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Executive Summary 
 
 This technical assignment involves the investigation of alternate floor framing systems 
for the River Tower at Christina Landing.  Currently, the typical floor system for the residential 
portion of the River Tower is a post-tensioned floor plate concrete slab.  This report will 
determine whether another type of system can be utilized, with the consideration of fire 
protection, overall floor depth, system dead weight, and assembly cost as determining factors.  
The overall purpose of this report is to determine whether these alternate floor systems could be 
utilized in an overall redesign of the structure. 
 
 The River Tower, standing at 25 stories in this design configuration, has since been 
redesigned for value engineering.  In the actual redesign, the structural engineer considered a 
composite steel/braced frame system, a girder-slab proprietary system, and a filigree proprietary 
system.  With this in mind, I have considered two forms of steel framed systems, both non-
composite and composite, in this preliminary report.  Girder-slab systems were researched, but 
only a suitable hollow core slab was found, not a composite system.  As a proprietary system, a 
filigree system proved more difficult to research, and has not been considered in this preliminary 
report.  Instead, I have investigated the use of one-way concrete joists as another alternate floor 
system.  Finally, I have examined the use of a two-way flat plate reinforced concrete slab, 
without post-tensioning.  Without the pre-stressing of the original configuration, drop panels 
were needed in this alternate reinforced concrete slab system at each column location.   
 
 The steel framing systems each significantly provide a lighter overall building weight, 
but sacrifice floor-to-floor height by several inches per floor.  This would ordinarily be a 
deciding factor, had the River Tower design team not already acquired a code provision for 
building height from the city of Wilmington, DE.  Other factors not considered in the scope of 
this preliminary report are column sizing and connections.  The current architectural layout does 
not offer many viable options for column layouts, so the original grid lines were kept in order to 
fully compare each alternative system.  Ultimately, the non-composite steel framing and non-
prestressed two-way flat plate did not offer significantly different results than their counterparts, 
the composite steel framing and post-tensioned flat plate slab.  The one-way concrete joist 
system proved too expensive and too deep to warrant further research.  The composite steel 
framing system and hollow-core slab system will be scrutinized in more detail for upcoming 
technical assignments. 
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Introduction
 
 This technical assignment presents preliminary research findings for the redesign of a 
typical floor system for the River Tower at Christina Landing condominium tower.  The floor 
plan, shown below, for Levels 10 through 23 served as the basis for the following research 
designs.  Specifically, an interior bay with consistent dimensions through most floors was used 
for comparative purposes.  This bay, highlighted in the diagram above, lies between column lines 
3 and 4 in the West-East direction, and column lines B and C in the North-South direction 
respectively.  The slabs span between columns spaced at 28’-6” in the West-East direction and 
23’-0” in the other direction on typical floors.  The worst-case live load for a typical floor was 
determined to be 70 psf in a previous technical assignment, and was determined through a ratio 
between public and private spaces.  The average superimposed dead load of a typical floor was 
taken as 12 psf to account for ceiling, mechanical and collateral loading.  From the structural 
drawings, this building warrants a 2 hour fire-rating due to its largely residential use. 

  

Typical Floor of River Tower Condominium: Provided by O’Donnell & Naccarato, Structural Engineers 

Interior bay used for research highlighted in red and enlarged on next page 

 The following report weighs the benefits and disadvantages of several types of floor 
systems, including the original flat plate post-tensioned concrete slab.  Alternate floor systems 
included in this analysis are non-composite and composite steel deck/concrete slab systems, a 
composite steel joist/deck/concrete slab system, and a one-way concrete joist system.  Potential 
factors in determining feasibility include fire protection, system dead weight, and floor-to-floor 
height.  The following pages list the benefits and disadvantages of each system, and a 
comparative chart lists the conclusions towards their feasibility in River Tower.  Alternate 
column layouts were considered for this assignment, but due to the architectural dependency on 
the current grid lines, this layout was not changed from the original design. 
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Existing System: Post-tensioned Flat Plate Concrete Slab 

 
 The typical River Tower condominium floors use an 8 inch, 5000 psi thick partially pre-
stressed post-tensioned concrete flat plate system.  An enlarged view of the interior span used for 
the preliminary research is shown above.  The post-tensioning force in the long-span direction is 
listed at 12 kip/ft, while in the short-span direction this tensioning is 435 kips. In the banded 
post-tensioning direction (West-East), #4 tendons are placed every 12 inches, while in the 
uniform post-tensioned direction (N-S), #4 tendons are placed every 20 inches (omitted on 
diagram for clarity).  At the columns, variable amounts (shown above) of #4 tendons are placed 
to help prevent punching shear in the flat slab and provide ultimate flexural strength for the slab.  
Through approximation of R.S. Means Assemblies Cost Data, this floor system costs $12.33 per 
square foot to construct.  Please consult Appendix A for more detailed calculations. 
   

System Summary: Post-tensioned Floor Plate Slab 
Advantages - Post-tensioning saves need for more compressive reinforcement 

- Low vibration characteristics 
- Eight inch thickness provides adequate fire resistance 
- Banded tendon layout speeds construction time, saves on cost 
- Lack of drop panels reduces cost and floor thickness 

Disadvantages - Cast-in-place construction can lengthen erection process and  
   increase installation costs 
- Susceptible to punching shear 

Feasible for River Tower  (Existing Design System) 
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Alternate System #1: Hollow Core Slab System 
 
8” × 4’ Prestressed Concrete SpanDeck (U.L. Assembly #J952) 
 

 
 A hollow core slab system saves on material cost and system weight, since only the most 
necessary materials are used.  These systems work similarly to pre-stressed floor slabs, but with 
voids to save on material cost.  For this analysis, the hollow core slab was chosen based on a 
span of 24 feet, the short direction.  Though the hollow core planks could hold the superimposed 
load without a concrete topping, a 2 inch cast-in-place concrete topping was factored into the 
design due to fire rating requirements of 2 hours for this condominium building.  These planks 
need to rest on supports at the column lines: steel girders, concrete beams, or other bearing 
supports at the columns.  These members were not analyzed as part of this preliminary report, 
but the overall depth of the bays would be controlled by the depth of the precast planks.  
Through approximation of R.S. Means Assemblies Cost Data, this floor system costs $10.14 per 
square foot to construct.  Please consult Appendix B for more detailed information and 
calculations. 
 

System Summary : Hollow Core Slab System 
Advantages - Excellent Fire Resistance and Sound Attenuation 

- Precast offers quick and easy constructability, low maintenance 
- Similar column and column footing type can be used 
- Can be used as finished ceiling condition 
- Voids can be used for mechanical or electrical components 
- Provides basic lateral force-resistant diaphragm 

Disadvantages - Potentially limited competition for materials or labor 
- Possible constructability issues with contractors and erectors 
- Must rest on structural supports (not considered in this 
   preliminary report) 

Feasible for River Tower YES 
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Alternate #2: Composite System: Steel Beams, Girders, and Deck with 3” Concrete Slab 

 
 The beam and girder sizing were determined using RAM Structural Analysis software 
and had the following results.  The largest depth in this configuration is the 15.7” depth of the 
W16×26 girder, but this occurs only in the 5.5” width of the flange.  Primarily, the floor depth is 
controlled by the 10.2” deep W10×12 beams, which together with the 5” slab depth results in a 
difference of nearly seven inches from the existing floor system.  The dead weight of this system, 
which includes the 3” concrete floor slab, 2” USD Lok-Floor metal decking, and structural steel 
components, is 44.8 psf.  This system sacrifices floor depth and inherent fire protection, but has 
clear advantages in system weight and overall system cost, despite the expenses of steel 
procurement.  Through approximation from R.S. Means Assemblies Cost Data, this system costs 
$19.37 per square foot to construct.  Please consult Appendix C for more detailed information. 
 

System Summary: Composite Metal Deck/Concrete Slab System 
Advantages - Excellent stiffness – minimizes vibration issues 

- Structural shapes need fireproofing, slab/deck assembly do not 
- Lightens building weight considerably 
- Smaller column footings needed 
- Thinner/smaller column size minimizes architectural intrusion 

Disadvantages - Additional fireproofing necessary on structural supports 
  (spray-on fiber or gypsum board) 
- Larger floor depth by almost seven inches 
- Change in lateral resistance system necessary 
- Ceiling finishing required underneath structural members 

Feasible for River Tower YES 
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Alternate #3: Non-composite System: Steel Beams, Girders, and Deck on 3” Concrete Slab 
 

 
 The beam and girder sizing were determined using RAM Structural Analysis software 
and had the following results.  The largest depth in this configuration is the 20.7” depth of the 
W21×44 girder, but this occurs only in the 6.50” width of the flange.  Primarily, the floor depth 
is controlled by the 13.7” deep W14×22 beams, which combined with a 5” slab depth results in a 
difference from the original floor system by almost eleven inches.  The dead weight of this 
system, which includes the 3” concrete floor slab, 20 gage 2” USD Lok-Floor metal decking, and 
structural steel components, is 48.11 psf.  Through approximation from R.S. Means Assemblies 
Cost Data, this system costs $14.30 per square foot to construct.  Please consult Appendix D for 
more detailed information and calculations. 
 

System Summary: Non-Composite Metal Deck/Concrete Slab System 
Advantages - Structural shapes need fireproofing, slab/deck assembly do not 

- Lightens dead weight of structure 
- Smaller column footings needed 
- Thinner/smaller column size minimizes architectural intrusion 

Disadvantages - Additional fireproofing necessary on structural supports 
  (spray-on fiber or gypsum board) 
- Less stiffness compared to composite steel/slab system 
- Larger floor depth by nearly eleven inches 
- Change in lateral resistance system necessary 
- Ceiling finishes required underneath structural members 

Feasible for River Tower NO 
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Alternate #4: One-Way Concrete Joist Floor System 

 
 Standard square-end one-way concrete joists were designed using the CRSI Handbook.  
Because BOCA 1996 was referenced in the original floor design, the 1996 version of the CRSI 
Handbook edition was used to maintain design consistency.  A 20” form system with 5” thick 
ribs spaced at 25” center-to-center was designed based on the typical loading configuration.  This 
alternate system contains a 10” deep rib with a 3” top slab, making its total depth only 13 inches.  
To gauge a system with the minimum necessary depth, these joists were designed to span the 
short-span direction, taken at 24 feet to be conservative.  The dead weight for this system is 
given as 67 psf from Table 8-1 of the CRSI Handbook.  Through approximation from R.S. 
Means Assemblies Cost Data, this system costs $14.64 per square foot to construct.  Please 
consult Appendix E for more detailed information and calculations. 
 

System Summary: One-Way Concrete Joist Floor System 
Advantages - Excellent stiffness criteria, meaning little deflection concern 

- Inherent fire protection 
- Voids between ribs can be used to place mechanical or electrical 
components 
- Original column and column footing type can be used 
- Original concrete shear walls can still be used 

Disadvantages - Expensive pour – cast-in-place concrete 
- Difficult construction – long spans and continuous pours 
- Needlessly deep floor depth compared to advantages of flat plate 
system properties 

Feasible for River Tower NO 
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Alternate #5: Two-Way Flat Plate Reinforced Concrete Slab 
 

 
 For a two-way flat plate with reinforcing steel, a 9.25” thick, 5000 psi concrete slab was 
designed with 2.5” thick, 7 ft by 10 ft drop panels around the columns.  For the short-span 
direction, #4 rebar is required at the following spacing: 12” at the top and bottom of the middle 
strip, 4” at the top of the column strip, and 10” at the bottom of the column strip.  For the long-
span direction, #4 rebar is used at 8” spacing for all bottom reinforcement.  #4 bars are spaced at 
6” for the top reinforcement of the middle strip, and #5 bars are used at 4” spacing for column 
strip top reinforcement.  The system dead weight was determined to be 113.13 psf, neglecting the 
weight of the drop panels, which was judged to be negligible compared to the overall weight.  
The system cost was determined to be $14.07 through approximation of R.S. Means Assemblies 
Cost Data.  Please consult Appendix F for more detailed information and calculations. 
 

System Summary: Two-Way Flat Plate Reinforced Concrete Slab 
Advantages - Low vibration characteristics 

- 9.25 inch thickness provides adequate fire resistance 
- Excellent stiffness = low deflection 
- Original column and column footing type would be similar 
- Original concrete shear walls can still be used 

Disadvantages - Susceptible to punching shear 
- Drop panels add additional floor thickness near supports 
- Difficult constructability – cast-in-place concrete 

Feasible for River Tower NO 
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 Details of Cost Analysis 
 
 Through approximation from the 2005 R.S. Means Assemblies Cost Data, the existing 
and alternate systems were compared using 25 foot spans, and in some cases 25 ft by 30 ft bays, 
for comparative purposes.  While this assemblies cost data is not totally applicable, such as in the 
case of concrete strength, this data provides a valuable preliminary estimate of the building cost 
concerns of these proposed systems.  The values are compared in the following overall 
comparison chart. 
 
Overall Comparison 
 

Floor System System Depth Dead 
Weight 

System Cost 
(per sq. ft.) 

Further 
research? 

Post-tensioned flat plate 
slab system 

8” 98 psf $12.33 Existing 

Hollow Core Slab System 8” ± 1/8” precast 
+ 2” topping 

82.5 psf $10.14 YES 

Composite Steel Framing 
System 

10.2” steel + 
5” slab depth 

44.8 psf $19.37 YES 

Non-Composite Steel 
Framing System 

13.7” steel + 
5” slab depth 

48.11 psf $14.30 NO 

One-Way Concrete Joists 10” Deep Rib + 
3” Top Slab 

67 psf $14.64 NO 

Two-Way Flat Plate Slab 
with Drop Panels 

9.25” + 2.5” at 
drop panels 

113.31 psf $14.07 NO 

 
Conclusion 
 
 While each alternative system offered unique benefits to the overall building system, 
floor depth, dead weight, and building cost were deciding factors.  The composite steel framing 
system provides both the lowest system weight and highest system cost.  The non-composite 
steel framing system provides nearly the same system weight at a much lower cost, but at a 
greater floor depth.  Budget would certainly control in most cases, but in this preliminary 
structural analysis, floor depth controlled overall.  With this in mind, the non-composite system 
was judged to not warrant further analysis.  The one-way composite joist system’s poor overall 
cost and depth does not offset its benefits of dead weight to merit further research as well.  The 
flat plate slab system with drop panels does not offer any significantly better results, particularly 
with self weight, than the original partially prestressed flat plate slab. 
 It is important to note that the potential change in floor system would affect the type of 
column footings used, but not the overall deep pile cap foundation system.  Concrete columns 
would be supported with wooden column base connections, while steel columns would need 
steel base plates.  The instabilities of the riverfront soil of the River Tower site would necessitate 
using deep piles regardless of floor system type.  Lighter building weights would affect sizing of 
footings, however, and would potentially alleviate overturning capacities. 
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APPENDICES
 
 

A. Existing Floor System 
 
B. Hollow Core Slab System Selection 
 
C. Composite Steel Deck/Concrete Slab Floor System Selection 
 
D. Non-composite Steel Deck/Concrete Slab Floor System Selection 
 
E. One-Way Concrete Joist System Selection 

 
F. Two-Way Flat Plate with Drop Panels Selection 

 
G. R.S. Means Assemblies Cost Data 

 
H. List of Resources 
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APPENDIX A: 
 

Existing Floor System 
 
 

System self-weight 
 
Wslab = (8” slab)*(147 pcf)*(1ft/12”) = 98 psf 
 
Total Self-Weight of Typical Bay = 98 psf
 
 

Please consult Technical Assignments #1 and #3 for analysis of existing floor system.
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APPENDIX B: 
 

Hollow Core Slab System Selection 
 
 
- Superimposed Dead Load: 
 7 psf for ceiling/mechanical (presumed) 
 5 psf for collateral (listed on drawings) 
 
- Worst Case Live Load (typical floor): 70 psf 
 
- Total Superimposed Load (unfactored) = 70 psf + 7 psf + 5 psf = 82 psf 
- Total Superimposed Load (factored) = 1.2(12 psf) + 1.4(70psf) = 114.8 psf 
 
- From Nitterhouse Concrete Products (see following data chart):
 
 - Span = 23’-2”  24’ (spanning in this direction allows for a thinner hollow core slab) 
  
 - Choose 8” × 4’ Prestressed Concrete SpanDeck with 2” topping (U.L. J917) 
  - f’c = 5000 psi at 28 days, 3000 psi at release 
  - Precast density = 150 pcf (top and webs), 115 pcf (soffit) 
  - Allowable Superimposed Load for 24’ span = 112 psf (flexure) > 82 psf req’d 
  - (4) ½” diameter, 270 ksi Low-Relaxation Strands at 2” height 
  - Precast System Weight = 330 plf = 82.5 psf 

 
Fire Rating from Underwriters’ Laboratories 
 - Restrained end: 2 in. concrete cover (1 in. gypsum board) required for 2 hour fire rating 
 - Unrestrained end: 1 ½ hour rating with same cover requirements 
 

 

U.L. Assembly Diagram Key 
 

1.) Floor Topping (concrete, 
gypsum, or floor mat material) 
2.) Precast Plank 
3.) Min. 1.5” End Bearing Detail 
4.) Grout: 3500 psi 
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Courtesy Nitterhouse Concrete Products, Inc.: 
http://www.nitterhouse.com/DrawingSpecs/DrawingsSpecs.html 
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APPENDIX C: 
 

Composite Steel Deck/Concrete Slab System Selection
 
 

 RAM Structural System software was used to determine the steel beam and girder sizing, 
based on the selection of 2” Lok-Floor steel decking from the United Steel Deck catalog.  A 20 
gage 2” Lok-Floor decking has a maximum three-span unshored distance of 9.59’, which just 
clears the 9.5’ dimension of the three even-spaced beams in a typical bay.  Three inches of 
lightweight concrete (f’c = 3000 psi) lie above this decking, giving a total slab depth of 5”. 
 
Self-Weights for a Typical 23’× 28.5’ Composite Bay 
 
20 gage 2” Lok-Floor Deck   = 1.80 psf 
3” Concrete Slab   = 38.0 psf 
(2) W18×35 = 2(35 plf)/(23 ft)  = 3.04 psf 
(4) W12×14 = 4(14 plf)/(28.5 ft)  = 1.96 psf 
 
Total Self-Weight of Typical Bay  = 44.8 psf

 
RAM Analysis Results for Composite System: 
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APPENDIX D: 
 

Non-Composite Steel Deck/Concrete Slab System Selection
 
 

 RAM Structural System software was used to determine the steel beam and girder sizing, 
based on the selection of 2” Lok-Floor steel decking from the United Steel Deck catalog.  A 20 
gage 2” Lok-Floor decking has a maximum three-span unshored distance of 9.59’, which just 
clears the required 9.5’ dimension (3 equal spans in 28.5’ bay) of the three even-spaced beams in 
a typical bay.  Three inches of lightweight (f’c = 3000 psi) concrete lie above this decking, 
giving a total slab depth of 5”. 
 
Self-Weights for a Typical 23’× 28.5’ Non-composite Bay 
 
20 gage 2” Lok-Floor Deck   = 1.8 psf 
3” Concrete Slab   = 38 psf 
(2) W18×60 = 2(60 plf)/(23 ft) = 5.22 psf 
(4) W14×22 = 4(22 plf)/(28.5 ft) = 3.09 psf 
 
Total Self-Weight of Typical Bay  = 48.11 psf 

 
RAM Analysis Results of Non-Composite System: 
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APPENDIX E: 
 

One-Way Concrete Joist System Selection
 

 
LL =  70 psf (worst case for typical floor) 
SDL =  2 psf (bridging) 
 12 psf (ceiling/mechanical/collateral) 
 
Factored wu = 1.4(14 psf) + 1.7(70 psf) = 138.6 psf (to keep consistent with 1996 values) 
 
Largest clear span = 28.5’ – 2*[(16”/2)*(1ft/12in)] = 27.167’  Use 28’ span (conservative) 
 
 
Referencing 1996 CRSI Handbook (see scan of table on next page): 
 
Multiple span one-way joists: 10” Deep Rib + 3” Top Slab = 13.0” Total Depth 
 - End-span
  - Tabulated value: 164 psf > 138.6 psf (OK) 
  - Top Bars: #6 @ 11.5” 
  - Bottom Bars: (1) #5 and (1) #6 
  - Steel: 1.52 psf 

 
 - Interior Span
  - Tabulated value: 164 psf > 138.6 psf (OK) 
  - Top Bars: #5 @ 9” 
  - Bottom Bars: (1) #4 and (1) #5 
  - Steel: 1.39 psf 
  
Concrete Self-Weight = 67 psf (Table 8-1 of CRSI Handbook)
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APPENDIX F:

Two-Way Flat Plate with Drop Panels System Selection

Please see the following pages for hand calculations, assumptions, and justifications.

System Summary

- 9.25” thick, 5000 psi concrete slab
- 7’ × 10’ drop panels at columns, 2.5” thick
- Short-span Reinforcement:

- #4 @ 12” at top and bottom of middle strip
- #4 @ 4” at top of column strip
- #4 @ 10” at bottom of column strip

- Long-span Reinforcement:
- #4 @ 8” for bottom reinforcement
- #4 @ 6” for top of middle strip
- #5 @ 4” for top of column strip

System Dead Weight

Wslab = (9.25” slab)*(147 pcf)*(1ft/12”) = 113.31 psf
(The drop panels and reinforcing steel contribute weight to the design, but were omitted due to 
relatively small tributary area and overall value.)

Total Self-Weight of Typical Bay = 113.31 psf

(Shear reinforcement would also be required in this slab,
but was not designed in this preliminary analysis.)
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APPENDIX G: 
 

R.S. Means Assemblies Cost Data (2005)  
 

Existing System: Two-Way Flat Plate Concrete Slab 

 
From linear interpolation: Total Cost/S.F. = $12.33
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Alternate System #1: Hollow Core Concrete Slab 

 
From linear interpolation: Total Cost/S.F. = $10.14
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Alternate System #2: Composite Steel Framing System 

 

 
From linear interpolation: for 82 psf, Total Cost/S.F. = $19.37
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Alternate System #3:  Non-Composite Steel Framing System 

 
 

From linear interpolation: for 82 psf, Total Cost/S.F. = $14.30
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Alternate System #4: One-Way Concrete Joist System 

 

 
Through linear interpolation: for 82 psf, Total Cost/S.F. = $14.64
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 Alternate System #5: Two-Way Flat Plate System with Drop Panels 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Through interpolation: for 82 psf, Total Cost/S.F. = $14.07
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APPENDIX H: 
 

List of Resources
 
Hollow Core Slab System 
 
Precast/Prestressed Concrete Products and Building Systems.  Nitterhouse Concrete Products, 

2005.  <http://www.nitterhouse.com>. 
 
PCI Design Handbook: Precast and Prestressed Concrete.  Fifth Edition.  Precast/Prestressed 

Concrete Institute, 1999. 
 
Girder-Slab Design Guide.  Volume 1.2.  Girder-Slab Technologies, LLC, 2005.  

<http://www.girder-slab.com/design/design.asp>. 
 
 
Composite and Non-Composite Steel Deck/Concrete Slab Systems 
 
United Steel Deck Design Manual and Catalog of Products.  Catalog #303-16.  United Steel 

Deck, Inc., 2002. 
 
RAM Structural System.  Computer software.  Version 8.0.  Ram International, Inc., 2002. 
 
Manual of Steel Construction: Load and Resistance Factor Design.  Third Edition.  American 

Institute of Steel Construction, Inc., 2001. 
 
 
One-Way Composite Joist System 
 
CRSI Design Handbook 1996.  Concrete Reinforcing Steel Institute, 1996. 
 
 
Two-Way Flat Plate Concrete Slab System 
 
ACI Building Code Requirements for Structural Concrete and Commentary.  ACI Standard 318-

02.  American Concrete Institute Committee, 2002. 
 
 
General Resources 
 
R.S. Means Assemblies Cost Data.  30th Annual Edition.  Reed Construction Data, 2005. 
 
Underwriters Laboratories Online Certifications Directory.  Underwriters Laboratories, 2005. 

<http://database.ul.com/cgi-bin/XYV/template/LISEXT/1FRAME/index.htm>. 
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