were based on a regular bay on a typical apartment level. This information (which includes a study
of the post-tensioned slab) was used to make a comparison among various systems and to determine which
ones are worth investigating further. Other general information was included in the comparison, such as
constructability, fireproofing, and the effect of the design on the existing lateral system. The following four
systems were studied in this report:

e Post-Tensioned Slab (existing)

e Two-Way Flat Plate Slab

e Steel/Concrete Composite System
e Precast Hollow Core Slab

It was determined that the flat plate slab should not be investigated further. This system is most similar to the
existing system, but the comparison suggested that the post-tensioned slab is the better design. The composite
system is still a viable option for a re-design of the structure. Based on the system comparison, it did not seem
like a potential candidate, but the challenges provide opportunities for breadth studies. For example, the depth
of the system would require architectural changes in the floor-to-floor height and facade. The hollow core slab
also has the potential for further investigation, because there are many advantages to this precast system.
Some of these advantages are the light weight floor, low cost, and ease of construction.
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General Building Information

Aquablue at the Golden Mile is a high-rise
apartment building in Hato Rey, Puerto Rico. Itis
located in an urban area, about two miles away
from the San Juan Bay (fig. 1). The building size is
about 900,000 total square feet, and there are 31
stories above grade. (Up to level 7, the typical
floor area is about 51,900 square feet. For the
apartment floors, which are above level 7, the
typical floor area is about 26,100 square feet.) The
ground level will be developed as a commercial
area, and the rest of the floors up to level 7 will be
used for both parking and office space. Level 7 is
an indoor/outdoor public area for the apartment
residents, and the floors above are private
apartments, which are separated into two towers.
There is a sky lobby above the penthouse
apartments.

Fig. 2 — Rendering of Aquablue
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Fig. 1 — Building Site (maps.google.com — Hato Rey Central, PR)

The parking structure (levels 2-6) is open, with concrete parapets along
the exterior. As an architectural feature, there are two sections of an 8”
masonry wall that extend from the ground up to level 7. The office areas
of these floors are enclosed with a glass curtain wall system, as can be
seen at the bottom of figure 2. Above level 7, the primary facade
materials are glass and concrete precast panels.

The primary building material is reinforced concrete, and the structure
consists of a building frame system with shear walls. Each floor has a
post-tensioned slab supported by concrete columns.

Technical
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Description of Existing Structure

The foundation consists of drilled piles that are aligned with the columns. They are the primary foundation

system, although there are some grade beams as well. (The grade beams are only used occasionally; they do

not span all of the piles.) At the foundation level, there is a 10” reinforced concrete slab.

Each floor consists of a two-way, post-
tensioned structural slab supported by
reinforced columns, which span
between 25’-0” and 34’-0”. Itis a flat
plate system, so beams are not a part
of the general floor framing. The slabs
are 9” thick for the first six stories. At
level 7, parts of the slab are 12” thick
because the loads are heavier on this
partially outdoor level (due to pool and
landscaping). For the apartment levels,
the post-tensioned slabs are 8” thick.

The primary lateral force resisting
system is a series of shear walls near
the core of the building. They are 18”
thick, and most of them require
boundary elements. The system of
shear walls is grouped into two
sections, and each one extends into
one of the apartment towers. Figure 3
shows an example of one section of
shear walls.
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There is one expansion joint, which breaks the

building into two sections that are nearly square. lItis

a 5” seismic joint, and it runs parallel to the short

dimension of the building.

The material strengths of the concrete for the

various structural elements are listed in table 1. The

concrete strength of the slabs and columns changes

around level 12. The highlighted material strengths

are relevant to the floor system being analyzed.

Fig. 3 — Example of Shear Wall System (Levels 7-9)

Concrete Material Strengths

Structural Component

Strength, f'; (ksi)

pile cap

retaining wall / basement wall

grade beam

slab on grade

foundation - level 12

formed slab
above level 12

beams

parapet / vehicle barrier wall

foundation - level 13

columns

above level 13

’O\OOU‘IU'I’UIO\U'I##J}

Table 1 — Concrete Strengths for Various Structural Elements
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Typical Framing Plan of Existing System

There are two typical floor plans in this building: one for the parking garage levels and one for the apartment
levels. In this report, the analyses of floor systems was done for the residential section of the building. The
existing floor plan is shown below in figure 4. The two-way, flat plate, post-tensioned slab is 8” thick, and it is
supported by rectangular, concrete columns. The lateral system of shear walls is also highlighted in the figure
below.

Fig. 4 — Column and Shear Wall Layout for Typical Apartment Level

For the design of the alternative floor systems, a 26’-0” x 29’-0” panel based on the original column layout was
used. That panel, shown above in figure 4, was chosen because it was a relatively large bay, and no shear walls
interfered with the regular column grid at that location. Below, figure 5 shows an expanded and simplified view
of the panel. This same rectangular bay was used throughout the design of the alternative floor systems.

((Xf€ri0l’ wall

AN

Fig. 5 — Typical Panel Used for Floor System Design
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Codes and References

=  General References:
0 IBC 2006 (International Building Code)
0 ACI 318-08 (American Concrete Institute)
0 AISC Steel Construction Manual, 13" edition (American Institute of Steel Construction)

=  Primary References for Post-Tensioned Concrete Slab Design:

0 PCA ‘Time Saving Design Aids’ — Two Way Post Tensioned Design (Portland Cement Association)
0 pcaSlab — computer program by the Portland Cement Association

=  Primary Reference for Two-Way, Flat Plate Slab Design:

0 pcaSlab — computer program by the Portland Cement Association

=  Primary References for Steel/Concrete Composite Floor Design:
0 USD ‘Design Manual and Catalog of Products’ (United Steel Deck)
0 RAM Structural System — computer program by Bentley

=  Primary References for Precast Hollow Core Slab Design:

0 “Precast/Prestressed Concrete Products and Building Systems” (publication by Nitterhouse
Concrete Products)
0 PCI Design Handbook, 6™ edition (Precast/Prestressed Concrete Institute)
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New Floor System Designs

The new designs were all done for the same 26°-0” x 29’-0” panel, and the design loads were kept constant. The
superimposed dead load was assumed to be 15 psf, and a live load of 40 psf (reducible) was used. The live load,
based on the residential occupancy, was found in ASCE 7-05. When checking the deflections of the systems, the
live load deflection was limited to L/360, and the total load deflection was limited to L/240. Vibrations were not
considered in this report because they are not a critical issue in residential buildings.

Post-Tensioned Slab (existing system)

A simplified design of the post-tensioned slab was

completed using one of the ‘Time Saving Design Aids’ (Two concrete weight normal
] ] concrete strength, ', 5 ksi
Way Post Tensioned Design) by the Portland Cement steel strength 60 ksi
Association. The computer program pcaSlab was also used banded tendons 26 (1/2"®, 7 wire strands)
to determine the moments in the slab under various loading | slab thickness 8"
conditions. Toward the end of the analysis, it was found fire resistance rating 1hr
that the interior support is overstressed in tension. It was Table 2 — Material Properties

assumed that additional mild steel reinforcement could be
added in that location to make the design feasible.

The material properties for the final design can be found above in table 2. The slab thickness was designed to
be 8”, and 26 draped tendons are required to span along the 26’-0” long column line. The preliminary
calculations only involved determining the number of tendons in one direction. In the other direction, the
tendons would be evenly spaced across the slab (fig. 7). No mild steel reinforcement is required at midspan, but
(4)-#7 bars are required at the top of the exterior support, and (11)-#7 bars are required at the top of the
interior support (limited by requirement for ultimate strength). The location of the steel in the slab can be seen
in figure 6. The fire resistance rating is obtained by allowing a %” cover for the rebar at the top and bottom of
the slab.
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. . . Fig. 7 — Floor Plan with Tendon Locations
Fig. 6 — Cross Section of Reinforcement
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Advantages

o Depth: The post-tensioned slab is only 8” deep, which can keep the floor-to-floor height to a minimum.

e Fireproofing: No additional fireproofing is needed as long as the cover requirement of %4” for the rebar
is applied.

e Speed of Construction: The type of concrete used for post-tensioned slabs allows for quicker erection
than typical concrete systems.

Disadvantages

o Weight: An 8”, normal weight concrete slab weighs about 100 psf, which is heavy compared to some of
the other systems.

e Cost: According to RS Means, the post-tensioned slab is one of the more expensive options for the floor
system, especially when the labor costs are included.

e Constructability (labor): Post-tensioned slabs are one of the more complicated floor systems, so
specialty labor is required.

Technical Report 2 — 24 October 2008 |8
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Two-Way Flat Plate Slab

The two-way flat plate slab was designed in pcaSlab, a computer

concrete weight normal

slabs 5 ksi program by Bentley for slab design. The program was run for a
concrete strength, ' - . . ) )

columns | 6 ksi few different slab thicknesses, but it was determined that the
steel strength, fy 60 ksi minimum was 11” (based on this exterior panel). The column
slab thickness, t 117 sizes were kept the same as the original design, because it is likel
column dimensions 18"x36" P i & e &N, ) T y
rebar size #s that there are architectural reasons to limit the dimension in one

Table 3 — Material Properties and direction. The summary of design criteria is listed in table 3.

Design Dimensions

The final design with the slab reinforcement is shown in figures 8 and 9. The designated rebar is placed either in
the top or bottom of the slab (for negative or positive moments, respectively) throughout the column and
middle strips in each direction.
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T Fig. 9 — Reinforcement for the Vertical Frames

Fig. 8 — Reinforcement for the Horizontal Frames

Advantages

e Depth: With the flat plate system (with no drop panels), the entire depth of the structural floor is only
11”.

e Fireproofing: No additional fireproofing is needed as long as the cover requirement of %” for the rebar
is applied.

e lateral System: The existing lateral system of shear walls could work with the flat plate design (possibly
with some minor changes).

Disadvantages

o  Weight: Even though there are no beams or drop panels in the system, the weight would be almost 140
psf for an 11”, normal weight concrete slab. Over the height of the building, this increased weight
would likely affect the foundation design.
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Steel/Concrete Composite Floor System

The composite floor system was modeled in RAM concrete weight light weight
Structural System, and the deck properties were chosen concrete strength, f'c 3 ksi
from the United Steel Deck design manual. The live load | decking 3" LOK-Floor, 20 gage
deflection of the deck was limited in the table to L/360, slab dep.th - - 6

] ) ) composite decking weight 43 psf
and the deflection of the beams were determined in stud diameter 3/2"
RAM and checked by hand. In order for the 1-hr fire fire resistance rating 1hr

rating to be achieved, no fireproofing is required on the Table 4 — Properties of Composite Deck
deck, but sprayed fiber fireproofing is required on the beams.

A summary of the composite deck design is shown in table 4.

The final floor plan is shown below in figure 10. The bay that is being studied in this report is highlighted in teal,
but the surrounding bays were modeled as well. The number of %”¢ diameter studs is shown in parentheses
next to each beam designation in the diagram.

C W12 (8) W0x12 (8)
= (8) i s (8) T
o) e 25 o
W12x16 (8) Widx22 (12) W12x16 (8)
8 g g 8
i) L 8& &|a
3 WA12¢16 (8) . Wiax22(12) - W12x16 (8) F
1) e = o
CL W12x19 (10) [ - I - W12 (12) - I — W12x19 (10) g
= & & 2
WA12x19 (10) W14x22 (12) WA12¢19 (10)
(= (%] (%) (=]
b w w -
ga FE IS 3|8
e g g z
WA12x19 (10) W14x22 (12) W12¢19 (10)
= & & =

% W12x14 (8) O W12x16 (10) C) W12x14 (8) @

Fig. 10 — Beam Layout of Composite Floor System
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Advantages

o  Weight: The weight of this floor system is light compared to other potential systems. The composite
decking weight is only 43 psf, and the weight of the beams would add less than 5 psf to the overall floor
weight. The foundation could be re-designed for the lighter building.

Disadvantages
e Depth: With a 6” composite deck on top of 18” wide flange beams, the total floor depth is 24” (based
on the one panel), which is a lot deeper than the current 8” slab. Even with a different beam layout, the
depth will not likely be less than 20”. This would affect the entire height of the building, because the
current floor-to-floor height of the apartment levels is only about 9'.
e Cost: According to RS Means, a composite floor system with these characteristics is one of the more

expensive options for floor design.
e Fireproofing: Sprayed fiber fireproofing is needed for the beams.
e Lateral System: A new lateral system would have to be designed to correspond to the steel structure.
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Precast Hollow Core Slab

A publication from Nitterhouse Concrete Products was

concrete weight normal

concrete strength, f'. 6 ksi (at 28 days) primarily used to design the hollow core slab system. The

plank size 8" x 4'-0" (untopped) plank size was chosen based on the superimposed load and the
span 29’-0” required fire resistance rating. The planks span the 29’-0"
strands 4-1/2"¢ length of the bay, and the beams were sized to span 26’-0"

slab depth 8" over the column lines. To the left, table 5 summarizes the

slab weight 61.25 psf design and material properties. A sketch of the floor plan is

fire resistance rating 1hr shown below in figure 12, and figure 11 shows a section view of
supporting beams W14x74 one of the planks.

Table 5 — Properties of Floor System
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Fig. 11 — Cross Section of Hollow Core Plank

from ‘Nitterhouse Concrete Products’ Fig. 12 - Plank and Beam Layout

Advantages

o Weight: The plank is only 8” deep and it is very light. The slab weight is 61.25 psf, and the beams would
add less than 3 psf to the overall floor weight. It is possible that the foundation could be re-designed for
a lighter building.

e Cost: Precast hollow core planks are relatively inexpensive as compared with other building materials.
The total cost (including labor) is also significantly less than most of the other floor systems.

e Constructability: One of the major advantages of hollow core planks is the ease of construction. Once
the planks are shipped to the site, they can be installed very quickly and easily.

e Durability: Minimal maintenance is required for this floor design, which is resistant to deterioration.

e Lateral System: The shear wall lateral system could still be used with this design, although there would
be some adjustments because the floors are precast concrete and not cast-in-place concrete.

Disadvantages
o Depth: Although the planks are only 8” deep, the supporting wide flange beams increase the floor
depth to 22”. This would affect the entire height of the building, because the current floor-to-floor
height of the apartment levels is only about 9’.
e Fireproofing: Although the planks chosen for this design are already rated for 1 hour of fire resistance,
spray-on fireproofing would be required for the steel beams.
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Comparison Summary

The following chart (table 6) summarizes the advantages and disadvantages of each system. Seven categories
were chosen to evaluate each system, and the scoring is based on a scale of 1-5, with 5 being the best. The total
score helps to determine whether or not the system is feasible.

Post- Flat Composite Hollow

Tensioned Plate Core
Depth 5 4 2 2
Weight 4 3 4 5
Cost 3 4 3 5
- Speed 4 3 3 5
Constructability Labor 5 3 3 z
Fireproofing 5 5 3 3
Impact on Lateral System 5 5 2 4
Impact on Foundation 5 2 4 4
Total 33 29 24 33

Possible alternative? - No Yes Yes

Table 6 — Comparison Summary

The flat plate slab will not be considered as an alternative floor system because it is similar to the post-
tensioned slab, but with a slightly lower score. An investigation of that system would likely prove that the post-
tensioned slab was a better design.

Although the composite system had the lowest score, it was chosen to remain as an alternative because of the
opportunities it presents. The composite system would cause the most changes to the rest of the building, but
that allows for possible breadth studies. For example, the depth of the floor would require architectural
changes in the floor-to-floor height and the facade. Also, a new lateral system would have to be designed for
the steel structure, and the foundation could be re-designed for a lighter building.

The hollow core slab design is remaining a possible alternative, because it has many advantages and it would
make for an interesting comparison between two different systems of the same material.
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Appendix A — Post-Tensioned Slab Design

The following calculations were used to determine the preliminary design for the post-tensioned slab. Primarily,
the calculations follow the example of a design aid from the Portland Cement Association.
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Moment Diagram - k-ft

Moment Diagram - k-ft

Moment Diagram - k-ft
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Stresses immediately afic jatk—wg_:r
—end span — 26" (audspan steksies)

< A
=(-lo5.115.8)(12000) _ ZGFpst

24060 in> . ,
= wapl psi cmv}w(ssiom “0.tf ¢, :/500,@:/

= (Mo -Med) P
o ()
= ((05. l—ﬁLB)“uoE) — 2
240 .
= —-82.1 pei wawsmOm Ld-ufc't-:rﬁaofn /

—o0nd s pan —434' (./wdjzdn vau.:fj)
= (- ; 0

frop = (£118.F + 14.2)(12000)
2400 )
Tl ,05{ C_Dn)ares_ﬁam < 0.l 557!500'/95[ v’

- 27

i

-

= | — 20
for= (187 48\ [n0m) _, |,
= A3 psi Fension £ 3IEL = |4t ps i >
— Inteviov . suppovt Stvesses
’f%'op = @4&.‘1;4!5;. ?) 1Zooo _ o5 | \
‘aadiFona
= =57 ! tension > 3[fy; >< f?feﬁzjr{ﬂc:famn‘“
L is M;L{dw , j
£ =(-34l4-‘?+lb'-?-:7 1To00 2L avouind ivevior
bo4 S P TP) SWppori /

=569 p5i. mpression < O.uf), il

‘f*ﬂp: @E%M\ ,E

'fbw = ﬂikﬂf ) £

S A
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Stresses at sevviw load
—end span — 1" (midspan stresses)

i £ :_/‘M‘DL._mLL_’mbni} i i
T e o
- fos1-212+ 5181200 _ o
340
= =728l 27 /

T =55 f’si c,om«f;yess.ioh 2| Ju54 .= 2750 \/

= Mp *MLL—M -!-
—/:bo}‘_ ( . = H—B -+ ,Pq

= 286 -20L37 _ -
= 19 psi Hnsion < £l = 42% gt v’

—end Spon — 34" (midspan Stresses)
415 (F198.3- 55.3 + 94.9) 2000 ;

'

i 2400 i
Bl e 1= 3 4 Eer M
= =814 psi (OMpression 40454 /
£ =1 5SL 4R
bot
259 )o.w' Hnsion < LNf] \/

— intrvior Suppovt stresses

_]C = /MD;_"ML,L_ML-JQI] o .P_
+op S A
ém,.a * Q.5 -12.3) |2o00
=L
2 4Lo
= 950 - 747 addiHoral ra:wfpruwaﬂ

5 31 IOH +ruvsion 3-(9(—‘ viieded a+t I DV"LC(j

.{ g (_ = 'MUL.*Ma‘J\ f_ -'dfh’ad/ d{-{-fymm(
bot < = - A

2 < Y5 ~rtgy
= L l&sf' C,OVU\'DVISSIOW = 0.451‘:C' /
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ulhwade Shrength — duteviina ’ﬁtcfa_u/(d Monrents
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Merifiosny+ 1t fze2) t o) = [0 k-H | °
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* AXFEVIOFY SU ,aov?‘

Aef = (6"@(2"/5 J(12%)= 11248 (n™
3 > (B")(23)(n*)= 2592 in*
RS 00a0FS (25192) = .94 Lh®

(/0)“’4 top (2.0 ml)

Smy
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J
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Anal design
U
¢ Slab Micknuags = B [mo.mmi Werjmf LOMLV-€+6)

- 26 +undons /uwbam@&d)
— 5", F wive strands

v rernfovevien t
= (1) *3 bavs tpp at interior Suppor?
—-(4-5 B3 barv) fv'a at  exteviov Suppovt
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Appendix B — Two-Way Flat Plate Slab Design

The following design criteria and computer output summarize the two-way flat plate design. The computer
program ‘pcaSlab’ was used to determine the reinforcement. A sketch of the final layout is shown in the report.

[SYSTEM *z — TWO-whY, FLAT PLATE Sne |

ﬁﬂ#lmuuj VeSOUV LS ¢
cpca Slak :/—(_Oﬂ'ktjut.“{bfl/ f)wﬁm:m)

tACt 3B -08 /ﬁ]/vul/-‘(&tlﬂ Covicv e+ fw"ﬁﬁ/l'f-f’)

design (viH lia
- Hovinal wr_.Jw+ concvete for slaks ound oluimmm §

<

e £f1 =5 ks “(laks)
fes st (lumn))
f.F Ud lESC :
. ,',q/( logad = 40 /0’1( (V(a’uuouj
L:D'5(4O) N CalcS. Savce af
=37 pst Y1 fov Sysitwvn |

’_Suplh/mpo:;ccf dtacl lpad = IS p?(

prelivinavy dsigh
usigm for 20'-0"x19'-0" bay
- olumans have savue dinawnsions as ov'J:MU
Sys+ena (18" Y"J’U”J
o (1" slab thickrel S

(Su slcetch in vaport for  himma Y of final
ALsigln, Tndudig yelatforlinaecant
i y, /

Note ! T followis few Pajz‘; Contain el ced
Computer gj-rl«,wf orn  pea Slak, Thvee
‘nuadels ' wneve hhiade Aoy 3 Aifferv ent
Column livies avbund Hae Pam( guwj
CU_HOV\)‘J

= — R exiviov] wtunier ik
""" ntevior OOlucrnan hrve 27

;ij == S el = D;‘"‘H"FP\/HTV Wl v
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75

1

=

| |
DATA FoR exTegiop coLvMMN ULINE

Span Dat

Sigab thickness (BN
a,ouquafe-

Slabs: L1, wlL, wR (ft); %=, Hmin (in)
Span Loc Ll £ wlL wR Hmin
1 ExtL 25.000 11..90 1.500 13.000 2.40
2 ExtL 29.000 11.00 1.500 13.000 11.00
3 ExtL 25.000 11.00 1.500 13.000 9,40
rt Data:
7 Columns: cla, c¢Za, ¢lb, ©2b (in); Ha, Hb (fL)
Supp cla c2a Ha clb cZb Hb Red%
| 18.00 36.00 9.000 18.00 36.00 9.000 100
2 18.00 36.00 3.000 18.00 36.00 9,000 100
3 18.00 36,00 ¥.000 18.00 36.00 9,000 100
4 18.00 36.00 9.600 18.00 36.00 9.000 100
* Do not check punching shear around this column.
Reinforcement :
t Width (ft), Mmax (k-ft), ¥max (ft)}, As (in~2), Sp (in)
Span Strip Zone Width Mmax Hmax AsMin AsMax
1 Celumn Left T.75 6.62 0.750 1.841 18.15%
Middle 175 0.00 12.500 0.000 18.157
Right 7.75 160.71 24.250 1.841 18.157
Middle Left 6.75 -0.00 0.750 1.604 15.814
Middle 6.75 0.00 12.500 0.000 15.814
Right 6.75 53.57 24.250 1.604 15.814
2 Column Left T.18 157.46 0.750 1.841 18.157
Middle 8.00 0.00 14.500 @.000 18.743
Right 7.75 157.48 28.250 1.841 18.157
Middle Left 6,75 52.49 0.750 1.604 15.814
Middle 6.50 0.00 14.500 0.000 15.228
Right 6. 75 52.49 28 .250 1.604 15.814
3 Column Left 1.715 160.71 0.750 1.841 18,157
Middle 7115 0.00 12.500 0,000 18.157
Right 7.75 6.62 24.250 1.841 18,157
Middle Left .75 53.57 0.750 1.604 15.814
Middle 6.75 0.00 12.500 0.000 15.814
Right 6.75 -0.00 24.250 1.604 15.814
Top Bar Details:
Units: Length (ft)
Left ___Continuous
Span Strip Bars Length Bars Length Bars Length Ba
. 1 Column 6-#5 8.51 — T
Middle 6-#5 §.92 ol — : f-

-
*
SpReg AsReq Bars
15.500 0.160 6-#5
0.000 0.000 -—-
T.154 4,021 13-#5
13.500 0.000 6—#5
0,000 g.000 S
13.500 1,812 6-#5
7.154 3.9837 13-48
0.000 0.000 i
7.154 3.937 13-¢8
13.500 1.2858 E-§5
0,000 0.000 s
13.500 1.288 6-#5
7.154 4.021 13-45
0.000 0.000 e
15.500 0.160 6-#5
13.500 1.312 6-#5
0.000 0.000 i
13.500 0.000 6-#5
¥ Right
e Length Bars Length
&5 §.51 6-#5 S.45
#5 8.22 =
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2 Column T-#5 9.83 65-#5 6.25 — T-#5 5.83 6-#5 6.25
Middle 6-#5 8.79 e o a-£5 g.79 -
3 Column T-#5 8.51 5-45 5.45 == 6-45 8.51 =
Middle 6-#5 8.22 oo = a-#5 5.92 iy
Bottom Reinforcement:
Units: Width (ft), Mmax (k-ft), ¥max (ft), As {in"2), Sp [in}
Span Strip Width Mmax Xmax AsMin AsMax SpReq AsReq Bars
1 column 335 81.60 10.000 1.841 18.157 13.286 2,007 T-45
Middle 6.75 54.40 10.000 1.604 15.814 13500 1.333 6-#5
2 column 8.00 68.66 14.500 1.901 18.743 13.714 1.683 T-45
Middle 6.50 45.77 14.500 1.544 15.228 15.600 1119 5-#5
3 Column 7.95 81.60 15.000 1.841 18.157 13.28% 2,007 T-285
Middle 6.75 54.40 15.000 1.504 15.814 13.500 1..333 6=45
Bottom Bar Details:
Units: Start {£ft), Length ([ft]
Long Bars Short Bars
Span Strip Bars Start Length Bars Start Length
1 column T-#5 Q.00 25.00 o
Middle 6-#5 0.00 25.00 —==
2 Column T-35 Q.00 29.00 =
Middle 5-#5 0.00 29.00 RS
3 Column T-#5 0.00 25.00 ot
Middle 6-#5 Q.00 25.00 e
Punching Shear Around Columns:
Units: Vo (kip), Munb (k-fr), vu (psi), Phi*vc (psi) av
su; Vu va Munb Comb Pat GammaV i Phi*ve
2ERp SO punchin ¢t
1
2 98.79  101.6 -5.90 U2 ALl 0.352 1038 < 212.1 (L Okal
| 98.79 101.6 5.90 U2 All 0352 103.9 <~ 212.1
4 —-- Not checked ——

Daflections:

Units: Dz (in)

Column Strip Middle Stri;

rame
Span Dz (DEAD) Dz(LIVE) Dz (TOTAL

3 -0.091 -0.027
2 =0.0737 -0.035
3 =0u091 -0.827

ZAIIVQ = ’ffﬁgtro

e ¥

Aqptal
wax

= ,ﬂ/z,w

Dz (DEAD) Dz{LIVE) Dz(TOTAL)
~0.118  -0.125 -=0.037 -0.162  -0.051 -0.015  -0.066
-0.112  -0.094 -0.043 -0.137  -D.056 -0.025  -0.081
<0118 -0.128 -0.037  -0.162  -0.B5L -~0.0%5 -0.066

bt ;R
Dz (DEAD) Dz(LIVE) Dz(TOTAL)

i 0.9¢3" > 0.043" V/ ok

U

2! zf_;_l_?;,= las” 5 gulk?’ L/Df—
40

]
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DATA FoR INTEELOR WLUMMN (ANE |

Span Data:

P e

Slabs: L1, wlL, wR (fr);
: LE

£, Hmin {1in)

Span Loc £ Wl wWR HEmin
oy e s Slab thickruss
1 Tnt 25.000 11.00 13.000 17.000 9.40
2 Ent 29.000 11.00 13.000 17.000 10.00 . j ¢ af-ﬁ
3 Ink 25.000 11.00 13.000 17.000 9.40 I|I< a q v
Support Data:
Columns: ¢la, c2a, c¢lb, ¢2b (in); Ha, Hb (fC)
supp cla c2a Ha clk c2b Hb Red%
1 18.00 36.00 $.000 18.00 36.00 9.000 100 *
2 18.00 36.00 9,000 1g.00 36.00 9.000 100
3 18.00 36.00 9.000 18.00 36.00 5,000 100
4 18.00 36.00 9.400 18.00 36.00 9.000 100 *
* Do not check punching shear around this column.
Top Reinforcemants
Units: Width (fr), Mmax (k-ft), Zmax (ft)j, As (in~2), Sp (in)
Span Strip Zone Width Mmax Xmax AsMin AsMax SpReq AsReg Bars
1 Column Left 12.50 4.29 0,750 2,970 29,285 15,000 0,104 10-85
Middle 12.50 0.00 12,500 0.000 29.285 0.000 0.000 e
Right 12,50 328.75 24.250 2.970 29,2858 5.5586 B8.305 27-85
Middle Left 17.50 =0.00 0.750 4.158 40.589 15.000 0.200 14-25
Middle 17.50 0.00 12.500 0.000 40.939 0.000 0.000 =
Right 17.50 109.59 24,250 4.158 40.599 15.008 2.877 14-#5
2 Column Left 12,50 323.24 0.750 2:.970 29.285 5.55% 8.159 27-#5
Middle 13,75 0.00 14.500 0.000 32.214 0.000 0.000 -==
Right 12.50 323.24 28250 2.970 29.285 5.556 8,159 27-#5
Middle Left 17.50 107.75 0.750 4.158 40.599 15.000 2.631 14-#5
Middle 16,25 0.00 14,500 0.000 38.07L 0.000 0.000 i
Right 17.50 107.75 28.250 4.158 40.999 15.000 2.631 14-45
3 Column Left 12.50 328.75 0.750 2.970 29.285 5.558 8.305 27-85
Middle 12.50 0.00 12.500 0.000 29.285 0.000 0.000 e
Right 12.50 4.29 24,250 2.970 29,285 15.000 ¢.104 10-#5
Middle Left 17.50 109.59 . T50 4.158 49,993 15,000 2.677 14~ #5
Middle 17.50 0.00 12.500 Q4.000 10.983 0.000 0,000 i
Right 17.50 =0.00 24.250 4,158 40.993% 15.000 0.000 14-#5
Top Bar Details:
Units: Length (£t}
Left Continuous_ Right
Span Strip Bars Length Bars Length Baras Length Bars Length Bars Length
1 Column 10-#5 g.51 - =7, 14-#5 &.581 13-<#5 5.45
Middle 14-¥5 .82 = St 14-#5 5 —_—
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2 Column 14-45 9.83 13-#5 6.25 - 14-#5 9.83 13-45 6.26
Middle 14-85 B.79 S v 14-#5 B.79 =
3 Column 14-%5 B.51 1395 5.45 - 10-#5 8.51 e
Middle 14-45 8.22 -— - 14-#5 5.92 ==
Bottom Keinforcement:
Units: width (ft), Mmax (k-ft), Xmax (fe), As (in"2), 8p (in)
Span Strip width Mmax Kmax AsMin AsMax SpHeq Asheq
1 Column 12.50 173.48 2.730 2,970 29.285 10.714 4.290 14-45
Middle 17.50 115.65 9,750 4.158 40,9399 15.000 2.821 14-35
2 Column 13.75 145,03 14,500 3.287 32.214 13.750 3.557 12-#5
Middls 16.25 9%.59 14.500 3.861 36.071 15.000 2.3561 13-#&
3 Column 12.50 173.48 15.250 2.970 29.285 10.714 4.290 14-#5
Middle 17.50 115.65 15.250 4.158 40,998 15.000 2.8B27 14-#5
Bottom Bar Details:
Unite: start (ft), Length {ft)
Lonyg Bars Short Bars
Bars Start Length Bars Start Leogth
14-45 0.00 25.00 I
14-#5 0.00 25.00 —
12-85 .00 29.00 ==t
13-#5 0.00 29.00 ———
14-#5 g.00 25,00 ==t
14-#5 0.00 25.00 ==
Punching Shear Around Columns:
Units: Vu (kip), Munb (k-£t), wvu (pei), Phi*ve (psi)
Supp Vu Vi Munb Comk Pat GammaV Vi Ehi*ve
“““““““ T (e e S S e ) o R S g umml 7 SWGH/
1 ==~ Not checked -—
2 - 206.28 159.2 -10.73 v2 All 0.341 162.4 <a12.1 ’ S OIC&‘
3 206.28 159.2 10.73 UZ All 0.341 162.4 <~ :&2.1
4 -—— Not checked ——-
Maximum Deflecticns:
Units: Dz (in)
Frame Column Strip Middle Strip
Span Dz (DEAD) Dz (LIVE) Dz (TOTAL) Dz (DEAD) Dz (LIVE) Dz(TOTAL] Dz(DEAD) Dz(LIVE) Dz({TOTAL)
~0.094 -0.0z28 -0.122 -D.1686 -0.050 =0.2186 -0.042 ~0.013 -0.055
2 ~0,078 -0.0386 ~0.114 -0.115 -0.0582 ~3.167. -0.047 -0.021 -0.068
=} -0,084 -1,028 ~0.122 =0.166 -0.050 -0.218 -0.042 -0.013 ~0.055
g i
A = OIQUQ' S5 ), 052 |/OF_.
hve
Mg x
L= i
5 o g B S P v/ Ok
totzl
yhaax

Technical

Report 2 — 24 October 2008 |28



Aquablue at the Golden Mile
Hato Rey, Puerto Rico
- Structural Option -

Lindsay Lynch
Advisor: Dr. Andres Lepage
- AE Senior Thesis 2008-2009 -

|~

LA AL N R

DATA FOR INTERIOE (OLUMN LINE Z

Span Data
Slabs: L1, whk, wR (f£); t, Hmin (im) ; aR’
Span Loc Ll t wL wh Hmin S{ﬂ-b +hicknass &ld-ﬂ qU
1 Tat  26.000 11.00 14.560 12.500 9.20 f‘DY L P(Lm" bain
2 Int 34.000 11.00 14.500 12.500 12.40 *b ‘ _F
g Au i d (Oufs:o{.ﬂ
*k=- 8lab thickness ig less than minimum. I'L,{ UI/L{/]
Support Data: +his Paml ) ‘H!U o
Columns: cla, c2a, clb, €2b (ih); Ha, Hb (ft) ) 4(1‘61 LS h |4" Ve fﬂ v i
Supp cla cZa Ha clb cZb Hb Red¥% . —f-'
1 36,00 18,00 2,000 36.00 18.00 9,000 100 * < l/ua v va J *S J{IHVVV‘P
2 36.00 18.00 9,000 36.00 18,00 3,000 100 o

3 36,00 18.00 2,000 36.00 18 .00 g.000 100 = m +l1f | ¢ a" ‘a I-’I 0(/(1{ )

* Do not check punching shear around this column.
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Top Reinforcement:

Units: Width (ft), Mmax (k-ft}, Xmax (ft), As (in*2), 8p (im)
Span Strip Zone Width Mmax Hmax AsMin
1 Column Left 12.75 3.1 1.500 3.029
Middle 12.75 0.00 13.000 0.000
Right 12.35 3098.85 24.500 3.029
Middle Left 14.25 -0.00 1.500 3.388
Middle 14.25 0.00 13.000 0.000
Right 14.25 103.29 24.500 3.386
2 Column Left 12.7% 407.39 1.500 3.029
Middle 13.50 0.00 17.000 0,000
Right 13.50 163.23 32.500 3.208
Middle Left 14.25 135.80 1.500 3,386
Middle 13.5¢ 0.00 17.000 0,000
Right 13.50 -0.00 32.500 3.208
‘Top Bar Details:
Units: Length (£ft)
Left Centinuous
Span Strip Bars Length Bars Length  Bars Length
1 Column  10-#5 9,09 = S
Middle 11-#5 6.56 e —=
2 Column  17-#S h i S 17-#5 170 —-—
Middle 11-#85 9.64 S ——=
Bottom Reinforcement:
Units: Width (ft), Mmax (k-ft), Xmax (ft), As (2n*2}, Sp (im}
Span Strip Width Mmax Hmax AsMin AsMax
1 Column 12,78 139.47 10.500 3.029 29.871
Middle 14.25 B6.98 10.500 3.386 33.385
2 Column 13. 50 249.60. 18.860 3.208 31.628
Middle 132.50 166,40  18.860 3.208 31.628
Bottom Bar Decails:
Units: Start (£t), Length (ft)
Long Bars = Short Bars__
Span Strip Bars Start Length Bars Start Length
1 Column 11-#5 0.00 26.00 e
Middle 11-#5 c.00 26.00 ——
2 Column 21-#5 0.00 34.00 n=m
Middle 11-#5 0.00 34.00 3-#5 5.10 23.80

Punching Shear Around Columns:

Units: va (kip}, Munb (k-ft),

vu

vu (psi), Phi*vc (psi)
Munb Comb Pat GammaV

-—- Not checked ---

2 216.44 167.0 161.31 v2 All 0.463
3 ~—— Mot checked -—-
Maximum Deflections:

Units: Dz (in)
Frame
Span Dz(DEAD) Dz(LIVE) Dz (TOTAL)

Column Strip
Dz (DEAD) Dz {LIVE} Dz{TOTAL)

1 =D.070 ~0.01L9 -0.095 -0.118 -0.030 -0.148
= =0L301 -0.116 -0.417 -0,444 -0.17% -8.816
- *—X Il s B A “
Alivt ’5{#0 ,'IB 0.171
pa x
L ah Wi
A = M= 1. 5" > DibiS
AR X z ‘

AsMax SpReq Askeq Bars
29.871 15.300 0,668 10-#S
29.871 0.000 0,000 =
29.871 4.500 7.800 34-#5
33.385 15.545 0.000 11-#5
33.385 0.c00 0.000 e
33.385 15.545 2.527 11-#5
23.871 4.500 10.397 34-45
31.628 0.000 0.000 -
31.628 11,571 4.126 14-45
33.385 15,545 3.335 5
31.628 ¢.000 0.000 g
31.828 14.727 0.000 11=45

Right
Bars Length Bars Length
17-45 9.44 17-#5 6.10
11-45 9.44 —
1i-45 11.73 3-45 7.70
11-45 8.32 st
SpReqg AsReq Bars

13.5869 3.207
15.545 2.124

T 114 6.221
Il.831 4.105
Vi Phi*ve

11-85
11-#5

21-45
14-%5

T un(_,lnl!/l

212.1 *EXCEEDED

Middle Strip

Dz DEAD] Dz (LIVE) nzt’re‘rm,]
047
=0,

=0.01¢
-0.081

-0.038
~0. 158

vV ok
|/M’-_

CI«qu
:> ﬂ’i htly "“j‘"
v A Wlldm

gapporr whidh cahn
1 hortd pt oLt

+ru Ywode | s Sioplified
Not all of Hnt
joad along 4t

24" Span €S
40 Hu coviner
colwmmn § e casl
of concrete Wwalls
Along Hine Colimn
n'm,g hot Shown,

219
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Appendix C — Steel/Concrete Composite Floor System Design

The following information and computer output were used to determine an appropriate floor system based on a

26’-0” x 29°-0” bay. In the model (RAM Structural System), the surrounding panels were simplified and added to
the structure to give a more complete design.

SYSTEM *3 — STEEL[ConceeTe (OMPOSITE mﬁ
SVSTEM
primavy VesOUKCES -
v

. Zﬁ"ﬁﬂ STwctival quﬁm /:;QVMF!HTV /}Vp(jram)

- United St+eel Deck 'OUJ/JM manual  aud
mm!cj of Fm-ﬁlur%s'

. Steel Constwechon Manwal , 1 3™ edition
— Amurvican nshtte of S+eel Conshuchion

ousign (vitevia ‘
+ Nve lvad = 40 Pr4 [veduud in Zf{-z‘\/;}
* supe l/im_fjo_wd dtad lced = 15 pﬁf
. l.ﬂm wuab'r‘ Conviie — L’f\;‘" s plcd
te=3000 psi

preliminavy ddsign choices (WCOWS frind( ouszgzw)
27 Lok-FLoogV (fq =33 Esi)

* 6" Slab duptn (to bottom of Aecking)

* 10 -4gaqz Ack ' Lt

+ max span of duck = 295 = 11-4
max wniforvmn live Sevviie load = 190 FS‘L /l/_SD>
live load duftection limited by Tabre 1o Lizno
W=43 pQ’\( ((.pr.',‘-;JH =l ot + C.OL'(/J.%)

v pax Wnshoved sgan = 1S (for 3 span /)
Sketch of Eﬁm/ for Aesigp awvd jc,“,.,-ag,m;;//“-_gr‘ pave (s
, . o v
! | S
—22 +—= i *
- y —— T ——0r
| W’
|
T g I N A S . .
| )
; - a
| |
I o e i e e s S T
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E—a Floor Map
RAM Steel v11.2
;= DataBase: tech 2 - composite 10/21/08 15:26:04
migwiond]  Building Code: IBC Steel Code: ASD 9th Ed.
Floor Type: typical . \. EQ nel }uv\ A .C& in
Q W10x12(8)c=3/4" . W12x14(10)c=1" ~ \W10x12(8) c=3/4"
f ! | ! X
5 5 s &
W12x16 (8) c=3/4" W14x22 (12) c=3/4" W12x16 (8) c=3/4" f
34 r—pea
© o 48 =) © [
o < < | {
mim S HoR a8 Uil
= = = =
W12x16 (8) c=3/4" W14x22 (12) c=3/4" _ W12x16 (8) c=3/4"
33 _
e g s [
O W12x19 (10) c=3/4" “ WA4R2 (12) c=34" . WA2x19 (10) c=3/4" 1
”n : ‘ d o |
| _
5 i) ) &
W12x19 (10) c=3/4" W14x22 (12) c=1" i W12x19 (10) c=3/4"
¥ ¥
¥ g 3 ¥
28 8 s g8
3 S s 3
= W12x19 (10) c=3/4" WA14x22 (12) c=1" W12x19 (10) c=3/4" 3
8 8 8 5
o W12x14 (8) c=3/4" : W12x16 (10) c=1" .  W12x14 (8) c=3/4"

A
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" ‘ Beam Deflection Summary
‘ RAM Steel v11.2

DataBase: tech 2 - composite 10/21/08 15:26:04
‘W‘M Building Code: IBC Steel Code: ASD 9th Ed.

STEEL BEAM DEFLECTION SUMMARY:

Floor Type: typical

Composite / Unshored
Bm#  Beam Size Initial  PostLive PostTotal NetTotal Camber
in in in in in
1 W18X40 0.964 0.334 0.480 0.694 3/4
9 W12X14 0.955 0.283 0.389 0.595 3/4
39 W12X19 1.180 0318 0.453 0.883 © o 3/4
40 W12X19 1.180 0.318 0.453 0.883 3/4
2 W16X26 0.656 0.231 0.322 0.978 ‘
12 W12X19 1.047 0.293 0.413 0.709 3/4
31 W12X16 1.144 0.325 0.450 0.844 3/4
32 Wi12X16 1.144 0.325 0.450 0.844 3/4
15 W10X12 1,239 0.304 0.418 0.906 3/4
3 W24X62 0.772 0.222 0.344 1.117
10 W12X16 1.498 0.431 0.593 1.091
41 W14X22 1.405 0.387 0.560 0.965 1
42 W14X22 1.405 0.387 0.560 0.965 1
4 W18X40 0.666 0.191 0.288 0.954
13 W14X22 1.247 0.357 0510 | 1.006] 314 kel
33 W14X22 1.089 0.325 0.458 0.797 3/4 *
34 W14X22 1.089 0.325 0.458 0.797 3/4
16 W12X14 1.375 [0.363 5 0.499 0.874 1
5 W24X62 0.772 0.222 0.344 1[40
11 W12X14 0.955 0.283 0.389 0.595 3/4
37 W12X19 1.180 0.318 0.453 0.883 3/4
38 W12X19 1.180 0.318 0.453 0.883 3/4
6 W18X40 0.666 0.191 0.288 0.954
14 W12X19 1.047 0.293 0.413 0.709 3/4
35 W12X16 1.144 0.325 0.450 0.844 3/4
36 W12X16 1.144 0.325 0.450 0.844 3/4
17 W10X12 1.239 0.304 0.418 0.906 3/4
7 W18X40 0.964 0.334 0.480 0.694 3/4
8 W16X26 0.656 0.231 0.322 0.978

wiils "
Bl = - A = 0 soau3 Vol

e = AxIL_ - ] " '
> Lty ao = ke s oy |.006 v 0K
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Appendix D — Precast Hollow Core Slab Design

The following information was used to determine an appropriate design for a precast hollow core slab. The slab
dimensions and characteristics were determined with the superimposed load and slab span.

[SysTEMm *4 - PRECAST HoLLOwW (OfE SIAEL ]
primavy vLSOUKCLS:
« “Precast [Prestvesced (onivede Products and
Buildiyig SYysdems”

— publicaton by NiHerhouse Conwretc Froduits

« PCI Design Handbook , 4™ sdition
. frzmgg [Prestvessed Concvete lushtute)
* AISC Steel Manual | 1™ tditi0n

Vs

Adsian cvitevia .
. live |vad = 40 pst (vesidential)
. SL,)awi’MIDGs-cd cdead load = 15 psf
- normal Wéf'gj/‘."f (D v e4¢
« Spawn =29-0"

-+ —— —F— — -t ¢ \
il ﬂ .:____,"J' i beams lowed \
et T e et

‘ | ing . at li Hauv
| 4 f

l | \ And oA ‘de'r?r"‘—- ,-J
“F ——8—| \ bou, /

ErEe

: |B( Z00(
e | -hy *ﬁ'vc vahtn ‘T(UJ/ Floov afsfmbh/ Sechon HI3
* B v five kahw/a fov five walls (fabie 305.4) 4

e

\'
"
—+

5" Zﬁra Zz5s"'

pfavffC ou.s,rqf/] (Sﬂ next r)agz, Lo OU_ﬁgw Aa‘“—a)
U

| 8°%4-0" untupped plavies - i fre vesistai e vating
o : max
4-%"p ;mmd;] — Suptvimposed seyviw load = (Z psf
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Prestressed Concrete
8"x4'-0" Hollow Core Plank ™

1 Hour Fire Resistance Rating (Untopped)

PHYSICAL PROPERTIES
Precast
A=235in? Sp= 459 in’?
| =1838 in? Si=459in?
Y.=4.00in. Wt= 245 PLF
Y =4.00 in. Wt=61.25 PSF
e=225in.
3-108"
s % w W &
DESIGN DATA W H ¥l
Precast Strength @ 28 days = 6000 PSI

=y

. Arecast Stfength @ release = 3500 PS, e J Y @ (Y
. Precast Density = 150 PCF o ° ° s o o s
. Strand = 1/2"@ 270K Lo-Relaxation. - i L .
. Strand Height = 1.75 in. 13 5 18
. Ultimate moment capacity (when fully developed)... 40" +0" 4"
4-1/2"@, 270K = 72.8 k-ft L
7-1/2"@, 270K = 119.8 k-ft
7. Maximum bottom tensile stress is 7.5& = 580 PSI
8. All superimposed load is treated as live load in the strength analysis of flexure and shear.
9. Flexural strength capacity is based on stress/strain strand relationships.
10. Deflection limits were not considered when determining allowable loads in this table.
11. Load values to the left of the solid line are controlled by ultimate shear strength.
12. Load values to the right are controlled by ultimate flexural strength or allowable service stresses.
13. Load values will be different for IBC 2000 & ACI 318-99. Load tables are available upon request.
14. Camber is inherent in all prestressed hollow core slabs and is a function of the amount of eccentric
prestressing force needed to carry the superimposed design loads along with a number of other
variables. Because prediction of camber is based on empirical formulas it is at best an estimate, with
the actual camber usually higher than calculated values.

DO WN =

SAFE SUPERIMPOSED SERVICE LOADS IBC 2003 & ACI 318-02 (1.2D+1.6 L)
Strand SPAN (FEET)
Pattern 17 (18(19|20| 21|22 |23 |24 | 25|26 |27 31[32[33[34]35
4-1/2" |LOAD (PSF) 222|194] 176 | 150| 144 132] 120[110] 20 | 88 [ 78
7-1/2"s | LOAD (PSF) 288|269| 252|236 | 222|210( 196 | 179 165] 152[ 144 o7 |87 [ 78] 70 ] 63

\
NITTERHOUSE o o o Gorsiora s el on gt &

CONCRETE “ PRODUCTS Individual designs may be fumished to satisfy unusual conditions
ol k\ e of heavy loads, concentrated loads, cantilevers, flange or stem
openings and narrow widths. The allowable lcads shown in this
2655 Molly Pitcher Hwy South, Box N table reflect a 1 Hour & 0 Minute fire resistance rating.
Chambersburg, PA 17201-0813
717-267-4505 Fax 717-267-4518 g 8SF1.0
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Leavn dusign
J

« redvud live load = 32 pst
© supeviruposed duad (oad = 15 psf
’ Seff-wu(?,m+ of plank = bl1.25 gsf

10%,. 3 fS-F (-hn‘zz.f Seviiee {oad)

W= 1.2 wp, + 1.6 Wy
1L2(15161.25) + 1.6(32)
1.5 # [S{.2

142.7 psf

TRLTR A

 bram tnbutavy width = Zq'i—z-‘—"é‘ =127
beam spom =76’

M= m%?fz(“ﬂ;“gthwy?sufbH

—tabu 3-2 pof Steel Manual

WZlx44 would work i Hie wbraced
L Ungdtn was = 13.0'

(assuw ho+
lkrd'ted alown

Lntive span)
—~tallu 3-10 pof S4eel Mawnual

{WMX:}‘} — MOSt Lconbrical (:r:’-m'sm*)

Cechionn wi+in

AL quAte M0 VALt
CaFa{.H’—i/

e difuction CAcck
Apge = 50032 ksf x23) (20 (124)°

: Wi
384 (29000 ksi) (345 (n¥) 9
g = {2 3 )
G ANEE T LR RS N R
& ~ 5 (01083 kst x2t )2 Y1z %)
I ' - >4, 304
334 (29000 E£3¢) (F95 int)

ﬁht&;{: 1/1’40: Z'U”%‘-PO = /. 2o 2. 30" \/OK
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Appendix E — Cost Analysis

The following cost analysis was mostly based on RS Means “Assemblies Cost Data 2009.” They are rough
estimates based on each floor system, so the actual costs would likely vary. However, for the purpose of this
comparison, the costs will just be viewed relative to the other systems.

System Material Cost (per SF) Total Cost (per SF)

Post-Tensioned Slab $12.10 $20.94
e based on ‘Cost Works,” an online resource by RS Means
e estimate is for large job (versus small job)

Two-Way Flat Plate $7.60 $15.90
e 25’x25’ bay (slight underestimate)
e superimposed load = 75 psf, total load = 194 psf

Steel/Concrete Composite System $15.10 $20.35
e composite steel beams with welded shear studs
e composite steel deck
e light weight concrete
e sprayed fiber fireproofing for beams
e 25’x30’ bay (approximate)
e superimposed load = 75 psf, total load = 119 psf

Precast Hollow Core Slab $11.14 $13.49
e normal weight concrete, no topping
e 30’ span (approximate)
e superimposed load = 75 psf, total load = 130 psf
e sum of cost of planks and cost of W14x74 beam
spread into an area load
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