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Executive Summary

This report is intended to be a detailed description and preliminary analysis of the 
structural design of Whiteland Village in Exton, PA.  Whiteland Village is a 1,320,000 sq. 
ft. sprawling retirement community, which is slated for completion by November 2008.  
The physical components of the first phase of the complex include three 5 story residence 
buildings, a commons building, and a healthcare facility.  The entire footprint has a 
basement level, which serves as covered parking and utility spaces.  The master plan for 
the site is included in the report as Appendix A.  The phase one construction will be on the 
west side of the campus, including U-1 (renamed R-1), U-2 (renamed R-4), and the J 
building (renamed R-2).  The other buildings will go into planning as soon as Whiteland 
Village becomes profitable, and will be connected with a pedestrian link.

The residence buildings, designed by Dever Architects, were intended to resemble large 
typical suburban single family homes with the use of mansard roofs with asphalt shingles 
and a central exhaust system to limit the amount of roof-mounted equipment and roof 
penetrations. Each condominium includes a balcony or patio.

In order to complete a thorough analysis, the scope of this report only includes the most 
current design of the three residence buildings.  It is intended to be a preliminary analysis 
of alternate floor systems for the project.  In addition to a brief description of the existing 
loading conditions, each alternate is analyzed and compared on the basis of 
constructability, fire protection, weight (in regards to footings), noise transmission, depth, 
cost, and impact on lateral resistance systems.  Whiteland Village is predominately a CMU 
bearing wall system with a single steel framed section, supporting precast plank.  In 
addition to investigating the current system, Girder-Slab composite, composite, one-way 
void slab, and ribbed slab flooring systems were also researched.  As a result, the ribbed 
slab was deemed too deep a system, and has been removed from consideration of further 
investigation.  For more thorough insight into the various alternates, sketches of floor 
plans, sections, and details have been included.   The appendix material includes first floor 
plans of each building and calculations for each floor system.
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Description of Existing Structural System

Foundations

The foundation system of Whiteland Village consists of a 5” slab on grade, reinforced with 
6x6 – W2.9xW2.9 welded wire fabric, on top of 4” of drainage fill, with a continuous 
spread footing around the entire perimeter and under all interior foundation level walls.  
This spread footing is typically 3’ wide when supporting exterior walls, and 6’ wide when 
supporting interior wall sections.  Interior columns are supported by spread footings, which 
range in size from an 8’ square to a 12’x19’.  The footings are spaced approximately in a 
30’x30’ grid running through the center of the building. There are thickened slabs below 
all elevator shafts.  The foundation system is very shallow, with the top of the deepest 
footing only 3’-4” below the top of the slab.  All reinforced concrete in the foundation is 
3000 psi, and is reinforced with 60 ksi rebar.  The reinforced CMU exterior foundation 
walls are designed to withstand 68 PCF of equivalent fluid pressure from the surrounding 
soil, as dictated by the geotechnical report of the site.

Following are some rough sketches showing the column layout in each residence building.
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Framing and Lateral Load Resistance

Gravity loads are taken into the overall building structural system by 8” hollow core 
precast plank spanning approximately 30’ at each level.  The planks will be designed by 
the precast contractor to have the required capacity.  Both bearing plank ends frame into a 
12” CMU wall that runs from the 5th floor ceiling to the 1st floor.  These reinforced 
masonry walls also act as shearwalls for the system, transferring lateral loads from the 
higher floors to the first floor.  The following is a sketch of the masonry shear walls and 
plank spans for a typical intermediate floor.

Grade A997 wide flange steel beams are positioned under the 5 story walls to pick up the 
loads, so the basement can have the open space necessary to allow vehicular traffic.  These 
beams range from a W18x50 to a W36x359, with spans of 7’4” to 30’0”.

The typical basement section is seen in the sketch below.  It consists of two W12x96 
columns with a W33x201 spanning between and a W18x119 spanning from the column 
and bearing on the masonry wall below.
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At the first floor, additional masonry shearwalls around the building exterior, with both 
horizontal and vertical reinforcing, are included to resist lateral loads.  Due to their high 
relative stiffness, lateral loads are redistributed at the first floor to the building perimeter.  
This results in the previously discussed basement columns only being required to resist 
gravity loads.  In design, this means the basement columns can be smaller and be attached 
with simpler pin connections to the first floor framing.

There is one section of the residence buildings which differ from this basic plan.  In the J 
Building (R-2), the first section between the commons (separated with a 2” expansion 
joint) and the 2” expansion joint within the building footprint is 8” hollow core precast 
plank, spanning 15’ and 30’.  On the top 2 floors, the plank bears on a 12” CMU wall.  At 
the third floor, the precast is supported by a wide flange A992 steel frame.  Framing 
members range from a W30x90 to a W36x194 beam size.  To resist lateral loading, the 
third floor framing is braced with W8x31 knee braces.  The second floor has no framing 
because it is part of a 2 story atrium.  At the first floor, the steel framing is connected with 
moment connections to resist lateral load, ranging in size from W24x49 to W24x131.  The 
location of this section is indicated with shading on the previous sketch of the J Building. 

Code Requirements and Design Theory

Due to the size and the location of Whiteland Village, it is being designed to be acceptable 
to both the West Whiteland Township Building Code, as well as the East Whiteland 
Township Building Code.  Both codes are based off of the 2000 International Building 
Code (IBC), which is published by the International Code Council and heavily reference 
ASCE 7.  In addition, the municipalities have accepted the 1997 Fire Prevention Code, put 
together by the National Fire Protection Association (NFPA).

In the design of Whiteland Village, the American Institute of Steel Construction’s (AISC) 
Manual of Steel Construction, ASD Method, was utilized.  This is the accepted industry 
standard for steel construction.  The Building Code for Reinforced Concrete published by 
the American Concrete Institute (ACI) as well as the Precast/Prestressed Concrete Design 
Handbook (PCI) were referenced during design as industry standards.
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Gravity Loads

The gravity loads for this project were based on IBC 2000, which references ASCE 7.  The 
loads below are based off of ASCE 7-00, except as noted.

Live Loads (PSF)
• Dwelling Areas – 40
• Corridors – 100
• Stairs – 100
• Storage – 125
• Snow – 27 + drift
• Vehicular Traffic – 50
• Min. Roof – 15

Dead Loads (PSF)

Floor
• 8” Hollow Core Plank – 60
• HVAC – 5
• Ceiling – 2
• Partitions – 10
• Misc. – 3

Total - 80

Roof
• Roofing – 2
• HVAC – 3
• Ceiling – 2
• Insulation – 3
• Precast Plank – 60
• Misc. – 5

Total - 75

Preliminary Analysis Criteria and Standards

Preliminary analysis into alternate floor systems is a crucial initial step in changing the 
structure of a building.  Different floor systems can limit the use of certain lateral-
resistance systems, or create an opportunity to use others.  Whiteland Village has a very 
restrictive height limitation of 65’.  Therefore, it is critical that all viable alternate floor 
systems have a maximum depth of 1’-8”, with the possibility of deeper members at the 
existing, stacking masonry walls.  Coupled with the typical bay of 30’x17’, it is a 
challenge to find systems that are viable.  To determine viability, floor systems were 
compared on the basis of constructability, fire protection, weight (in regards to footings), 
noise transmission, depth, cost, and impact on lateral resistance systems.  All cost data was 
taken from RS Means 2002 Assemblies Cost Data and adjusted for location.

The following is the column layout for intermediate floors that was assumed for all floor 
systems, since none existed in the existing structure.  The typical bay studied was 30’x17’.  
Initially, two-way flat slab, steel joists, and wood were considered, but disregarded due to 
issues with deflection, strength, and sound transmission.  For a more thorough preliminary 
analysis, Slab-girder composite, traditional composite, one-way void slab, and ribbed slab 
were the floor systems investigated.
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Floor System Analysis

Hollow Core Precast Plank Bearing on CMU: Existing System

The current floor system in Whiteland Village is 8” hollow core precast plank, spanning 
approximately 30’ and bearing on 12” CMU shear walls.  Using the (6) ½” strand pattern, 
8” plank can resist superimposed loads of 90 PSF in flexure, making it able to resist the 80 
PSF required in a typical bay (See Appendix C).  A sketch of the current framing plan and 
the typical sections detailing the connections used in the current system follow.
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Precast plank has distinct benefits that are easily utilized in the Whiteland Village project.  
The floor systems are limited to a maximum depth of 1’-8” due to the zoning restriction on
height as previously mentioned.  In addition to allowing more plenum space for 
mechanical systems, a shallower floor system allows for higher ceilings in the 
condominiums.  The very shallow precast system also has other benefits, including ease of 
construction.

Because it arrives on site ready to assemble, erection is considerably quicker than other 
flooring systems.  An experienced crew can erect 10,000 ft2 of floor per day.  Plant 
manufacturing means on-time delivery that can be easily sequenced and controlled.  Since 
construction of the residence buildings is slated to begin in February 2007, it is 
conceivable that some of the flooring systems will be installed in winter months.  While 
this would potentially pose problems for a steel or concrete system, inclement weather 
conditions do not affect precast installation.
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In addition to having one- and two-hour assembly ratings available, the combination of 
hard concrete and hollow cores provide excellent sound attenuation of both airborne and 
low-impact noises.  Lateral loads are resisted by the masonry shear walls, so the precast 
merely needs to act as a diaphragm to distribute shear loads at each level.  Using RS 
Means, the expected cost of this system is $8.44 per ft2.

Girder-Slab Composite Precast and Steel System

The Girder-Slab system is a steel and precast hybrid that removes the disadvantage of 
increased floor to floor heights when bearing precast on steel.  It is the first patented 
system to create a monolithic structural slab assembly using precast with an integral steel 
girder.  Open-web dissymmetric beam (D-Beam), produced as seen below, are used as 
girders.

The larger bottom flange of the D-Beam is used for bearing the individual planks, while 
the openings in the web provide space for reinforcing between the spans.  At least 8” of the 
top flange of each core is removed to allow for the placing of reinforcing and subsequent 
grouting.  This system specifies using grout with a compressive strength of 4 ksi.  
Calculations are located in Appendix D.  The typical section for the 10” Girder-Slab 
system is included below.
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Obviously, many of the benefits of the existing precast system are the same for the Girder-
Slab system: ease of construction, limited weather impact, sound attenuation, and fire 
protection.  However, there are some distinctions between the two.  Lateral loads are 
resisted by a steel moment frame, consisting of D-Beams and standard wide-flange shapes, 
as opposed to shear walls.  Because of the use of steel framing as opposed to masonry, 
there is also a reduced building weight, reducing the seismic base shear and the size of the 
spread footings.

Composite Concrete Slab

In order to maintain a shallow floor system, a composite system was considered.  For this 
option, a 1.5VL20 deck with a total slab depth of 4” and 6x6-W1.4xW1.4 welded wire 
fabric were selected for the 4 ksi concrete slab.  The maximum considered depth of beam 
was W16.  After completing calculations on both flexure and deflection criteria, W16x31 
were selected as filler beams with 14 shear studs and W16x26 with 10 shear studs for 
girders (See Appendix E).  Below is a sketch of a typical bay for the required framing, as 
well as a section.

Composite systems are almost always deeper than precast because of the depth of both the 
slab and supporting beam.  This system is at the allowable maximum depth of 20”, an 
obvious disadvantage.  Unlike precast, the composite system is affected by inclement 
weather, which can delay both pouring and curing.  In addition, cold weather construction 
is more challenging, and may require space heating to promote proper curing.  Sound and 
vibration transmission are also more likely to be an issue with composite over precast.  To 
increase fire protection, the steel would most likely require spray fireproofing.

However, composite does not limit the options of lateral resisting systems like the precast 
systems outlined above.  Moment frame, staggered truss, shear wall, and partially 
restrained composite connections are all viable options when using the composite system.  
With the additional options comes an additional cost; the anticipated cost per square foot is 
$19.61.

One-way Concrete Void Slab

Void slabs are a viable alternative when longer spans are required than are feasible or 
economical to do with a solid one-way concrete slab.  Using information from the 
Concrete Reinforcing Steel Institute (CRSI), it was determined that using 4 ksi concrete 
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and 60 ksi steel, the slab would need to be 12” thick with No. 6 bars at 8” spacing on top 
and No. 6 bars at 11” spacing on the bottom, with No 4. temperature bars at 18” for interior 
spans (See Appendix F).  All tubes would be full length.  Sketches of the void slab system 
are included below.

Placing the concrete and reinforcing properly is one of the challenges with this system.  
The one-way void section is extremely similar to that of hollow core precast plank, which 
is created in controlled conditions.  Logically, it makes sense that the cast-in-place version 
is deeper and consequently weighs more.  This would mean reworking the foundation 
design for the additional gravity loads, and possibly increased lateral loads as well.  Lateral 
resistance would need to be provided by shear walls or frames.

Similarly to the composite system, the one-way void slab is affected by inclement weather.  
It is also more difficult to place because the section is considerably more complicated.  
Most likely, additional shoring would be required, adding more time and expense to 
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construction.  Because it is a concrete system, though, fireproofing is not as major a 
concern.  Due to its similarities with concrete, one-way void slabs are assumed to have 
similar noise and vibration transmission properties to precast plank.  Although not priced 
in RS Means, it can be surmised that the complexity of this floor system would make it 
similar in cost to a waffle slab, which is $15.16 per ft2.

One-way Concrete Joist Construction (Ribbed Slab)

Concrete joist construction consists of a monolithic combination of regularly spaced joists 
(ribs) and a thin cast-in-place slab.  The floor system then forms an integral unit with its 
supporting beams, columns, or walls.  Reduced dead weight and less required steel are two 
reasons this slab type was developed.  Using the CRSI, it was determined that this 
application requires 6”x16” deep rib at 36” c/c with 4.5” top slab for a total depth of 20.5”.  
Top bars are No. 4 at 8” spacing, with a No.5 and No. 6 bar at the bottom of the joists.  
These values were determined using 4 ksi concrete and 60 ksi steel, and can be reviewed in 
Appendix G.  Sketches of the system follow.

One of the benefits of this system over other concrete floors is the simplified formwork 
involved.  Both the joist and beam soffit are formed with the same deck, and it is simple to 
form beam sides with the ends of removable forms.  To enable contractors to use the same 
forms for the entire project, beam widths are adjusted to allow for irregular spans.  Because 
it is cast-in-place concrete, there are still major constructability concerns with weather 
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conditions.  The system is also slightly over 20” deep, making it too deep to work in this 
project.

This system would also be heavier than the others considered due to its cross-section.  
Foundations would need to be increased and the changes in seismic load considered.  
While noise transmission may be a concern with this system, it is unlike that vibration 
would be an issue considering its weight.  The anticipated cost of this floor system is 
$14.47 per ft2.

Summary Comparison Chart

Floor System Depth 
(in) Constructability Fire Protection Relative Weight

Sound and 
Vibration 
Transmission

Impact on Lateral Load 
Resistance Systems Cost/ft2

Potential for 
More 
Investigation

Hollow Core Precast         
(Existing) 8 Not impacted by 

weather
Easily achieve 
necessary rating

Excellent sound 
attenuation Uses masonry shearwalls $8.44 Yes

Easy to sequence 
and control
Ready to assemble 
when it arrives on 
site

Girder-Slab Composite 
(Precast and Steel) 10 Not impacted by 

weather
Need to spray 
exposed steel

Lighter than 
existing

Excellent sound 
attenuation Uses steel moment frame Yes

Easy to sequence 
and control
Ready to assemble 
when it arrives on 
site

Composite                       
(Concrete and Steel) 20 Cast-in place Need to spray 

exposed steel
Lighter than 
existing

Needs to be 
considered

Could use steel moment 
frame, staggared truss, or 
partially restrained 
composite connections

$19.61 Yes

Slowed by curing

Impacted by weather

One-way Void Slab 12 Cast-in place Easily achieve 
necessary rating

Heavier, need to 
look at 
foundations

Similar to hollow 
core

Higher seismic loads, 
resist with shearwalls or 
frames

$15.16 Yes

Sequence lowed by 
curing

Impacted by weather

Complicated section

Ribbed Slab 20.5 Cast-in place Easily achieve 
necessary rating

Heavier, need to 
look at 
foundations

Vibration not a 
major concern

Higher seismic loads, 
resist with shearwalls or 
frames

$14.17 No

Sequence slowed by 
curing

Impacted by weather

Simple formwork

Conclusions

After this preliminary investigation into alternate flooring systems, three of the alternates 
are still viable alternatives to the existing precast: Girder-Slab composite, composite, and 
one-way void slab.  The ribbed slab did not meet the basic depth requirements for the 
system, although it did use very simple formwork.  Although precast has major benefits in 
terms of constructability, its use limits the types of lateral resistance systems that can be 
used on the project.  Using the void slab may also require increasing the size of the 
foundation due to its increased weight, as well as shift the lateral loads to being controlled 
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by seismic forces.  Only with continued investigation into the three remaining systems will 
determine which is the most viable alternate for Whiteland Village.
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Appendix A: Master Plan of Whiteland Village
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Appendix B: First Floor Plans of Residence Buildings

U-1 (R-1) Building
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U-2 (R-4) Building
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J (R-2) Building
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Appendix C: Hollow Core Precast Plank Calculations
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Appendix D: Girder-Slab Composite Calculations
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Appendix E: Composite Calculations
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Appendix F: One-way Void Slab Calculations
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Appendix G: Ribbed Slab Calculations


