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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: 

• Composite deck with castellated beams 

• Precast Pre-Stressed Hollow Core Planks 

• 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 
the construction of this addition, the 
original portion of the hospital built in 1925 
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 façade 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 1: Site View of New Acute Care Hospital (blue) 
located adjacent to existing Chinese Hospital.   Photo 
Courtesy of Google Maps. 

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 

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 

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.   
 
.   
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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 

Fill in Metal Deck at First Floor and Above, Topping Slab, 
Curbs, and Pads 

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 
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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 
o Part 1, Title 24, CCR 

• 2001 California Building Code 
o Part 2, Title 24, CCR 
o (1997 UBC and 2001 CA Amendments) 

• 2004 California Electrical Code 
o Part 3, Title 24, CCR 
o (2002 NEC and 2004 CA Amendments) 

• 2001 California Fire Code 
o Part 4, Title 24, CCR 
o (2000 UMC and 2001 Amendments) 

Design Codes Used in Thesis Analysis 
 

• American Society of Civil Engineers (ASCE) 
o ASCE7-05, Minimum Design Loads for Buildings and Other Structures 

• International Building Code, 2006 Edition 

• American Institute of Steel Construction (AISC) 
o Steel Construction Manual, Thirteenth Edition (LRFD) 

• American Concrete Institute 
o 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 
MEP and Misc. 20 
Total 71 

 

Exterior Wall Dead Loads 
Material (psf) 
5" Concrete Panels 50 
6" Metals Studs and Wallboard 0.38 
6" Batt Insulation 0.9  
Total 51.28 

 

 

Partition Wall Dead Loads (psf) 
Per ASCE7-05 12.7.2 10 

 

Roof Dead Loads 
Material (psf) 
80 Mil. TPO Roof Membrane 5.5 
5/8" Dens Deck 2.5 
6 1/4" Concrete Deck  60.4 

Total 68.4 

 

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. 
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Figure 5: Typical Composite Floor Plan Highlighting Column Location 
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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 ¼” of concrete resulting in a total thickness of 6 
¼”.  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.  ¾” Ø 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. 
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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: 

• Composite action results in small 
beam size 

• 2 hr Fire protection when 
properly detailed. 

• Quick Construction (no 
formwork or shoring required) 

• Cheap construction cost (about 
$23.00/SF) 

Disadvantages: 

• Steel conflicts with MEP systems 
requiring larger floor depths 

 

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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Figure 6: Original Framing Plan 
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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.  Identical 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 
can be routed through the castellation (See 
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. 

 

Figure 7: MEP system can be routed through 
castellations.  Photo courtesy of CMC Steel Products 

Photo 
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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: 

• Longer spans and fewer columns 

• Improved vibration control 

• 2 hr Fire Protection when 
properly detailed 

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

Disadvantages: 

• Additional lead time due to 
fabrication 

• Effect on lateral system must be 
evaluated 

 

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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Figure 8: Representative Floor Layout for Castellated Beams 
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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) ½” Ø 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: 

• Reduction in construction 
time 

• 2 hr Fire Protection when 
properly detailed 

• Low noise transmission 

• Consistent and reliable 
manufacturing process 

• Low cost (about 
$13.00/SF) 

Disadvantages: 

• Larger W-Shapes 

• Column grid adjustment 

• Leveling compound 
necessary since planks 
are cambered.



 
 
 
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. 

 
Figure 10: Representative Layout for Hollow Core Planks 
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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: 

• Ease of Construction 

• Low floor depth 

• Flexibility of partitions 

• 3 hr Fire Protection 

• Reduction in cost (about 
$18.00/SF) 

Disadvantages: 

• Dramatic increase in weight 

• Larger columns 

• Longer construction time 

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. 

 

 

 

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

  

Figure 12: Floor System Comparison 
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Appendix A: Composite Metal Deck with Steel Framing 
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Appendix B: Composite Deck on Castellated Beams 
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Figure 13: SmartBeam Design Program Sample Output 
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Appendix C: Hollow Core Plank Analysis 
 

 

Figure 14: Nitterhouse Concrete Product Plank Information 
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Appendix D: Concrete Flat Plate 
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Appendix F: Plans 
 

 

Figure 15: NS Buiding Section 
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Figure 16: EW Building Section 
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Figure 17: Typical Framing Plan 
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Figure 18: Typical Moment Frame Elevation 

 


	Executive Summary
	Table of Figures
	Introduction
	Structure Overview
	Foundation System
	Framing System
	Lateral System
	Roof System

	Materials Used
	Applicable Codes
	Original Design Codes Used
	Design Codes Used in Thesis Analysis

	Design Loads
	Gravity Loads

	Floor Systems
	Composite Deck (Existing System)
	Composite Castellated Beams with Composite Deck
	Pre-stressed Hollow Core Planks
	Two-Way Flat Plate Concrete Floor

	Conclusions
	APPENDIX
	Appendix A: Composite Metal Deck with Steel Framing
	Appendix B: Composite Deck on Castellated Beams

	/ /
	Appendix C: Hollow Core Plank Analysis
	/
	Appendix D: Concrete Flat Plate
	Appendix E: References
	Appendix F: Plans


