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EXECUTIVE SUMMARY

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

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

. 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, | 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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INTRODUCGCTIAON

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
poasts a unigue 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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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 /0. 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
(fc=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 (fc=4,000psi] ranging in size from
24"x24" 10 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. TxW 2.1
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"

0.C. each way, top and bottom, will be required.
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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".
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TYPICAL FLOOR (3 TO 7) FRAMING PLAN
Columns

(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.
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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:

. 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
pay 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.

I pr————amp—— L

(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.

| ewmeowm |

Design Dead Assumed Dead

Location foad Load Design Live Load IBC 2006 Live Load
s Typical Floors Incl. 40+ 10 40+ 15 o
:OOC?EridOO.rEOS.eMrjgft]?r;n.00..00].(.)0...O...O..].500..O...OJP?r;ti.ti.op§)..0...O .a.rgt.'qus ..E
Mechanical Mezzanine 10 25 150 40
20 + 46 (Snow
Drift Surcharge
Roof 25 30 30 only where
necessary near
parapet)
20+ 10 (Snow)
Canopies N/A 10 75 + 30 (Snow Dirift
Surcharge) = 60
Lobbles,. All Floors / 10 5 100 100
Public Rooms

(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, 13" 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 /. Two-Way Flat Plate (Original Design)

Loads: 15 psf superimposed dead load
100 psf slab self weight (8" slab)
55 psflive load (includes allowance for partitions)

Materials: e = 4,000 psi, NWC
f, = 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
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(FIGURE 7) System I: Two-Way Flat Plate (Original Design) - Typical Bay
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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 castin-place concrete floor systems to construct.
Formwaork 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 S 18/SF (S14.60/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
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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. 1t
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 (87) - Weather dependent construction
+ Architectural flexibility - Shoring required
+ Simple to construct - Increased cost of foundations

+ Minimal lead time on materials

+ Very economical

+ Z-hour fire rating w/o fireproofing
+ Durable, low maintenance

*A viable alternative*

Technical Report 2 Ritter Page 13 of 49




Alternative Floor Systerm 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)

I

3,000 psi, Normal Weight Concrete
33,000 psi (metal deck|
50,000 psi (steel beams)

Materials:

Il

fe
FY
FY

Il

16 gage 2.0 LOK Floor Composite Metal Deck - 4.5” slab depth (USD)
" ¢ 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 (Apax = L/360)

- 216 ~te 216" ——=] 216"
T T T T T
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(FIGURE 8) System 2: Composite Metal Deck & Composite Steel Beams — Typical Bay
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FVALUATION 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 Bl, 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 feetl 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
pbeams, 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 condulits, 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
pbeams 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

*NQOT a viable alternative*
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Alternative Floor Systerm 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'e = 6,000 psi
y = 50,000 psi (steel)
7- 2" & 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 (Amax = L/360)

(FIGURE 9) System 3: Precast Concrete Hollow Core Plank on Staggered Steel Truss — Typical Bay
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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
facade 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
pased 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 adeqguate 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
peams 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 Z-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, | 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 Systerm 4

Girder Slab™ — Composite Steel & Precast Concrete Plank

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

Materials: f'e = 6,000 psi
v = 50,000 psi (steel)
7- 2" & 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. (Apax = L/360)

f— 0 —]

(FIGURE 11) System 4: Girder Slab™ - Composite Steel & Precast Concrete Plank — Typical Bay
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FVALUATION 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 DB8x3/ 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 Z-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

pbeams. 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

Py 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. | 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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CONCLUSIAONS

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.

Alternative Floor Sgstems
oz 3 s
Criteria 2-wrap Flat Plate Composite Metal | Precase HIC Plask & ]
(Original Desige) Deck & Comp . Staggered Steel Girder-Slab™
Eteel Beams Trusses
Cost #18{ 5F $2915F 214 5F #2391/ 5F
Structural weight 103 FSF 47 PSF ES PSF EBE FSF
Fiequired Foundations —nnnnnnnmn- - == =T
Slab Oepth av 4.5" a" a
Flowar Depth o 36" g =
Fireproofing Requirements _ Signifril-c;:Ircnll;itlFF' Gyp.l;arsoﬁljcrlzbliEE Ggp.;isljcrlgblies
Construction DiiFFiculty rledium Medium Easy Pledium
Lead Time Short Long Long Long
Formwork Yes [ [=] Rl iil=}
Shoring? fes Mo {[a] Mo
weather Dependent? Yes fes (=] Yes
Wibration lssues? Mot likely Likely Mot likely Fo==ibly
Effect on Column Grid Mo [ [=] Yes es
Diurability High Mledium-High Medium-High Fledium-High

Little advantage A likely contender Feasible, but
ower original For the best costly - nead bo
design solution investigate

Appears to be best

possible solution

(FIGURE 12) Comparison of Alternative Floor Systems Surmmary
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APPENDIX A: Two WAY FLAT PLATE DESIGN
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(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)

Technical Report 2 Ritter Page 30 of 49




| FLE PRAM M 10, . O d//
ThO-wAY FL. . BESIDENCE NN | kmR &
EZION OF SLAD EEINE
(8 MS
[fem#*/eescrighon 1 AT A LLE T bt M=
Y--lel (D Mament M, +4(,9 41, ) | +2%4 -22 4
M , , :
@ slak Width b (in) [ 129 129" | 124" 129"
(D €t vepth d (in)| 6.1 09" | 35" 615"
) M= My. M b4, (o -103.7| +3! -1
T b q# nﬁ“ |
@, "“‘“tm (sia) 20 =~ 9,03| 12,0 ~3.0| |
. " |
|
OX3 ,M.h&%ﬂ-lj =204 A5 220 || &2 #
!
@ @ ~ TP A-S (e 0.001(p0 0,00319|0. c0107 0. 00125 |

) As = pld (i) 1.%1 “3.20| 0.93% .09
& e 0

(’1-\-’ r\'l-'lll'\m- (. 007 'U‘t 7. 2l 2 U(_{J 2. “@\ o ;-"(")(‘,IJ ,
(iB) N = waer of @D 10,2 111) 6 S*17) (1) (1) |
= waq'e, —y .90 |
';I i
.i_'\ Wit Shvip G’l ri !. j.
“ P i | lemes; iejurtsy | [ I*mt, )5 ! ‘
=L ) L35 B0 MVALL (L.t
EESULTS . S T—— . | = | 1
| |'|1I:| i, | | l i1y ® 4%
1 2L | TG
I fhf?" | 1) #e |
c | )N : % 1Y ..-i pr ] {i6) e
A, poidd [ew pWES ] ’ 'u..L';.-f*"' r—— | J [ hoa i | \ :
i | |. ‘ I;A : ‘ | |
| {4 I un =4k [

(FIGURE 16) Two-Way Flat Plate Design (4 of 6)
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(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:

If possible, use 4.5” slab depth to reduce overall building height

Minimum gage required for 3-6" cantilever (4.5” depth) = 18 gage for 2.0 LOK-Floor
Max unshored span for 18 gage 2.0 LOK for 3-span condition = 10.83" < 11" max span
»16 gage 2.0 LOK required-Max unshored span for 3-span condition = 12.02°>11", OK
Max uniform live load for 11" span = 180 psf > 1.6(55) = 88 psf, OK

OO0OO0O0oOo

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 Celling

Overall system depth, max = 15.7" + 45" = 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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2 x 12" DECK

F,=33ksi f° =3 ksi 145 pcf concrete

mmummmm

2" LOK-FLOOR

Slab Depth

The Deck Section Properties are per foot of width. The | value
is for positive bending (in.¢); tis the gage Ihickness ininches; w

: s s
is the weight in pounds per square foot; S, and S,are the
section moduli for positive and negative bending (in.%); Ry and ﬁ ﬁ
¢V,,_, arethe |nt§-nor reaction and the ShEarlln pounds (pler foot o ; T o 5 5 e 1 B
of width); studs is the number of studs required per foot in order 0474 Y T 560 3 %29 1680 T80 057
to obtain the full resisting moment, g M, 0538 900 700 654 0.654 2470 3990 0.72
The Composite Properties are a list of values for the W
composite slab. The slab depth s the distance from the & &
bottom of the steel deck to the top of the slab in inches as [7] : 5 ;
shown on the sketch. U.L. ratings generally refer to the cover 500 4644 ¥5 033 48 0123 B0 M5 S0 5M AT 756 0027 |
over the top of the deck s itis important to be aware of the 525 4953 400 0354 51 3282 976 S0 54 A 739 00
b ! : o 550 5261 426 0375 54 42105 3981 5960 5.0 A6 724 0032
difference in names. ¢ M., is the factored resisting moment 500 5878 480 0417 8 135 #4521 660 509 689 637 0.036 |
provided by the composite slab when the “full” number of 625 6187 50 48 8 153 4795 6120 503 6.6 B4 0.038
studs as shown in the upper table are in place; inch kips {per N _‘;ﬁ ?Lig g 5| a;gg _Iif = ;il' 55&;2 ﬁ :; -ﬁ : ﬁ;
fwmf‘.mqm}' A the areg aim_ncrele ShEDs 0 arst 3 (735 7z 619 0% 7 211 235 07 7750 a7 632 641 0047
shear, in.? per foot of width. Vol. is the volume of concrete in =8 Ta T 23 360 6lEE 7970 7 7 5
ft3per ft “needed to make up the slab; no allowance for frame 450 4860 326 0292 & 126 63 3543 5450 ] 97 Fij
or deck deflection is included. Wis the concrete weightin 500 56.18 . ol 4 g g ﬂﬁ gm »;; -ﬁ 83
pounds per ft 2. S, is the section modulus of the “cracked” |—525§— ag :? e A T
concrete composite slab; in.* per foot of width. |, is the 600 713 Y] 5 TI67 G880 504
average of the “cracked” and "uncracked” moments of inertia [ 625 751150 438 207 5796 7140 58
of the transformed composite slab; in.* per foot of width. The |, a | 650 7880 53 A58 :s 212 - X g;; ;:gg__ _.'E
transformed secticn analysis is based on steel; therefore, to B s L |
caleulate deflections the appropriate madulus of elasticity to use 750 9405  BA3 0542 T 67 276 7493 830 55
i 29.5 x 10° psi. & M,, is the factored resisting moment of the 450 5585 326 0292 & 45 67 4069 5850 765
composite slab if there are no studs on the beams (the deck 500 6468 37. 333 4 71 90 47RT 6300 726
is attached to the beams or walls on which it is resting) inch *- P R Y T s 84 Sl Tea BB
> 5 ; ; 50 7352 426 0315 54 97 9 5530 6760 693
kips (per foot of width). V., is the factored vertical shear 0 B35 480 0417 60 224 152 G200 720 665
resistance of the composite system; itis the sum of the shear [ 625 8677 508 0438 63 38 71 G676 7540 56
resistances of the steel deck and the concrete but is not O)| 650 9119 .56 0458 & 2;_ 2‘1& ;g.gg ;_ggsg .48
™ ¢ o= | 700 10003 595 0500 72 ] 50 12
allowed to exceed d:ld(l’,)’rﬂc. pou nds (per foot of mdlh]_. The — & TS Y
next three columns list the maximum unshored spans in 542 8 90 545 &0 7
feet; these values are obtained by using the construction 292 62 70 4534 6030 BA2
loading requirements of the SDI; combined bending and 333 4 90 19 5 53.3_? :g:g 73
shear, deflection, and interior reactions are considered in g g 'g 1 i glss R T
calculating these values. A, is the minimum area of welded HT 8 W 158 7048 760 730
wire fabric recommended for temperalure reinforcing in the 438 63 266 179 7450 790 720
composite slab; square inches per foot. @® 458 66 181 200 7885 8170 711
o 050 73 13 248 6766 8720 693
T 28 2714 9210 8940 645
7 44 302 D657 4160 BT
4 9 77 4534 6080 958
L 235 104 5336 6980 908
[ 5 51 253 119 5748 7450  BBS
5 212 136 66 1940 65
B 3i0 174 18 8460
B3 29 19! 50 87120 817
(7-] 66 48 21 85 8980 80T
- 73 88 270  B766 9530 786
76 08 296 9210 9750 7107
79 48 328 9657 9970 76T

2" LOK-FLOOR

(FIGURE 19) United Steel Deck Catalog - Page 28
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2x12"DECK F, =33ksi f'.=3ksi 145 pcfconcrete

L, Uniform Live Service Loads, psf *

6.00 650 7.00 7.50 8.00 850 9.00 950 1000 10.50 11.00 11.50 12.00

30265 20 175 185 1% 10 15 %5 BS
400 30 305 265 230 200 175 155 40 125 0 95

400 00 260 230 200 175 155 140 125 110

400 400 335 295 255 295 o0 175 155 140 125
3 325 285 250 20 195 175 155 135 |:| 1 STUD/FT.

|:| NO STUDS

25 100 170 150
* The Uniform Live Loads are based on
the LRFD equation & M, = (L6L + 1.2D)%/8.
Although there are other load combina-
tions that may require investigation, this
will control most of the time. The
equation assumes there is no negative
bending reinforcement over the beams
and therefore each composite slabis a
single span. Two sets of values are
shown; & M, is used to calculate the
uniform load when the full required
number of studs is present; & M, is
used to calculate the load when no studs
are present. Astraight line interpolation
can be done if the average number of
studs is between zero and the required
number needed to develop the “full”
factored moment. The tabulated loads
are checked for shear controlling (it
X “ seldom does), and also limited to a live

1187 & w__ ! ; load deflection of 1/360 of the span.

116.85

Slab  oMn
Depth in.k

16 gage | 18 gage | 19 gage | 20 gage | 22 gage

An upper limit of 400 psf has been
applied to the tabulated loads. This has
been done to guard against equating
large concentrated to uniform loads.
Concentrated loads may require special
analysis and design to take care of
servicibility requirements not covered
by simply using a uniform load value.
On the other hand, for any load
combination the values provided by the
composite properties can be used in the
calculations.

g
=

S
"-E:‘—'éu

S|t s ]

=l

e

22
E,

=

-.'-..n
& 5

Welded wire fabric in the required
amount is assumed for the table values.
If welded wire fabricis not present,
deduct 10% from the listed loads.

Refer to the example problems for the
use of the tables.

LOK-FLOOR

(FIGURE 20) United Steel Deck Catalog — Page 29
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Unitedl Steel Deck nc.

. : dlstnbu?mn steel [ ‘o.oncretecov\er
negative bending d
| : 1 !
Py bz average rib width per pitch b= 12 x average rib width
pitch
DECK SECTION PITCH AVERAGE RIB WIDTH iR eitie
B-LOK g" 2.25" 45"
INV B-LOK 8" 3,051 15!
 LOK FLOOR 12" 6" 6"
Use Standard concrete design procedures as per ACL.
bearing width reinforcing steel for negative bending
see note 3
/ﬁgm’ o .P-ﬁc:: @J—Qﬁa v"—é’ &3‘;-[7 pour stop
<2 Q "3 Q
oot e 0 O' cell closure | Sab depth
deck U
/ adjacent ———= - ‘
span cantilever span |

1. Allowable bending stress of 20 ksi with loading of concrete + deck + 20 psf or concrete + deck + 150 Ib. concentrated load, whichever is worse.

2. Allowable deflection of free edge (based on fixed end cantilever) of 1/120 of cantilever span under loading of concrete + deck.

3. Bearing width of 3%" assumed for web crippling check; concrete + deck + 20 psf over cantilever and adjacent span: if width is less than 3"
check with the Summit, New Jersey office.

floor deck cantilevers

D 1
| | D 0
0 D DO D O DO D 9 ole

) B 1 b U B b [ B
400" [ 111" | 23 | 2100 [ 34" | 111" | 24" | 30" | 36" decodoce
450" | 110 [ 220 | 29 [ 33 [ 10m | 23 [ 210" | 34" | 26" | 211" 38" | 4%
500" | 110" | 22" | 28" | 32" | 10" | 23" | 29" [ 33 | 25" [ 210" 3% | 417 [ 38 | 43 | 53" | 60"
550" | 19" | 21" | 27" | 30" | 19" [ 22n [ 29" [ 32" [ 24" [ 29" | 35 | 40" | 37 | 41" | 50" | 59"
600" | 19" | 20" | 26" | 211" | 1o [ 21" [ 28" | 31" [ 23 [ 28" | 34" | 310" [ 35" | 311" | 410" | 57"
650" | 18" | 20" | 26" |21 [ ro [ 21" | 27 [ 30 | 23 | 28 | 33 | 39" [ 34" | 310" | 48 [ 5%
700" | 18 | 11" | 25" | 240" | 18" | 20" | 26" [ 210" | 22" | 27 ] 32" | 38" | 33" | 39" | 46" | 53"
750" | 18" | 111" | 24" | 29" | 18" | 20" | 26" [ 210" | 22" | 26" | 31" | 37" | 32" | 38" | 45" | 51"
800" | 17 | 111" | 24" [ 28" | 17" [ 111" | 25" [ 210" | 21" | 25" | 30" | 3%" | 31" | 36" | 43" | 411"

(FIGURE 21) United Steel Deck Catalog — Page 44
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APPENDIX C:
CoMPOSITE STEEL BEAM DESIGN

FLE FEAMIING =

Comp. parL Peck./ EESIDENCE. (NN
oL BMG.

4

10.15.08 ||
EIVIE .

8% LSS TG, coNSIZERING SAMIEs AS (2.1
e —k : . " W (eD |
compesiTe - BMS(ED) /(2 ]
I GA, 4.Z" PEFPTR
=l 2" Lok~ SILHEL i
fo 2000 P2l | NWC

f4* 5O kS| a iy N N 4 4_'-;1 g v 2
: L L Ty Tl \F%\ L T ey
- 209 |
we LL(Btal) + (o(52) " 5.4 pur
Rl'\\l ; : i
Mu® (Casled)(11)(21.5)" . 9.4
=
AssUMing @ ° L y Yo= 4.5'- . 4"
=L 29
WIOXIZ — dMge=99.4% @ WA *4
ZQn=I1l4" @ PNA #4
bere = 11I'= 132"
“ Vg (21.9') = 45" Komnead
oz |4 i loale gyt (assumue) |
0.2%(3) /;4.5"‘) Vo COMNSERRZVATIVE

[ =

%' Q sveae srues, ;l_“ff_ e (ol ®2 = Q-_J |

OTHER OPIOWS 5 (BR, = 14") - Skiea cont |

WIOZ IS 2, 222% + 2(10%.s) = 40% [
WO ¥ [ % 7 420

WIZ v |4 & 2B |% |
WIZ % e (o 404 |
WIO* (2 |2 237 |

WIO¥(Z MesT €CONOMICAL ~ CHECK FURTHER.
ore sti. em: @M, = 4%.%

(FIGURE 22) Composite Steel Beam Design (1 of 4)
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F FLE FEAVUNG . | 10.15.08 ‘:,_,
copg. . DEck./ PESIPENCE NN ] i _KME | /4-
Sl BIVIS. .

L'{-J.I.'(p,ﬂg‘m{l;:' 4:'{ F'-"F'“ K “I = Al FLf

Wim = 17 pLF
Weongre . 20 psF ¥ || = 220 pLF
My l.?dfi{p'f. + 1"..J_."l) + | Lt {z:-g,p") = 92| =

| M, = (p.921)(zL.2)" = 52™ > dM,=+1%2" " NG|
| b=

=7 T lwlz ’ 14-] * ML= 5210
% ¢MI!; (-""E's":".rl -\}Nh* i %IL&..-

CHECIE I\ 5 (*J{.ir’NiC.E')

WE 0.4%6 * 0,220 = 0.LA6 ELF
:[.Wh!”p'i-‘l FEH.(‘F qﬂ* *':.":'J :
g i o N
o o (000 (218 (728) 120" |t et
Fe4 — 29000 (88.6) > Yawo=(0F2° 1 NG

——

FAYWII S L | 6.84" = p. 72" < NG

A wizaie T 1127 MGz

/_“u,.w}g T 0. '”.-J" R
Awase = 0:98° £ 072" OO = WT ® (05AF
I D%

M Dunzz S 0,59 < 0.32" 1. OK —dure ‘:5"-'-'-:5#*

TR+
2 5%,
> (0LLD USE EITHER \wuv’zw W (ltb“)'?»’ﬂt"ﬁ.'a.l ';
Or- W4 22 w| (EHYa" 5.3, X ﬁ:‘:{mmmp

(FIGURE 23] Composite Steel Beam Design (2 of 4]
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FLE. FRAM ING
CoMmPp, MTL DECK/
STL, BMS

‘ EESIDEMNCE NN ‘ 2L

COMPEZITE ( IRPERS {‘”D

0.15.08
_ENE

7

&G max® 168 for assvmption a=(t

(10.54%+ 4739 (22)%(144) _ o. 052"1

WOT DEEF ENOUEH FOR W4 x22 T FRAME

"
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A A
22!
Rur 12(13.959 r1.(12,01%) = #H(6"
Mo BLOI(22), 207"
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\ e
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(FIGURE 24) Composite Steel Beam Design (3 of 4)
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.'l..H'f FRAMING ‘ 100, fIJ{?.-‘J'*i A
Co viTL., D (-#"f | EESIDENCE f.r"'l"“,J . : KINE. ‘ /.?_
L. BG

COMPCSITE GIRTER ((n.l)

ASSURMINA Y ) lﬂi
|
|

3
hl, ﬁmrkLﬂ‘«. N0 1% appr
. %% Tl 2 e ﬂ,ﬁ_
|l l'- = i — \j
y i 215 fa

|
Wy = ‘?—(".ef pEx ) F LG(SSprEr & ) = BLOPLF f’r%‘ifﬁ‘

My o ® 0.8 (21.9)". =O*

)
Po = 1.2(49%) + Lle(4.34") = (2, 4°
Mup * 12.4(21%) . 7"
..q..
Murorm, = S0 t LT = (17
el 2-8 (Yo=4 ) Z0nmex® 04"

Em-_ﬁ! '2_2, T cl‘m,,p (0 Hmﬂi = (20" > M, =" =2
ZRn- BNzt [(B) %" & <55 ) |

D™ S (0363 @58 | 8219 (144) _
284 729000 [ [49) 4829000 [T

0. 20" - 0.020" * 0.93°
- =TT = ﬁ.o_.!.!ﬂﬂ
Sollgw \" o {J,%hft:‘_"b = 092" s
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"‘4 VoL ’ 0-‘* f_"'_1 Fr :H.l I .r:.-i]"" i 2 H '
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(FIGURE 25) Composite Steel Beam Design (4 of 4]
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APPENDIX D:

PRECAST HoLLOw CORE PLANK SELECTION

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

2 Hour Fire Resistance Rating (Untopped)

. Strand Height = 1.75 in.

4-1/2"@, 270K = 72.8 k-ft
7-1/2"@, 270K = 119.8 k-ft

PHYSICAL PROPERTIES
Precast

A=235in? S,=459in?

| =1838in! S =459in?

Y= 4.00 in. Wt= 245 PLF

Y = 4.00 in. Wt=61.25 PSF

e=225in.

3-10f"
I TR SRR T N NS |
DESIGN DATA Y |
18 1

1. Precast Strength @ 28 days = 6000 PSI
2. Precast Strength @ release = 3500 PSI. - J O O @ O O O
3. Precast Density = 150 PCF s o s o ° s s
4. Strand = 1/2"@ 270K Lo-Relaxation. 5
5 5l
6

. Ultimate moment capacity (when fully developed)...

7. Maximum bottom tensile stress is T.SJT’E = 580 PSI
8. All superimposed load is treated as live load in the strength analysis of flexure and shear.
9. Flexural strength capacity is based on stress/strain strand relationships.
10. Deflection limits were not considered when determining allowable loads in this table.
11. Load values to the left of the salid line are controlled by ultimate shear strength.
12. Load values to the right are controlled by ultimate flexural strength or structural fire endurance.
13. Load values may be different for IBC 2000 & ACI 318-99. Load tables are available upon request.
14, Camber is inherent in all prestressed hollow core slabs and is a function of the amount of eccentric
prestressing force needed to carry the superimposed design loads along with a number of other
variables. Because prediction of camber is based on empirical formulas it is at best an estimate, with
the actual camber usually higher than calculated values.

1§ L1z

40" +0|r'_%u

SAFE SUPERIMPOSED SERVICE LOADS IBC 2003 & ACI 318-02 (1.2D + 1.6 L)
Strand SPAN (FEET)
Pattern 17]18] 19]20[21[22] 23] 24] 25| 26| 27| 28] 29[ 30[ 31[32] 33 34] 35
4-1/2"g |LOAD (PSF) 218|188|162|140(121[105] 91 ?§ 67 | 58 | 49 | 41 | 34
7-1/2"0 | LOAD (PSF) 288|269[ 252|236 [222]210[ 1961763157 [ 141|126 113] 101] 90 | 81 [ 72] 64 | 57 [ 50
q E 5? ? E @ H@ Eﬁ E This table is for simple spans and uniform loads., Design data
for any of these span-load conditions is available on request.
CONCRETE ‘- PRODUCTS Individual designs may be fumished to satisfy unusual conditions
L\ of heavy loads, concentrated loads, cantilevers, flange or stem
openings and narrow widths, The allowable loads shown in this
2655 Molly Pitcher Hwy. South, Box N table reflact a 2 Hour & 0 Minute fire resistance rating.
Chambersburg, PA 17201-0813
717-267-4505 Fax 717-267-4518 0BH0/0T

8SF2.0

(FIGURE 26) Nitterhouse Precast Hollow Core Plank Design Table
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APPENDIX E.:
STAGGERED STEEL TRUSS DESIGN

TP G EEER 10-22.08) I/
o - 0 = - : ; | 2
TL. T RUZS | RESIDENCE INN erAe, | -

FREUMINARY PESIEMN OF TRIES BASED ob) GEAVTY LOADS

T: '.'?;':- R tl lr:"';
A A= e - ; B “.' it 1 et =
EL.S

201,14 200, 14°

LOADA AT PANEL POINTS
VTR, Pt 'Il‘f’ Fid b Lt (llt':h":“"" J

L2 (1% psF + @1, 2% psE) + L& (25 psF) = 18O psF
TEIE ¥ (2277 + |9.15°) 21.F'
UPL 0N TOP/BOT CHORDS :

180 peF (21.71') = 2,91
ExT. PANEL POINTS: (2.90%) (A)(7.25') = 141"
INT, PANEL POINTS : (2.41)(7.2%') = 18, 3°

INT, PANEL PT @ CORE: (2a1)(Ve]1.259'+8') = 29,8

JOINT NUNIBCES !

s

(FIGURE 27) Staggered Steel Truss Design (1 of 3)
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© ©)

] Iia't'rq.:' + i L
\’LHI” 4 L‘
: 1%],89 -
B 3 ﬁ.cilrlli:-.'.-ﬁn‘ A .
T ” \gﬂ v L, B
217 57 |
20, |- iBls 9% I
¥ _ .
(L2) ; U7) .
L e |
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| : e =
&2 lﬂf'rt @ 26,3
121,89 \-} \. 220,55 L Lielp, OF .
o - = 0 45,48
. ”E*,;!; 20 & 1' X e
\L T 1) |
8.2 L %4 .1 .
T O XL . |
— |
LA . V4
(._ i “-".?‘f .‘q‘& (.\_ -_> -in .?,
|
. .'.'F."rl\l o l a |
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*IeUss 16 s MIETRICAL *

(FIGURE 28) Staggered Steel Truss Design (2 of 3)
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“IACIGERED 10, Z2.08
STL TRRVSS EESIDENCE (NN i _EME

-

SELECTION OF PIAE: MEMBEES . |
TRL, 275 AI1SC HANUVAL |

|Hosdrarfe | = PPa~ 249" > T, =u" - QK

-‘“’Jl"\M : rz_|E_|,|-'

SELECTION OF VERT. COMAE.. MEM frbeES L,
TRL. 4-% , AlSC MANUAL

[ Gt > dpae 1~ {p e 4

i

E=1  (PANNED- FINEDR) >

KL= 4% R s
- =i .
H-\,mm = |g7 T

SELECTION OF CHORDP MeEMBERS .

BOTT CHoe D -* 2ile, 05 Mpr TERSOR)

= TRY (2) Lox4 X ) GF, = .’jﬂi‘:’-" (TRl S5-2, AIEC AANUAL)

PRL ANGLES : ©R. v 242° 2 20,03 - Qb

oy CHopD ¥ olo. 03 MAA compr,
KL= B (Max)
- '!‘-1,'!”! Lllptdr'ts : {-_P I-'J‘“I Y (CRiTitat B
v U;‘;r. rﬁ_)_ Lip # -1 ] ﬁ/E' ‘.pf__:‘ o - _3_-.,2“-'_ ! : |
: i 7 elp.02" - Ok

oy M m— |
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3 ;_.fi".‘llF" < j./mfp,()ﬂku' __h&_’*[,

[V5€ 2LG%4 % For BoTH TOP 4 BOT. CHoRDS| |

(FIGURE 29) Staggered Steel Truss Design (3 of 3)
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26603 (C) 26603 (C) 26603 (C)  22055(C) 13187 (C]

22055 (C)

131.87 (C]

22055(T) 26603 (T) 22055(T) 13187 ()

13187 (T]

(FIGURE 30) Staggered Steel Truss — Axial Forces in Each Member

2LExx5/8
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A FEXISSH

A FEXISSH

7/ XEX9SS5H

i

h
,%munu

ZHXEXGSSH

7/ X495 5H

2LEx4x5/8

(FIGURE 31) Staggered Steel Truss Member Sizes
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APPENDIX F:
D-BEaAM® DEsIGN

Web Included |Depth| Web Parent Beam B
Designation Top Bar ‘ ! !
Weight | Avg. Area| d |Thickness| Size a | b| wxt | — H
t, ® i \_! E' =
Wit | i in in m | |mxin| _| | ‘g- 2"
DB8x35 | 347 10.2 8 340 |wioxa9| 4 | 3 | 3x1 { al®
DB8x37 | 36.7 10.8 8 345 |wizxs3| 2 | 5| 3x1
DB8xz40 | 39.8 117 8 340 |wiox49| 3 [35[3x15 D-Boam® Refereace Calculator is Available
DESx42 | 418 123 8 345 Wi12x53| 1 55|3x15 on Website. www.girder-slab.com
DB9x4l | 407 11.9 |9645| 375 |Wi4x613.375|5.25] 3x1
DBOx46 | 458 13.4 | 9645 | 375 |Wl4x61[2.375(5.75| 3x15

(FIGURE 32) D-Beam® Dimensional Information

r-iq Steel Only / Web Ignored Transformed Section / Web Ignored
= oy PE Allowable
Els - Ix | Chot | Ctop | Sbot | Stop I;isﬂ?;;[ Ix | Chot | Ctop | Sbot | Stop
2 5/16 00k
Lo in' | m | in | in* | i’ kit in' | in | in | in® | in’
pe8x35 | 102 | 2.80 | s.20 | 365 | 1907 49 279 | 4.16 | 440 | 671 | 635
DB8x37 | 103 | 2.76 | 5.24 | 373 | 107 40 282 | 416 | 442 | 67.7 | 638
DB8x40 | 122 | 339 | 461 | 361 | 265 66 289 | 426 | 430 | 679 | 672
DB8x42 | 123 | 3.35 | 465 | 369 | 265 66 201 | 426 | 432 | 684 | 675
DBOx4l | 159 | 312 | 651 | 510 | 244 61 332 | 427 [ 535 | 777 | 621
DBUx46 | 195 | 3.84 | 579 | 508 | 33.7 84 356 | 4.43 | 5.20 | 806 | 686

(FIGURE 33) D-Beam® Section Properties Information
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TFLE. FRAMING - | | 10.20.08 |
precast MO RANKE | ZeciDENCE NN Emg, /z.
PLANK. DL = (0. 25 psF (8" HC ,UNTOPFEL) 5 SURBRINRSED |
LIVE LOAD = 5% psF  (INCL. PARTITIONS) T
PLANK. £¢ = (o,000 Psi
GRAUT fe* 4000 pol
8" HC pLNME SFAN = 20'-p"  (Tuf?. 2A4)
D-BM SPAN = ' P EM)
A= o ()12 |

A, L ALtow © o0 20

INITIAL LOAD = PERECOMPADSITE
Moo= (20.90(0.06125 kse)(16')* -
=2
=7 1Ry DBBIZT = Magy = 44" > Mo 42,1 Q&

(Te= I0Z iﬂ*'q:)—.::n.. orits

Al}l.: F-"'(_?L‘E" 0.0lel2% K5F ) (I’ I IR2e) | 14 CF,'.:‘G:!#
T 2B (07 in*) (29 000 ks

™

= (212)(0. 019 + G 072 kS 15) (1) . 48, 1k"

Meme = 42,1+ +8, m't a0, 2™

Semgy = @n,m"’}frz ";fn; B
Os o (50 kS

SR B :.fﬁ_—

|
M
1
4
®
o
g
W
|
o
Ay
L
=

|52

£
et ,PRExES

CHECK SUPERIMPOSED COMPRESSINE =ARESS — CORNC

M=_Em.-_.,m2Jﬁ:ﬂ’J=' ...... . 29000 = 8 0%
Ecorc.  7100DJ 4000 S 207

u!

s QH(&J ..4-’1)7" _.Ji('.J..;iwj

(FIGURE 34) D-Beam® Design (1 of 2)
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FLE FRAMING — 10.20.08)] /
EZECAST HC PUANE | RESIDENCE NN | KM | /2

fo= @BIGIUZH) _ 1,13 ks
(510.5in%)

For 045 (4 K51) = 1,80 ksi > 1,13 k31 . Qi

CHECI BOTIOM ELANGE TENSION STRESS /TpTAL LOAD)

Fp= f8.16") (1278) + (181" (1278 _ (5.6%+ 8 6| = 24.4 k5]

B.5 in®) (7. Jw;ﬂ
T - |
Shetf; STL OHLY Steott, TEANS, SELT. |
|

Fo= 0.4(20 k4i) = 42151 > 24,4 ksi 2. QL

TOTAL LOND = ( (o, 25 + 1%+ 55 psp) = ESE
(012125 ge)(21.9") = 2,82 "o
B (2.8 Y (') _ 226"
Z

fes 2265 o 22,] ksi
(0.24")(%")
{uﬂh

Fo= O.4(20 ksi)= 20 kS < [, =22, esi - NG

¥ TRY DRBx27F
Bl T 1%, ] ksl £ F, e20 k80 o Cf=
c:::-*! J"

i —

—> [UsE De2xet |

(FIGURE 35) D-Beam® Design (2 of 2)

Technical Report 2 Ritter Page 49 of 49




