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EXECUTIVE SUMMARY 

 This report focuses on designing and evaluating four alternative floor framing systems, 

including that of the original design for feasibility with the Residence Inn by Marriott: 

1. Two-Way Flat Plate Slab & Concrete Columns 

2. Composite Metal Deck & Composite Steel Beams 

3. Precast Hollow Core Planks & Staggered Steel Trusses 

4. Girder-Slab™ - Precast Hollow Core Planks & D-Beams® 

Each floor system was designed for gravity loads on a typical bay (21’-6” x 22’-0”) at 

one of the upper guest floors.  By doing this preliminary design work, I was able to compare 

the systems based on a variety of criteria and determine each system’s viability for further 

investigation.  Of particular importance was to evaluate costs of each system, including an 

estimation of the structural design’s impact on other load-resisting systems, such as the lateral 

system and foundations.  In addition, systems were evaluated based on constructability, 

durability, serviceability, fire protection, and compatibility with the existing floor plans and 

architecture.   

Although each system has advantages, it was apparent right away that the original 

design using a two-way flat plate system is a very practical and economical choice.  A 

composite steel beam and composite metal deck system was found to be impractical from a 

number of perspectives.  This was one of the most expensive systems and required the largest 

depth, increasing the height of the building significantly.  This system also required sprayed-on 

fireproofing and a suspended ceiling, both of which increased the overall cost and 

construction schedule.  Steel is an option, however, with the use of a staggered steel truss 

system.  With this type of system, large open areas are possible, while maintaining a minimal 

slab depth using precast hollow core planks.  Cost of this system proved to be only slightly 

greater than the two-way flat plate system.  Modifications to the existing architectural floor 

plans will be necessary with the use of steel trusses.  The patented Girder-Slab™ system is also 

a viable alternative, so long as the significantly increased cost can be justified after a more 

detailed look at the system.  All of the viable systems are capable of spanning the desired suite 

widths with an 8” slab or plank.  An in-depth look at lateral systems in the future will further 

refine the possibilities for the Residence Inn.              
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INTRODUCTION 

 
 The new Residence Inn by Marriott will be situated in a lively downtown Norfolk, 

Virginia area, surrounded on all sides by busy streets.  The hotel will serve as an upscale 

temporary residence with extensive amenities for its extended stay patrons.  The building itself 

boasts a unique combination of simple structural components and fascinating architectural 

features.  A tasteful combination of architectural precast, drainable EIFS, and curtain wall will 

be used to make this building an impressive and distinguished landmark in the community.   

There will be 160 guest suites on eight upper floors, with public functions, such as 

lobbies, gathering areas, and an indoor swimming pool, located on the first floor.  The 

extensive program on the first floor requires that columns are minimal, especially to create the 

large open spaces desired for architectural allure.  The upper floors generally have the same 

layout; only minor differences exist to accommodate various room types.  A main corridor 

connecting the emergency stairwells at either end of the building separates 10 guest suites 

each on the North and South sides of the building.  A pair of elevators is located centrally 

along this corridor.  Many of the upper floor suites will have magnificent views of the 

surrounding city and inner-coastal bays.   

Each guest suite is approximately 22 feet wide, including the adjacent bedroom on 

those suites featuring living and sleeping areas separated by a partition.  Typical floor-to-floor 

heights are 9’-4”, with the first floor having a height of 19’-0”.  The total height of the building 

as designed is approximately 94 feet, excluding parapets and stair towers that extend beyond 

the roof.  Zoning requirements for the site allow for the building height to reach 160’, 

therefore, the choice of structure was not directly dictated by a height restriction. 

This report explores alternative floor framing schemes and evaluates them based on a 

variety of criteria, including cost, weight and impact on foundations, depth, constructability, 

fire protection requirements, durability, and architectural compatibility.  It is important to note 

that the proposed designs and comparisons made here are based solely on a gravity load 

analysis for a typical bay.  It is understood that future analyses will consider a more accurate 

representation of actual conditions and include lateral loads.  The goal here is to identify those 

flooring systems that are likely to be practical alternatives and worthy of further investigation. 
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(FIGURE 1) Ground Floor Plan 

 

 

 

 

 

(FIGURE 2) Typical Upper Floor Plan 
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STRUCTURAL SYSTEMS OVERVIEW 
 

SOILS & FOUNDATIONS 
 

Located in a coastal area, the Residence Inn site requires special attention to its 

foundation systems.  Friction piles will be necessary because of the high water table and lack 

of a firm bearing stratum.  Due to the highly compressible soils found at the site by the 

geotechnical engineer, the hotel will utilize high capacity (100 ton) 12” square precast, pre-

stressed concrete piles, driven to depths between 60’ and 70’.  All piles shall be capable of 

resisting 5,000 psi in compression and up to 35 tons of uplift.  Tendons are to be subjected to 

700 psi of prestress.  Clusters of piles will be joined together by reinforced concrete pile caps 

(f’c=4,000psi), the largest of which are located in areas supporting shear walls above.  Depths 

of pile caps range from 1’-4” at a perimeter column over 3 piles to 5’-8” over 46 tension piles at 

the shear walls near the elevator core. 

A continuous reinforced concrete grade beam (f’c=4,000psi) ranging in size from 

24”x24” to 24”x40” will be utilized around the perimeter of the building to transfer loads from 

the walls into the piles.  A 5” concrete slab on grade (f’c=3,500psi) with 6x6-W2.1xW2.1 

welded wire fabric is typical of the first floor, except where additional support is required for 

mechanical and service areas.  Here, an 8” concrete slab on grade (f’c=3,500psi) with #4@12” 

o.c. each way, top and bottom, will be required.    

 

(FIGURE 3) Foundation Plan 



 
R i t t e r   P a g e   7  o f  49T e c h n i c a l   R e p o r t    2 

FLOOR SYSTEM 

Like many hotels, the Residence Inn utilizes an economical 8” two-way flat-plate 

concrete floor system on all floors including the roof, with a typical bay spacing of 21’-6”, and 

a maximum span of 22’-0”.  At the lower levels (third floor and below) 5,000 psi concrete is 

used for all slabs and beams; whereas, 4,000 psi concrete is reserved for use on the upper 

levels (fourth floor to the roof) in order to maintain similar column sizes under differing loads.  

Typical reinforcement consists of a bottom mat of #4@12” o.c. everywhere, and top 

reinforcement varies based on location.  Reinforced concrete columns, ranging in size from 

12”x24” reinforced with (8)#8 bars on the upper floors to 20”x30” with (12) #5 bars at the first 

floor, support the two-way slab system.  Columns near the typical bay studied are 14”x30”.     

 

(FIGURE 4) Typical Floor Framing Plan – Original Design 

 
LATERAL FORCE RESISTING SYSTEM 

The Residence Inn by Marriott employs cast-in-place reinforced concrete shear walls to 

resist lateral forces.  There are a total of fourteen shear walls, between 1’-0” and 1’-2” thick.  

These shear walls are continuous from the foundation to the top of the building, and behave 

as fixed cantilevers.  There are more shear walls oriented from North – South, which resist an 

overturning moment in the more susceptible direction.  Lateral loads are transmitted to the 

shear walls through the floor diaphragms. 

 

Shear Walls 

Typical 
Bay 
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FLOOR SYSTEM ALTERNATIVES 

The following floor system alternatives were chosen for evaluation after taking into 

consideration building dimensions, span lengths, and general feasibility of the each system 

with mid-rise hotel structures: 

1. Two-way flat plate concrete slab supported by concrete columns (original design) 

2. Composite metal deck & slab supported by composite steel beams 

3. Precast hollow core plank supported by staggered steel trusses 

4. Girder Slab™ system - precast hollow core plank supported by D-Beams® 

Each of these systems was designed for a typical bay, as shown in Figure 4.  The same 

bay of the original design, a two-way flat plate slab, is shown below.  Please note that 

differences between the original design and my own design of this system are largely due to 

the fact that my designs consider gravity loads only.  Lateral loads, openings, and other 

conditions that exist atypically have been excluded from these designs in an effort to make an 

apples-to-apples comparison of each system. 

 

(FIGURE 5) Typical Bay Framing – Original Design 

Since all of the upper guest floors are almost identical in terms of floor framing and 

loading, it is unnecessary to specify a particular floor; however it should be noted that in the 

two-way flat plate system design, concrete compressive strengths vary depending on the floor 

level.  All assumptions are stated with each design as necessary. 
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GRAVITY LOADS 

 The highlighted gravity loads below are applicable to the design of floor systems on an 

upper floor.  Since the corridors on these floors have the same loads as the other spaces, 

calculation of loads on members was fairly straight-forward.  Design of the floor system at the 

elevator lobbies on the upper floors would obviously need to account for additional live load. 

 

GRAVITY LOADS (psf) 

Location Design Dead 
Load 

Assumed Dead 
Load 

Design Live Load IBC 2006 Live Load 

Typical Floors Incl. 
Corridors Serving them 10 15 

40 + 10 
(partitions) 

40 + 15 
(partitions) 

Mechanical Mezzanine 10 25 150 40 

Roof 25 30 30 

20 + 46 (Snow 
Drift Surcharge 

only where 
necessary near 

parapet) 

Canopies N/A 10 75 
20 + 10 (Snow) 
+ 30 (Snow Drift 
Surcharge) = 60 

Lobbies, All Floors  /      
Public Rooms 

10 15 100 100 

 

(FIGURE 6) Gravity Loads 

 
APPLICABLE DESIGN STANDARDS/REFERENCES 

 IBC 2006 
 Virginia Uniform Statewide Building Code – 2003 Edition 
 ASCE 7-05 
 ACI 318-08 
 AISC: Manual of Steel Construction – LRFD, 13th Edition, 2005 
 United Steel Deck Design Manual & Catalog of Products, 2006 
 Nitterhouse Concrete Products design tables, 2007 
 AISC Design Guide 14: Staggered Truss Framing Systems 
 D-Beam® dimensions/properties design tables 

 
*All deflections limited to L/360 
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Alternative Floor System 1:    Two-Way Flat Plate (Original Design) 

 
Loads:  15 psf superimposed dead load 

   100 psf slab self weight (8” slab) 
   55 psf live load (includes allowance for partitions) 
 

Materials: f’c = 4,000 psi, NWC 
   fy = 60,000 psi (reinforcement) 
 
   8” concrete slab, typical 
 

Assumptions: Column size: 14”x30”, typical 
   Neglecting openings in slab at this stage 
   Design is based strictly on gravity loads 
 
 Performance: 2 hour fire rating 
   Deflection criteria met by ACI Table 9.5(c) Minimum Slab Thickness 
 
 

 
 

(FIGURE 7) System 1: Two-Way Flat Plate (Original Design) - Typical Bay 

8” SLAB, TYP. 
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EVALUATION      Two-Way Flat Plate (Original Design) 
 
Structural 

The flat plate system is ideally suited for use with moderate spans and relatively light 

loads, as is the case in many hotels, including the Residence Inn.  It was determined that an 8” 

thick mildly reinforced two-way concrete slab was adequate to resist gravity loads and 

punching shear at the columns without the need for drop panels.  This type of floor system 

lacks resistance to lateral loads on its own; and therefore, is required to be used in conjunction 

with shear walls.  As can be seen in the original foundation design, a significant number of 

expensive piles are required to support the mass of this structure on unstable soils.  It is 

estimated that a typical bay of this floor system would weigh approximately 108.8 psf, with 

100 psf of that being the slab dead weight and the other 8.8 psf from the concrete columns 

required to support the slab.  This is significantly larger than some of the other alternatives, 

even without considering the additional weight due to the need for concrete shear walls.       

Constructability 

 Flat-plate slabs are one of the easiest cast-in-place concrete floor systems to construct. 

Formwork is very simple, especially since there are no beams or drop panels to form around.  

The repetitiveness of floor layouts allows formwork to be re-used.  Cast-in-place concrete floors 

have an advantage over steel framed systems that may expedite the start of construction in 

that they do not require lead time for fabrication.  On the other hand, steel structures are 

erected more quickly in the field that concrete ones.  Another disadvantage of this system is 

the need for shoring to support formwork until the concrete has reached the necessary 

strength.  This limits the ability for trades to work efficiently below until the shores are 

removed, and may inhibit a fast-track construction schedule.  Weather and temperature may 

also inhibit the speed of construction; however, in this case, slabs were being poured during 

temperate months and this was not an issue.    

Cost 

 The upfront installed cost of this system of approximately $18/SF ($14.60/SF of which is 

flat plate floor system alone) is by far the most economical choice.  The true cost savings is 

realized by the fact that a hung ceiling in the guest suites is unnecessary.  The smooth 

underside of the slab may be painted directly for a finished look.  Painting is estimated to cost a 



 
R i t t e r   P a g e   12  o f  49T e c h n i c a l   R e p o r t    2 

mere $0.75/SF as compared with the $3.50 cost of a suspended acoustical ceiling.  In 

addition, structure depth is at a minimum with this system, which saves cost associated with 

partitions and exterior wall systems.  In almost every case, the cost of maintaining a concrete 

structure is also significantly less than a steel structure.  Foundation costs are, however, 

significantly larger with this type of system compared to lighter steel structures.  

Durability/Serviceability 

 With proper protection of steel reinforcement, concrete floors hold up very well and 

have a long service life.  They work best with large expanses of non-rigid flooring finishes, like 

carpeting, which is typical of a hotel.  The mass of a concrete floor is also useful in limiting 

vibrations and has acoustical advantages, which is especially important in a hotel. 

Fire Protection 

 The thickness of the slab gives this system the ability to withstand fire for at least 2 

hours and no additional fireproofing is necessary. 

Architectural Compatibility 

Architecturally, this system creates a seamless finished ceiling almost entirely by itself.  It 

offers the greatest design flexibility, allowing for moderately large unobstructed bays and the 

ability to locate partitions freely without concern of fireproofing.  The only drawback is that it 

may be undesirable to have electrical services and sprinklers in plain view on the finished 

ceiling.  However, these systems can be placed within the walls, which is the solution for the 

Residence Inn. 
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SUMMARY      Two-Way Flat Plate (Original Design) 
 
 

The two-way flat plate flooring system was a logical choice for this building.  The 

system is capable of meeting all of the desired criteria, and is very economical from multiple 

perspectives.  The depth of the structure is at a minimum, which not only reduces cost, but 

also allows for the building to meet height restrictions mandated by local zoning 

requirements.  The list below summarizes the key advantages and disadvantages of this 

system:  

  Advantages      Disadvantages 
  

+ Minimal floor depth (8”)      - Weather dependent construction 
 + Architectural flexibility    - Shoring required 
 + Simple to construct     - Increased cost of foundations 
 + Minimal lead time on materials 
 + Very economical 
 + 2-hour fire rating w/o fireproofing 
 + Durable, low maintenance 
 

*A viable alternative*  
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Alternative Floor System 2:  Composite Metal Deck & Composite Steel Beams 
 

Loads:  15 psf superimposed dead load 
   42 psf slab self weight (4.5” slab on composite metal deck) 
   55 psf live load (includes allowance for partitions) 
 

Materials: f’c = 3,000 psi, Normal Weight Concrete 
   Fy = 33,000 psi (metal deck) 
   Fy = 50,000 psi (steel beams) 
 
   16 gage 2.0 LOK Floor Composite Metal Deck - 4.5” slab depth (USD) 
   ¾” φ shear studs 
 

Assumptions: Design is based strictly on gravity loads 
  3-span condition for metal deck in typical bay 
  Max cantilever length of metal deck: 3’-6”  

 
 Performance: 2 hr fire rating achieved in conjunction with one of the following: 

- Fibrous fireproofing 
- Cementitous fireproofing 
- Suspended Ceiling 

   Deflection criteria met by design tables & hand calcs for beams (∆max = L/360) 
   
 

 
(FIGURE 8) System 2: Composite Metal Deck & Composite Steel Beams – Typical Bay 

8” SLAB, TYP. 
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EVALUATION    Composite Metal Deck & Composite Steel Beams 
 
Structural 

Column spacing for the design of the composite metal deck and composite steel 

beams was maintained from the original design in order to preserve the architectural layout of 

the guest suites.  However, since this system transfers loads in one direction, it was necessary 

to consider how all of the steel framing would work together.  In addition to the typical bay, a 

general layout of beam locations is presented in the figure above.  Composite metal decking 

(2” deck, 16 gage) with a 4.5” slab depth was determined to be adequate for the 3-span 

condition at the typical bay.  The design was governed by the maximum permissible unshored 

span length, and selection of the gage was governed by the maximum cantilever length.  

Although beams were designed to take full advantage of composite action in an effort to 

minimize their sizes, they still contribute a considerable amount of additional depth.  After 

sizing member B1, all of the adjacent girders became controlled by dimensional requirements 

for constructability.  Therefore, the overall maximum depth of the floor structure is 20.5”, more 

than twice that of the original concrete structure.  A suspended ceiling that will be necessary 

to conceal the unsightly underside of this structure will add an additional 14”-18” in depth, for 

a total depth of approximately 3 feet!  One of the few structural advantages of this system is its 

decreased overall weight, which reduces the number of piles needed in the foundation.  It is 

estimated that a typical bay of this system weighs approximately 46.5 psf, of which 42 psf is 

the slab and 4.5 psf is the structural steel and columns supporting it.  If this system were used, 

welded moment frames would be necessary to resist lateral loads.        

Constructability 

 Steel framed structures with metal deck are some of the fastest to erect since the quick 

application of metal deck replaces formwork and shoring that would otherwise be necessary 

for a flat plate system.  Slabs are poured directly on the metal deck and can be walked on 

typically by the next day.  However, the initial time savings in getting the core and shell 

erected is lost later by having to fireproof the underside of all steel, and install a suspended 

ceiling to conceal this part of the structure.  This type of floor system also complicates the work 

of the MEP contractors, having to route their systems around steel beams.    
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Cost 

 In general, composite steel with composite metal deck is an economical choice for a 

floor system.  The estimated cost of this system is $23/SF, which includes the composite 

beams, deck, slab, steel columns required to support it, and the necessary sprayed fibrous 

fireproofing.  Of this, $20/SF is directly attributed to the slab and deck system.  Additional costs 

are incurred with the need to install a suspended ceiling, which is an additional $2.75/SF as 

compared with the flat plate system.  Cost will also be elevated as much as $3/SF due to 

increased quantities of interior partitions and exterior skin with the significant increase in floor 

depth.  Installation of MEP systems may also present increased costs for the distribution of 

ducts and conduits, although most of these systems are concentrated near corridors, where a 

suspended ceiling will be present anyway.  All things considered, the resulting total relevant 

cost comes to $29/SF, which is 60% greater than the flat-plate system. An increased cost due 

to the need for welded moment frames is offset by the cost savings in the foundations 

supporting a lighter structure.       

Durability/Serviceability 

 Similar to that of the two-way flat plate, this system is very durable so long as it is 

protected from prolonged exposure to moisture.  Although the slab itself is less deep, the 

additional fireproofing, air space, and ceiling below reduces sound transmission.  Vibrations 

may need to be investigated further for their impact on serviceability since the structure is 

significantly lighter and more susceptible to vibration issues.  

Fire Protection 

 With the 4.5” slab on metal deck selected for this design, a two hour fire rating can be 

achieved by installing one of the following systems on or around all exposed steel: fibrous 

fireproofing, cementitious fireproofing, or a suspended ceiling. 

Architectural Compatibility 

 A structural steel floor system is less compatible with the architectural interests of the 

building.  There is less flexibility in terms of interior space planning simply because it is most 

economical to locate partitions in such a way that they can also serve as fireproofing for steel 

beams and columns.  Another feature of this structure is a finished ceiling that conceals all 

mechanical/electrical chases from the public eye.  
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SUMMARY    Composite Metal Deck & Composite Steel Beams 
 

With very few advantages over the original design, composite metal deck with 

composite steel beams does not appear to be a viable alternative flooring system. 

  Advantages      Disadvantages 
  

+ Lightweight structure – fdns. reduced    - Large floor depth (3’) 
 + No shoring required    - Limited architectural flexibility  

+ Speed of construction    - Significantly higher cost 
        - Fireproofing of steel required 
        - Weather dependent construction 
      
 

*NOT a viable alternative* 
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Alternative Floor System 3:  
 

Pre-Stressed Precast Concrete Hollow Core Plank on Staggered Steel Truss 
 

Loads:  15 psf superimposed dead load 
   61.25 psf plank self weight (8” hollow core) 
   55 psf live load (includes allowance for partitions) 
 

Materials: f’c = 6,000 psi 
   Fy = 50,000 psi (steel) 
   7- ½” φ pre-stressing strands 
 

Assumptions: Design is based strictly on gravity loads  
  Truss will need to be designed for lateral loads 
  Relocation of columns compatible with architecture 

 
 Performance: 2 hr fire rating (plank alone); Fire-rated gypsum assemblies necessary for truss  
   Deflection criteria met by design tables (∆max = L/360) 
 
 

 
 

(FIGURE 9) System 3: Precast Concrete Hollow Core Plank on Staggered Steel Truss – Typical Bay 
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(FIGURE 10) Staggered Steel Truss Design 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.5’ 

3@7’-3”=21’-9” 3@7’-3”=21’-9” 8’-0” 
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EVALUATION  Precast Concrete Hollow Core Plank on Staggered Steel Truss 

Structural 

 A staggered steel truss system was chosen for analysis based on its known successful 

application in buildings with a doubly-loaded center corridor and repetition in framing 

locations, like in many hotels and apartment buildings.  Trusses are staggered in such a way 

that floors are supported by both the upper and lower chords.  In order to carry loads at 

façade protrusions, truss locations will need to deviate slightly from the originally designed 

column grid as shown in Figure 9 above.  This creates a maximum distance between adjacent 

trusses above and below of just under 24 feet.  Preliminary sizes of members were determined 

based on the axial forces induced by gravity loading of the chosen precast concrete plank 

flooring system.  Four foot sections of 8” pre-stressed precast hollow core plank was 

determined adequate to span the 24 foot distance between trusses.  Higher concrete 

strengths obtainable under factory conditions allow for these types of spans with a relatively 

thin slab. The trusses will need to be supported at their ends by steel columns, and spandrel 

beams may also be necessary at the perimeter to increase stiffness.  A more detailed 

investigation of these systems will be performed as part of the lateral analysis in a future 

technical report.  Depth of this system is kept to a minimum and is the same as that of the flat 

plate system.  In general, the combined hollow core plank and staggered truss system is 

lighter than the two-way flat plate, at approximately 65 psf, but is heavier than the composite 

steel beam system by a similar percentage.  As compared with the flat-plate system, structural 

foundations will likely be downsized due to the 43 psf decrease in the structure’s dead weight. 

Constructability 

 Both precast planks and pre-fabricated steel trusses are ideally suited for use in a fast-

tracked project.  There are significantly fewer pieces and parts to assemble on site, and 

erection is expedited.  Unlike the flat-plate and composite steel systems, precast concrete is 

immediately available for other trades to begin working at or below the level of installation 

and does not rely on weather conditions for placement.  One significant advantage of the 

steel truss over a conventionally framed steel building is that a lay-down site is unnecessary; 

trusses can be picked by the crane directly of the trucks delivering them.  This becomes 

important on a site, like that of the Residence Inn, where space is extremely limited.    
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Cost 

 Based on the preliminary design of truss members, it is estimated that this system 

would cost approximately $21/SF, which includes the truss itself, precast planks including 

delivery within 100 miles, and applying a painted finish to the underside of the slab.  

Additional cost savings would be realized at the first floor, where massive transfer girders and 

interior columns would be eliminated with the use of this system.       

Durability/Serviceability 

 Hollow core planks are sufficiently thick and massive such that vibrations and sound 

transmission should not present itself as a concern.  However, with the modularity of the 

structure (4 foot wide planks), over time, creep and shrinkage may cause these planks to 

deflect unevenly in the absence of a concrete topping.  Both materials are durable, as are the 

previously discussed alternatives.   

   Fire Protection 

 The 8” precast planks selected for design have an inherent 2-hour fire rating, which 

meets code requirements.  The steel trusses, however, require a separate application of 

fireproofing.  Since the trusses will coincide with interior partition locations between guest 

suites, no additional fireproofing measures will need to be taken, as the original design has 

already incorporated a fire-rated wall assembly in these locations. 

Architectural Compatibility 

 Architecturally, this system performs almost identically to the flat-plate system.  Ceiling 

finishes may be directly applied to the underside of the slab, and structural members are 

concealed within the partitions.  The small width of the trusses (6” at its thickest element) may 

actually allow for an increase in useable square footage within the building, as compared to 

the 14” thick columns in the flat-plate design.  The first floor gains a significant architectural 

advantage with the staggered truss; large open spaces without columns are possible here.  If 

this system is ultimately chosen as the best design solution, it should be noted that floor plans 

will need to be altered to accommodate the new locations of column grid lines.   
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SUMMARY  Precast Concrete Hollow Core Plank on Staggered Steel Truss 

 

The precast plank and staggered steel truss appears to be a practical design solution 

for this building.  Although it is not the cheapest in terms of the actual floor itself, I anticipate 

that a significant savings in foundation costs and the elimination of columns and shear walls 

may prove it to be a practical alternative to the original design.  This system will need to be 

studied further to make a more detailed comparison that accounts for the lateral load 

influence that may alter this preliminary design. 

  Advantages      Disadvantages 
  

+ Somewhat lightweight      - Floor plan alterations needed 
 + Minimal floor depth (8”)    - Lead time required for fabrication 
 + No shoring required      of steel trusses  
 + Large, column-free spaces 
 + Speed of construction 
 + Economical    
         
 

*A viable alternative* 
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Alternative Floor System 4:  
 

Girder Slab™ – Composite Steel & Precast Concrete Plank 
 

Loads:  15 psf superimposed dead load 
   61.25 psf plank self weight (8” hollow core) 
   55 psf live load (includes allowance for partitions) 
 

Materials: f’c = 6,000 psi 
   Fy = 50,000 psi (steel) 

7- ½” φ pre-stressing strands 
 

Assumptions: Design is based strictly on gravity loads  
  Relocation of columns compatible with architecture 

 
Performance: 2 hr fire rating (plank alone); Fire-rated gypsum assemblies necessary to 

conceal and protect underside of D-Beam and steel columns; coincides with 
partition locations  

   Deflection criteria met by hand calc. (∆max = L/360) 
 

 
 

(FIGURE 11) System 4: Girder Slab™ – Composite Steel & Precast Concrete Plank – Typical Bay 
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EVALUATION  Girder Slab™ – Composite Steel & Precast Concrete Plank 
 

Structural 

 A Girder Slab™ is a patented floor system that uses precast slabs with integral steel 

girders to form a monolithic structural slab.  Dissymmetric steel members, shaped like inverted 

T’s and known as D-Beams®, support precast hollow-core planks that are then grouted after 

assembly to develop composite action.  Precast plank sizing was determined in a similar 

manner as with the staggered truss alternative.  Using the dimensional and properties 

information available from Girder-Slab™ Technologies, LLC, D-Beams® were sized to 

accommodate loads both as a non-composite system, as is the case during construction, and 

as a composite system supporting service loads.  It was determined that a DB8x37 would be 

adequate for gravity loads and to support the weight of the 8” precast planks.  An additional 

column line in the E-W direction was added to decrease the spans of the D-Beams® and limit 

deflections to the acceptable criteria.  This system uniquely limits the depth of the floor to a 

minimal 8”, since planks are supported almost entirely within the depth of the beams.  This 

system is also lightweight, at only 66 psf for the planks, D-Beams®, and steel columns 

supporting them.  Like the staggered truss system, the Girder-Slab system is heavier than the 

composite steel design, and lighter than the two-way flat plate original design.  Therefore, 

advantages related to foundation requirements may be realized with this system.  However, 

lateral loads will need to be addressed, possibly by the use of shear walls since moment 

connections are not permitted with D-Beams®.   

Constructability 

 D-Beams® are erected just like any other steel structure, and go up fairly quickly, as do 

the precast planks.  Once the planks have been set, grout must be injected along the D-

Beams, which is what creates composite action upon curing.  Because curing of the grout is 

important, the system is somewhat sensitive to weather conditions.  Construction time is 

perhaps comparable to that of the staggered steel truss system.  D-Beams® can be made 

locally by independent fabricators who pay a licensing fee to Girder-Slab™ Technologies, LLC.  

Therefore, availability of materials should not be an issue, but rather the lead time should be 

taken into consideration, especially for a project with a strict deadline.    
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Cost 

 The Girder-Slab™ system is estimated to cost approximately $29/SF, the same cost as 

the composite steel design, and significantly higher than the other alternatives.  This could limit 

the potential of using the system, as cost almost always drives the decision when all else is 

considered equal.  While there would be a reduction in foundation costs, shear wall costs will 

reduce the economics of this system over the comparable staggered steel truss system.    

Durability/Serviceability 

 Materials used in this system are very durable.  Since the structure is lighter and more 

flexible, it may be worthwhile to investigate vibrations.  Deflections in this structure have been 

calculated and have met the criteria established. 

Fire Protection 

 The 8” precast planks selected for design have an inherent 2-hour fire rating, which 

meets code requirements.  The D-Beams®, however, require a separate application of 

fireproofing.  Strategic location of the D-Beams® along the guest suite partitions allows for a 

the same fire-rated wall assembly used in the original design to be used at these locations, 

which would eliminate the need to apply spray-on fireproofing directly to the underside of the 

beams.  Steel columns will also need to be fireproofed in a similar manner. 

Architectural Compatibility 

 Architecturally, this system also performs almost identically to the flat-plate and 

staggered steel truss systems.  Ceiling finishes may be directly applied to the underside of the 

slab, and structural members are concealed within the partitions.  Floor plans are not affected 

by the introduction of this system.   
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SUMMARY  Girder Slab™ – Composite Steel & Precast Concrete Plank 

 

Although the Girder Slab™ system is lightweight and architecturally unrestrictive to the 

existing floor plans, it was estimated here to be one of the most expensive systems out of all 

four alternatives.  I hesitate to eliminate this system as a viable alternative because structurally, 

the system has advantages that warrant its use.   Perhaps with a more detailed study, the 

advantages will shine more and the cost may be justified or additional savings may make it 

more economical. 

  Advantages      Disadvantages 
  

+ Somewhat lightweight      -Shorter beam spans, more columns 
 + Minimal floor depth (8”)    - Lead time required for fabrication 
 + No shoring required      of D-Beams®  
 + Architectural flexibility    - Somewhat weather dependent 
 + Speed of construction    - Significantly higher cost 
    
         
 

*A viable alternative...for now* 
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CONCLUSIONS 

 

Based on the designs of four different floor framing alternatives and corresponding 

evaluations above, it appears as though the flooring structure chosen by the designer may be 

the most economical and advantageous system.  However, the staggered steel truss system 

with precast hollow-core planks may prove to be a viable alternative, due to its relatively low 

cost and potential savings in reducing the size of foundations.  The Girder-Slab™ system is 

comparable in this study to the staggered truss, however lacks competitiveness in terms of 

cost.  The advantages of this system, however, warrant a more detailed study of this system.  A 

composite steel framing system was deemed unviable for the Residence Inn.  Not only is it 

uneconomical, but it also significantly increases the floor-to-floor heights and presents 

undesirable challenges related to ceiling construction and fireproofing.   

 

(FIGURE 12) Comparison of Alternative Floor Systems Summary 
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APPENDIX A: Two Way Flat Plate Design 

 
 

(FIGURE 13) Two-Way Flat Plate Design (1 of 6) 
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(FIGURE 14) Two-Way Flat Plate Design (2 of 6) 
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(FIGURE 15) Two-Way Flat Plate Design (3 of 6) 
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(FIGURE 16) Two-Way Flat Plate Design (4 of 6) 
 
 



 
R i t t e r   P a g e   32  o f  49T e c h n i c a l   R e p o r t    2 

 
 
 

(FIGURE 17) Two-Way Flat Plate Design (5 of 6) 
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(FIGURE 18) Two-Way Flat Plate Design (6 of 6) 
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APPENDIX B:  

Composite Metal Deck Selection 

 
 
From United Steel Deck Catalog: 
 
o If possible, use 4.5” slab depth to reduce overall building height 
o Minimum gage required for 3’-6” cantilever (4.5” depth) = 18 gage for 2.0 LOK-Floor 
o Max unshored span for 18 gage 2.0 LOK for 3-span condition = 10.83’ < 11’ max span 
o »16 gage 2.0 LOK required–Max unshored span for 3-span condition = 12.02’ >11’, OK 
o Max uniform live load for 11’ span = 180 psf > 1.6(55) = 88 psf, OK 

 
 Use 16 gage 2.0 LOK Floor Composite Metal Deck (fy = 33 ksi) with 4.5” depth 
 
  2 hr fire rating can be achieved with this system using one of the following: 

- Fibrous fireproofing 
- Cementitous fireproofing 
- Suspended Ceiling 

 
Overall system depth, max = 15.7” + 4.5” = 20.2” (+ additional space required for 
suspended ceiling to conceal fireproofed underside of structure and give 
finished look architecturally) ~say 12” = TOTAL STRUCTURE DEPTH = approx. 
33” 
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(FIGURE 19) United Steel Deck Catalog – Page 28 
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(FIGURE 20) United Steel Deck Catalog – Page 29 
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(FIGURE 21) United Steel Deck Catalog – Page 44 
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APPENDIX C:  
Composite Steel Beam Design 

 
 

(FIGURE 22) Composite Steel Beam Design (1 of 4) 
 



 
R i t t e r   P a g e   39  o f  49T e c h n i c a l   R e p o r t    2 

 
 
 

(FIGURE 23) Composite Steel Beam Design (2 of 4) 
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(FIGURE 24) Composite Steel Beam Design (3 of 4) 
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(FIGURE 25) Composite Steel Beam Design (4 of 4) 
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APPENDIX D:  
Precast Hollow Core Plank Selection 

 

 
 

(FIGURE 26) Nitterhouse Precast Hollow Core Plank Design Table 
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APPENDIX E:  
Staggered Steel Truss Design 

 
 

(FIGURE 27) Staggered Steel Truss Design (1 of 3) 
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(FIGURE 28) Staggered Steel Truss Design (2 of 3) 
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(FIGURE 29) Staggered Steel Truss Design (3 of 3) 
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(FIGURE 30) Staggered Steel Truss – Axial Forces in Each Member 
 
 
 
 
 
 
 
 
 

 
 
 
 

(FIGURE 31) Staggered Steel Truss Member Sizes 
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APPENDIX F: 
D-Beam® Design 

 
 
 

 

 
 
 
 

(FIGURE 32) D-Beam® Dimensional Information 
 
 
 
 

 
 

 
 

(FIGURE 33) D-Beam® Section Properties Information 
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(FIGURE 34) D-Beam® Design (1 of 2) 
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(FIGURE 35) D-Beam® Design (2 of 2) 
 


