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Executive Summary

This report contains an analysis of four different floor systems for the New Acute Care
and Skilled Nursing Facility, including the existing composite deck on composite beam
system. The 3 alternative systems studied were:

e Composite deck with castellated beams
e Precast Pre-Stressed Hollow Core Planks
e Concrete Two-Way Flat Plate

The primary means by which these systems were compared was building weight,
architectural impact, and serviceability. In addition to this, several other factors were
taken into account, such as fire protection, constructability, and cost. The study
concluded that both the original composite beams/composite deck and the castellated
beam/composite deck system warranted further research. The hollow core plank
system was ruled out on the basis that 4’ width planks put too many restrictions on the
architectural layout. The concrete flat plate system was rejected due to the increase in
seismic loads that would occur due to its large self-weight.
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Introduction

The New Acute Care Hospital and Skilled
Nursing Facility will serve as an addition to
the existing Chinese Hospital located in the
historic Chinatown district of San Francisco
(See Fig. 1). The site lies on the north flank
of Nob Hill, at an elevation of
approximately 110’ above sea level. Due
to the slope of the site, the ground floor of
the site is located partially below grade.

This new addition will be connected
directly to the existing Chinese Hospital,

located at 845 Jackson Street. As part of

Figure 1: Site View of New Acute Care Hospital (blue)
the construction of this addition, the located adjacent to existing Chinese Hospital. Photo

original portion of the hospital built in 1925 Courtesy of Google Maps.
will be demolished. Then the new facility, which has seven stories above ground and
one below will be constructed with a hard connection to a previous addition built in
1975. Therefore, the precast concrete panel exterior facade has been designed in a way
that respects the 1975 design
while providing a more modern

look.

At approximately 92,000 SF, this
new facility will provide
additional patient rooms as well
as well several new medical
departments to serve the local
community. Construction is
expected to begin in 2010 and
reach completion by Chinese
New Year 2013.

Figure 2: Exterior view of New Acute Care Hospital and surrounding
buildings
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Structure Overview

The structure of the New Acute Care hospital rests on a mat foundation and consists
primarily of composite steel decking with steel framing. A perimeter moment frame
system is used to resist lateral loading.

Foundation System

According to the geotechnical report provided by Treadwell & Rollo, the soil conditions
on the site can be described as “very stiff to hard sandy clay and clay with gravel,” which
rests on “intensely fractured, low hardness, weak, deeply weathered shale.” Because of
this, the New Acute Care Facility has been designed to bear on a 36” mat foundation.
Columns rest on concrete pedestals, typically sized at 3’-0” x 3’-0”. Since the base of
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Figure 3: Typical Framing Plan with columns highlighted
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the structure will lay below the water table, the foundation was also designed for

hydrostatic uplift.

The close proximity to nearby structures, particularly the 1975 addition to the Chinese

Hospital, provided a challenge to the designers. Underpinning was used to maintain the

foundations of existing structures on either side of the building (see Fig.2).

Framing System

The New Acute Care Hospital uses steel columns (See Figure 3) to support the buildings

gravity loads. These columns range in size from W14x445 near the base of the structure

to W8x40’s near the roof level. As the columns rise vertically through the structure they

are spliced together, usually at a distance of 22’-0”. Aside from those used in the
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Figure 4: Typical Framing Plans with lateral system highlighted in blue
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lateral system, most of the columns are connected to beams and girders using pinned
connections.

Lateral System

As lateral loads move from through the frame of the structure, they are transferred to a
series of special moment frames. These moment frames are used around the perimeter
of the structure. As can be seen by the blue highlighting on Figure 4, there are 4 frames
running east to west and two frames running north to south. See Figure 18 for a typical
moment frame elevation.

Roof System

The roof system is supported in a similar manner to the floors below, with a concrete
filled metal deck supported by beams and girders. However, beams at this level are
typically spaced much closer together, at a distance of approximately 10-12 feet. The
sizes of these roof beams generally vary from W10x12’s to W24x104’s.

Ariosto Technical Report 2 Page | 8



Materials Used

Concrete
Location Weight Strength f'c (ksi)
Foundation Normal 4000
Drilled Piers Normal 4000
Slab-on-Grade Walls, Columns, and Piers Normal 4000
Fill in Metal Deck and Curbs at Ground Floor Normal 4500
(F:illjlrit:msj\:]i’;alpzjzk at First Floor and Above, Topping Slab, Light 4000
Fill in Stair Pans Normal 2500
Fill in Over-Excavated Areas and Conduit Encasement Normal 1500
Structural Steel
Type Standard Grade
W-Shapes ASTM A992 Grade 50
Other Shapes ASTM A992 Grade 50
Plates for Built-Up Members ASTM A572 Grade 50
Steel Channels, Angles, Base Plates, Shear Tabs ASTM A36 Grade 36
Structural Steel Plates ASTM A572 Grade 50
Steel Bars ASTM A529 Grade 50
Square or Rectangular Steel Tubes ASTM A500 Grade B
Round Steel Tubes ASTM A500 Grade C
Pipe Sections ASTM A53 Grade B
Reinforcing Steel
ASTM A615 Grade 60
Ariosto Technical Report 2 Page |9



Applicable Codes

Original Design Codes Used

In addition to the following codes, the California State Government requires that all new
government and hospital buildings are approved by the Office of Statewide Health
Planning and Development (OSHPD).

2007 California Administration Code

0 Part1, Title 24, CCR
2001 California Building Code

0 Part 2, Title 24, CCR

0 (1997 UBC and 2001 CA Amendments)
2004 California Electrical Code

0 Part 3, Title 24, CCR

0 (2002 NEC and 2004 CA Amendments)
2001 California Fire Code

0 Part4, Title 24, CCR

0 (2000 UMC and 2001 Amendments)

Design Codes Used in Thesis Analysis

e American Society of Civil Engineers (ASCE)
0 ASCE7-05, Minimum Design Loads for Buildings and Other Structures
e International Building Code, 2006 Edition
e American Institute of Steel Construction (AISC)
0 Steel Construction Manual, Thirteenth Edition (LRFD)
e American Concrete Institute
0 Building Code Requirements for Structural Concrete (ACI 318-08)
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Design Loads

Gravity Loads

Live Load (psf)

Live Load As Designed Per ASCE 7
Treatment Rooms 80*+20(partitions) 60
Patient Room 80*+20(partitions) 40
Other Rooms (offices) 80*+20(partitions) 50
Storage Areas
Fixed Racks 125 125

Mobile Racks 250 250
Corridors 100 80
Mechanical Rooms 125 -
Roof (Mech) 125 100
Roof (Other) 20* 20

The designed live loads were found to be larger than the minimum live loads specified
by ASCE7-05. It is likely that these values were higher based on the more stringent
requirements of OSHPD as well as the experience of the designers.

Floor Dead Loads
Material (psf)
6 1/4" Concrete Deck 50
Finishes 1 Partition Wall Dead Loads (psf)
MEP and Misc. 20 Per ASCE7-05 12.7.2 | 10
Total 71

Roof Dead Loads
Exterior Wall Dead Loads Material (psf)
Material (psf) 80 Mil. TPO Roof Membrane 5.5
5" Concrete Panels 50 5/8" Dens Deck 2.5
6" Metals Studs and Wallboard 0.38 6 1/4" Concrete Deck 60.4
6" Batt Insulation 0.9 Total 68.4
Total 51.28

Dead load values were determined from a combination of sources including but not
limited to ASCE7-05, design aids, and manufacturer specifications
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Floor Systems

There were several factors that were considered in the selection of floor systems for
further examination. Any viable system must be practical in three ways. First, since
seismic concerns are a major issue for this project, the system must not be excessively
heavy. Secondly, Figure 5 demonstrates how the architectural layout places tight
constraints on the column grid. Therefore, alternate systems must be compatible with
the current grid layout or one with fewer columns. In addition to this, since the hospital
was designed to maintain floor to floor heights with the existing Chinese Hospital, the
floor systems must maintain relatively low depths. Lastly, due to the demands of the
complicated procedures that will be undergone in this facility, serviceability
requirements will be of key importance.

In the design for each of the following floor systems, the dead load was taken as the
self-weight of the floor system plus 21psf for MEP, misc dead loads, and finishes. The
live load used was 125psf, which can conservatively be taken as the governing LL
throughout the building. The effect of lateral loads were not investigated at this point.

Ariosto Technical Report 2 Page |12
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Composite Deck (Existing System)

The New Acute Care hospital makes use of a composite floor system using a 3” Verco
W3 Formlock deck with an additional 3 74” of concrete resulting in a total thickness of 6
%”. This slab then rests on W-shapes ranging from W10x12’s used as beams to sizes as
large as W24x207’s which also serve in the buildings lateral system. %” @ shear studs
were used to achieve composite action.

There are several different bay sizes used in the New Acute Care Hospital. Larger bay
typically exist towards the plan east side of the building while smaller bay sizes are
typically used in the western portion of the structure. In most cases, the bays varied
from approximately 18’-0"x 17’-0” to 23’-10"x24’-0".

Spot checks were performed on several beams and girders in the existing design.
General speaking, member sizes determined under the loads determined in this report
were larger than those used by the designers.

Building Weight

One main advantage of the composite deck system was its ability to keep the building
weight low. This was accomplished partially through the use of lightweight concrete in
the composite decks. In addition, composite action in the beams drove down the
required size of the beams. With dead loads of only 71psf, it is easy to see why this
system would have been attractive to the designers.

Architectural Impact

The architectural layout demands a variety of fairly odd dimensioned bay sizes in order
for columns to fit around all the various rooms used throughout the structure. Steel
beams and girders with a cast-in-place concrete deck gave the designers flexibility to
work with these odd dimensions. In addition, column sizes, which were generally only
as large as W14’s, allowed them to be easily hidden in corners and in between partition
walls.

The New Acute Care hospital was designed to match floor to floor heights with the
existing Chinese Hospital next door. This constraint on maximum floor to floor height
resulted in a typical floor-to-floor heights 12’-6”. Of that distance, the floor system and
MEP equipment took up about 4’, which left only an 8’-6” height in occupied spaces.
Therefore, any alternate floor system should aim for a shorter depth, roughly 24.25”,
than this existing system.

Ariosto Technical Report 2 Page |14



Serviceability Requirements

Due to the complex operations and activities undertaken in hospital facilities, deflection
and vibration were important concerns for the designers. Therefore, live load
deflections were restricted to one-half inch for perimeter beams, and three-quarters of
an inch for all interior beams and slabs. Vibration was restricted to 8,000 micro-inch per
second in operating rooms and 16,000 micro-inches per second everywhere else.

Conclusions and Other Considerations

Advantages: Disadvantages:
e Composite action results in small e Steel conflicts with MEP systems
beam size requiring larger floor depths

e 2 hr Fire protection when
properly detailed.

e Quick Construction (no
formwork or shoring required)

e Cheap construction cost (about
$23.00/SF)

Although the current floor system could be improved in certain ways, its benefits more
than outweigh its problems. The reasons for its selection are clear and it is a good
choice for a floor system for this project.
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Composite Castellated Beams with Composite Deck

Composite Castellated beams were designed using CMC Steel Products SmartBeam
Composite Castellated Design Program. A representative 3 bays of the original layout
were analyzed, two of which were combined to demonstrate the long-span capabilities
of the system. A sample of the program output can be found in the appendix, and
output for additional members is readily available upon request. It was assumed that
the original composite deck design would work with these new beams.

Building Weight

Composite Castellated beams resulted in a floor system that weighed slightly more than
the original system designed. ldentical concrete deck materials were used (51 psf), and
the castellated beams weighed 20 and 35 plf (compared to 14-35 plf in the original
scheme). However, since the possibility exists for select columns to be removed, it is
likely that the total building weight would be much less.

Architectural Impact

The existing floor plan would not be affected by the use of castellated beams. Like
traditional W shapes, castellated beams give the flexibility to meet any of the existing
spans. In fact, several spans were could be
combined using these beams, thus freeing
up the floor plan even more, provided the
remaining column sizes are adjusted to
accommodate the additional load.

One of the greatest advantages of
castellated beams is the floor depth could
potentially be dramatically reduced

through their use. Since MEP equipment
Figure : MIEP system can e routed through can be routed through the castellation (See
castellations. Photo courtesy of CMC Steel Products Figure 7) in the beams, it is possible that
the floor depth could be cut down to as little as 36”, a 1’ reduction over the existing
system. Reductions could be even greater if the original bay sizes were used.

However, this would likely result in an increase in the labor cost associated with

“snaking” the MEP equipment through the castellations.
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Serviceability Requirements

In addition to shape selection, the SmartBeam Composite Design Program was also used
to determine how much each beam would deflect. The maximum live load deflection
over the 10 beams designed was 0.486”, which is well below the 0.75” maximum
required.

Castellated beams have also been found to perform well in terms of vibrations.
According to a study performed by Structural Engineers, Inc. on floor vibration using
SmartBeam Castellated Beams, “Excellent correlation was found between the measured
and predicted natural frequencies of the floor framing....In addition, the overall
response of the floors to walking and bouncing was found to be excellent.” (See Floor
Vibration Testing and Analysis of SMARTBEAM FLOORS).

Conclusions and Other Considerations

Advantages: Disadvantages:
e Longer spans and fewer columns e Additional lead time due to
e Improved vibration control fabrication
e 2 hr Fire Protection when e Effect on lateral system must be
properly detailed evaluated

e Increase in material cost (about
$25.00/SF)

Castellated beams proved to be an extremely viable alternative to the existing W-shapes
used due to the ease with which they could adapt, and even improve the existing
column layout. Investigation into these beams will certainly be continued in the future.
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Smartbeam Design Summary
Beam # Size # of Studs Ay (in)
CB1 CB27x35 35 0.406
CB2 CB24x31 30 0.486
CB3 CBl6x26 28 0.444
CB4 CB16x26 28 0.444
CB5 CB18x22 22 0.251
CB6 CB18x19 20 0.265
cB7 CB15x15/17 22 0.332
CB8 CB15x15/17 22 0.332
cB9 CB30x628 17-26 0.057
CB10 CB30x73/83 28-6-28 0.107
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Pre-stressed Hollow Core Planks

The pre-stressed hollow core planks used in this proposal were designed using the
Nitterhouse Concrete Products Hollow Core Brochure. The design table found in Figure
14 was used to determine that a 6” thick 4’ wide plank with (4) %” @ strands would be
most efficient for carrying the required load. Included in the designed dead load is an
additional 2” leveling compound which will be used to produce a flatter finished floor.

Building Weight

Hollow Core plank systems were originally selected in an attempt to cut down on
material and building weight. However, since they are built using normal weight
concrete, they still weight 48.75psf, which is only a 2.5% reduction over the lightweight
concrete slab used in the original design. In addition, since composite action was not
employed, larger beam sizes were necessary. These new beams were typically twice as
heavy per linear fit as the beams used in the original design. With this in mind, it can be
concluded that the weight savings based on the use of hollow core precast planks is at
best marginal, if not non-existent.

Architectural Impact

Pre-stressed Hollow Planks present several challenges to the architectural layout of the
New Acute Care Hospital. The primary problem lies in that the planks are typically
produced in four foot widths. The architectural layout puts tight constraints on bay
dimensions, and augmenting the scheme to dimensions of 4 foot intervals would
require at least some changes to the current layout.

The Hollow Core Plank assembly consists of 6” plank, W shapes as large as W16's, as
well as a 2” leveling compound. This would bring the total height of the floor assembly
to 24’-2”, which is actually an increase in depth from the original system. However, with
appropriate detailing, reductions in floor depth could be achieved. If additional angles
and stiffener plates are attached to the wide flanges, the planks can be set so that the
top of the concrete is in line with the top flange of the beam (see Figure 9). While this
detail would bring the overall floor depth to only 16”, it would also require additional
cost and labor onsite.
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Figure 9: Additional Fabrication Details can be used to reduce floor depth.
Photo courtesy of Modern Steel Construction

Serviceability Requirements

The W-shapes used to support the precast planks were checked for deflection using ACI
318-08 limitations of L/480 for live loads and L/240 for total loads. In all cases studied,
the live load deflection met the ACI requirements as well as the 0.75 inches required by

the project. Additional studies would have to be performed to determine the deflection

and vibration qualities of the planks themselves.

Conclusions and Other Considerations

Conclusion
Advantages:
e Reduction in construction
time
e 2 hr Fire Protection when
properly detailed
e Low nhoise transmission
e Consistent and reliable
manufacturing process
e Low cost (about
$13.00/SF)

Ariosto Technical

Disadvantages:
e Larger W-Shapes
e Column grid adjustment
e Leveling compound
necessary since planks
are cambered.
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While there are several advantages associated with h the use of Precast Pre-stressed
Hollow Core Planks, the problems, such as the increase in building weight and the
necessary adjustments to the column grid rule them out as a viable alternative system.
No further investigation is required.
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Figure 10: Representative Layout for Hollow Core Planks



Two-Way Flat Plate Concrete Floor

The last alternative system investigated was a two-way flat plate concrete floor system.
This system was designed according to the Direct Design Method as laid forth by ACI
318-08. Although all the criterion for using this method were not met (Column offsets
were greater than 10%), it was used anyway for the purposes of this preliminary design.
It was assumed that the typical column size would be 30”x30” for this design, and that
the original column grid would remain unchanged. The design was conducted on 24’-
0”x23’-10” bay. Since this bay had the largest dimensions in the building, it was deemed
to be the controlling case for the design.

Building Weight

The design of this flat plate system called for a slab thickness of 9”. This resulted in a
floor dead load weight of 133.5psf, which is an 88% increase in weight over the original
system. In addition to this, the 30”x30” columns used in the design would add a
considerable amount of weight to the structure. Due to the nature of the seismic loads
on the structure, this criterion alone rules out the use of this system.

Architectural Impact

One of the advantages of a concrete system is that it allows for large range of flexibility
and variation in bay sizes and span length. In the case of the New Acute Care Hospital,
no change in grid layout was necessary. However, the column sizes used would
certainly be larger than those of the original design (typically W14s). These larger
columns would result in some disruption of floor layout.

The flat plate system proved to be the best system in terms of floor depth. At a total
thickness of only 9”, with no drop panels required for shear, the floor depth could be
dramatically reduced. If 1’-6” of additional space were allowed for MEP systems, each
floor would gain an additional 1’-9” of usable floor height.

Serviceability Requirements

The maximum deflection found to exist in this system was only 0.474”. This meets both
the ACI requirements of L/480 as well as the 0.75” requirement specified by the project.
In addition, due to their large mass, concrete systems are known to perform extremely
well in terms of vibration.
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Conclusion and Other Considerations

Advantages: Disadvantages:
e Ease of Construction e Dramatic increase in weight
e Low floor depth e Larger columns
e Flexibility of partitions e Longer construction time

e 3 hr Fire Protection
e Reduction in cost (about
$18.00/SF)

The dramatic decrease in floor depth achieved through the use of the two-way flat
plate, while impressive, was matched by a dramatic increase in floor weight. For this
reason, this system will not be investigated further.

H _
| | Pesone
/w30 :
LoLUMANS v

Figure 11: Representative Layout for Two-Way Flat Plate System

Ariosto Technical Report 2 Page |24



Conclusions

The analysis of the alternative floor systems for the New Acute Care Hospital showed

that there were many options available to the designers. Each of these options had its

own set of advantages and disadvantages. The original system used, a composite deck
supported by composite beams, proved to be a logical choice by the designers, as it
balanced low weight, compatibility with the architectural layout, and overall economy.

Castellated beams, which can potentially be described as the wave of the future, were

demonstrated to be a more than viable alternative and will surely be explored more in

the future. While precast hollow core planks had plenty of benefits, particularly the
ease of construction, it had too restrictive “built in” requirements on span dimensions.

Lastly, the concrete flat plate system, which produced an extremely low floor depth,

was too heavy to warrant further exploration.

Alternative Floor System Comparison

Weight Architectural Impact :
: ! . ; Approximate Future
Floor System Column Deflection Vibration Fireprotecticn e SR
Deck Baams Flaor Depth Cost [5/5F) Investigation
Layout
C te B
PR 50 14-31 Good Good Good Good Zhr 23.00 Yes
with Compaosite Deck
Castellated Beams
: 50 20-35 Excellent Excellent Good Excellent 2hr 25.00 Yes
with Composite Deck
Precast Pre-5tressed
4575 26-44 Poor Acceptable Good Unknown 2 hr 13.00 No
Hollow Core Planks
Flate Flate Concrete 1335 Good/Poor | Excellent Excellent Good 3 hr 15.00 Mo
Figure 12: Floor System Comparison
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Appendix A: Composite Metal Deck with Steel Framing
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Page 27 of 51

ESR-1735P (9/1/2009)

TABLE 10-ALLOWABLE SUPERIMPOSED LOADS (psf), DIAPHRAGM SHEAR VALUES, q (pif), AND FLEXIBILITY
FACTORS, F, FOR TYPE PLW3™-36 & W3-36 FORMLOK™ DECK PANELS WITH CONCRETE FILL'?345578_Cont'd

TOTAL
SLAB
DEPTH NO. OF
& CONC. DECK DECK SPAN (ft-in.)
TYPE GAGE SPANS 8-0" 8-6" 9'-0" 9'-6" 10-0" 10'-6" 11'-0" 11'-6" 12'-0" 12'-6" 13'-0" 13-6" 14'-0" 14'-6" 15'-0"
1 313 283 257 235 216 190 136 114 105 9 88 81 75
2 313 283 257 235 216 199 184 171 105 9 88 81 75
20 3 313 283 257 235 216 199 184 1T 105 96 88 81 75
q3 1470 1455 1440 1430 1420 1410 1400 1390 1385 1375 1370 1365 1355 1350 1345
g4 1590 1565 1540 1520 1500 1485 1470 1455 1440 1430 1420 1410 1400 1390 1380
1 362 327 207 272 249 230 213 184 22
2 362 327 297 272 249 230 213 197 92
19 3 362 327 297 272 249 230 213 197 92
54" q3 1490 1470 1455 1440 1425 1415 1400 1390 1385 1375 1365 1380 1350 1345 1340
S“E‘;‘C“é’a' g4 1650 1620 1590 1565 1540 1520 1500 1485 1470 1455 1440 1430 1420 1410 1400
Light?eight 1 395 357 325 297 273 251 233 216 189 162 11 103
(110 pef) 2 395 357 325 297 273 251 233 216 201 188 176 164 103
18 3 395 357 325 297 273 251 233 216 201 188 176 164 103
q3 1510 1485 1465 1450 1435 1420 1410 1400 1385 1380 1370 1360 1355 1345 1340
qd 1700 1665 1630 1605 1580 1560 1540 1520 1500 1485 1470 1455 1440 1430 1420
1 400 400 389 356 327 301 279 250 241 225 203 162 150 140 130
2 400 400 389 356 327 301 279 250 241 225 203 181 162 146 JJ130
16 3 400 400 389 356 327 301 279 259 241 225 203 181 162 146 132
q3 1560 1535 1510 1490 1470 1455 1440 1425 1410 1400 1385 1375 1365 1360 1350
g4 1830 1785 1740 1705 1670 1645 1620 1595 1570 1550 1530 1515 1500 1485 1470
1 309 128 116 106 97 88 81 74 68
2 309 128 116 106 97 88 81 74 68
22 3 309 128 116 106 97 88 81 74 68
g3 1705 1690 1680 1670 1660 1650 41645 1635 1630 1625 1620 1615 1610 1605 1600
q4 1780 1760 1740 1725 1710 1695 1680 1670 1660 1650 1640 1630 1620 1615 1610
1 341 309 281 121 111 102 93 86 79
2 341 309 281 121 111 102 93 86 79
21 3 341 309 281 121 111 102 93 86 79
q3 1705 1690 1680 1665 1655 1645 1635 1630 1620 1615 1610 1605 1600 1595 1590
g4 1810 1790 1770 1750 1730 1715 1700 1685 1670 1660 1650 1640 1630 1620 1610
1 357 323 204 268 118 108 100 92 84
6" 2 357 323 294 268 118 108 100 92 84
S‘g‘:;‘c‘;a' 20 3 357 323 204 268 118 108 100 92 84
Lightweight g3 1710 1695 1680 1665 1655 1645 1635 1630 1620 1615 1605 1600 1595 1590 1585
(110 pef) g4 1830 1805 1780 1760 1740 1720 1700 1690 1680 1665 1650 1640 1630 1620 1610
1 400 372 338 309 284 262 235 Q183 168 154 142 131 121 111 103
2 400 372 338 309 284 262 242 225 209 154 142 131 121 111 103
19 3 400 372 338 309 284 262 242 225 209 196 183 131 121 111 103
g3 1725 1710 1690 1675 1660 1650 1640 1630 1620 1610 1605 1595 1590 1580 1575
g4 1890 1860 1830 1805 1780 1760 1740 1725 1710 1695 1680 1670 1660 1645 1630
1 400 400 369 338 310 286 264 [241 | 203 146 135 125 116
2 400 400 369 338 310 286 264 246 229 214 125 116
3 400 400 369 338 310 286 264 246 229 214 125 1186
18 q3 1745 1725 1705 1690 1670 1660 1645 1635 1625 1615 1605 1600 1590 1585 1575
q4 1940 1905 1870 1845 1820 1795 1770 1750 1730 1715 1700 1690 1680 1665 1650
See Page 28 for footnotes. (continued)
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Appendix B: Composite Deck on Castellated Beams
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Appendix C: Hollow Core Plank Analysis

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

2 Hour Fire Resistance Rating With 2" Topping

PHYSICAL PROPERTIES
Composite Section
Ac.=253in? Precastb, =16.13in.

l.=1519in* Precast Spep= 370 In?
Yoor= 4,10 in.  Topping St = 551 in’
Yeo=1.90in.  Precast Sip = 799 in?
Yo =3.90in. Precast Wt.= 195 PLF
Precast Wt. = 48.75 PSF

DESIGN DATA

. Precast Strength @ 28 days = 6000 PSI i t
. Precast Strength @ release = 3500 PSI 5 T8 |

Precast Density = 150 PCF ’ N ‘
. Strand = 1/2"@ 270K Lo-Relaxation. kXl

. Strand Height = 1.75 in. . I D oy
. Ultimate moment capacity (when fully developed)... © A E Q ° Q ° ° Q ° Q ° Q °

4-1/2"@D, 270K = 67.4 k-ft at 60% jacking force 20 5

310k

T%n 7&-: 7%:; 7%” 5%::

2"

Lo

3n
6-1/2"@, 270K = 92.6 k-ft at 60% jacking force s
7-1/12"@, 270K = 95.3 k-ft at 60% jacking force
7. Maximum bottom tensile stress is 10ﬁ= 775 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. Topping Strength @ 28 days = 3000 PSI. Topping Weight = 25 PSF.

12. These tables are based upon the topping having a uniform 2" thickness over the entire span. A lesser
thickness might occur if camber is not taken into account during design, thus reducing the load capacity.

13. Load values to the left of the solid line are controlled by ultimate shear strength.

14. Load values to the right are controlled by ultimate flexural strength or fire endurance limits.

15. Load values may be different for IBC 2000 & ACI 318-99. Load tables are available upon request.

16. 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.

410" +0"

SAFE SUPERIMPOSED SERVICE LOADS IBC 2006 & ACI 318-05 (1.2D+ 1.6 L)
Strand SPAN (FEET)
Pattern 12]13]14[15]16]17]18[19]20] 21| 22] 23] 24| 25| 26 [ 27] 28| 29[ 30
4-1/2"s |LOAD (PSF) 349317290 | 258 | 227 (197|174 (149|127 |108| 92 | 78 | 66 | 55
6- 1/2"s | LOAD (PSF) 524 (478|437 |377 (334 (292|269 |237|215(188|165|142(122|104| 88 | 73 | 61 | 49 | 39
7-1/2"s |LOAD (PSF) 541492451 |416)364 | 331|293 (274 |242|214|190| 167 | 144|124 (107 | 91 | 77 | 64 | 53
% E??E @%@%% E This table is for simple spans and uniform loads. Design data
for any of these spandoad conditions is available on request.
CONCRETE PRODUCTS Individual designs may be furnished to satisfy unusual conditions
& of heavy loads, concentrated loads, cantilevers, flange or stem
openings and narrow widths. The allowable loads shown in this
2655 Molly Pitcher Hwy. South, Box N table reflect a 2 Hour & 0 Minute fire resistance rating.
Chambersburg, PA 17202-9203
717-267-4505 Fax 717-267-4518 11103108 6F2.0T

Figure 14: Nitterhouse Concrete Product Plank Information
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Appendix D: Concrete Flat Plate
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Design of CS reinforcement
L Interior Span
Item Description - .
Left Mid Right Prmax 0.0206
1 Mu ('k) 273 117.5 273 fy 60000
2 CS width (in) "b" 144 144 144 f'c 4000
3 eff depth "d" (in) 7.31 7.31 7.31 drin 5.001104
4 Mn=Mu/phi 303.3333| 130.5556| 303.3333 t 9
5 Mn/b 25.27778| 10.87963| 25.27778 Rein. Area 0.31
6 R=(Mn*12000)/(bd’) | 473.0468| 203.6007| 473.0468
‘ 7 p (from A.5a) 0.0085 0.0035 0.0085
; 8 As=pbd 8.94744| 3.68424| 8.94744
| 9 Asmin=.0018bt 2.3328 2.3328 2.3328
j 10 [N=larger of (8,9)/Als 29 12 29
i 11 Nmin=width strip/2t 8 8 8
|
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Appendix F: Plans
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Figure 16: EW Building Section
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