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          Architecture 

The Building’s façade includes 

brick on the East and South 

faces, and glass on the North 

and West. The glass faces of 

the structure are taken into 

consideration when orienting 

the interior.  Reception areas, 

play spaces, and general 

waiting areas are located near 

these faces to provide nature 

light, while exam rooms, 

operating rooms, and nurse 

stations are located in the 

center of the building and 

towards the rear brick walls. 
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Coms 

 

Structural System             

The Hospital is built predominantly of a cast in place concrete structure, 

which includes concrete beams, columns, slabs, and shear walls.  The 

foundation incorporates grade beams and 88 total caissons.  Steel beams 

support the Northwest cantilevering corner of the building on floors two-six.   

Mechanical System               

An air to air mechanical system is implemented with the use of 3 air handling 

units stationed on the roof.  A water to air system is also evident by use of 

VAVs.  These are found in a majority of rooms on every floor.  Two chilled 

water pumps service the buildings VAV system. 

Electrical System                

The electrical system consists of a three phase 480Y/277V main switch board 

and has a max load of 4000 amps.  In addition, 480Y/277V is the main utility 

transformer, which has a max load of 2500KVA.  For added insurance, a 

diesel powered emergency generator is provided, with output capacities of 

1500KW/1875KVA. 
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Executive Summary 
The following report analyses four areas of interest of the Charlottesville Community Hospital 
that are intended to be improved upon.  This seven story building has a project cost of $141 
million and is expected to be completed by June 2014.  A high standard exists from owners for 
quality finish materials and craftsmanship.  Throughout the report a strong emphasis is placed 
on job site safety and site logistics due to congested site restraints and the surrounding urban 
environment.   
 
Analysis one introduces the idea of using prefabricated brick panels instead of the traditional 
brick with CMU backup method.  The panels would cover 24,417 square feet of the building 
façade and would take 13 days to erect compared to 240 days for the traditional method.  For 
installation, the tower crane on site would be used to hoist each panel, which would eliminate 
the need for scaffolding.  An additional cost of $207,580 would be added to the project budget 
if prefabricated panels were used.  A mechanical breadth was conducted to determine if the 
new façade would yield better thermal properties.  It was found that both systems produce 
roughly the same annual BTU consumption rate, with a negligible advantage towards 
prefabrication.   
 
The second analysis implements roof wind turbines into the structure of the penthouse roof 
surface.  This addition would provide clean renewable energy directly into the building’s main 
distribution panel.  The apparatus will face the Southwest where the highest wind speeds 
impact the building.  The total cost of the system is $32,168 and should be installed during the 
months of February or March of 2014 after the penthouse roof membrane is applied and 
before substantial completion.  The payback period was confirmed through an electrical 
breadth which reveals a timeframe of 11.5 years. 
 
A third analysis investigates the possibility of using a temporary offsite storage facility to accept 
material deliveries.  The structure would be located walking distance from the hospital where 
specific daily deliveries would be assembled and transported to the project’s loading dock.  The 
purpose of this strategy is to improve upon the logistics of delivery traffic and the material hoist 
necessity.  The structure will cost $360,000 and will be in place for two years from March 2012 
to March 2014.  With a lead time of four weeks, the erection of the facility will take five days to 
install.  This work will not influence the project schedule since it is located offsite and will be 
erected by the warehouse distributors.   
 
The final analysis presents a site specific safety plan that focuses on organizing interior 
construction means and methods.  A material layout and staging plan is created to help 
visualize how material is dispersed throughout the 4th floor of the building.  The goal of the 
analysis is to eliminate construction debris from corridors in order to prevent injuries and 
decrease time wasted from moving materials more than once.  Additionally, material handling 
methods for items like drywall and metal stud were outlined to avoid injuries during 
transportation.   
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Project Introduction 
Along with high quality and performance standards and a necessity to match the historical 
architecture surrounding the project, the Charlottesville Community Hospital project has the 
primary goal of centralizing pediatric care into one building.  In  past  years, child medical care 
has  been segregated  among  several  areas  of  the hospital, often resulting in patients being 
transported from one building to another, depending on  their  current  health  needs.  This  

system  has  also  been  a  burden  to  
traveling  parents  and hospital visitors, 
who have needed to travel to multiple 
buildings for their child’s care. With the 
completion of this hospital, all pediatric 
services will be located under one roof. 
Some of these services  will  include  36  
specialty  clinics,  Pediatric  Dentistry,  
Pediatric  Radiology, 12  operating 
rooms, and a complete outpatient 
rehabilitation and therapy facility. The 
building will stand seven stories above 
ground and cover 200,000 gross square 
feet.  The North end’s first floor will 
serve as a street accessible store front 
for a future commercial tenant. The 

main construction challenge is the lack of project space. There is essentially no material 
laydown space on the project and contractor parking is limited. The proposed hospital is also 
positioned among other buildings such as a university office building, a restaurant, and a newly 
built parking garage, as seen on the existing site plan.  It is also important to notice how closely 
the construction is positioned to roads and sidewalks. The sidewalk immediately in front of the 
project has been closed to provide more room for construction, and another segment has been 
given overhead protection 
from potential falling 
objects.  Due to the 
sidewalk closing, all 
pedestrian traffic coming 
from the project side of 
Main Street and Jefferson 
Park Ave must cross the 
street to bypass the 
construction.  

 
 
 

 
 
 

Figure 2; Existing Surrounding Buildings and Roads 
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* Pristine jobsite working conditions 

* Barriers and site protection to hide noise 
and construction from neighbors 

* Identification cards for every employee  

* The highest quality craftsmanship 

* High end products and materials 

* Strict owner inspections  

Client Information   
The town of Charlottesville, Virginia is home to a large community centered around health care 
and education.  Plans for a new children’s hospital have been in place since 2005.  The three 
phase project began with the parking garage that currently sits to the hospital’s South.  This 
was necessary because previous parking for the area existed on the proposed hospital 
footprint, and was scheduled to be 
demolished.  After its completion in 2008, 
several more renovations and utility work 
were completed in preparation for ground 
breaking of the Hospital.  Historically, the 
owners have a reputation of building high 
quality buildings, rarely sacrificing quality 
when choosing construction materials.  Owner 
inspections are often performed during 
construction to ensure their specifications are 
being met.  An advantage of the owner’s 
project team is that they have experience in 
building hospitals such as this one.      

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

6 
 

Bonacci 2014       Charlottesville Community Hospital 

Site Conditions 
The site plan below shows the existing conditions of the project site.  Utilities such as power, 
sewer, and water are labeled, as well as essential walk ways and fire hydrants.  Other notable 
features include site entrances and exits, contractor parking, and neighboring buildings.  There 
are four locations into and out of the site. The two southernmost, represented in yellow, have 
two lanes for access into and out of the project.  These locations are predominantly for material 
deliveries.  They are effective in this manner because they are connected to side streets that 
see limited traffic compared to Main Street on the buildings North face.  These processes work 
efficiently, with entrance and exit only access ways located on the more narrow and congested 
side of the project.  Contractor parking located in green is limited due to the lack of space.   
General Contractor parking as well as their main office is located two blocks East on Main 
Street.  Another temporary office annex will eventually be located on the third floor of the 
hospital, which will house contractor’s meetings, and other project resources. 

 
 
 

 
Figure 3; Existing Conditions Site Plan 
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Currently, tool and equipment staging is set up near part of the contractor parking areas, which 
is within walking distance to the site.  Two dumpsters seen in brown will arrive on site after 
excavation has begun, and will be used for the remainder of construction.  They are located in 
easily accessible areas so that they can be easily transported to and from the site. 

 
The finish phase site plan in figure 4 introduces the use of loading docks, seen in pink, and a 
material hoist, seen in orange.  These features provide almost all access of interior building 
materials.  The primary function of the loading dock on the northern corner of the building is 
for trash removal.  It is located near a trash dumpster and is regularly manned by at least one 
member of the general contractor’s construction team.  The loading dock in the southern 
corner receives most deliveries, and surrounds the material hoist.  All major deliveries use this 
hoist and loading dock by entering through the east entrance to the parking garage, and 
traveling through the garage to the material hoist.  Portable toilets are located on the ground 
level along Main Street, as well on the third floor mezzanine roof.  These portable toilets on the 
roof are on an exposed platform that will eventually be the location of a green roof, and it is 
accessible by a temporary door way from the third floor.  This prevents the need for crew 
members to have to travel from the top floors of the project all the way to the ground floor, 
which wastes time and causes more foot traffic on site.   
 

 
Figure 4; Finish Phase Site Plan 
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Demolition 

Before groundbreaking of the 
hospital could begin, the 
demolition of an existing 
parking lot was completed. This 
parking lot has recently been 
replaced by a new parking 
garage which connects to part 
of the hospital’s South Façade.  
Other minor demolition such as 
trees and landscaping were 
also needed to be removed.  
Figure 5 shows the project 
boundary in blue, removable 
landscape in green, and the 
footprint of the hospital in red 
which covers most of the 

existing parking lot.  
 

A critical demolition segment of the project scope was to eliminate an existing office building 
that sits next to the Hospital on its West side.  Highlighted in red in figure 6, this building will 
begin to be demolished on November 12, 2012, which is 18 months after the start of the 
Hospital’s construction.  Since the two buildings are oriented so close together, the tear down 
of the office building will be concealed as much as possible. Starting from the interior, crews 
will begin demolition of partitions, ceilings, and non-structural components of the floors.  
Debris is then discarded through windows and emptied into dumpsters.  Once the core and 
shell are ready to be taken down, the building will be surrounded by scaffolding with a tarp 

applied over top to 
project against possible 
falling objects.  
Demolition will progress 
from the top down as 
seen in figures 7 and 8.  
The completion of the 
demolition is scheduled 
to finish during the 
same time as overall 
project turnover.   
 
  
 
 
 
 

Charlottesville 

Community 

Hospital 

Figure 5 

Figure 6 
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Figure 7 

Figure 8 
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General Contractor’s Staffing Plan 
 
 

 
Figure 9 

 
 
 
 

The Senior Project Manager for the General Contractor’s team is the main on-site contact with 
the owner.  They are ultimately responsible for the quality and completion of finished product.  
Three project managers help coordinate with superintendents, change orders, and 
subcontractor relations.  Their time is split between the construction site and the General 
Contractor’s office which is labeled in figure 4.  The field side of management is divided by 
divisions and floors in order to provide a more focused approach.  A general superintendent 
oversees all construction, they are often needed to make final construction decisions in the 
field, and they are the main contact to all project managers.  An interiors superintendent 
manages the finish work of floors one to six.  This involves coordination with interior trades 
such as drywall and paint, finished flooring, ceiling grid, and casework.  Since the basement is 
unique and not as repetitions as the above floors, a basement superintendent is in charge of its 
quality and completion.  Due to tight site space, there is one material hoist, which is responsible 
for transporting heavy tools and materials to each floor.  The operator communicates with 
assistant superintendents throughout the day via radio to coordinate deliveries and other 
material relocation.  Lastly, general labor and carpenters are used when needed throughout the 
building for tasks such as walking ramps and guardrails, temporary partitions, and site clean-up.   
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Building Systems 
 

Structural 
The Hospital is built predominantly of a cast in 
place concrete structure, which includes concrete 
beams, columns, slabs, and shear walls.  Each 
floor’s slab in 5” thick and the foundation 
incorporates grade beams and 88 total caissons.  
Two W40x277 Steel beams support the 
Northwest cantilevering corner of the building on 
floors two-six.  They are also aided by seven 
W14x30 steel beams.    
 
 

Mechanical  
Three air handling units located on the roof make up the entire building’s air to air system.  
AHU one serves all operating rooms and distributes 30,000 CFM of supply air.  AHU two 
supplies 73,000 CFM, and AHU three supplies 96,000 CFM.  A variable air volume system is also 
prevalent in the building, which acts as the building’s water to air system.   
 

Electrical 
The electrical system consists of a three phase 480Y/277V main switch board.  It is comprised of 
4 wires plus one ground wire, and has a max load of 4000 amps.  Also, 480Y/277V is the main 
utility transformer which has a max load of 2500KVA.  All hospitals are at great risk of losing 
power, since many hospital machines and care devices run off of electricity.  For added 
insurance, a diesel powered emergency generator is provided, with output capacities of 
1500KW/1875KVA. 
 

Architecture 
Interior architectural features included in the hospital are an illuminated partition system and 
play spaces located at the Northwest corner of each floor.  These spaces are visible from Main 
Street and are a colorful attraction for both building occupants and spectators.  A feature wall 
made of similar panels was designed for the main entrance of the first floor.  An exterior face 
brick with CMU backup serves as a façade for the East and South elevations, while the North 
and West elevations are predominantly made of a 1” thick glass curtain wall system. 
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Proposal Information 

The following four analyses describe problematic features of the Charlottesville 
Community Hospital, as well as potential improvements to its design and function. 

 
The first topic represented in the report is that of prefabricated brick panels located throughout 
the building facade.  This façade system is composed of either hollow or solid bricks that are 
assembled in an offsite facility, and then delivered to the site in the appropriate dimensions.  
Because they are prefabricated offsite, the risk of a construction related injury is decreased.  
Also, this solution eliminates the need for brick pallets and mortar supplies on the jobsite which 
are the main causes of congestion.  The brick panels would be installed via crane, which 
eliminates the need for scaffolding.  Without the stationary scaffolding wrapping the East and 
South facades, all egress points would be accessible and the risk of an injury from falling objects 
would be decreased.   
 
A second analysis consists of the installation of wind turbines on the penthouse roof.  An 
alternate source of renewable energy such as this is not prevalent in the scope of the new 
hospital.  Wind turbines will be mounted near the edge of the roof where they are designed to 
capture the updraft wind that travels up along the building’s façade.  If successful, this strategy 
will contribute to an electrical cost reimbursement to the owner.  Also, the project team’s goal 
achieve a LEED Gold Certification may become more achievable by this renewable energy 
source.  The effects of this cost savings will be studied in an electrical breadth to determine the 
turbines effectiveness.   
 
The third analysis involves the implementation of an on-site storage facility for construction 
materials.  This would present a solution to the concerns such as limited site laydown space and 
delivery congestion.  The temporary loading docks and material hoist would see less daily 
traffic, which leave more room for car traffic throughout the parking garage, and tradesmen 
traveling from floor to floor.  Material delays would be minimal with the new minor delivery 
restrictions because of the added staging space.  An allotted area of space would need to be 
allotted for each contractor, with preference to those with large building materials like 
ductwork, and drywall.  A member from the project team would be in charge of overseeing the 
operations of this facility.  Their duties would include managing the storage space, accepting 
deliveries, and creating specific deliveries to go on-site.  These special site deliveries would 
include materials from multiple trades, depending on what is needed for that day.   
 
Lastly, a safety protocol for the distribution of materials such as ductwork, drywall, and metal 
stud will specifically be researched as to the best way to transport and store them inside.  A 
plan for specific locations of materials like these to be stored will also be designed.  These areas 
will be a combination of unfinished rooms and general spaces throughout each floor.  A floor 
plan will be devised to show exactly where to put materials as they enter the building.  These 
locations may need to be changed as construction progresses, but they will be planned for.  The 
goal is to provide tradesmen with an organized way of moving materials around without 
wasting time or getting injured.  
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[Analysis 1] Prefabricated Brick Panels 

Problem Identification 

The East and South Façade of the hospital are predominantly composed of red brick masonry.  
The installation of the brick requires the masons to use scaffolding on the South wall, and a 
hydraulic scaffolding mast climber on the East wall.  The scaffold creates both a safety hazard 
and an inconvenience for workers traveling alongside the building.  There is always the threat 

of falling objects from construction 
occurring above ground floor workers.  
Also, brick material and mortar mixing 
stations occupy much of the already 
limited site space.  Often times, building 
entrances would need to be closed off 
due to the progress of the masons, 
resulting in tradesmen needing to find 
alternate egress points.  Since the space 
for material staging was limited, brick 
was delivered to the job site often and 
sometimes with short notice. The 
traditional concrete block and brick 
exterior wall assembly seen in figure 10 
is used throughout the structure.  This 
section labels each wall component and 
clarifies each pieces width.   
Figure 11 shows the primary location for 

the scaffolding systems and brick laydown areas in blue.  The space is surrounded by existing 
structures seen in red and is accessible from the first level of the parking garage and a narrow 
ally alongside the project that leads to 
the main road.  This space is the primary 
location for material deliveries and is 
home to the project’s loading lock and 
material hoist which is seen in figure 4.  
When masonry work interferes with this 
area, access to the loading dock and 
immediate material laydown space is 
limited. Site safety and an efficient façade 
installation are the primary concerns for 
this analysis.  

 
 
 
 

Figure 10 

          Figure 11 
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Background Research  

Two of the building’s five main construction entrances are located near the brick construction.  
They provide access to the rear of the building when most deliveries are conducted.  When they 
are closed off, the most direct route for traffic to reach the back of the building is to exit from 
the North side of the building and walk along the East wall, past the scaffolding.  Additionally, 
the installation of the brick facades takes about five combined months to complete.  The 
smaller South Façade takes about one and a half months to complete and is begun after the 
completion of the East façade, which takes about 3 and a half months.  The idea for improving 
upon the buildings brick façade is driven by unsafe site conditions, congested pathways, and a 
lengthy schedule.   
 

Potential Solutions 
The proposed solution to these issues is to introduce prefabricated brick panels.  This façade 
system is composed of either hollow or solid bricks that are assembled in an offsite facility, and 
then delivered to the site in the appropriate dimensions.  Because they are prefabricated 
offsite, the risk of a construction related injury is decreased.  Also, this solution eliminates the 
need for brick pallets and mortar supplies on the jobsite which are the main causes of 
congestion.  The brick panels would be installed via crane, which eliminates the need for 
scaffolding.  Without the stationary scaffolding wrapping the East and South facades, all egress 
points would be accessible and the risk of an injury from falling objects would be decreased.   
 

Requirements for Achieving Analysis 
 

 Contact with Brick Industry Association and Nitterhouse Concrete Products will be 
necessary to determine the size, type, and thickness of the prefabricated wall. 

 The total R-value for the assembly will need to be found to make a future comparison to 
current brick construction for an energy comparison.  

 Establish location for temporary crane for panel installation.  Determine if current tower 
crane can be useful. 

 RS means will provide cost information for current structure and the panel cost will 
come from the panel provider in order to complete a cost comparison.   

 Rate of panel erection and traditional brick laying will be compared to determine if 
there is potential for a schedule reduction.  
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Introduction to Prefabricated Panels 

After several decades of prefabricated brick masonry being experimented with, it has become 
more popular today in construction due to the acceptance of its rational design.  Also, research 
into new and improved bricks and mortar has helped the prefabrication process progress.  The 
advantages of this type of prefabrication over traditional masonry construction stand out to 
building owners and contractors.  Most importantly is the efficiency in which the façade can be 
erected.  There is no longer a need for scaffolding and masonry units on site which usually takes 
up a large amount of ground space.  This construction method also allows for the fabrication of 
complex shapes, angles, and arches which are necessary for windows and other façade 
protrusions.  The panels can be manufactured year round in a warehouse which eliminates 
construction delays due to weather.  Furthermore, they can be ordered well ahead of 
installation time and be ready for the site when needed.  Lastly, the erection process which will 
be further explained, takes a considerably less amount of time than traditional bricklaying.  
 
The benefits of prefabrication were further discussed at this year’s Architectural Engineering 
PACE round table event.  Here, Penn State’s Ray Sowers and John Messner led conversations on 
the practicality, applications, and safety of prefabrication for trades.  The safer job conditions 
allowed by shifting on-site work into a warehouse, is the motivating factor for this analysis. 
 

Information on Material 
The prefabricated panels to be used on the East and South façade will be six inches thick in 
total.  One of the two components that make up the panel is precast concrete.  It will have a 
width of about 5 3/8” and face the interior of the building.  It is common for the concrete to 
serve as the finished wall for some types of buildings, but for a hospital, the interior facing 
concrete will be covered with metal studs, insulation, and drywall.   The other component is 
5/8” thin brick which serves as the exterior face.  Thin brick is a type of veneer similar to 
tradition bricks except for its thickness and it is made of shale and clay.  The R-value of the 
concrete/thin brick panel will be 0.55.   
 
Most precast panels are produced to a maximum of 12 feet in width for shipping purposes.  
They can be laid on a flatbed trailer during transportation without permitting.  The process is 
scheduled for the trucks to be brought directly from the plant to the crane for installation.  The 
lead-time for such panels is approximately five to six months from award of the project to the 
delivery start.  Therefore, they will be ordered on December 5, 2011, which is about six months 
prior to the scheduled start of the East wall CMU installation.  The total cost of the panels 
including fabrication, delivery, and installation is about $35 per square foot.  This cost may be 
inflated depending on the amount of repetition in panels.  A further cost analysis will be 
conducted to determine the expense of this new system and how it compares to the existing 
wall assembly.     
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 The pink color in each elevation represents the location of all brick veneer with CMU 
backup.  This is also the location where prefabricated panels will be installed.  The East wall 
clearly contains the majority of the material and is the main location of concern for site clutter 
and safety.   
 

West Facade North Facade 

East Facade South Facade 
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Installation  

The process of installing prefabricated brick panels begins with a delivery truck arriving to a 
specific location on site.  The panels will be picked up from the flat-bed truck and instantly 
attached to the building with all attachment points for cables accounted for by the fabrication 
team.  Each panel will be lifted into place by the project’s Linden 8000 tower crane which has a 
load capacity of 39,680 pounds.  The heaviest panel that will be used on the building will weigh 
13,500 pounds, so the crane will have adequate strength.  A reference of the crane 
specifications as well as a calculation of panel weight is included in figures 1 and 2 of the 
appendix. Panel installation will progress from one wall to another with a total of five workers 
performing to job.  A crane operator, two panel installers, and two ground workers will 
complete the operation sequence. Depending on the workers’ pace, 15 to 20 panels can be 
installed in one day.  For the panel installation of this hospital, it will be assumed that 17 panels 
are installed a day because of their varying sizes.  Although panel sizes will vary depending on 
their location, it will be assumed that each panel takes the same amount of time to be installed. 
 
The order of installation will reflect the original order set on the project schedule, with each 
wall beginning after the previous wall has already finished.  The East façade will be the first to 
receive prefabricated panels.  This façade contains the greatest amount of work with 11,240 
square feet of brick.  It will be comprised of 80 individual panels, which will take approximately 
5 days to erect.  The South façade will follow which contains 8,267 square feet of brick.  This 
will require 58 individual panels to be installed which will take approximately 4 days.  The North 
and West facades have a considerable amount of less brick that South and East.  Beginning with 
the North wall, 26 panels will be installed taking 2 days to complete.  The West wall will also use 
2 days to install its 21 panels and will conclude the building’s brick façade.  To find the entire 
duration of installation, each façade’s install time will be rounded to a full day.  With an 
assumed rate of 17 panels installed per day, and a grand total of 185 panels, the duration for 
construction of the prefabricated panels will be 13 days.  While panel sizes may vary depending 

on their location, there will be 24 
repetitious panels located on the 
East façade between the vertical 
windows. Figure 13 shows these 
particular panels in blue.  
 
 
 
 
 
 
 
 
 
 
 Figure 13 
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Connection Details  

Figure 14 shows a detail of the 
current exterior façade and how it 
anchors itself to the floor slab.  The 
brick and insulation seen in red and 
blue respectively are carried by a 
steel angle that is connected to the 
slab.  These two materials along with 
the CMU seen in green will be 
replaced with a single prefabricated 
brick and concrete panel.  Details of 
the proposed panel connections are 
seen in figures 15 and 16.  Here, the 
panels are stacked on top of each 
other so there is no gravity load 
applied to the building structure.  
Steel anchors that are pre-installed 
into the panels connect to the top 
and bottom of the slab allowing 

lateral loads to be distributed to the 
slab and columns. 
 

 

Due to the availability of the tower crane and lack of need for scaffolding, there will not be any 
lost time due to repositioning of the crane, or moving necessary scaffolding.  The most 
important coordination issue in regards to panel installation is the accessibility of delivery 
trucks.  Figure 17 shows a current site plan and the building footprint as well as the location of 
the delivery trucks for each elevation. 

Figure 14 

Figure 15 Figure 16 
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Figure 17 

The figure above depicts the delivery operation for the prefabricated panels.  The delivery 
trucks seen in red, travel into and out of the site via the paths seen in green.  The Northern 
most truck will supply panels for the storefront façade.  It will be able to enter the site from the 
West on Main Street and park in front the structure with ample room for ground crews and 
other workers to travel around the operation.  The East façade panels will enter the site 
through the existing parking garage from the East.  The parking garage entrance is 15 feet high 
and will provide enough room for the delivery truck to back into the appropriate space as 
depicted above.  The third and final truck location to the west will have the most ease in 
entering and exiting the site and it will provide panels for both the West and South Facades.  
The current tower crane 
that is on site will be used 
to hoist each panel.  Its 
arm radius is depicted by 
the yellow circle and will 
be able to reach all 
delivery locations. A 
photo of the actual tower 
crane arm is seen in figure 
18.  The photo is taken 
from the Northeast corner 
of the project, with the 
crane arm extending over 
the proposed North truck 
location.  

Figure 18 
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Cost Analysis 

One of the research goals of this analysis was to determine if prefabricated brick panels would 
be more cost effective than traditional concrete block and face brick construction.  Costs for the 
prefabricated panels were obtained from Nitterhouse Concrete Products.  A cost of $35 per 
square foot will be used to determine a total cost of the panels.  This assumed value may vary 
from the actual cost due to the lack of repetition in panel installation.  In addition to the 
concrete panels, a metal stud, insulation, and drywall assembly will need to be implemented on 
the interior of the building.  This practice is necessary in order for the building envelope to 
maintain an appropriate R-value.  With the added building components come additional costs.  
The cost comparison seen in table 1 shows a breakdown of both methods’ material, and which 
method is most economical.  The dollar value associated with each building material is for one 
square foot of material.  The installation and delivery costs of the materials are accounted for in 
the rates below. 
 

Traditional Method 

  
SF 

Face Brick 
8" 

CMU 2.5" Insulation Vapor Barrier Drywall Total Cost 

East 11240 $18.45 $9.95 $1.12 $0.12 $0.94 $353,610.52 

South 8267 $18.45 $9.95 $1.12 $0.12 $0.94 $252,308.96 

North 2285 $18.45 $9.95 $1.12 $0.12 $0.94 $69,738.32 

 West 2625 $18.45 $9.95 $1.12 $0.12 $0.94 $80,115.12 

    $755,772.92 
Table 1 

Prefabricated Brick Panels 

  SF Concrete + Thinbrick Panel Drywall & Insulation Total Cost 

East 11240 $35.00 $6.02 $461,064.80 

South 8267 $35.00 $6.02 $339,112.34 

North 2285 $35.00 $6.02 $93,730.70 

 West 2625 $35.00 $6.02 $107,677.50 

  $1,001,585.34 

Table 2 

 
The prefabricated panel method is calculated to cost 25% more than the traditional brick 
method.  The advantages of the cost increase may include cheaper general conditions costs to 
the general contractor.   
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Schedule Impact 

The modification in façade construction impacts the project schedule both directly and long 
term.  The table below shows the total amount of days that the site will be free of masonry 
construction and equipment.  The original duration for each façade indicates the amount of 
time in which it was responsible for site scaffolding and other obstructions.  Zero days are 
recorded for the South CMU installation because it is completed during the same time as the 
East wall CMU.  A total amount of 227 days of exterior wall construction were saved by using a 
prefabricated wall system.  This eliminates safety concerns due to ground congestion and falling 
objects from scaffolding.   
  

Façade 
Original Duration of 

CMU Installation 
(days) 

Original Duration 
of Brick 

Installation  (days) 

Total 
(Days) 

Duration of 
Prefab Panel 
Installation  

(days) 

Time Saved 
(days)   

East  75 40 115 5 110 

South 0 39 39 4 35 

North 10 30 40 2 38 

West 31 15 46 2 44 

      240   227 
Table 3 

 

General Conditions Savings 
With the elimination of scaffolding for the South, North, and West facades, and a hydraulic 
mast climber for the East, general conditions costs will be reduced.  In total, $38,232 would be 
saved.  Other mentionable general conditions costs that would be saved include water for 
mortar mixing, and miscellaneous site clean-up from masonry work.   

 
 

General Conditions Savings 

  Cost C.S.F. Months Total 

Scaffolding  $38.50 131.77 7 $35,512.02 

Mast Climber $680.00   4 $2,720.00 

        $38,232.02 
Table 4 
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[Mechanical Breadth] Energy Comparison 

 
With the implementation of a new precast wall panel system, new energy consumption values 
were investigated with the help of TRACE Energy Modeling software.  This program is used to 
compare two types of building envelops in order to determine their mechanical properties and 
economic significance.  In this Breadth, energy costs were not accounted for.  Only an annual 
energy value in BTU’s was found for each type of wall construction.  The information entered 
into the program included the building dimensions, percentage of glass per wall, and the U-
values associated with both wall types.  A list of the R-values used for the alternative 
prefabricated wall system is seen in figure 2 of the appendix.   The U-value used for the existing 
wall system was 0.06011, which was predetermined in the program’s list of wall assemblies.  
The table below indicates that both alternatives account for very similar amounts of yearly 
energy usage.  Although the prefabricated panels present a slightly lower BTU consumption, the 
results do not indicate it as a clear advantage.     
 

 
Table 5 
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Final Results 

The table below highlights the three main analysis topics that were investigated.  The cells in 
green indicate the more advantageous option.  The cost for prefabrication has been adjusted to 
represent the cost savings from the decreased general conditions.  It should also be noted that 
the 227 day decrease in brick and CMU construction does not reflect an overall project 
schedule savings.  It is simply displaying the amount of time in which scaffolding and mortar 
mixing supplies will not obstruct the project grounds and various access ways into the building.  
Lastly, the building energy consumption from both methods was found to be almost identical.  
Even though there is a slight advantage of using prefabrication, the results do not indicate that 
there will be a significant energy bill savings, or that the mechanical system could be altered.  In 
conclusion, the results of the analysis prove that job site conditions may be safer with the 
implementation of prefabricated panels.  However, the increased cost and irrelevant energy 
consumption difference may hinder the owner from going with prefabrication.   
 
 

Analysis 1 - Prefabricated Brick Panels Results 

Method  Total Cost 
Duration        

(Days) 
Energy Consumption 

(BTUx10^6)/yr 

Traditional Brick $755,772.92 240 3781.7 

Prefabrication $963,353.33 13 3744.8 

Table 6 
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[Analysis 2] Rooftop Wind Turbines 

 

Problem Identification 

To power the new hospital takes a great deal of electrical demand.  The goal of this analysis is 
to lower the energy costs of the building by means of renewable energy.  This type of 
renewable power is not common on this project, and the facility could greatly benefit from the 
modification.  Although a LEED Silver certification is required, the project team has a goal of 
Gold.  Additional LEED points will be needed to attain this goal. 
 

Background Research 

To begin the search for renewable energy potential, the exterior of the structure was 
investigated.  It was first determined that the penthouse roof is a well suited site for renewable 
energy.  Its surface spans approximately 5000 square feet and is flat with minimal rooftop 
obstructions seen in figure 19.  Additionally, research into local wind reports and building 
orientation will need to be performed to determine if wind power would be viable.  It was 
determined that the town of Charlottesville has an average wind speed rate that is well above 
the average for the rest of Virginia as well as the average for the United States.  Also, the 
hospital will be roughly the tallest building in the immediate area, so wind speeds should be at 
their peak.   
 
 

 
Figure 19 
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Potential Solutions 
The installation of wind turbines will be implemented on the penthouse roof facing the most 
effective direction.  They will be mounted near the edge of the roof where they are designed to 
capture the updraft wind that travels up along the building’s façade.  This strategy would 
contribute to electrical cost savings for building owners by directly feeding alternating current 
into the building main distribution panel.  Another important purpose of the addition is to 
provide an architecturally pleasing design that promotes sustainability for building admirers 
and occupants.     
 

Requirements for Achieving Analysis 
 

 Research the historical wind rose for Charlottesville, Virginia to determine the 
effectiveness of wind turbines and their appropriate building orientation.  

 Determine the type of surface the turbines will be mounted to and establish 
constructability requirements and concerns.  

 Contact Building Turbines Inc. to determine installations methods, equipment used for 
installation, and how to calculate the number of turbines needed.   

 A calculation of the potential power the turbines can generate will be done to see the 
financial benefits to the Hospital. 

 Determine an appropriate place in the schedule for installation and the time it takes to 
install turbines to see if there are any scheduling concerns. 
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Introduction to Wind turbines 

The specific type of wind turbine that is proposed for this analysis is manufactured by Building 
Turbines Inc., located in Austin Texas.  They have patented a low profile wind turbine product 
that produces clean on-site renewable energy with low maintenance needs.  The turbines are 
designed to sit on the rooftops of commercial buildings, where they catch the updraft wind that 
travels up the façade of the building; more commonly known as a parapet vortex.  Their design 
incorporates a horizontal axis which is centered over the vortex in order to capture the 
maximum electrical power generation capability from the wind.  The photo below shows a real 
application of the turbines situated on a commercial rooftop.  The structure of the apparatus is 
made of lightweight square steel tubing.  When operating, very little noise and vibration is 
created, which is often a concern of roof top wind turbines.  A stainless steel axle rod runs 
down the middle of the turbine, which come in 27 foot assemblies.  Power originates from the 

turbines permanent magnet 
generator that generates 
electricity when the turbine 
spins.  The power is routed 
from the alternator to the 
inverter where it can be 
inverted into AC power.  The 
alternating current is then 
consumed by the buildings 
main AC panel, which directly 
offsets power that would have 
been purchased from the 
electrical grid.   

 
 
Turbines measure approximately 10’ tall by 27.5’ long, with each individual panel measuring 
about 6’ across.   Due to the panel’s relatively light weight of 1400 pounds, a more focused 
approach to electrical power and design will be considered rather than a structural analysis.  It 
will be assumed that the roof structure will be adequate enough to support the additional 
weight.  As for the amount of turbines, as many assemblies that are desired may be used 
together depending on space provided and owner preference.  Furthermore, the design is 
modular in nature so new turbines or system components may be added in the future if 
desired.  For this analysis, it will be assumed that one assembly of four wind panels will be used 
on the hospital’s penthouse roof.   
 
For a building integrated wind turbine to become certified, it needs to be approved by the Small 
Wind Certification Council.  They are an independent accredited certification group who certify 
wind turbines that meet or exceed the requirements of specified standards.  There are 
currently only eight types of turbines that are certified.  While the turbine used for this analysis 
is not certified by the council yet, it is still legally allowed to be installed on commercial 
rooftops.  A disadvantage of this is that no confident power ratings and sound levels exist.  

                         Figure 20 
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Benefits of Wind Technology 

 

 Wind power is a premier renewable energy source with zero emissions.   

 Power generated from wind can alleviate the electrical load taken from the grid.  

 Wind energy helps to promote energy independence from fuel sources such as fossil 
fuels and foreign oil. 

 Allows community to realize the responsibility we have to the environment as a society. 

 Electricity can be generated even at low wind speeds of 8 MPH 

 Federal and state rebates exist to reduce capital costs to owners for sustainable building 
advancements.   

 Power can be created night and day, regardless of weather, sunlight, or time of year. 

 Wind energy can be integrated with solar power on the same building in a “shared 
system” 

 
 
 
 
 

 
Figure 21 

 
 
 
 
 

Local Wind Research 

The diagrams in figure 22 provide wind information for Charlottesville, Virginia.  The blue 
diagram at left is a wind rose which shows the frequency of winds from all directions.  In the 
red diagram at right the bar length shows the average speed of winds when they come from 
certain directions.  The darker colors in the graphs are proportional to the yearly averages.  The 
percentage in the middle indicates how often the winds are less than 5 knots.  The information 
depicted above represents the month of March, which historically has the strongest winds.  It 
also shows that in this month, the greatest amount of wind comes from the Southwest, as seen 
in blue.  However, the greatest wind speeds come from the west, as seen in red. 
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Figure 22 
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Turbine Location  
The wind information provides an explanation of how to orientate the turbines on the building.  
They will sit on top of the west façade, favoring the southwest corner.  This will both increase 
wind generation effectiveness as well as minimize the view of the turbines from pedestrians on 
Main Street.  In this location, the turbine’s base sits at 106 feet and they will rotate and be 
effective in winds as low as 5 mph. 

 
Figure 23 

Constructability  

One assembly of wind turbines will be used on the roof top of the hospital.  This consists of four 
rotating blades, a generator, an inverter, and the required wiring.  The turbines themselves 
along with the steel tubing frame and generator can be installed in two days with a crew of 
three men.  An additional three to 
four days may be needed to install 
structural supporting members that 
are necessary to hold the extra 
weight.  It is assumed in this analysis 
that no additional structural support 
will be needed.  The turbines are 
installed on site at roof level and are 
delivered to the roof in pieces.  It will 
be assumed that all material is 
brought to the roof by hand through 
the building since most material is 
lightweight metal tubing.  A section of 
the platform in which the turbines 
will be attached to is seen in figure 
24.  A TPO roof membrane with rigid 
insulation sits on top of 1.5” roof 
deck.  Figure 24 
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Cost and Schedule Impact 

The table below shows all of the variables that are incorporated into the proposed wind turbine 
addition.  Prices were found from Building Turbines Inc. and RS Means 2014.  Since the turbines 
are not a critical path item there is no defined location in the project schedule for them.  They 
must be installed after the penthouse roof is completed, which is scheduled for April 5, 2013.  It 
would be most advantageous for the turbines to be installed after major construction has been 
completed so that there is minimal conflict among other trades.  With a total duration of two 
days, they can be installed anytime from February 1st to April 1st, before project turnover.   
 
 

Cost Analysis of Turbines 

Item  Units Qty Cost Total 

Turbines Each 1 $25,000.00 $25,000.00 

Installation Hr 8 $150.00 $1,200.00 

DC to AC Inverter Each 1 $3,350.00 $3,350.00 

#9 wire CLF 0.48 $110.00 $52.80 

#13 wire CLF 9.16 $48.00 $439.68 

1/2" Conduit CLF 253 $8.40 $2,125.20 

  $32,167.68 
Table 7 

 
 
 

 Calculations found on page 60 of appendix 
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[Electrical Breadth] Clean Electricity Production 

 

Introduction 

The purpose of this breadth is to determine the electrical cost savings to the building owners 
and find a rough payback period for the turbines.  A cost for the required wiring and conduit 
will be added to the cost analysis of the turbines themselves.  The line diagrams below shows 
the major components of the system from the turbines to the main distribution panel.  The 
specific turbines used in this analysis are relatively 
new to the building integrated wind industry and 
do not yet have detailed specifications on total 
electrical output and voltage.  Therefore, the 
specifications of a similar sized building turbine, 
which is also designed to be used on the edge of 
rooftops, will be used for calculation.  Total output 
wattage of 4kw and output voltage of 250V will be 
used for the turbine, while a 48V, 5kw inverter will 
be used to transform direct current into 
alternating Current.  These outputs are similar to 
the certified turbine ratings from the Small Wind 
Certification Council.  A circuit breaker will be 
installed between the turbine and inverter in 
order to act as a safety devise.  Similarly, a 
disconnect will be installed between the inverter 
and MDP so that future maintenance can be 

performed on the system.   
 
 
 
 

 
Figure 26 

Figure 25 
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Figure 27 

 
The depiction above illustrates how AC current is delivered to the main distribution panel from 
the rooftop to the first floor.  On the left, the penthouse floor plan shows the turbines in red 
along with the inverter in purple.  The inverter is located a distance away from the turbines 
incase additional turbines are desired by the owner in the future.  DC current carrying 
conductors connected to the turbines are seen in yellow, and travel 28 feet to the inverter.  The 
orange line represents the AC feeder that is being linked to the MDP located in the first floor 
electrical room seen in green.  To get there, the conductors must travel vertically through the 
structure for a length of 106 feet and then horizontally through the first floor ceiling plenum for 
an additional 123 feet.   
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Payback Period 

 

4kw Turbine * 24hrs/day * $0.0804/kWh = $7.72/day 
 

$7.72/day * 365 days = $2817.8/year 
 

To determine a payback period of the turbine system, an annual cost of electricity that can be 
produced by the turbines was found to be $2817.80.  Included in the calculation is the current 
electricity cost for commercial buildings in Virginia, provided by the U.S. Energy Information 
administration.  Realistically, the turbines may not operate for 24 hours a day, every day of the 
year, due to changing weather patterns.  Therefore the resulting cost is an absolute maximum 
possible outcome, which would probably decrease in a real application.  With a total system 
cost of $32,167.68, it would take about 11.5 years to break even with electricity cost savings.   
  
 

Results 

Adding the proposed wind turbine system to the building will add $32,168 to the project 
budget.  Although the calculated payback period was found to be only 11.5 years, the true 
results of the turbines will most likely decrease due to wind variability.  To truly make the wind 
turbines an effective addition, more advantages than just electrical cost savings will need to be 
explored.  Two areas of interest may be the promotion of sustainability and the architectural 
influence of the turbines.  Showing the community that the hospital cares for the environment 
and clean energy production can be a good way to gain support for other hospital functions.  
Also, monitors of the turbines electricity production results can be set up in the lobbies for the 
public to view and understand.  Architecturally, the turbine’s panels can be designed for any 
color or pattern that the owner desires.  They may even be able to match the colorful play 
spaces located at the Northwest corner of each floor that will be visible from Main Street.   
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[Research Topic] Building Integrated Wind 

 
Wind power is a completely established branch on the electricity market which is growing 
rapidly.  Its implementation is based off the fact that wind is a free, clean, and inexhaustible 
energy source.  Especially today, when petroleum is no longer cheap and plentiful, it is 
important to develop more new and effective sources of energy.  When considering the use of 
wind turbines, there are criteria that must be considered.  The cost efficiency of the amount of 
energy that can be produced, the impact on the environment, and the impact on the electric 
usage are all factors to think about.  Other motivators for the advancement of wind power are 
the abundant political support for and public interest in renewable energy.  Annual installed 
wind energy has been and continues to be on the size since the 1990’s.  Figure 28 shows a 
graphical representation of the growing rate of installed turbine capacity.  Although popularity 

is growing rapidly, wind power for 
buildings is not as prevalent as 
photovoltaic or solar thermal collection 
devices.  The science behind its 
technology is being further developed 
and there are still hurdles to overcome 
in design.  From a planning perspective, 
there are challenges such as noise, 
vibration, shadows, access for 
installation and maintenance, and 
electrical interference.  Also, when 
designing a turbine system, wind speed 
is a critical component of performance 
which may vary depending on weather 

and the time of year.  The renewable energy systems industry promotes the idea of a wind-
solar hybrid system which simply combines both renewable energy techniques.  Wind and solar 
power can produce similar energy, but may have different attributes.  While solar power is 
quiet and light weight, wind is more efficient and relatively less expensive.  Wind power can 
also work night and day and under cloudy skies, while solar systems rely on sunshine for power 
generation.    
 
In recent years, the idea of wind turbines being installed on top of homes, school, hospitals and 
other commercial buildings has become more of a reality.  There is a large increase in the 
interest of Building Integrated Wind Energy Conversion Systems (BIWESCS) for electricity 
generation due to its various economic and environmental advantages, government incentives, 
and public awareness.  Turbines can be installed strategically throughout a building to 
specifically augment the air flow.  They have been placed in front of air outlets, solar chimneys, 
and even places between two tall towers, where wind can be naturally channeled.   
 

Figure 28 
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BIWECS Advantages 
No overhead lines or underground cables 
required 

Losses are reduced since there is no 
transportation of power required  

Less storage required 

Maintenance is generally easier with 
rooftop access 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Turbine Types  

Residential Building Wind Turbines 
A large increase in residential wind turbines have been evident lately largely due to government 
initiatives.  In some instances, the power generated can be connected to the grid and sold back 
to the utility company.  This has encouraged many homeowners to apply a wind turbine on to 
the roof or yard of their homes.  With no required battery and low maintenance costs, it is very 
easy for a homeowner to save on their electricity bill.    
 
 
 

 
Figure 29 

            
 
 
 

Figure 30 
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Commercial Building Wind Turbines  
An attractive quality of a building turbine on the roof of a buisness is that it shows the effort 
put into clean energy practices and can serve as a great marketing piece.  Also, many small 
commercial buildings. 

 
 
 
 
 
 
 
 
 
 

 
 

High Rise Building Wind Turbines 
There are few models currently available of high rise building with building integrated wind, 
although much research is being conducted into the concept.  One example is seen at the 
Bahrain World Trade Center Building seen in figure 34.  Here three wind turbines are situated 
between two 50 story buildings.  The building’s walls are angled in such a way as to keep the 
wind channeled and consistent for all three propellers.  In figure, a 42-story apartment building 
in London will feature three turbines nine meters in diameter that are designed to generate 
power for the buildings lighting systems.    
 
 

 
         Figure 33 

        

Figure 31 Figure 32 

              Figure 34 
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Reference
Building Size                

Depth : Width : Height

1:1:2 0.85

1:1:3 0.85

1:1:1 0.8

1:1:8 0.9

Jensen 1:2:1.1 0.8

Sharan

Baines

    

 

Wind at Buildings  

Wind flow across a building is dependent on many variables and can be studied to strategically 
place a wind turbine on a roof top.  Two areas to focus on include the stagnation point and the 
separation boundary layer.   The stagnation point refers to an area on a building where air flow 
is at its highest pressure.  This point is represented by the black dot in figure 35.  Here, wind is 
either directed upward or downward depending on the orientation of other surrounding 
buildings.  Table 8 shows a ratio of stagnation point heights for buildings with varying 
dimensions. The reference column lists the names of those whose research the dimensions are 
based off.  Generally, a value of 0.85 is assumed for calculation.   

 

The separation boundary layer is an area above the roof top of a building where the air stream 
of the wind current meets opposing wind forces in the vortex.  This area is seen in figure 36 and 
is the reason why wind turbines are effective on the edge of rooftops.  Because  of  the  
separation  at  the  upwind  roof  edge,  the  velocity  vector  outside  the recirculation region  is  
not  parallel  to  the  roof.  The angle between roof and velocity vector outside the recirculation 
region is called the skew angle to distinguish it from the yaw angle in the horizontal plane.  The 

skew angle varies with the following variables.   
 

 Position of the roof 

 Roughness of the upwind area 

 Sizes of the building 

 Upwind edge rounding  

 Yaw of the free stream wind to the building 

 

 
 

Table 8 

Figure 36 
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Figure 35 
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Context for Building-Integrated Wind 

There is a strong appeal of integrating wind turbines into our buildings.  Rooftops provide great 
free real estate and higher wind speeds for turbines.  The wind power industry has gone 
through a steady evolution since the 1970’s when interest in generating electricity from the 
wind was relatively new.  By the 1980’s wind farms were introduced on windy ridges where 
maintenance was more efficient and power could easily be fed into the utility grid.  Today, a 
newer positive shift of wind power interest comes in the form of integrating wind power 
directly into buildings.  Generating electricity on site reduces the need for transmission.  This in 
turn reduces transmission losses as well as the materials needed for wiring and poles.   
 
Building integrated turbines have plenty of criticisms between their performance and 
practicality standards.  Much of this comes from relatively inexperienced turbine manufactures 
and the lack of detailed case studies.  A common concern for installing wind turbines on 
buildings is that blades might fly off and injure people or property.  Wind turbines have been 
recorded in the past for occasionally losing a blade.  However, these accidents occurred in a 
field or on a ridge where serious damage was unlikely.  Even if the building owner is willing to 
accept the risk of having turbines on a roof, their insurance company may not be.  Another 
concern is the trouble of obtaining actual measured performance data from manufactures.  
Most of them claim to not have such data or are unwilling to share it due to the actual 
electricity production being worse than expected.   
 
The greatest folly associated with building integrated wind systems is their ratio of cost 
effeteness to electricity production.  Rooftop wind turbines operate on too small of a scale to 
make a significant impact on their building.  A major contributor to this inefficiency is turbulent 
wind flow at rooftops.  For a wind turbine to work successfully, it requires a steady stream of air 
flow to continually strike the blades.  At roof tops, turbulence comes from the irregular shapes 
of buildings, trees, and other unnatural features.  A more effective application of wind power 
comes from wind farms placed in windy parts of the country and oceans.  Here, the turbines are 
exposed to a more laminar flow of wind with minimal turbulence, resulting in a more favorable 
ratio of cost to electricity production. 
 
To aid in the potential for successful building turbines, it is very important to implement 
architecture and public awareness to sustainability into the design.  While electrical cost savings 
may not be significant, the idea of creating an architectural feature that promotes green 
building is helpful.  The only precaution of this method is making sure the turbines are always 
operational.  The wrong messages of wind power can be portrayed if the public sees the 
turbines are not moving during the day.  In conclusion, wind power is an effective energy 
source that is dramatically growing in both technology and popularity. Currently, the best 
practice for wind turbines exists in large scale rural areas where wind is more streamlined, 
rather than small scale rooftop applications.  Wind is a clean renewable energy source of the 
future that should continue to be explored.  
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[Analysis 3] Material Storage/Delivery Hub 

Problem Identification 

The first of four technical analysis topics to be discussed is the creation of material storage units 
and a potential delivery hub for all contractors.  The idea stems from the main problematic 
theme of limited site space for material staging.  Also encouraging these new units are the 
congested loading docks and parking garage driving lanes that suffer from large deliveries.  
Another concern for management is the tight material ordering windows that contractors have.  
Since contractors can only bring their material into the building when it is ready to be installed, 
they must either have their own warehouse for staging or have the material delivered at the 
perfect time.  With such demands, the project team is at a greater risk for construction delays 
due to material not being delivered on time.  Additionally, owners are now paying warehouse 
storage fees for materials that contractors need to have released.  These off-site storage 
facilities are also an inconvenience for the contractors who have to spend time traveling from 
them back to the job-site.   
 

Background Research 
To determine if this analysis was possible, a physical site for the storage facility would have to 
be proposed.  Even though the job-site boundary does not have room, there is a vacant lot 
located across the street to the East.  It is an undeveloped space with part of it used for 
contractor parking.  Another idea considered was the possibility of trades using the facility to 
pre-assemble or produce buildings parts, instead of doing so in the field.  The size, construction 
type, and materials used for the units will also be considered. 

 
Potential Solutions 
The implementation of these on-site storage units would present a solution to the concerns 
listed above.  The temporary loading docks and material hoist would see less daily traffic, which 
leave more room for car traffic throughout the parking garage, and tradesmen traveling from 
floor to floor.  Material delays would be minimal with the new minor delivery restrictions 
because of the added staging space.  Of course, an allotted area of space would need to be 
allotted for each contractor, with preference to those with large building materials like 
ductwork, and drywall.  A member from the project team would be in charge of overseeing the 
operations of this facility.  Their duties would include managing the storage space, accepting 
deliveries, and creating specific deliveries to go on-site.  These special site deliveries would 
include materials from multiple trades, depending on what is needed for that day.   
 

Requirements for Achieving Analysis 
 Define the location and orientation of the facility in order to integrate it with the 

property boundaries and delivery access.  

 Determine from Southland Industries the benefits of using a storage facility and 
what challenges come with scheduling deliveries.   

 Research a type of temporary warehouse structure to determine its cost and 
erection means. 
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Site Logistics  

The proposed lot for the material staging site is located to the East of the hospital across from 
the entrance to the parking garage as seen in figure 37.  In this location, access to both the 
temporary warehouse and the construction site are easily accessible through the parking 
garage, which is currently the main source of project deliveries.  This location consists of 
miscellaneous construction materials and contractor parking space which is rarely filled to 
capacity.  With a smooth terrain and easy access from Main Street, this location would well suit 
a temporary structure.  The property is owned by the town of Charlottesville and is zoned as 
Mixed Use.  The dimensions of the lot are 70’x140’ which will provide enough room for a 
temporary structure and sufficient contractor parking.   
 

 
            Figure 37 

 

 
            Figure 38 

 

 The parking garage 

entrance is 15’ high, 

which is tall enough to 

fit a tractor trailer. 

 Lanes are wide 

enough for cars to 

access the garage 

while an unload is 

occurring at the 

loading dock. 

 The buildable 

footprint is seen in 

orange with a rough 

estimate of the size of 

the structure in red. 

  Sufficient space for 

installation of the 

warehouse is 

available. 

 In green is depicted 

the roads in which 

deliveries are able to 

reach the warehouse. 
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Building Structure 

When determining the needed size of the facility, the types of materials, delivery methods, and 
necessary contractor parking spaces were considered.  The structure would need to be 
designed tall enough to support a loading dock to accept deliveries from tall trucks that back 
into the open bay.  Also, it would be beneficial for the structure to be setback from the road 
with enough space for trucks to back into the bay and not obstruct traffic.  Although there are 
no designated parking spots for contractors and there is often extra parking space, an adequate 
amount of spots will need to remain.  Figures 39 and 40 show the orientation of the storage 
warehouse with parking spaces included.   
 
 

 
Figure 39 

 
 

 
Figure 40 

 
 

 Clear access to 

rolling doors from 

Side Street. 

 Two man doors 

are located on 

the right side of 

the structure.  

 

 Installation of 

structure will take 

4-5 days.  

 A small boom 

forklift and 4 men 

are required for 

installation 

 The remaining 

space in orange 

may be used for 

contractor 

parking. 
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HTS-Industrial Building Specialists design, manufacture, and install temporary buildings such as 
the one needed for this analysis.  Located in Florida, they deliver the appropriate building 
components in pieces via 40 foot containers, with a lead time of about 4 weeks.  The structure 
can be designed for any size, with any arrangement of openings.  For this application, a 
Thermo-Insulated Modular Building will be chosen in 
order to reduce heating and cooling costs, and to 
protect stored materials that may be susceptible to 
unregulated temperature.  The building will have an 
eave height of 13’8” with a perimeter of 40’ by 82’.  It 
will occupy about 34% of the ground space provided 
for the structure, with the remaining 66% open for 
contractor parking and delivery access.   
 
 
 

Case Study 
HTS has provided long term warehouses such as this for all sorts of clients throughout the 
country.  A similar application to the proposed warehouse was executed for a corrugated 
packaging company who required an extension to their existing building in order to store 
packaging material.  It was decided that the modular temporary warehouse must eliminate 
internal condensation and be able to maintain a consistent internal temperature.  HTS 
proposed, manufactured and installed their L-series thermo roof buildings, which is the same 
type of structure proposed for this analysis.  The temporary building also featured insulated 
wall panels for added thermal improvement.  This temporary structure was supplied for a fixed 
term of 36 months, but the client has recently negotiated to extend the term indefinitely 
because of its successes.  Below in figure 41 is a photo of the client’s temporary warehouse.  
 

  

 
Figure 41 
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Working Operation 

Southland industries houses a fabrication shop which also serves as a temporary storage facility 
for product that will soon be delivered to a construction site.  A copy of the questions and 
answers from an interview with southland’s Jim Haller are located on page 54 of the appendix.  
Their insight is reflected in the paragraphs below.  

 
With building materials readily available near the project site, the general contractor’s 
superintendents will have the ability to acquire the products they need when they need them.  
In order for the operation to run effectively, it would be reasonable for a one week look-ahead 
to be created which outlines what materials are needed per delivery.  A delivery may consist of 
multiple building components with the intention of immediately constructing a specific area.  
Otherwise, deliveries may consist of only a few trades’ items which are needed for installation.  
Communication between the superintendent and warehouse manager will indicate the type of 
delivery from the storage warehouse to the project.  This information may be best shared 
during the weekly contractor’s meeting.  A responsibility of the superintendent on site is to 
prepare the material hoist and loading dock for incoming material.  This includes blocking off 
specific times for a delivery truck to use this area.   
 
The warehouse allows contractors to order their required materials and have them delivered to 
the site immediately, assuming space is still available.  This is advantageous to the contractors 
in that they can receive payment for their materials which have arrived on-site, which can 
increase their cash flow.  Also, the lead times for materials will have less significance since there 
is a greater timeframe for when they can be delivered.  Trades will need to communicate with 
the warehouse manager to schedule their deliveries, so not to conflict with other trades who 
may be delivering to the site on the same day.  A small forklift will be needed for the 
transportation of larger materials into and out of trucks and around the facility.  Contractors 
will have the ability to buy certain products in bulk at one time, which could save on the cost 
per item and future delivery fees.  These items may include drywall, metal framing, insulation 
and conduit, which can be easily stored for longer durations.  
 
  
 
 

 
Figure 42 
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Cost Analysis  

Table 9 below shows the breakdown of all costs associated with the addition of the storage 
warehouse.  The warehouse is planned to be in use for 24 months, from March, 2012 to March 
2014.  Besides the structure shipping and installation costs are included, which were provided 
by HTS.  A copy of the warehouse quotes which include necessary building components, 
product and shipping costs, is located on page 55 of the appendix.  General Conditions costs will 
increase due to added temporary utilities, material transportation to site, and a warehouse 
manager.  It was assumed that temporary heat and temporary cooling will each operate for five 
months out of the year.  Performance data for the specific type of air conditioner, as well as a 
calculation of its annual costs is found on page 53 of the appendix.  Pricing for general 
conditions items were recorded from RS Means.   
 

 

Cost Analysis of Temporary Warehouse 

Item     Cost 

Structure 
Product   $52,260.00 

Installation   $7,380.00 

Freight   $5,800.00 

  $65,440.00 

        

    
C.S.F. Weeks Rate Cost 

General 
Conditions 

Temp. Heat 32.8 43 $36.00 $50,774.40 

Temp. Lighting 32.8   $21.50 $705.20 

Temp. Power 32.8 103 $0.43 $1,452.71 

Temp. Cooling   43   $3,012.40 

Transport Truck   103 $30.00 $3,090.00 

Forklift   103 $30.00 $3,090.00 

Warehouse 
Manager 

  103 $2,250.00 $231,750.00 

General Laborer   103 $2,050.00 $211,150.00 

  $505,024.71 

 

 
Conclusions 
A temporary material storage facility that will be used to ease delivery methods will exist for a 
period of 24 months and will require an additional $570,000 to the project cost.  This 
warehouse may increase construction productivity by reducing the demand for the material 
hoist and minimizing congestion from material staging in corridors and lobbies throughout the 
building.  With the offsite location of the facility and an installation time of about 5 days, the 
project schedule will not be influenced by this addition.  It is suggested that the facility be 
erected in March 2012 in order to be ready to begin receiving deliveries such as sheet metal 
duct and mechanical piping.  Disassembly may commence by March 2014 when the majority of 
interior construction is scheduled to be completed. 

Table 9 
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[Analysis 4] Site Specific Safety Plan 

 

Problem Identification  

The premise for this analysis is to make efforts to eliminate construction related risks inside the 
building.  To do so, items such as material staging and organization will be implemented.  
Currently, the interior spaces such as the corridors and foyer areas are being used to store 
materials, which are areas often traveled by workers.  An issue arises when work needs to be 
done in these particular areas.  Efforts are then made to move materials to other locations, 
which involves time and safety concerns if the correct moving equipment is not available.  Also, 
trades often do not know where exactly their material is located on a particular floor.  This is 
due to the rapid rate at which material is imported from the material hoist and quickly staged. 

 
Background Research 
One critical construction industry topic discussed at the 22nd annual PACE Roundtable event 
was the idea of preventing safety related issues though design.  This involves the preplanning of 
safety procedures that are appropriate for a specific jobsite.  It was noticed that there are a few 
rooms on each floor of the hospital that are not completed during the same time frame as 
others.  These rooms may need special equipment that is scheduled to arrive at a later date, or 
they are simply not of high priority to complete.  Another applicable feature of the hospital to 
this research is that floors three to six have very similar floor plans, so a similar safety protocol 
for material distribution can be used throughout most of the building.  Furthermore, workers 
would recognize and understand these methods as they progressed to different areas of work. 
 

Potential Solutions 
Construction materials such as ductwork, drywall, and metal stud will specifically be researched 
as to the best way to transport and store them inside.  A plan for specific locations of materials 
like these to be stored will also be designed.  These areas will be a combination of unfinished 
rooms and general spaces throughout each floor.  A floor plan will be devised to show exactly 
where to put materials as they enter the building.  These locations may need to be changed as 
construction progresses, but they will be planned for. 
 

Requirements for Achieving Analysis 
 

 Indicate which rooms can be used to stage materials and which cannot. 

 Designate a leader and manager of the safety plan to ensure its effectiveness. 

 Define requirements for how material is to be staged, laid down, and 
transported around the floor.   

 Research safe material handling and general interior construction guidelines.   
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Introduction  

The purpose of this safety plan is to organize a method for handling and staging the larger 
construction materials used for interior construction.  The plan is designed to be implemented 
after most interior partitions are installed for a particular floor.  Safety procedures for the 
distribution of material will be highlighted in a model showing the areas of laydown and the 
progression and different types of staging.  The fourth floor will be used as an example for the 
safety model since its floor plan is closely related to each other floor.  Communication between 
the general contractor and trades will be filtered through a safety coordinator, who will have 
the primary responsibility of overseeing the workings of the safety plan.   
 

Scope and Requirements 
This safety plan is designed specifically for the interior construction of the Charlottesville 
Community Hospital.  It is meant to assist the contractor and all interior subcontractors in the 
areas of communication, production, and safety.   It is expected of everyone involved to follow 
the guidelines of the program and accept modifications that may be made during contractors 
meetings.  All tradesmen are responsible for reporting accidents or job related injuries that 
occur onsite to the necessary person in charge.  The safety coordinator is in charge of 
documenting all types of accidents, and making modifications to the safety plan if necessary. 
They are also expected to assess possible risks and bring them to light.  These would include the 
location of extension cords, adequate lighting for workers, job site clutter, etc.  It is important 
for the general contractor to make all trades aware of the staging and handling plan before 
construction begins in order to avoid confusion.   
 

Construction Housekeeping  
Site cleanup is an integral step to jobsite safety and is a requirement of OSHA.  Continuous 
efforts to keep a tidy jobsite improves moral, encourages good work habits, saves time, and 
promotes safety.  Below is a list of tips for keeping an organized work area.   
 

 Separate scrap from usable material, and store the scrap pieces in a tidy pile.  

 Clean up as you go, waiting until the end of the week allows the hazards to pile up.  

 Assign chores each day.  Give different people jobs like disposing of litter, organizing 
tools, disposing of flammable rags, etc.  

 Send extraneous supplies back to the supply yard ASAP.  

 Keep all work areas and passageways clear of scraps, protruding nails, wires, buckets, 
extension cords, tools, and other hazards.  

 If you see a hazard, clean it or alert a supervisor of the hazard.  Don’t wait until 
someone gets hurt.  

 
In studies of labor productivity on construction sites, Dr. Randolph Thomas of Penn State 
University has identified project housekeeping as a direct factor in determining labor 
productivity.  When the site is cluttered or disorganized, workers have to work around the 
obstacles and waste time searching for missing components.  Another important element is to 
have clear expectations of workers and enforce necessary rules to portray a clear message.   
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Material Handling/Site Layout Control 

Construction field operations can be very inefficient in terms of where and how materials get 
stored and handled.  This can be due to the uncertainty during pre-planning or the lack of 
control in the filed as material is being installed and delivered.  Common questions that are 
often asked by contractors are; “Where are the materials we need and when will they get 
here?”, or “Who needs these materials, when are they needed, and where?”  A layout planning 
and control system will be devised to address these questions.  Since not all situations can be 
anticipated during advanced planning, the design team will tend to create layout plans that 
show only larger and more static resources such as staging and laydown areas, egress ways, and 
equipment that will remain in place for major phases of construction.  This plan will be 
distributed to all interior trades so that a common system can be established.  A hardship of 
modeling the flow of construction operations is that they are highly dynamic and may change 
as work progresses.  A space-time characterization of construction materials and equipment 
can be seen in figure 43.  This graph was presented by Dr. Pierrette Zouein of The University of 
Michigan in 1995.  It depicts the desired flow between different on and off-site locations.  Each 

circle describes a function that may 
occur at any given area on site, 
depending on how long materials tend 
to be in that area and on the 
conversion process that takes place at 
that location.  In the case of this 
hospital project, “off-site storage” 
would refer to the Material Storage 
Hub from analysis three.  Once the 
material is transferred to the site, it is 
placed in a laydown or staging area.  
Laydown areas will refer to rooms in 
which material can be stored for a 
short duration. Here, workers will 
retrieve their daily materials and may 
need to visit these areas more than 
once a day.  Staging areas will refer to 
rooms where material can be stored in 

bulk for long durations.  These areas 
will serve as the location for material to go as soon as it enters the floor from the material hoist. 
This approach to interior construction organization is meant to be recognized by all trades.  It 
will be implemented mostly by the safety coordinator, with extra help and supervision from the 
general contractor’s interior superintendents.   
 

Figure 43 
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Color Priority Description

1st 
No Laydown or 

staging

2nd 
Laydown only, 

no staging

3rd 
Staging and 

Laydown

4th Staging Only

5th Assembly Area

6th Elevator Shafts

 
Figure 44: 4

th
 Floor Staging Plan 

The figure above is a depiction of the various material staging and laydown areas located on the 
hospital’s 4th floor.  This floor was chosen because it most closely represents all floors with its 
layout.  The material entrance is located at the material hoist location, which consists of a 
temporary opening in the exterior wall that will be sealed up after the hoist is removed.  A trash 
shoot is located at the north end of the project and is labeled as “Trash Disposal”.   Here, 
material waste is discarded into dumpsters on the ground.  A description of all colors can be 
seen in figure 45.  The rooms highlighted in green are 
exam rooms and will be the first to be finished by 
trades like drywall, paint, ceiling, and flooring.  
Therefore, these rooms will not be acceptable for 
material laydown or staging.  Rooms highlighted in 
yellow will be finished later on in the schedule and 
will serve as the best staging areas since they are 
larger and are located closest to the material hoist.  
They are labeled from 1 to 9 to help make clearer 
where material should be placed and taken from.  
Room 9 is the largest and is located at the opposite 
side of the floor.  This would be an effected location 
for locating a smaller amount of each material so that 
workers would not have to travel all the way back to 
rooms 1 to 8 if they were working in the Northwest Figure 45 
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quadrant of the floor.  The rooms in purple labeled assembly areas will be used for which ever 
trades need space to prefabricate building components.  This space can be used for carpenters, 
plumbers, sprinkler installers, etc.  As material enter the floor, its first home will be any of 
rooms 1 to 6 as long as space is still available.  The purpose of this material sequencing plan is 
to clear the corridors of debris and define specific locations for storing material.  Any trade may 
use the described plan for their material, but the most applicable materials are drywall, metal 
framing, and duct.  
 

Safe Material Handling 

Working with drywall and metal stud in the construction field usually involves working at a fast 
pace.  When crews are working new construction, time is money, and sometimes we overlook 
the safety aspect of it. It is important to take the time for safety when lifting, cutting, screwing, 
and taping. Below is a list of some important safety tips and guidelines associated with moving 
larger types of material.   
 

 Clear your pathway of obstacles before starting. 

 Set up loads close to waist height. Keep the load as close to the body as possible while 
lifting, carrying, and putting the load down. Avoid reaching over obstacles. Always make 
two person lifts the standard procedure 

 Stack gypsum wall panel products flat instead of on edge or end. 

 Avoid heavy lifting while bending that puts intense stress on your back. Spinal discs, 
nerves, and muscles can be damaged. 

 Avoid reaching overhead and holding drywall in place, causing joint, muscles of the 
neck, shoulder, back, and hand injuries. 

 Minimize the need for lifting. Have materials delivered as close as possible to where 
they will be used. 

 Wear cut resistant gloves when cutting, carrying, and installing metal stud.   

 Work with other subcontractors on the jobsite with safety items such as housekeeping, 
walkways, and work space 
 

Conclusions 

Interior construction of the hospital comprises about 32% of the total construction time of the 
project.  With such a large effort placed on safe work environments, this method of prevention 
through design will help promote better order with distributing materials and cohesiveness 
among interior trades.  The 4th floor staging plan serves as a model for how material should 
enter and exit the building.  The same type of plan is meant to be implemented on other floors.  
When installation is in progress, workers should be mindful of the distances they need to carry 
material, as well as the proper transportation methods.   
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[Appendix] 
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Figure 3 
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Virginia Electricity Rate 

 

Figure 4 
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Figure 5 

 

1390 watts/1000 = 1.39kw x 24 hours/day = 33.36kwh/day x $0.10* =  $3.37/day 

$3.37/day x 301days = $1004.14 x 3 A/C units = $3012.40 
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Interview with Jim Haller of Southland Industries.    
 

Q: What are some common complications with your warehouse and manufacturing operation? 

A: Traffic creates the most problems for our deliveries and we don’t have control over it.  It is 

important to make sure we hit our delivery time on the site so that a crane is available for us to 

unload when we arrive.  If we arrive later, we might not have access to the crane and might be 

forced to take the delivery back to the shop.  Understanding the variables of an order are 

important for giving yourself enough time to manufacture everything and load the trucks in the 

most effective way.   

Q: What scheduling conflicts arise when scheduling deliveries? 

A: A two week look ahead is created to show what material goes where and when it needs to 

leave the warehouse.  This way, the material is manufactured and loaded into trucks before its 

departure day.   

Q: Is there a warehouse manager? What are their duties? 

A: There isn’t a designated manager.  There are Forman who are in charge of each department; 

plumbing, pipe fitting, sheet metal. They are in charge of getting each delivery ready. They 

coordinate with each other when they are preparing to load a truck for a certain job.    

Q: What items can be bought in bulk. Do you often do this? 

A: Yes, materials are sometimes bought in bulk.  Suppliers will keep 3-6 months’ worth of 

certain material in stock in case Southland decides to buy a lot at once.  Sheet metal is most 

commonly purchased in large quantities.     

Q: What are some advantages of having a permanent warehouse facility? 

A: Southland has freedom to run the operation how they want.  They can work at a moderate 

pace or put more guys on to finish a larger job.  Storage space is useful for placing material that 

needs to sit for a few days.  If the facility does not have room, material can be placed outside in 

the yard. 
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 Figure 6 
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Figure 7 
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Figure 8 
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System Details 

Turbine Power: 4000 watts 
Turbine Voltage: 240 volts  
Inverter Power: 5000 watts  
Inverter Voltage: 48 volts 
  

DC Feeder 
 

A= W/V= 4000/240 = 16.67Amps (current through conductor) 
 

 (2) # 9’s in 1/2“ conduit 
 

AC Feeder 
 

A= 5000W/(480V*√ ) =  6.01 Amps  
 (4) # 13’s in 1/2“ conduit 

 
 

4kw * 24hrs/day * $0.0804/kWh = $7.72/day  
 

$7.72/day * 365 days = $2817.8/year 
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