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Architecture

The three billeting buildings are placed around the perimeter of
the ceremonial quadrangle drawing focus to the administration
building.

The billeting buildings utilize identical designs and material asso-
ciated with modern-day office buildings.

Construction

The three billeting buildings were constructed in a phased ap-
proach consisting of six area ( 3 buildings with 2 floors) where
each area lagged the previous area by one week.

This lag was believed to minimize the learning curve, increase
efficiency, and maintain crew sizes.

Electrical

Each building features an electrical room that houses an 800A
switchboard at 277/480V/3PH/4W that services a 277/480
lighting panel and power distribution panels for mechanical
loads .

The electrical rooms have transformers serving 120/208V pan-
elboards servicing receptacles, washers, dryers, 208V heat
pumps, and all 120V mechanical equipment.

Mechanical

Features a central closed water loop heat pump system.

Heat pumps are located throughout the buildings and control 3-
5 rooms per heat pump, which allows for a closer match be-
tween actual heating /cooling temperature and user desirability.

Structural

Each building is supported by spread and continuous footings
with a4” slab on grade.

The second floor is composed of hollow-core planks with a 2”
concrete topping slab.

The structure consists of cold formed metal stud bearing walls,
roof trusses, and SIPs.
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Executive Summary

The Senior Thesis Final Report serves to discuss the research and conclusions of four analyses
conducted on Phase Il of the Fort Pickett Regional Training Institute. The project entails the
design and construction of three billeting buildings for the Virginia Army National Guard that
total 116,400 SF. The four analyses aim to target problematic schedule concerns through the
use of modularized construction, prefabrication techniques, scheduling practices, and
innovative technology.

Analysis #1: Modularization of Bathroom Units

The first analysis looked to minimize the difference in time and work between the construction
of the bathrooms and bedrooms in the field. In order to bridge this gap, the use of modularized
bathroom units was investigated to shift the work from the field to a manufacturing facility. The
analyses resulted in an eight week acceleration of the fit-out schedule and an estimated
$213,903 in savings. Additionally, the pods were found to display superior quality in comparison
to typical work performed in the field, an item that was of constant concern on the project.

Analysis #2: Implementation of Short Interval Production Schedules
The second analysis investigated the use of short interval production schedules (SIPS) on the

project, in order to help mitigate the risk involved with erecting the precast hollow-core planks.
The SIPS was believed to improve the productivity and flow of work from building to building.
The analysis showed a shortening of the work sequence by 11 days and saved $117,524.

Analysis #3: Feasibility of Precast Exterior Facade Panels
The third analysis aimed to reduce the building enclosure schedule by replacing the field

constructed CMU veneer with precast concrete panels that are constructed off-site. In order to
alter the veneer, the design needed to be altered, which in reality would need to be considered
by the impacted parties. Additionally, the panels were tested to investigate the structural and
mechanical implications of the use of the precast panels. After conducting a thorough analysis,
the panels were believed to be well in the best interest of the project team by reducing the
enclosure schedule by 10 weeks and saving $1,094,129.

Analysis #4: Integration of Material Tracking Technologies
The fourth analysis aimed to enhance the coordination within the material management of the

precast hollow-core planks. This activity acted as the most critical schedule item, making the
planks a key area of focus. To combat the risk associated with the planks, material tracking
technology was investigated for its potential benefit on the Fort Pickett project. After
conducting a complete analysis, the material tracking system cost an estimated $9,300, an
insignificant figure compared to the future costs associated with rectifying a potential delay in
the schedule from mishandled or wrongly manufactured precast floor planks.

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Project Overview

Project Introduction
On February 27, 2010, the Virginia Army National Guard contracted Barton Malow to construct

and design three barracks totaling 116,400 SF at the Fort Pickett Regional Training Institute in
Blackstone, VA. The $28M contract was awarded as an option upon successful completion of
Phase | of the Regional Training Institute. The three billeting buildings are being constructed in
order to replace the dilapidated housing constructed during the World War Il era. In order to
facilitate operations, the Army Corps of Engineers served as the owner’s representative, a role
that is responsible for overseeing day to day operations of the project. The project was bid as a
Design-Build delivery system, making integration between Barton Malow’s design and
construction teams critical for success.

Upon near completion of Phase | of the project, which included an auditorium, administration
building, and offices, Barton Malow was provided notice to proceed with Phase Il of the project.
The phasing of the two phases created a complex construction approach, but also contributed
to the current success of the project by allowing the team to accelerate the schedule. The three
billeting buildings, as seen in Fig. 2 below, are composed of two floors that feature identical
floor layouts. The barracks feature a simple floor plan, where a central corridor stretches the
length of the buildings with rooms located along the two sides of the corridor. The project also
features the incorporation of a few new, innovative construction techniques, such as a precast
hollow-core plank floor system and a structurally insulated panel roofing system.

The project’s repetitive construction nature, as well as its incorporation of prefabricated
materials, created an innovative implementation strategy on the Regional Training Institute.
Although most of the project team had little exposure to the practices attempted to be
employed, the team excelled and successfully handed the building over prior to the January 13,
2012 turnover date.

Figure 2: RTI Campus - Courtesy of Barton Malow

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Site Plan and Existing Conditions
Due to the campus’s isolated location within the military base, as well as the magnitude of the

site, space is not a constraining factor for construction, which can be seen in Fig. 3 below. The
construction manager’s and subcontractors’ trailers were strategically placed north of the
campus to allow easy access for visitors, as well as remain in close proximity to the military
personnel occupying the Headquarters and Administration Building constructed in Phase I. In
addition to the expansive area, streets completely surround the site and run in both directions
making deliveries, parking, and site access incredibly easy in comparison to most construction
environments. Although sidewalks extend from nearby parking lots, pedestrian traffic is very
limited and not a primary safety concern for the project team.

- Jobsite
_Material & Equipment Storage

Vorker ‘
Farki '
s A E /

Figure 3: Site Plan

The site is surrounded by a 6’ chain linked fence and uses minimal security techniques, since
the Military Base is protected by checkpoints and only allows authorized personnel on to the
site. Throughout the course of the project, portable toilets were located at both the north and
the south parts of the site. Temporary power was located near the south entrance of the site,
where it tapped into an existing line running south of the site. Recycling and waste hoppers
remained in consistent areas throughout the life of the project, near the south entrance and in
the center of the campus.

The jobsite was planned to maximize the space, as well as take advantage of the two entrances,
although the south entrance was the primary entrance used. Prior to entering the site, workers’
parking was located adjacent to the entrance. This was beneficial to Barton Malow, in order to
reduce inefficient traveling times for breaks and lunch. It also made it advantageous to the

Fort Pickett Regional Training Institute Kendall Mahan — CM Option _
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workers, because tools could be transported over a short distance, reducing the need for
vehicles to enter the site to deliver equipment and tools. Across the street from the site in the
north were the CM’s and subcontractors’ trailers. These were placed here to allow easy access
from visitors, as well as to isolate themselves from the jobsite.

In order for Barton Malow to reach LEED goals, the handling of waste and recyclables was an
item of key concern when constructing the billeting buildings. Within the general conditions,
Barton Malow budgeted $40,000 to accommodate the disposal of waste and recyclables, but it
was up to the project team to manage the proper disposal of materials. Within the LEED NC 2.2
checklist, Barton Malow strived to divert 75% of construction waste from disposal. This was
critical, earning two points towards the projected LEED Silver rating.

To get a better understanding of the project’s site, refer to the existing conditions site plan in
Appendix A.

Fort Pickett Regional Training Institute Kendall Mahan — CM Option _
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Local Conditions
Fort Pickett is located just outside of Blackstone, VA and

around 60 miles southwest of Richmond, VA, which can

be seen in Fig. 4. The military base is located on swampy t

land, which was previously deemed as unsuitable for

construction, but viewed as ideal training grounds for >

the Virginia Army National Guard and other Federal = ‘
agencies. The site of the project was once a forested @ 7

area, but has now been cleared for construction.

The RTIl enacted construction methods typically used
within the geographical region, as well as remained within common practices utilized by the
Army Corps of Engineers. Although a steel structure was utilized on the billeting buildings, the
system differed from traditional methods. As described in the systems summary section, the
structural system mirrored residential construction by using cold formed steel studs as the
primary structure of the building. This type of construction minimized specialized steel crews
and focused more on framing crews for the construction of the buildings. In addition, the
design was created to meet the simplistic, standardized approach of construction within the
armed forces, which was reinforced by the buildings’ facade. The facade featured split faced
CMU placed by hand in horizontal bands displaying the colors of the Military. Although
prefabricated CMU panels could have been a more efficient approach, the VAARNG chose to
proceed with the traditional method of placing each block by hand for aesthetic purposes.

The site is located in the southeastern region of Virginia’s Piedmont Physiographic Province,
which is characterized by igneous and metamorphic rocks underlying irregular plains and hills.
The soil in this region is typically a combination of organic matter and bedrock residuum. The
United States Department of Agriculture Soil Conversation Service’s survey of the site indicated
that the soils are mostly composed of fine sandy loams with moderate infiltration rates. The
soils are well drained and have intermediate water retention capacities. A separate survey was
conducted on July 26, 2007 by MM&A personnel that consisted of two soil borings. The soils
encountered during this investigation ranged from sands and sandy clays grading with depth
into saprolitic clays and quartz gravels.

Regarding the site hydrogeology, groundwater in the region is principally recharged by
infiltration of precipitation into unconfined water table aquifers. Most of the unconfined
groundwater flows relatively short distances and discharges into nearby streams, while some
groundwater continues to flow downward to recharge deeper aquifers. During a July 26, 2007
limited subsurface investigation, depths to groundwater were estimated to be between 12 and
16 feet.

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Client Information
The Virginia Army National Guard (VAARNG) serves as the acting

Owner of the Regional Training Institute at Fort Pickett Military Base.
The Army National Guard is composed of acting forces from states,
territories, and the District of Columbia across the country and is a
fixture of the Army, along with the Active Army and the Army Reserve.
The Army National Guard acts as a protector to both the State and

Federal governments and primarily acts in times of emergencies, !
Figure 5: Logo - Courtesy of VAARNG
such as storms, natural disasters, and civil disturbances. The Army

National Guard is composed of civilians who serve on a part time-basis.

The billeting buildings have been in discussion for a number of years, but recently were
approved for funding. The three billeting buildings are being constructed to replace the
currently dilapidated barracks that were constructed during World War Il. Many of the current
billeting building at Fort Pickett are no longer suitable for living and are filled with dangerous
materials, such as lead paint and asbestos.

In order to receive funding to construct the billeting buildings, legislation was passed within
Congress, which made the total requested funds to be set in stone. For this reason, the budget
was set in stone and cannot afford to overspend on the project. To help ensure that the
financial aspects, as well as the quality, schedule, and safety issues were managed
appropriately, the Army Corps of Engineers (COE) was hired to serve as the owner’s
representative. In addition to serving as the Owner’s Representative, the COE also served as the
inspectors for all components of the building. By participating in the construction operation on
a daily basis, it was beneficial to receive early input from a quality control and inspection aspect
of the work; this eliminated future problems, since appropriate standards of work were
established from the start of an activity. To further control the budget, the COE utilized a cost
loaded schedule to ensure that activities were fully acceptable by quantity, as well as quality
standards before sending payment to Barton Malow for their work.

The billeting buildings required no special sequencing or phasing, but for the purpose of
construction, Barton Malow proceeded with a phased approach. This was believed to be in the
best interest to Barton Malow, since it minimized the learning curve, maintained balanced
crews, and allowed the punch list process to be staggered, an item of great benefit to the
Quality Control Manager and Project Engineer on site. The plan proposed was to hand-over a
building at a time, so that the VAARNG has the opportunity to spread its resources over a
greater amount of time. In addition to providing a phased turn-over, Barton Malow was
working with the VAARNG and COE on a daily basis to ensure that the building meets and
exceeds the standards proposed in the RFP.

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Project Delivery System
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Phase Il of the Fort Pickett Regional Training Institute Project utilized a Design-Build delivery

system with Barton Malow serving as the Designer/Builder. In addition, since it is a Department
of Defense project, the Army Corps of Engineers served as the Owner’s Representative to
facilitate construction processes.

Since the project is a Department of Defense project, the delivery system was very unique to
the typical private project. To begin the process, the Virginia Army National Guard filled out a
Needs Assessment to the Military Contractor’s Office to obtain support for funding. From there,
the Military Contractor’s Office reviewed the information and made a decision to proceed
forward and request funds from Congress. Upon approval, a Construction Cost Limitation (CCL)
was established by Congress, where the CCL contained the funds for representation, design,
and construction services. From there, the Virginia Army National Guard brought aboard the
Army Corps of Engineers (COE) to act as an Owner’s Representative under a lump sum fee. The
COE then began to perform research and conduct meetings with the Owner to get a better
understanding of the needs of the Client. Once the needs of the Owner were clearly
represented in the form of an RFP, the RFP was solicited on a website for companies to bid. The
project was procured as a hard bid in the form of a Design-Build delivery system for two phases,
but with the second phase being an option. At the end of the bidding process, in September of
2008, the lowest bidder, Barton Malow, was identified and awarded the project barring any
complications, such as bonding. Upon successful completion of Phase |, Barton Malow was
awarded Phase Il for the amount of $28,177,099 in the form of a GMP. Within the GMP, Barton
Malow built in a 3% fee at $850,000 with no shared savings clauses built in.

Barton Malow consists of a design and construction division, making the Design-Build approach
an ideal opportunity for the company to succeed. Barton Malow had the advantage of acting as
one entity, where other contractors were forced to collaborate and negotiate fees, budgets,
and responsibilities with outside designers. Within Barton Malow Design, James Dome served
as the lead individual and the Architect of Record. Although Barton Malow Design has some
Engineers on staff, they received consultation from a number of Engineers, which can be seen
in Figure 6 on the previous page.

Barton Malow Construction was responsible for the management and construction of the
building process using a number of different Subcontractors. As seen in Fig. 6 on the previous
page, twelve primary Subcontractors were responsible for the work, with each Subcontractor
procured under a hard bid approach. Once the lowest bidder was identified, the contracts were
then awarded using lump sum contracts. Due to the poor state of the economy, the work was
awarded with negligible fees, although the GMP allowed for higher numbers, since the
Subcontractors’ work was awarded much later than the initial contract was awarded for from
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the Virginia Army National Guard. As a result, Barton Malow was able to capitalize on the

opportunity and collect a greater fee than initially anticipated.

Regarding insurance, Barton Malow bonded the project for the full contract value. Barton
Malow also maintained General Liability and Builder’s Risk Insurance, where Barton Malow
budgeted for $181,419 and $41,000 respectively to insure the required amounts specified in
the RFP by the Virginia Army National Guard. In addition, Barton Malow’s CCIP Program
required that all subcontractors hold Worker’s Compensation and Employer’s Liability
Insurance. Upon failure of the Subcontractor to acquire the specified insurance, Barton Malow
held the right to provide the necessary insurance for them at the Subcontractors’ expense. To
further insure themself, Barton Malow also required all Subcontractors to submit a
performance and payment bond, in the event of failure to meet obligations set forth in the
contract. This ensured that Barton Malow was alleviated from any liability from problems
associated with the work of the responsible Subcontractor.

As mentioned earlier, the Design-Build delivery method was the ideal delivery system for the
project at hand. Using a Design-Build approach, the Owner was able to minimize responsible
parties involved and use only one contract. Not only did this system benefit the Owner, but it
was incredibly advantageous to Barton Malow, since it had the resources to conduct the design
and construction services in-house. Although this was only Barton Malow’s second project in
the Federal field, their outstanding record from Phase | made them clear favorites to be
awarded Phase Il as well. Regarding the contract, the GMP was the most logical contract type,
in order to ensure that there were minimal cost overruns, since the CCL was set in stone by
Congress. Although, the Virginia Army National Guard had awarded the project under the CCL
to allow for minimal cost overruns and potential change orders, there was very limited room for
error, which made the use of a GMP the most appropriate contract choice.
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Project Team Staffing Plan
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Figure 7: Staffing Plan

Due to the successful turnover of Phase |, Barton Malow decided to employ a nearly identical
staffing structure to that of Phase | with the addition of another Superintendent and Project
Intern. For Phase Il, Andy Lawless, Superintendent Il, was brought onto site to add valuable
experience to the project team, as well as provide opportunities to other members of the team
to explore new roles. For the size of the project, the team was slightly overstaffed, but this
allowed others to gain experience in new positions by creating a mentoring atmosphere.

Following the trend of a typical Barton Malow project team, the staff was led by Carrie
Shaeffer, the Project Executive. She primarily worked out of the office, but was in charge of
overseeing the project from the instance the RFP is posted to the day the project is turned over
to the Owner. Kevin McMichael served as the Project Administrator, a similar role to the Project
Executive, but was more focused on a smaller group of projects, typically 3-5. His role was
primarily based out of the office, but made frequent trips to ensure that operations were
running properly. In addition to these players on the project team based out of the office, the
team also consisted of a Preconstruction Support, Estimator, and Accountant.

The leader on site was David Garrett, the Project Manager. He was ultimately responsible for
the success of the project and handled the day-to-day operations of the site. In addition to the
Project Manager, the project staffs two Superintendents, Project Engineer, Quality Control
Manager, Field Administrator, and Project Intern. The members of this team were responsible
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for their own individual tasks, but all share a focus and responsibility to deliver the project on
time and ahead of schedule. Each member brought their own level of experience, but because
of their collaborative work environment, every member continued to develop and became a
greater asset to the company.

One position that was unique to this project was the Quality Control Manager. Following the
guidelines of the RFP and any federal project, a Quality Control Manager was required to be on
site to facilitate quality control between the CM team and the Army Corps of Engineers. This

unique position consisted of recording daily reports, toolbox talks, inspections, and punch list
items.
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Project Schedule Summary
Upon successful completion of Phase I, the Virginia Army National Guard (VAARNG) decided to

award Barton Malow Phase Il of the project, giving them notice to proceed on February 27,
2010. Due to the unique situation with a phased Design-Build delivery system with an option
for the second phase, the project schedule is very different than a traditional schedule. A
detailed project schedule can be seen in Appendix B, which includes Phase | and Phase II.

Since the project was hard bid to include both phases with an option to proceed with Phase Il,
an initial design needed to be created to appropriately bid the project. The project was bid
using 30% design documents, which means that at the notice to proceed with Phase Il, the
design needed to be finalized to reach 100% design documents. It can also be noted that most
of the site MEP work was performed in Phase |, which allowed Barton Malow to expedite the
site work. Within the Design Phase, Barton Malow obtained payment and performance
insurance, conducted geotechnical reports, calculated building estimates, and created/issued
design drawings for the VAARNG to approve for construction. The Procurement Phase consisted
of establishing a schedule with the Army Corps of Engineers (COE), as well as the handling of
contracts and submittals with Subcontractors. The duration of this phase stretched into the
later portion of the project, since the procurement steps extend as far as the fabrication and
delivery of the materials to the site.

The Construction Phase involved a phased construction sequence between the three billeting
buildings, Buildings 500, 600, and 700. Due to the unique layout of the campus, the three
billeting buildings were constructed in a phased approach consisting of six areas. The lead floor
was the ground floor of Building 700, followed by the ground floor of Building 500, and so on,
until it reached the second floor of Building 600. The lag maintained an approximate one week
separation on the schedule, in order to fluidly move workers from one building to the next. This
was believed to be an ideal strategy to eliminate any potential hindrance from an often-
detrimental learning curve. Contrary to an obvious strategy of moving from building to building
based on the next building in line, the first two buildings to begin work were the identical
buildings across the campus from one another, so that the learning curve could be further
minimized.
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Project Cost Summary
In order to get a better understanding of the costs associated with the buildings, it was critical

to conduct a number of cost analyses, including a cost overview and building systems overview.
The project cost overview can be seen below in Fig. 8, which includes a number of different
figures. Since Phase Il consists of both the construction of the billeting buildings and demolition,
there are two different line items with general conditions included and not included for both.
These construction costs also include the 3% contractor’s fee, but do not take into account
contingency, insurance, etc. The last line item shows the total project cost or the GMP cost.

Each line item also includes a cost per square foot cost value.

Project Cost Overview (116,400 SF)

- ] Cost/SF
Construction Cost (Billeting Buildings)

$22,031,725 $189
$23,750,812 $204
Construction Cost (Billeting Buildings & Demolition)

$22,789,225 $196
$24,724,716 $212

Total Project Cost
Actual GMP Cost $28,177,099 $242

Figure 8: Project Cost Overview

The next cost analysis conducted was the building systems overview, which can be observed in
Fig. 9 on the following page. The table breaks down the actual cost, cost per square foot, and
percentage of building cost associated with all of the major building systems. Due to the high
energy efficiency associated with the mechanical system, the initial cost was elevated, but it is
believed to be in the best interest of the Owner in regards to the life cycle cost of the building.
The mechanical/plumbing systems comprised nearly 20% of the total building cost. Another
staggering figure was the drywall/metal framing line item, which made-up over 11% of the
building cost. Although this is a significant percentage of the building cost, the metal studs
served as load bearing walls, so the elevated percentage was expected.
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]
$381,202 $3.27 16.1
———
$757,500 $6.51
———
52,808,994 $24.13
———
$2,490,660 $21.40
———
$264,155 52.27
———
$613,504 $5.27
———
$1,705,486 $14.65
———
$944,350 $8.11

Flgure 9: Building Systems Overview
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General Conditions Estimate
In order to gain a further understanding of the expenses occurred by Barton Malow while

working on the Fort Pickett Regional Training Institute, a General Conditions estimate was
conducted using the aid of RSMeans 2012. An estimate of the General Conditions can be
observed in Appendix C, where the estimate is organized by CSI Masterformat. Using the values
calculated from the estimate, it was then possible to group the items into their respected
categories, including project staff, bonding/insurance, general services, general expenses, and
temporary facilities/utilities. The categories were then adjusted using a combination of
location, time, and burden factors, which can be seen in Fig. 10. The time factor was calculated
by taking a national inflation value and adjusting it to reflect the time at the midpoint of
construction. Burden was another factor that was incorporated and was used for the project
staff to cover costs related to business meals, traveling, and employee relocation. After
compiling the results, the general conditions for the Fort Pickett Regional Training Institute
were an estimated $3,199,054.58 or 11.3% of the total project cost.

General Conditions

I P9 il il =
(Petersburg, VA) GC Costs GC Costs
0.849 1.085 1.300  $1,622,250  $1,944,159
0.849 1.085 $411,386  $379,245
0.849 1.085 $708,440  $653,091
0.849 1.085 $155,572  $143,417
0.849 1.085 $85,848 $79,141

Figure 10: General Conditions

The project staff category consisted of the field personnel present on site and did not include
office overhead, such as estimating, accounting, and the upper management. This category
composed 61% of the total General Conditions, which can be seen in Fig. 11. This category is
probably the most likely to deviate, since there is no way of knowing which members of the
management team will be present the entire way through construction. It is common practice
for Superintendents to leave earlier than the Project Managers and Engineers, since there
presence is not required for most closeout activities. There are also unforeseen conditions
relating to turnover within the company, relocations, or overstaffing to keep personnel
employed that were not initially intended to be a part of that project team. The general
conditions estimate conducted reflects all of the employees’ presence the entire way through
the construction project, except for the intern, in order to ensure that the project is properly
funded.
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Within the bonding and insurance category, Barton Malow bonded the project at its full
contract value as specified by the U.S. Army Corps of Engineers. By bonding the project for its
contract value, it ensured that the VAARNG would have their buildings delivered to them as
intended with or without Barton Malow serving as the CM. Barton Malow also picked up
General and Liability Insurance, as well as Builder’s Risk Insurance. Together these items
composed 12% of the General Conditions and ensured the company against any potential
incidents that could occur throughout the course of construction.

General services include a number of different services provided by outside companies, such as
material testing, equipment testing, inspections, borings, commissioning, surveying, scheduling,
periodic cleaning, and final cleaning. These services made-up 20% of the total cost of the
project or around S650K. Many of these estimates were calculated from a percentage of the
total cost of the job, but others such as cleaning were determined using a reasonable duration
for their services.

General expenses were composed of items utilized during the course of construction, such as
dumpsters, safety equipment, weather protection, temporary fencing, temporary roads, and
other necessary items. This category was responsible for only 5% of the construction costs and
served as one of the safest and cheapest categories required for construction. These items
could all be priced successfully through a book or vendor, which leaves little uncertainty for
budgeting purposes.

The last and one of the most difficult items to estimate was the temporary facilities and
utilities, since it was tough to estimate utility prices and the duration of necessary items on a
job site. These items included the construction management trailer, equipment, furniture,
storage units, portable toilets, and temporary utilities. Like the project staffing category, the
actual cost of these items is directly related to the duration of construction. If the project is

delayed then the use of these items will need to be extended, resulting in heightened costs in
comparison to what was budgeted. For this reason, it is highly beneficial to the project team to
complete the work as soon as possible.

Percentage of General Conditions by Category

Percentage of GC Cost

Project Staff $1,944,160 61%
Bonding & Insurance $379,245 12%
General Services $653,091 20%
General Expenses $143,417 5%
Temporary Facilities & Utilities $79,141 2%

Figure 11: Percentage of General Conditions by Category
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General Conditions

$143,417.13,5% $79,141.37,2%

$379,245.13,12%

$653,090.99,20%

M Bonding & Insurance

M Project Staff
General Services

M General Expenses

B Temporary Facilities & Utilities

Figure 12: General Conditions by Percentage

To convey a better depiction of the cost breakdown within the General Conditions, Fig. 12
above shows each category and its respected percentage and costs. Altogether, the General
Conditions values estimated represent a reasonable estimate for a typical project at 11.3% of
the total contract value. The driving factor is most notably the project staff and for that reason
in order for Barton Malow to gain as much fee as possible for the project, it is dire that the
team completes its work on schedule, if not faster. Although Barton Malow is utilizing a GMP
contract, an accelerated schedule still results in the early removal of temporary facilities,
temporary utilities, and project personnel, which in turn results in higher profits for the
company. Although General Condition’s estimates are composed of a level of variability, it is
believed that the values estimates are very accurate for the Fort Pickett Regional Training
Institute.
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Architecture

Layout and Design
The architectural design of the buildings follows the practical, simplistic ideology of the United

States Military. Form follows function as the buildings were designed to maximize living
capacity, while minimizing cost. The design features a classic axial layout to reinforce the
architectural line of the buildings and draw focus to the educational buildings. The three
billeting buildings are placed around the perimeter of a square to create the ceremonial
guadrangle. The open space will function as a parade ground, as well as reinforce the overall
campus design.

The two story billeting buildings utilize identical floor plans and a corridor that stretches from
one end of the building to the other. Corridors are oversized in anticipation of heavy traffic with
exits located at each end of the buildings. Living suites are equipped with an operable window,
sink, open closet, and a bathroom to be shared between two suites. This design is consistent
throughout, with the exception of a few private rooms for higher ranking personnel. Centrally
located on each floor is a laundry, lounge, communication, and mechanical room.

The interior materials used are consistent to modern-day office buildings. The colors are light
and airy to accentuate the volume and operational experience. To build on the simplistic
approach taken in the design, the buildings are consumed by standard military colors, such as
tan, navy green, black, gray, white, and red. Various colors are used throughout the buildings to
emphasize areas of importance and develop a hierarchy of space. Ceiling heights also vary to
add importance to selected areas.

Building Fagade

A rusticated masonry exterior skin was integrated using a variety of masonry units. The various
colors meet the requirements identified by the Virginia National Guard. Multiple textures
accented by detailed banding in the masonry are used to reinforce human scale and add a
visual aesthetic to the facility. Vertical elements were implemented to break ups its linear
nature, moreover drawing attention to the entrances and reinforcing the overall axial plan of
the campus. The facade is composed of a variety of CMU textures and colors, including split-
faced and smooth. The only break from the use of CMU’s on the exterior came from the precast
concrete window sills. Windows are typical aluminum framed with glass panes. Further
information regarding the facade is restricted, due to possible threats.
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Roofing
The roofing system is a prefinished military green colored 24 gauge standing seam metal

roofing with slip joints at the walls. Beneath the metal roofing is a Blue Skin, which acts as an
air, water, and vapor barrier. The roofing is anchored to 6 5/8” Structural Insulated Panels (SIP)
that are composed of 7/16" thick OSB panels on both faces and filled with R-40 foam insulation.
The metal roofing also uses snow guards to prevent injuries from winter hazards to nearby
bystanders.

Sustainability
The LEED Silver design utilizes a combination of advanced HVAC and lighting systems

throughout the buildings. The buildings are equipped with several heat pumps throughout the
buildings, so that the inside environment can be controlled more effectively to the desired
conditions. The campus utilizes a centralized glycol system to cool the glycol in the heat pumps
throughout the buildings. The mechanical system is enhanced with an ERV to retain energy
from the exhaust air. The ERV wheel recovers air exiting the building and conductively transfers
the energy to the incoming air. In addition, each room is equipped with occupancy sensors to
ensure that energy is not wasted. Many of the materials on site were also tracked,
guaranteeing proper disposal and recycling of material leaving the site.
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Building Systems Summary

Demolition

In accordance to the project contract, Barton Malow is to demolish a number of buildings that
are later to be specified. In order to meet restrictions attached to the project funding, a
specified amount of occupiable square footage is to be demolished in equivalence to the square
footage being constructed. The buildings that are in discussion for demolition were constructed
during the World War Il era and are no longer suitable for occupancy. The buildings are
composed of hazardous materials, such as lead paint and asbestos insulation. Although the
buildings are not on the site of the Regional Training Institute, the buildings are to be
demolished following the construction of the billeting buildings.

Structural Steel Frame
The project consists of three, two level stand-alone structures. The structural steel frame
differed from traditional methods, primarily using cold formed steel metal studs to support the
buildings, similar to dormitories or residential construction. The cold formed steel bearing walls
consisted of 14 and 16 gage studs placed at 16” on center, which can be seen in Fig. 13 below.
Unlike traditional steel structures, metal decking was not used for the floor support system, and
instead hollow-core planks were used. The planks rested on the cold formed steel metal stud
wall panels, as well as W12x26 structural steel wide flange beams that served as headers across
the large doorway openings. The roofs for all buildings are supported by pre-engineered cold
formed steel roof trusses, which are supported on cold formed bearing wall panels and W10
x22 structural steel wide flange beams. The roof trusses, as well as a few structural members
that served as headers were the only part of the steel structure that required the use of a crane
throughout the course of the project. In order
to lift these items, two cranes were utilized,
including a 75 ton and 100 ton crawler crane.
In addition, a cold-formed steel load bearing
shear wall system is used to resist wind and
earthquake loads, directing lateral forces
from the roof level, through the rigid level
floor supports, and into the foundations. The
exterior wall enclosure is composed of cold
formed steel framing, serving as a back-up to
a split-faced CMU veneer and other wall

finish materials.

Figure 13: Metal Stud Bearing Walls - Courtesy of Barton Malow
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Cast- in-Place Concrete

Cast-in-place concrete was used on a
number of different aspects of the
buildings, specifically the foundations and
the floor topping slabs. All of the buildings
are supported on continuous footings and
spread footings at column locations bearing
on native soil. In addition, all of the
buildings have a 4” minimum slab on grade
that is reinforced with welded wire
fabric/fiber mesh over a vapor barrier

bearing on 4” of compact granular fill. As

Figure 14: Slab on Grade - Courtesy of Barton Malow

mentioned previously, precast hollow core
planks served as the structural floor, but the planks were topped with 2” of cast in place
concrete to eliminate the plank joints, as well as give the floor greater structural integrity. All of
the concrete poured on site was placed using a pump truck, which can be seen above in Fig. 14.
Wood formwork was used for the slab on grade and topping slab pours.

Precast Concrete

The supported floors for all buildings consist
of 8” thick precast hollow-core plank. The
hollow-core planks were connected together
by sliding the ends together, reinforcing the
joint, grouting the joint, and then placing a 2”
concrete topping slab on top that was
reinforced with welded wire fabric. The
hollow-core planks are supported on cold
formed steel bearing wall panels, which can
be seen in Fig. 10 to the right. The hollow- Figure 15: Hollow-core Planks - Courtesy of Barton Malow
core planks were placed using the 75 ton and 100 ton crawler cranes that were also used for

the trusses. In order to expedite the setting process, the cranes were located on opposite sides
of the buildings and then alternated lifts along the length of the building.
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Mechanical System

The mechanical system is composed of a central closed
water loop heat pump system, which is incorporated
into the rest of the campus. To handle the additional
load, a 240 KW electrical boiler, associated pumps, and
a 200 ton closed cell fluid cooler were added to the
mechanical room of a neighboring building.
Underground HDPE piping routes the ethylene glycol
fluid to the campus, where each building will be
provided with base mounted VFD pumps. One of the
pumps will be on 100% standby at all times, but will be
coordinated by a lead/lag cycle to equalize wear. The
pumps are controlled through VFD’s to maintain a
preset pressure differential across the piping system
and will reduce flow at times when building

occupancies are low to save energy. The corridor

Figure 16: Heat Pump

ceiling space is occupied by high efficiency horizontally
placed heat pumps. The heat pumps are supplied with environmentally friendly refrigerant R
410a. The fans are driven by high efficiency ECM motors. The compressors are two-stage to
match the capacity to the load. They have supply and return ductwork with outdoor ventilation
air ducted directly to the return air side. The heat pumps are provided with two way control
valves to work in conjunction with the VFD pumps to reduce energy using during part load
conditions. In general, three to five rooms will be supplied from one heat pump, which reduces
maintenance work load, allows for closer match between actual heating/cooling load and heat
pump capacity, and greatly reduces congestion in the ceiling plenum. Energy recovery
ventilators are used to pre-treat outdoor air with toilet room exhaust through an enthalpy heat
wheel, which allows negligible amounts of air crossover. This saves substantial energy and
reduces the design heating and cooling loads.

Electrical System

The primary electrical distribution is supplied by the Southside Electrical Utility, where primary
power will run to transformers located on pads 33 ft. behind each building. The transformers
feeding the service are 5000KVA. The electrical rooms are accessible from the exterior of each
building and feature an 800A switchboard at 277/480V/3PH/4W that services a 277/480V
lighting panel, and power distribution panels for mechanical loads located in the first and
second floor electrical rooms. The electrical rooms have transformers serving 120/208V panel
boards servicing the receptacles, washers, dryers, 208V heat pumps, and all 120V mechanical

Fort Pickett Regional Training Institute Kendall Mahan — CM Option



[SENIOR THESIS FINAL REPORT]

equipment throughout the buildings. In order to become more environmentally friendly,

occupancy sensors were placed in every room to minimize the amount of energy wasted in
typical buildings.

Masonry

A rusticated masonry exterior skin was
integrated using a variety of masonry units. The
various colors meet the requirements identified
by the Virginia Army National Guard. Multiple
textures accented by detailed banding in the

masonry are used to reinforce human scale and
add a visual aesthetic to the facility. Vertical
elements were implemented to break ups its
linear nature, moreover drawing attention to
the entrances and reinforcing the overall axial

plan of the campus. The fagade is composed of Figure 17: CMU Facade
a variety of CMU textures and colors, including

split-faced and smooth block, which can be seen in Fig. 17. The 8” and 4” CMU block is
supported by the structural steel bearing walls around the exterior of the building. Hydraulic
scaffolding was utilized throughout the masonry construction process to expedite the placing of
block.

Fort Pickett Regional Training Institute Kendall Mahan — CM Option



[SENIOR THESIS FINAL REPORT]

Analysis 1: Modularized Bathroom Units

Problem Identification
Although the Fort Pickett Regional Training Institute

features a simplistic design layout, the project was
hindered by its ability to accelerate the construction of
the bathrooms. The RTI’s floor layouts feature a
repetition of two bedrooms with a common bathroom,
a design approach that minimizes the costly bathroom
fixtures, as well as constrains the MEP work and tile

finishes to a concentrated area. Although the design is

favorable from a cost standpoint, the bathrooms
remain a problematic area, due to their level of detail
and work within such a limited area. The bathrooms
consist of a built-in shower, toilet, tile finishes, and MEP

conduit for the mentioned fixtures, as well as the sinks Figure 18: Problematic Grout/GWB Joint
located on the common wall between the bedrooms

and bathrooms. In addition, the project team had a constant battle with the drywall and tile
Subcontractors to provide quality work, particularly at the grout and drywall joints, which can
be seen above in Fig. 18. The tile subcontractor was forced to remove excess grout after the
joint had been finished, which created excess work to fix the problem and a conflict to allocate
the financial responsibility to correct the work. A constant problem faced by the project team
was the amount of work involved with the construction of the bathrooms in comparison to the
bedrooms. The rooms were able to be constructed with ease, leaving the completion of the
bathrooms as the main schedule driver.

Research Goals
To perform research on the application of modularization within the construction industry

through case studies, research papers, and interviews with industry professionals. To derive an
implementation strategy, including manufacturing, transportation, erection, and installation of
the units. To determine the feasibility of utilizing modularized units on the Regional Training
Institute, including a schedule and cost analysis of the proposed system.

Background Information
The idea of modularization for construction purposes continues to gain momentum in the

construction industry, although the practices remain relatively new. Modularized units or pods
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are pre-built rooms, typically kitchens or

bathrooms, which are best thought of as plug and
play appliances. The units are manufactured off-site
in a controlled work environment as ready for
occupancy with completed plumbing, electrical

fixtures, tile, fixtures, and other kitchen/bathroom
accessories. The concept is incredibly advantageous

to any project in regards to quality and schedule, Figure 19: Modularized Units or Pods (Mensh)
but the value can greatly depend from project to

project. The use of modularized units is favorable for building designs that feature repetitive
layouts, which is exactly what the billeting buildings at Fort Pickett demonstrate. In addition,
the use of pods requires a dedication to coordination and earlier involvement in the design
phase from all of the involved parties. Since the Regional Training Institute project utilizes a
design-build delivery system, coordination can be greatly facilitated.

Due to the potential that modularized units possess for accelerating project schedules, this
analysis of modularized units serves as a benchmark for the construction industry and a tool for
future considerations of using modularization on future projects. The research addresses how
to deal with projects that possess unrealistic project schedules and activity durations. Projects
that are forced into tight construction windows have the opportunity to learn from this
analysis, where a plan for implementation has been outlined, as well as a feasibility study for its
use on the Fort Pickett Regional Training Institute project.

Project Constraints
Although the Regional Training Institute campus is composed of three nearly identical buildings,

there are a few differences that cause dilemmas in the deployment of modularized bathroom
units. The largest constraint is the slight variation in floor layouts on the first floor. Building
600’s first floor features a number of group bathrooms, in order to maximize the occupancy of
the living spaces and is intended for lower ranked military personnel. The two different
bathroom designs can be seen in Fig. 20 on the following page. In addition to the differing
bathroom pods on the first floor, the pods on the first floor will be supported by slab-on-grade
concrete, which creates increased coordination for MEP risers during the concrete slab pour.
Additionally, to keep the floor of the pods at an elevation consistent to the bedrooms, a 5”
depression of the pods will need to be formed prior to the concrete pours. Another item to
consider is the excess materials from the pods. An additional partition wall will be needed for
the wall to connect to the corridor wall, as well as a %4” metal sheet and %” cement board layer
for the pod floors. Last but not least, because of the cost savings tied with using cold formed
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metal stud walls and precast hollow-core planks for the second floor, the sequencing will need
to be slightly altered. The exterior walls are load bearing, so the pods will need to be placed
inside the room prior to setting the hollow-core planks. Additionally, accessibility to the
plumbing connections of the second floor pods creates sequencing problems, so the second
floor pods will need to be hooked up before pushing the first floor pods into place and framing

the partition walls around them.
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Figure 20: Regional Training Institute Bathrooms
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Procurement
The use of pods has the potential to greatly GOSN SN ARCHITECT
accelerate the construction schedule, but it e [ Corracea oy e

must be realized that for this to be a possibility,
there must be a considerable amount of

Feasbity araysis

planning between the designers, manufacturers,

and contractors. The project uses a design-build Estabaish budge! 8 scope

delivery method, which is incredibly beneficial i

for coordination, but it is absolutely dire to
procure a pod manufacturer and get them on I oo |-|;
board as soon as possible. Since the contract is I

Constnuction documents

Logistica & coord

composed of two phases with the barracks

Field

being constructed during Phase 1, 30% design procucton | consuc
documents needed to be submitted to the U.S.
Army Corps of Engineers upon bidding Phase |

for both phases. Although the project’s schedule | Occupy |
is flexible with the multiple phase Figure 21: Flow Chart for Design-Build (“Scribd”)

construction approach, the design would be best proposed during the bidding process with the
intention of using bathroom pods for the barracks. The best strategy would be to use bridging
documents from Barton Malow, where the pod manufacturer would be responsible for
completing the architectural drawings between the final design development and 50%
construction documents. This step would occur upon successful completion of Phase | and the
Army Corp of Engineers award of Phase Il to Barton Malow.

Design

At this point, it is critical to coordinate the implementation strategy for using bathroom pods. In
order to effectively use pods in the building design, the following members would need to be
included in design discussions:

e Barton Malow Construction

e Barton Malow Design

e POD Manufacturer

e U.S. Army Corps of Engineers — Owner Representative
e Virginia Army National Guard - Owner

e Atlantic Contractors - Mechanical/Plumbing Contractor
e |ES - Electrical Contractor

e Cleveland Concrete — Concrete Contractor
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The design team would play the largest

role by coordinating the building systems
with the manufacturer of the modularized
bathrooms units. To aid in this process, the
use of Barton Malow’s Revit/BIM models
would greatly increase coordination

between the different parties. Although »&m\/u
there are a number of different modeling ool /
Supply Connectons

software available, Revit contains the

Figure 22: Pod Design Coordination (“Scribd”)

greatest ability for coordination between
the different parties. The model allows for prototypes and mockups to be generated to
investigate problematic areas prior to construction and can even be used for estimating
purposes. Revit even expedites the shop drawing process by taking the shop drawings directly
out of the file. Barton Malow’s NavisWorks 4D model even allows the project team to simulate
the sequencing and setting of the pods into their desired spaces.

One of the first items to coordinate is the concrete slab-on-grade floor. In order for the pods to
be able to be set on the slab, coordination must exist between the concrete contractor and the
structural engineers. Pods can produce a significant point load on slab-on-grade systems, so

special design adjustments may need to occur. In order to eliminate changes in elevation, the
use of concrete depressions using formwork could be utilized on the slab-on-grade and second
floor topping slabs, which would again change the structural design of the slabs. In addition, the
concrete pour must be coordinated with the MEP subcontractors, so that the proper MEP
rough-ins are in place.

The MEP subcontractors must also consider the
connection points between the MEP work
performed on-site and in the manufacturing
facility. Most bathroom pods require a hot and
cold connection, three drainage connections,
two electrical connections, and one HVAC
connection (Mensh). It is critical that the
connection points are coordinated properly to
ensure that the units can be installed without
any problems in the field. Fig. 23 to the left
depicts the current MEP connections from the

4D model, which can be planned properly using
Figure 23: MEP Connections — Courtesy of Barton Malow Barton Malow’s current design model.
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Another area of focus is the design of the connections of the pods to the building structure. The
pods can be custom designed to fit any desired building layout, so Barton Malow Design would
need to establish pod dimensions with the manufacturer. Once a pod design is established, it
would then be necessary to detail the connections of the pods to the stud wall. As seen below
in Fig. 24 and Fig. 25, the wall to ceiling and wall to floor connections are detailed respectively.

. Temporary
T ypIC al roofing membrana
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Backing
Board
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Figure 24: Typical Wall to Ceiling Connection (Mensh)

Typical Wall to Floor
Connection
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e
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@ =SSP

Ceramic floor files

I o rAdhesive + Graut ta architects specification
Sub Frame " _{
L <
120N N N
1 L 1 Waterproof membrane where

required

J Cement backing baard L’ﬁ" thick Steel sheet
bonded to steel deck

Figure 25: Typical Wall to Floor Connection (Mensh)

Manufacturing
The purpose of incorporating pods into the building designs is to shift the work from the field

into a manufacturing facility, ultimately reducing the construction schedule. Although the driver
for switching to modularized units is schedule acceleration, there are a number of other
advantages of manufacturing the pods in a factory setting. First and foremost, the pods are
built with a level of fit and finish that is unachievable in the field. The builders are full-time
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tradesmen and quality control supervisors, which promotes continuous improvement by

identifying inefficiencies and employing corrective practices directly into the manufacturing
line. Workers in the manufacturing facility typically have a higher skill level and cooperation.
Many manufacturing plants utilize union labor, which results in more dedicated and consistent
work.

Modularized construction
constitutes lean construction
by utilizing just-in-time
delivery methods and
reducing waste by 1000% in
comparison to field
construction (Mensh).
Materials are delivered as

needed, opposed to sitting
around jOb sites where they Figure 26: Manufacturing Facility (Mensh)
risk being damaged. Materials are scheduled to arrive as they need them and are delivered

directly to strategic locations to maximize worker efficiency. The facility works as an assembly

line where people have the opportunity to master activities that they are comfortable with.

Constructing the pods in a factory setting allows for greater efficiency through repetitive
activities. In traditional field construction practices, inconsistencies in measurements and
installations create deviations in future work from the construction documents. A stud wall may
be out of plum, or sheetrock may not have been hung straight, which leads to further problems
and additional time allocated to custom sizing material to fit in to place. With modularized
construction, every pod is made with repetitive processes. This allows workers to make the
same measurements, cuts, and installs every time. Materials can be prepped and stored upon
installation, which is not often possible in the field, due to limited space.

Factory settings also contain the necessary tools to complete
the task-at-hand. Factories have greater proximities of the
work needed to complete to the locations of necessary tools.
In the field, it is not uncommon for disputes to erupt over
stolen and misplaced tools. Factories are designed to allow
accessibility of heavy equipment, convenient machinery
locations, and proper tools. By having the available resources
to complete work, construction processes can be greatly

expedited. The figure on the left shows a worker operating a

Figure 27: Operating Machinery (Mensh)

piece of machinery with no obstructions.
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Factories feature a much better work

environment, which promotes better work
efficiency. An uncontrolled work . ‘
environment could potentially deal with
detrimental weather conditions, which could
reduce efficiency, as well as lead to safety
incidents and injuries. In addition to the
removal of weather related safety issues, the
construction of pods are performed in a
controlled facility with adequate light,
adequate work space, and fewer trade
personnel, which together promotes better
safety and less incidents on site (“Scribd”).

Manufacturing facilities also include

improved auxiliary services, such as Figure 25: Pod (“Seribd”)
bathrooms, break-rooms, lunch-rooms, and

locker-rooms.

An item that is often overlooked on the job-site is security, a risk that is minimized when
working in a manufacturing facility. Opposed to job-sites where materials, tools, and equipment
are often vandalized or stolen, these facilities are protected from outside visitors and are
typically monitored closely.

Quality Control
Modularized bathroom units demonstrate a level of quality that is not obtainable in traditional

field constructed bathrooms. The improved physical access to the work creates a much greater
level of quality in the inspection taking place. The higher level of lighting allows the inspectors
to see minute flaws in the modules, which can be fixed at the plant instead of in the field.
Another item that is often overlooked is the proximity of the supervisors to the work taking
place. In the field, it is often difficult for workers to locate a foremen or supervisor to clarify an
issue, but in the manufacturing plant, workers have the ability to resolve any issue in the plant
in a timely manner.

Pod manufacturers perform quality control tests that are often overlooked in the field, which
ensures that the client is receiving a quality product. Before leaving the shop, a number of
mandatory tests are performed to ensure that there are no issues with the pod prior to
shipping. Fig. 29 shows the rigorous test performed in the shop to deliver a higher quality
usable space.
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Leak Testing of Mains Cold Water
System (Set and Test Pressure
Regulators)

Leak Testing of Domestic Hot
Water Supply System (Set and
Test Pressure Regulators)

Leak and Functional Testing of
the Waste Pipes, Traps, etc.

Setting of Toilet Level Flushing

WHB overflows

Shower Flow Rate Setting

Shower Temperature Setting

Functional Electrical Appliance
Testing

Electrical System Conformity and
Safety Testing

Delivery

A pressure test required to identify any potential leaks
within the mains cold water supply system, period held and
pressure.

A pressure test required to identify any potential leaks
within the domestic hot water supply system, period held
and pressure.

A functional water test to ensure actual drainage and
detect for leaks. Period air test 50mm or 75 mm complete
system.

A functional test to ensure that the manufacturers’
recommendation for cistern flush volumes and
performance are met.

A functional and visual test in accordance with
requirements to ensure all overflows functional correctly.
A functional and visual test in accordance with
requirements to ensure that the flow rate of the shower
head is set correctly.

A functional test to ensure that the thermostatic
temperature of the shower is set in accordance with
requirement. Max temperature if required.

A functional test to ensure that all fitted electrical
appliances work correctly.

A prescribed test in accordance with IEE Regulations (or
code equivalent) to ensure safety performance. Insulation,
continuity, polarity checks, visual and dimensional check

that all service outlets are to drg’s, labeled and capped.
Figure 29: Quality Control Tests (Mensh)

Upon successfully passing inspection from the manufacturer and Army Corps of Engineers, the

units are then ready for cleaning and packaging. The pods are wrapped in weatherproof

packaging and covered in foam protection to ensure that they are not damaged during

shipment. Deliveries can be made at the convenience of the project, creating a just-in-time

delivery method, opposed to having them occupy space around the site where they can be

damaged and take up valuable time from moving them around. The units can be prearranged to
be delivered simultaneously, floor by floor, or at whatever is the most favorable strategy for the
project team. The transportation service is typically built into the pod manufacturer’s contract,
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which makes coordination with their shipping department important to guarantee just-in-time

delivery practices.

The maximum size of modules that can be shipped is governed by state laws for semi-trailers.
City and county governments may also impose additional restrictions. The laws may entail the
requirement of special permits, maximum trailer dimensions, the use of specific roads,
maximum weights, and limited times of day to travel. In general, the maximum module weight
is 44,000 lbs., so it is important to take this into consideration (“Scribd”).

The first thing to look at is the most effective route for the delivery of the pods. Kullman’s
manufacturing facility is located in Lebanon, NJ, so the most efficient path would be to utilize
Interstate 95, since it has flexible transportation guidelines. The suggested route can be seen
below in Fig. 30. Using Interstate 95 as the main transportation route results in a 370 mile trip
at approximately 7 hours. This means that in order for the pods to arrive on-site for just-in-time
deliveries, the trucks would need to leave the manufacturing facility around 12AM.
Transporting the pods through the night also reduces potential traffic problems.
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Figure 30: Pod Delivery Route (Google Maps)
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Once the route is established, it is then possible to determine the maximum truck dimensions.

Dave Mensh, Head of Davis Construction’s Residential Group, stated that one of the most
critical items to consider is the size of the pods in comparison to the maximum transportation
restrictions. He expressed that it was important to ensure that the pods or the sections of the
pods are constructed so that they remain within the dimensions of a covered truck bed. He said
that if the pods are designed not to fit within a covered trailer, then the shipping costs escalate
to nearly 10x more. In addition, this creates more potential for damaging the pods due to
improper securing of the pods on the truck and leads to greater problems from the acquisition
of permits. At this point, the financial benefit of utilizing pods over field construction is typically
negated (Mensh).

The following figure shows the maximum dimensions of a truck bed for transportation with the
numbers not in parentheses being the restrictions for transportation without permits. To Fort
Pickett’s benefit, the pod dimensions are 8’ 7 4” x 7" 10 4” x 8’ 2”, which fits below the most
stringent restrictions of the four states, Virginia’s requirements without a permit.

State Width Height Length State Width Helght Length
Alabama 12'(16) *(16) 76 (150) Montana 126" (18) *(17) *120)
Alaska 10 (22) . 100° (%) Nebraska 12 (%) 14-6" (*) 85 (%)
Arizona 11'(14) *(16) * (1209 Nevada 8-8"(17) *(18) 105' (*)
Arkansas 12' (207 15°(17) 80 (%) New Hampshire 12 (161 13-6" (167 80 {1007
Califonia 12 (16) (17 85' (135) I New Jersey 14' (18)) 14' (16') 100' (1201
Colorado " Qam 13 (16 B85 (1309 New Mexica (207 * (18 * (190"
Connecticut 12 (16) 14' (%) BO' (120) New York 12'(14) 14'(*) 80 (*)
Delaware 12°(15) 15 (17-68" 85'(120) MNorth Carolina 12°15) 14-5" %) 100 (")
District of Columbia 12 (%) 13-6° (*) 80 (%) North Dakota 14-6" (18) *{18) 75 (120)
Flordia 12 (18) 14-6"' (18) 95' (") Ohio 14" (%) 14-10" (*) 90 (*)
Georgia 12 (16) 15-6" (%) 75 (%) Oklahoma 12 (16) *(17) 80 (*)
Idaho 12'(18) 146" (16 100 (120 Oragon 9' (16 a95' (*)
Ilingis *(18) *(18) *(175) IF‘enns\,rI\.rania 13' (169 14-6"(*) 90' (160)
Indiana 12-4" (16 146" (17) 90 (1807 Rhode Island 12' (%) 14' (%) BO' (*)
lowa 8 (16-6" 14-4" (207 85 (1207 South Carolina 12'(*) 13-6" (16") (125)
Kansas *(16-6") (17 * (126" South Dakota 10(%) 14-8" (%) *
Kentucky 10-6' (16) 14 () 75 (125) Tennessee 10 (16) 15 (%) 75 (120)
Louisana 10°(18) * (16-9") 75' (1258 Texas 14° (20 17 (18-11" 110 (125)
Maine 8-6" (18] 8-6"(*) B0' (125 Utah 10°(17) 16' (17-8" 105" (1207
Maryland 13 (18] 14-8" (18] B85 (1207 | Vermont 180 14 (%] 100 (*]
Massachuetts 12(14) 13-9" (19) 80 (1307 I‘Jirqinia 10°(%) 15 (") 75 (150
Michigan 12 (18] 14-6" (15 90 (1507 Washington 12 (18) 14' (16') .
Minnesota 12-6" (16" * 85' (") West Virgina 10-6" (169 18' (%) 75' (%)
Mississippi 12' (16-679 * (17 53 (%) Wisconsin 14'16) * 80 (110)
Missouri 12-4" (18" 15-6" (17-8") 90' (1507 Wyoming *(18) (17 *(110)

Figure 31: State Delivery Restrictions (“Scribd”)
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In order to provide the most financially

beneficial plan for the project, it is in the
best interest of the project team to only
modularize the smaller 1+1 bathrooms
and construct the group bathrooms in the
field. Modularizing the larger bathrooms
creates transportation and construction
problems that are not in the best interest
of the team to inherit. For the purpose of
Fort Pickett’s Regional Training Institute
project, there are 101 total pods that need

Figure 32: Delivery of Pods (Mensh)

to be shipped. The first shipment for level one of the three building consists of 45 bathroom
pods, and level two consists of 56 bathroom pods. Fig. 33 below diagrams the shipping method
using the most cost effective transportation method, a single drop trailer. The trailer is capable
of carrying 6 pods per delivery, resulting in 17 total trucks to deliver all 101 pods to the site.
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Figure 33: Shipping Diagram
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Using FairTran, | was able to find relative shipping costs for the pods in the Central Atlantic

region. Using a reefer truck for long haul distances, the shipping costs were $2.11 per mile
(“FairTran”). Fig. 34 below shows the cost breakdown for shipping the pods from the
manufacturing facility to the job-site.

Shipping Breakdown _ _ |
Trucks Rate/Mile Miles |
17 $2.11 370 $13,272 |

Figure 34: Shipping Costs (“FairTran”)

According to Kullman Offsite Construction, the use of modularized construction practices
generally has a 5% reduction in overall transportation demand, resulting in 5% savings
(“Scribd”). This is a result of transporting only necessary items and eliminating material waste
sent to the site. Therefore, the use of modularized bathroom units on the Fort Pickett project
results in a savings of $664.

Placement into Buildings
One of the more critical items to discuss during the planning stage is at what point to place the

pods in the building. In order to have them inserted into the building structures, it is more
favorable to have the mechanical, electrical, and plumbing rough-ins completed, so that the
units can be connected as they are delivered. This must be coordinated in advance with the
appropriate contractors. In regards to equipment, the pod manufacturers typically provide
special equipment that can be utilized to successfully move the units into place. The two main
methods of moving the pods inside are the use of a lull or crane, which can be seen below in
Fig. 35 and Fig. 36.

Figure 36: Placement with Crane (Mensh) Figure 35: Placement with Lull (Mensh)
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When considering the Regional Training Institute’s floor layout, the use of a crane is the most

feasible method, specifically since the structure of the building is cold formed metal stud walls.
Although the use of a crane is more expensive, the load bearing walls need to be completed
prior to dropping the pods in so that the units are not damaged during the structural wall
erection process. In addition, the load bearing walls in the barracks are the perimeter walls, as
well as the corridor walls, which happen to be the walls that double as the bathroom walls to
be used for connections. This means that once the load bearing walls are erected, there is no
way that the pods can be pushed into the building and must be dropped in over the walls using
a 25 ton mobile crane.

The other critical item to consider is the erection of the hollow-core planks for the first floor
pods and the roof trusses for the second floor pods. To account for these overhead items, the
pods will need to be placed on their desired floors prior to the erection of the overhead
structural systems, something that will be noted
in the proposed fit-out schedule. Once the pods
are placed into the building using special
equipment provided by the pod manufacturer, as
seen in Fig. 37 to the left, they are positioned
into each room and remain there until the
plumbing risers and cored holes are completed.

The partition walls and MEP work can be
performed around the pods until they are ready

to be pushed into their final locations.

Figure 37: Pod Being Moved into Temporary Locations

To provide a better understanding of the site
logistics associated with the pod installation

process, Fig. 38 to right and Appendix D show
a site plan of the placement of the bathroom

pods in Building 700. The deliveries are

e
2 505

unobstructed and can be made through the
center of the campus. The pods can be

erected with a just-in-time delivery method.
According to Dave Mensh, a typical 2 man
crew can place 12 pods per day on average,

which means that each floor will take no
longer than 2 days.

Figure 38: Pod Install Site Plan
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Installation

Once the pods have been placed within
the building, it is then possible to begin
hooking up the final connections. The first
step in the installation process is for the
responsible contractors to drill cores for
the MEP conduit. These holes are drilled
using a template provided by the pod
manufacturer, which eliminates errors and
saves a great deal of time. The second step
is dealing with the MEP risers, which is
made up of vent risers, waste risers, water
supply, and vent shafts. This construction Figure 39: MEP Hole Template (Mensh)
is completed the same way as traditional

construction methods and follows the MEP drawings. The waste pipes are hung in place
beneath the cored holes, but are not yet connected to bathroom in the floor above.

The next step in the process would be to remove the packaging and place the pods into place
using special equipment to roll them into their final location, which can be seen below in Fig. 40
and Fig. 41. Depending on the specifications from Barton Malow Design and the manufacturer,
the pods could be designed to be integrated into the buildings wall structure or slid adjacent to
the pre-built, fire rated wall. For the purpose of the RTI, the pod would have to be slid adjacent
against the common wall shared by the bathroom and corridor, since it would complicate the
structural design and integrity of the building’s safety. Since this common wall must be
constructed in the field, a partition wall will be used on the pod design to allow finishes to be
applied.

Figure 40: Holes for MEP Risers (Mensh)
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Figure 42: Typical Plumbing Connections (Mensh)

Once the pods are in their final location, they can be hooked up and tested for use. Fig. 42
shows a typical drawing of the necessary connections in order to successfully install the pods.
The pods are typically installed from the top floor down to make the plumbing connection
points more accessible from the floor below. Fig. 43 on the following page shows the plumbing
connections being made for the pods on the floor above. Once the plumbing connections are
made, the electrical and HVAC hookups can then be connected.
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Figure 43: Plumbing Hookups (Mensh)

To finish the installation process, the pods need to be framed into the building. The exterior of
the pods can be covered with sheetrock for the non-structural walls. The pods can also be
secured to the floor using traditional framing nails or tapcon masonry screws. The pods to be
used for the RTI consist of a fully finished bathroom interior, but the outside of the pod walls
will need to be finished in the field. The main purpose for this decision is the sinks located on
the exterior walls of the pods and to provide consistency in the quality of the work. Finishing
the outside of the pod walls could create problems with differing levels of finish quality, so this
can be avoided by performing this work in the field. Additionally, to ensure that the sinks are
not damaged, the sinks will be installed in the field along with the exterior pod finishes.

Figure 44: Framing the Pods into the Building (Mensh)
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Finished Products

The following pictures are a number of modularized bathroom units completed by Davis

il

Construction:

Figure 46: Hilton Hotels (Mensh) Figure 45: Holiday Inn (Mensh)

Schedule Analysis
The main driver for utilizing modularized bathroom units is to accelerate a project schedule, a

benefit that is attempting to be obtained on the Fort Pickett Regional Training Institute project.
According to Davis Construction, “Davis has experienced a construction schedule by as much as
20%.” The reasoning for this is the major shift of work from the field to the manufacturing
facility. Dave Mensch from Davis Construction stated that where built in place bathrooms take
30+ days from start to finish to construct, it only takes the site trades one hour to hook up the
pods.

In order to evaluate how much work can be shifted off-site into Kullman’s manufacturing
facility, takeoffs were performed in Appendix E. These values were then used to estimate the
percentage of the work associated with the 101 bathroom pods in comparison to the entire
building, since the project’s schedule was only broken into buildings and not areas. The
estimated schedule reductions can be seen on the following page in 47. Although the group
bathrooms were determined to be in the best interest of the project to be constructed in the
field, the cement board and ceramic tile activities were able to be almost completely removed
from the project schedule. The other huge schedule savings were associated with the doors,
fixtures, electrical, and plumbing work. Where the pods did not make a tremendous impact was
with the mechanical work, since the duct runs remained above the pods. The only mechanical
activity that could be shifted into the factory was the installation of the grilles.
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Estimated Schedule Reduction

Percentage | Old Duration New Days Saved
I
Cement Board 90% 21 3 18
Ceramic Tile 90% 15 3 12
Plumbing Fixtures 50% 22 11 11
Door Frames 50% 25 13 12
Doors/Hardware 50% 15 8 7
Plumbing Rough-in 50% 25 13 12
Plumbing Piping Installation 50% 25 13 12
Metal Stud Wall Framing 30% 25 18 7
Insulate Walls 30% 11 8 3
Hang Drywall 30% 18 12 6
Finish Drywall 30% 59 42 17
Paint 30% 53 37 16
Electrical Rough-in 30% 52 37 15
Light Fixtures 20% 7 6 1
Power and Lighting Wiring 20% 30 24 6
HVAC Ductwork 5% 43 41 2

Figure 47: Estimated Schedule Reductions

Once the new durations had been calculated, it was then possible to use the existing fit-out
schedule found in Appendix F to generate a new project schedule, which can be seen in
Appendix G. Since all three buildings utilize nearly identical schedules with a one week lag from
one building to the next, a schedule was created for Building 700. The schedule highlights
activities that were introduced to the schedule in red, shortened activities in blue, and
impacted activities in green. The new activities consisted of placing the pods in the buildings
and then later moving them to their desired areas. The placement of the pods on the first level
is scheduled to take place two days prior to the erection of the hollow-core plank floor system
and at the end of the erection of the load bearing walls. By placing an average of 12 pods per
day, the crew can place 24 pods per the given duration, where the buildings only have a
maximum of 20 pods per floor. With a similar situation, the pods on the second level are
erected two days prior to the erection of the roof trusses. Once the pods are placed in the
building, the fit-out activities can begin around the pods. When the necessary partition walls
and MEP work has been completed, the pods can be pushed into place, noted as the second
group of pod activities on the proposed schedule. Both activities were determined to have
minimal impact with the other work taking place, since the pod manufacturer crews are
responsible for setting the pods and placing them appropriately.

The only other activity that needed to be considered when constructing the new schedule was
the newly introduced concrete work. As mentioned earlier in the analysis, concrete depressions
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are needed to keep the pod floors at an equivalent height to the bedrooms. This means that

additional work in the form of formwork must be introduced to the concrete activities. Using
the detailed estimate from Appendix H, the depressions will take an additional two days per
floor using one crew or one day using two crews. Since the additional work is so minimal, there
is no need to change the actual schedule, since additional workers could be used to remain on
the current core and shell schedule. Additionally, some work will be saved from having to pour
less concrete. Where this additional work does need to be considered is in the cost analysis.

After considering the new durations, activities, and sequences, the schedule was found to save
just over 8 weeks. The schedule acceleration results for the use of modularized bathrooms units

can be observed below in Fig. 48.

Fit-Out Schedule Acceleration

Fit-Out Start Date | Fit-Out Finish Date | Duration (Days)

Bathrooms Built in Field 2/8/11 10/17/11 180
Bathroom Pods 2/8/11 8/19/11 139

Totalfal

Figure 48: Fit-Out Schedule Acceleration

Cost Analysis
The use of bathroom pods serves to accelerate the project schedule, but for the most part has

had trouble making tremendous savings from a cost standpoint. Favorable conditions arise
where repetitive designs and be replicated, allowing for great schedule gains and a reduction in
project overhead on-site. If adequate time can be salvaged, the pods can not only be found to
be desirable from a scheduling perspective, but as well as from a financial perspective.

The first item to consider within the cost analysis is the cost impacts due to using concrete slab
depressions for the pods. Fig. 49 on the following page summarizes the results from the
detailed cost estimate, which can be observed in Appendix H. The items highlighted in red are
project cost savings through a reduction in material quantities, but the black items are
additional costs. Although using the %4” depressions reduces the amount of concrete needed,
the additional formwork creates a much greater cost impact. As a result, the depressions cost
an additional $16,877 to the concrete work.
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Cost Impact to Concrete Work

| | Quantity | Cost/Quantity | __Total Cost |
45 5230 $10,350

45 518 5810

45 55 5225

45 $41 51,845

56 5236 $13,215

56 522 $1,232

56 55 5280

56 541 52,296

Total Additional Cost | $16,877

Figure 49: Cost Impact to Concrete Work

The next item to consider is the cost of construction of the bathrooms themselves. After
conducting a detailed estimate of the bathrooms using RSMeans, which can be seen in
Appendix H, the bathrooms were found to cost $13,152 per bathroom. In addition, the
estimate showed that 37% of the cost was allocated towards the labor and 63% of the cost
towards the materials. The use of pods has the advantage of shifting work from the field to the
factory, and although Dave Mensh stated that the savings from materials is typically nil, the
labor used in factories is typically 25% cheaper in comparison to the field. As a result, the labor
costs can be reduced $122,816 in the factory compared to the field. Another item to consider is
cost of the additional materials, including cement board, metal studs, and metal floor plates.
Referencing Appendix H, the cost of the additional materials was estimated to cost the project
an additional $156,348. Shown in Fig. 50 below, the overall cost impact of constructing the
pods in the plant will cost an additional $33,532.

Cost Impact to Bathrooms

Cost/Bathroom Total Cost

Bathrooms Built in Field

Labor $4,866 $491,466
Material $8,286 $836,886
Total | $13,152 $1,328,352

Bathroom Pods
Labor (25% Savings) $3,650 $368,650
Material $8,286 $836,886
Additional Material $1,548 $156,348

Total | $12,628 $1,361,884
Total Additional Cost | $1,216 $33,532

Figure 50: Cost Impact to Bathrooms
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The last item to consider is the cost impact to install the pods in comparison to constructing
them in the field. In order to move materials around the job site, a lull was rented for most of
the project duration. By reducing the overall project schedule, this rental cost can be shortened
by $42,800. In order to place the pods, a 25 ton crane will need to be rented with a two man
crew to the set the pods. Overall, the cost impact of installation was a $15,619 savings, which
can be seen below in Fig. 51.

Cost Impact to Installation

Cost/Quantity Total Cost
Bathrooms Built in Field

Lull $5,350 8 Weeks $42,800

Total | $42,800

1,625 11 Days $17,875
846 11 Days $9,306

Total | $27,181
Total Cost Savings | $15,619

Figure 51: Cost Impact to Installation

Bathroom Pods
Crane (25 Ton)
Pod Install Crew (2 Laborers)

wvr n

Although the cost of construction is slightly higher using pods, the ability to accelerate the
project schedule and save on general conditions results in an overall savings, which can be seen
in Fig. 52 below. After investigating all of the influenced work from the use of the pods, the
project has the ability to save an estimated $213,903.

Cost Impact of Using Pods

Unadjusted Cost Adjusted Cost
(Time=1.085) (Location=0.849)

Bathrooms Built in Field
Cost of Construction $1,328,352 $1,223,631
Lull $42,800 $39,426
Deliveries $13,272 $13,272

$1,276,329

Total
Bathroom Pods

Cost of Construction $1,361,884 $1,254,520
Concrete Depressions $16,877 $15,547
Crane $17,875 $16,466
Pod Install Crew $9,306 $8,572
Deliveries $12,608 $11,614
General Condition Savings $265,200 $244,293

1,062,426

Total

$
$213,903

Figure 52: Cost Impact of Using Pods

Total Cost Savings
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Recommendation & Conclusions
Although the use of bathroom pods has only been found to be favorable under select project

types, the Fort Pickett Regional Training Institute project acts as an ideal candidate for
implementation. Modularization aims to relocate the work off-site into a controlled work
environment that ultimately results in a higher quality product and accelerated project
schedule on-site. Pods also provide the opportunity to gain LEED points through the use of
different construction strategies and materials.

As expected, the project schedule was able to be reduced by eight weeks, which means that the
Barton Malow can distribute the project team to other necessary projects two months sooner.
This schedule acceleration also greatly benefits the Virginia Army National Guard by allowing
them to occupy the buildings at a more convenient time.

Modularization is typically tough to accumulate a cost savings, but due to the repetitive nature
of the design and the quantity of the pods, the project was estimated to save $213,903. In
addition to this savings, Barton Malow is also able to shorten the construction loans, open up
more bonding capacity for other work, and reduce the chance of vandalism and theft on-site.
After reviewing all of the influenced areas of construction, it is very much in the interest of
Barton Malow and the Virginia Army National Guard to implement the use of modularized
bathroom units on the Regional Training Institute.
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Analysis 2: Implementation of Short Interval Production Schedules (SIPS)

Problem Identification
The Fort Pickett Regional Training Institute is

composed of three billeting buildings, which
creates an ideal opportunity for phasing, but a
heightened concern for scheduling and crew
balancing. With so many precast and
prefabricated elements being utilized
throughout the construction process, there
must be greater coordination and planning to

ensure that the schedule remains on pace.
Although there are a number of critical
activities, none play as an important of a factor as the precast-hollow core planks. Following the
erection of the first floor’s load bearing walls, the precast hollow-core planks are to be set,
which makes the entire schedule dependent on a timely activity duration. Without the planks in

Figure 53: Hollow-core Planks

place, the topping slab cannot be poured, the second floor’s load bearing walls cannot be
erected, and the building enclosure cannot begin.

Research Goals
To investigate the use of SIPS on past construction projects, specifically the Pentagon

Renovation by Hensel Phelps. To develop an implementation strategy for precast hollow-core
planks on the Fort Pickett project with consideration to the current project schedule,
manpower, and constraints. To conduct a feasibility study and analyze the financial,
coordination, and schedule impacts associated with utilizing SIPS on the RTI project.

Background Information
In order mitigate the scheduling and crew balancing problems with the precast hollow-core

planks, short interval production scheduling (SIPS) will be implemented on the Fort Pickett
project. SIPS take a project schedule and break the task into smaller and more detailed items,
which can include crews, crew sizes, and durations. The SIPS are manufactured using input from
the construction management team and responsible Subcontractor’s foremen, which creates a
more accurate depiction of the time to be allotted for tasks. Utilizing SIPS has the potential to
greatly increase coordination on the project by designating work areas and providing a better
detailed schedule of work. This gives the workers a clear depiction of exactly where they are to
be at any given part of the day, eliminating inefficiencies and stoppages in work.
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Traditional SIPS
Within the idea of short interval production scheduling, there are two different methods,

traditional and non-traditional. Traditional SIPS typically deal with one process, which
encompasses only one or two contractors. The schedule is man and material loaded and
displays shorter durations, since the schedule is composed of less work. Traditional SIPS aim to
help level manpower and material usage, but are not always perfect in doing so. They are best
used for assembly line or repetitive sequences, such as installing precast wall panels or floor
planks. Although the schedule is structured much deeper than a typical project schedule,
traditional SIPS do not maintain consistent time segments, which require a slightly greater
dedication to management than the non-traditional method. Shown below in Fig. 54 is a
traditional weekly SIPS schedule of structural slab forming provided by Hensel Phelps. The
activities are displayed on the left side of the schedule with their respective man and
equipment hours shown under the days. The number in each activity box represents the
manpower allocated for the given time segment. The right column represents the total
manpower needed for a given activity. The two bottom rows show the total manpower and
total equipment required each day.

SHORT INTERVAL PRODUCTION SCHEDULE
STRUCTURAL SLAB FORMING OPERATION
Layout < > i
Move Shoring to Area —i 1%
Shake out shoring = S 2
Erect Shoring — > E 2 | 150
lSet/Grade U Heads 2 - . J > 56
[Move Stringers/Beams to Area — :
install Safety StaticLines 2 2
Set/Clip Stringers paal) s 25 &
Set Beams FEE ] 7 & g =
install Plywood Stazing Area le——> 2
Stage Plywood = £
Install Plywood Deck = = L 2
install Handrail R s
Layout Edge Forms/Blkouts — s
Install Edge Forms — z ~
Install Bulkheads LIS 20
Form Blockouts > %
|l\$'3|| Embed: < 2 20
Caulk Joints . LR s
Cleanup 1> 2
Manpower Toals 2 13 1 13 EE] 3 13 13 8 13 3 3 13 13 716
Equip Totals (Crane Hrs) 5 0 5 o o o o o A 15 0 2 0 4 125
@ Hensel Phelps
Construction Co.

Figure 54: Traditional Weekly SIPS (Sandeen)
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In addition to the weekly SIPS displayed above, SIPS can be broken down into further detail by

outlining individual days. Although this method is incredibly detailed, if the SIPS is being applied
to a favorable repetitive process, the schedule should be able to be replicated for every area of
the project site. The following image, Fig. 55, shows a traditional daily SIPS with the day
detailed by activity from the project’s typical 6:00 AM - 3:00 PM work day.

PROPOSED DAILY SIPS

Lights On

lurn Heater Oft
Roll Hoses Up

Roll up
Remove Ties
|R=mmove Rulkbisaris

Strip Frud Pariel
Remove Chasc
Break TRST

Drop Remove Mczz
Drop lunnels
Hemove lunnels
DIl & Place Tunnal
1 Embeds

clu|s|w

Start tlect

lSﬂﬂ Mech
SeL Chase 1-2-3

Slatl Rehiar
[Se1 Frael Panel
Set Door and Chase

Set Mezzanine
Resct Bulkhcads
lknd ot Wall Blockout

Check Pour

Set Up Next Day
Plat & and Fininh | | |

@ Hensel Phelps
Construction Co.

Figure 55: Traditional Daily SIPS (Sandeen)

Non-Traditional SIPS
Although SIPS have been used for some time now, a recent break from the traditional method

has begun to gain momentum in the construction industry. Non-traditional SIPS demonstrate a
much more detailed and complex scheduling practice by involving many trades and activities
with a designated area. Due to the greater work activities associated with non-traditional SIPS,
these schedules tend to demonstrate longer over all durations. Differing from traditional SIPS,
they use consistent and incremental schedule time blocks, acting as similar to a parade of
trades or train. These schedules are extremely concerned with getting the activity completed
on time before moving on to the next area, since a disruption in work could completely bring
the flow of work to a standstill. Because of the flow of work and number of activities that can
be included in a non-traditional SIPS, they act as ideal candidates for finish work activities.
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Shown in Fig. 56, a non-traditional SIPS was manufactured for the Pentagon Renovation project,
which will be addressed later in a case study analysis. The schedule is broken down into
designated areas with time blocks allocated to each area on any given day. The blocks are
shown with different colors and number, which depict the different crews and contractors at
that given time and place. By referencing the key below the schedule, each block can be
matched up with its respective crew (Sandeen).

Hensael Pheael Ps Pentagon Renovation SIPS Schedule
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Figure 56: Non-Traditional SIPS (Sandeen)
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Due to the added value SIPS produce on most projects, Hensel Phelps has taken advantage of

every opportunity available to implement this scheduling technique, particularly building
designs that feature repetitive sequences; these include prisons, dormitories, and hotels. They
have successfully incorporated SIPS into a number of projects, specifically the Pentagon
renovation project by shaving four years off of the total project schedule.

Case Study (Pentagon Renovation)
The Pentagon acts as the largest low-rise office building in the world, and until recently was one

of the most outdated. Constructed in 1941 in preparation for World War I, the building had
very little upgrades to the mechanical, electrical, and plumbing systems, making the facilities
inadequate to meet today’s technological standards. Under the guidance of the U.S. Army
Corps of Engineers, Hensel Phelps was contracted to renovate wedges 2 through 5 on
September, 14, 2001. With the contract being awarded only 3 days after the attack on the
Pentagon, Hensel Phelps was forced to accelerate the project schedule in order to meet the
office space limitations caused by the plane crash. The renovation was originally to be
completed in 14 years, but after implementing a number of innovative practices, particularly
SIPS, the schedule was reduced to only 4 years (Rich).

Hensel Phelps started by resequencing the design
practices to support construction. They looked to
the original schedule and manufactured a SIPS for
the repetitive work. They grouped related

activities into five-day work weeks that allowed EE) Smaiorte
the construction crews to flow smoothly from one By R
n Frame A-Zone Bulkheads
area to the next. The crews were organized into a Frame / Drywall B-Zone Bulkheads

SIPS train, which progressed through the entire
process of activities until the work was
completed. In addition, signs were posted in each
designated area labeled with the week and
activities that were to be completed that week,

which can be seen in Fig. 57 on the right. By

Figure 57: Sign for SIPS Activity for Area (Sandeen)

posting the signs and schedules in each area
throughout the building, the workers were completely aware of what was to be completed on
any given week.

Although the project was incredibly successful by reducing the time of work by 10 years, there
were a number of lessons learned on the project. One of the first lessons was the switch from
the 5-day work week (M-F) to the 4-day work week (M-Th). Initially, it allowed for flexibility and
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was beneficial for both groups, since the weekends could be used as overtime for the

craftsmen, but was later seen as a burden, since inspections were often pushed to the start of
the next week. By switching to the 4-day work week, inspections were able to take place on
Friday, as well as the movement of material and equipment in and out of the building.

Another problem incurred was the removal of manpower from the SIPS crews in order to work
on punch list items. In order to counter this problem, Hensel Phelps did not allow non-SIPS
work to draw on SIPS labor. The trades were forced to bring in additional manpower to
maintain adequate work crews for both tasks. In addition, composite teams were composed
from all of the subcontractors and were used to take on areas that needed addressed.

After finding a number of missing things to rule the room as complete, which created an
extensive punch list, Hensel Phelps had to develop a system to counter the problem. Hensel
Phelps had the Subcontractors create an inspection check sheet along with the Hensel Phelps’
Quality Control Manager to use as an inspection on Friday each week. In addition, a $25 charge
was docked for each flagged item. The system allowed for the Subcontractors to recoup the
charges if the items were completed as needed.

One of the biggest lessons learned was how to properly deal with the schedule around holidays.
To deal with this dilemma, Hensel Phelps created a float week to counter long holidays, such as
Thanksgiving and Christmas. Additionally, they created extra SIPS areas to handle the larger
floor areas. This allowed the project to remain on schedule and not throw off the flow of work
(Sandeen).

Subcontractor Buy-in
Although SIPS appear to be incredibly advantageous to any project, the success of their use

rests with the responsible Subcontractors. Many Subcontractors struggle to buy-in to methods
that deter them from their traditional techniques, but there are a number of beneficial reasons
for them to support the SIPS. The biggest reason is the increase in productivity of the trades.
Workers no longer waste time trying to decide where and when to be, but rather they know
exactly what they are to be doing by following the signs and schedules posted throughout the
buildings or workspaces. Using SIPS helps maintain crew sizes, which puts pressure on all of the
workers to maintain their pace and keeps a focus on areas of need. Problematic areas are
recognized much sooner and areas are addressed at a schedule time, so that areas can be
closed out sequentially. Also, having a greater order of coordination can help aid in regularized
material deliveries, which can bring any project to a halt without the proper materials on-site
(Sandeen).
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Implementation
In order to generate a SIPS for the hollow-core planks, there are a number of guidelines to

consider prior to piecing a schedule together. The first thing to consider is the type of SIPS to
use. Since the process is repetitive and only involves Gate Precast, the hollow-core plank
Subcontractor, the use of traditional SIPS is the most favorable option. It allows for varying time
segments and greater fluctuation between crews and work areas, something that would be
beneficial to Gate Precast.

The next thing to review is the project schedule, which should be examined for start and finish
dates, milestones, problematic areas, and holidays. Using the most accurate schedule to the
actual time of the hollow-core plank erection sequence found in Appendix I, Fig. 58 below
shows the following dates associated with erecting the hollow-core planks for each building,
but does not include the grouting, installation of rebar, and other miscellaneous items.

Hollow-core Plank Erection Dates (Not Including Grout, Rebar, etc.)

Side Duration Start Finish
Building 700 North 3 11/18/10 11/24/10
South 3 11/29/10 12/1/10
Building 500 North 3 12/6/10 12/8/10
South 3 12/10/10 12/14/10
Building 600 West 3 12/13/10 12/16/10
East 3 12/17/10 12/22/10

Figure 58: Hollow-Core Plank Erection Dates

Barton Malow believed it was in the best interest of the project to phase the construction of
the three barracks. By phasing the buildings, work was able to flow fluidly from building to
building, which can be seen in Fig. 59 to the right and in greater detail in Appendix J. It also

served to mitigate the learning curve and
created competition amongst the
buildings. Although the phasing can be
seen above by reviewing the dates, the
schedule became much more compressed
during the construction process with only
a one week lag between buildings. To give
the most accurate representation of the
erection process of the hollow-core
planks, | utilized the start date for
Building 700 and then staggered each
building by approximately one week. By

deploying this strategy, it gives the closest

Figure 59: Hollow-Core Plank Erection Site Plan
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depiction and most usable SIPS for the project team at the time of construction, a method that

is typical of the SIPS generation process.

Another item to consider within the schedule is the Thanksgiving holiday. The project team
decided to allocate more days to the construction of Building 700 for this reason, but | believe it
will also serve as a buffer for catch-up work due to the learning curve associated with the first
building. Using Barton Malow’s buffer, | decided to utilize the same strategy and built in
Thursday and Friday of that week as non-scheduled work.

The schedule must allow catch-up time, so that flow of construction is not disrupted by one
activity that is behind. To incorporate a buffer into the schedule, | decided to implement 5-8
hour days. This eliminates Gate Precast, the Subcontractor responsible for the hollow-core
planks, from having to work overtime. Additionally, if the crew falls behind, they can switch to
ten hour days or work on Saturdays. | also decided to build in clean-up time segments to create
a cleaner and safer job-site. At the end of each week, typically Friday, 1-2 workers will be pulled
from the crew to focus on job-site clean-up. If the site is cluttered with scrap material, the flow
of work could potentially be hindered or someone could be injured, resulting in a costly
stoppage in work and the well-being of the workers.

One of the next tasks to perform was to set up definable and consistent work areas. By doing so
it helps to maintain set crew sizes, regular material deliveries, storage plans, housekeeping
accountability, and crew flow. The RTI consists of three buildings, but for the purpose of
sequencing the work more effectively, each building will be broken into two regions, which are:

e Building 700 North
e Building 700 South
e Building 500 North
e Building 500 South
e Building 600 West
e Building 600 East

The next step is to define areas that are not repetitive. For this sequence, there are limited
disruptions in the flow of work with the only setbacks coming at the beginning and end of the
plank erection process for the entry ways. The buildings feature exterior stair cases, which
require smaller hollow-core planks and are only one plank across, opposed to three across. In
addition, consideration needs to be given to the mobilization/demobilization of the cranes. To
account for the crane, time will be given for mobilization to start the day at the beginning of the
erection process and at the end of the day for mobilization at the completion of the erection
process. Access routes can be detrimental to work flow, but the campus is so large that there
are no expected delays due to traffic.
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Once the general time frame has been established and problematic areas have addressed, it is

then time to begin creating the SIPS by investigating the original project schedule, crew
descriptions, and work quantities. Using work quantities from the hollow-core plank submittals
in Appendix K, durations were obtained for setting the planks, placing the rebar, and grouting
the joints. The most critical piece of information was the weight of the planks, information
crucial for selecting the correct crane to utilize. After speaking with Brian Bass of Barton Malow,
he stated that Gate Precast used a 75 ton mobile truck crane, a crane more than suitable to
carry the heaviest possible plank, which was only 5,515 Ibs.

The next step was to reach an appropriate crew to estimate the work that needed to be
performed. The crew utilized by Gate Precast, seen in Appendix L, was composed of truck
drivers, one equipment operator, one foreman, and four journeymen. In addition to these
workers, a separate crew worked behind the plank setting crew; this crew consisted of two
rodman and two grouters. In order to replicate the crew that installed the planks, | altered the
very similar crew proposed in RS Means, which can be seen in Appendix M, by using this output
for both the grouting and setting of the planks, as well as adding two rodmen. This alteration
created an identical work sequence and allowed me to include the reinforcement into the
takeoffs, since RS Means did not include placing rebar in their calculations.

Once a crew was established, | then found the amount of reinforcement that needed to be
installed using the hollow-core plank submittal, where the takeoffs can be seen in Appendix N.
With the rebar quantities found, durations could be found using the outputs from RS Means in

Appendix O. The results for the duration of each activity can be found below in Fig. 60.

]
1.11 Ea. 7.20 Ea. 0.14
1.11 Ea. 7.20 Ea. 0.14
20,455 SF 3,200 SF 6.39
17,977 3,200 SF 5.62
1.80 Ton 1.45 Ton 1.24
1.60 Ton 1.45 Ton 1.10

Figure 60: Hollow-Core Plank Activity Durations

Using the durations calculated, each activity in each of the six building areas could be assigned
times. As you can see on the following page in Fig. 61, there is an adequate buffer into each of
the three buildings. Although the planks take just over two days to set at each part of Buildings
500 and 700, this number is slightly skewed, since the crews needed to be adjusted to give the
most accurate numbers. Setting the planks takes a significant amount of time more than any

other activity, so the Foreman could allocate part of the reinforcement and grout crews to the
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plank setting crew if need be, since they all work for Gate Precast. Regardless, there is a

significant buffer built into to account for a learning curve and ensure quality work.

Typical Work Sequence

Days Needed | Days Given | Buffer |

]
Mobilize Crane  0.14* 0 0.86*
" setPlanks 2.13 2 -0.13
I Demobilize Crane  0.14* 0 0.86*
. Install Rebar 1.24 2 0.76
I Grout 1.07 2 0.93
- faa 16 056
Mobilize Crane  0.14* 0 0.86*
" setPlanks 2.13 2 -0.13
I pemobilize Crane  0.14* 0 0.86*
_ Install Rebar 1.24 2 0.76
I Grout 1.07 2 0.93
- faa 16 056
Mobilize Crane  0.14* 0 0.86*
" setPlanks 1.87 2 -0.13
_ Demobilize Crane  0.14* 0 0.86*
_ Install Rebar 1.10 2 0.76
I Grout 0.94 2 0.93
] J3.a J6  [209
*Denotes Activity That Does Not Impact Buffer Figure 61: Typical Work Sequences

Once adequate time segments were determined for a typical building area sequence, the SIPS
was able to be compiled. A typical weekly SIPS for the four week hollow-core plank erection
process is shown on the following page in Fig. 62. The goal was to level the crews as evenly as
possible to maintain flow, but there were a few miscellaneous activities that created a few
extra needed personnel, such as laying out the upcoming building. In order to see the entire
four week SIPS for the hollow-core planks, refer to Appendix P.

Following the creation of the SIPS, there are a few things that must be done prior to its use. It is
important to have all of the as-built and coordination drawings before beginning construction.
On top of this, there should have been a considerable amount of coordination with Gate
Precast and the Barton Malow project team. Typically, Barton Malow holds weekly
Subcontractor meetings to make the responsible parties aware of updates and provides two
week notices for their work to begin. Materials should all be present on-site, which includes
reinforcement, grout components, mixer, necessary tools, and most importantly, the hollow-
core planks. Part of the risk mitigation with the material handling will be addressed in Analysis
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4, Last but not least, all administrative issues need to be resolved. The RTI is located on a

military base, so making sure that all of the personnel have cleared to work is a key concern.

Short Interval Production Schedule
Week of 11/22 - 11/26
Subcontractor: Gate Precast
Activities: Hollow Core Planks
Tuesday Wednesday Thursday Friday
AM PM AM PM AM PM AM PM

Activity

Total Man Hours

Install Rebar - 700 North
Grout - 700 North

Mobilize Crane - 700 South
Set Planks - 700 South
Demobilize Crane - 700 South
Layout - 500 North

Layout - 500 South

Install Rebar - 700 South
Grout - 700 South

Mobilize Crane - 500 North
Set Planks - 500 North
Cleanup

Manpower Totals

Equipment Totals (Crane Hrs)

Thanksgiving Holiday

Figure 62: Typical Weekly SIPS

Results
After reviewing the updated schedule, the implementation resulted in a drastic acceleration of

the project schedule of 15 total day or 11 work days by moving the finish date from 12/25/10 to
12/10/10. Since this activity is along the critical path, this acceleration allowed work to begin
over two weeks sooner on the exterior sheathing, shear walls, second floor load bearing stud
walls, and topping slab. Since the acceleration of the schedule was attributed more to the
resequencing and reorganization of the work, rather than the amount of work that needed
performed, the labor hours required to perform the work remained the same. Where there
were significant savings was within the crane rentals and project overhead, which can be seen
in Fig. 63. It was assumed that the crane remained on-site during these stagnant times in the
phasing between buildings. Although the crane remained on site during the weekends, it was
more than likely not charged to the project, since it was consistent work during the week. By
reducing the time that the crane was on-site by 11 work days, the project was able to save an
estimated $39,325. In addition, referencing the General Conditions Estimate in Appendix C, the
project team was able to reduce its stay on-site, which allowed Barton Malow to reduce its
overhead by $78,199. Overall, this results in a total savings of $117,524.
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_ Unadjusted Cost Adjusted Cost
(Time=1.085) (Location=0.849)

Mobile Truck Crane $3,575.00 $39,325

Project Overhead $72,929.88 $78,199

Total Cost Savings | $117,524

Figure 63: Cost Savings

Recommendation & Conclusions
The Fort Pickett Regional Training Institute project features a complex sequence of work,

innovative building practices, and a number of critical path activities, but nothing was more
influential to the project’s success than the erecting of the precast hollow-core planks. The
planks serve as an ideal candidate for the use of traditional SIPS by featuring a repetitive
sequence from one building area to the next. Although the use of SIPS requires a considerable
amount of coordination, its benefits far outweigh the work put into the system. After
conducting a feasibility study on the RTI, the use of SIPS cut an estimated 11 work days off of
the project schedule and saved $117,524, leading me to believe that it is well in the best
interest of Barton Malow and the RTI to utilize a short interval production schedule on the
installation of the precast hollow-core planks.
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Analysis 3: Feasibility of Precast Exterior Fagade Panels

Problem Identification
The billeting buildings feature a simplistic building construction means with a limited amount of

complex building systems. Although the building designs are not overly complicated, there are a
number of items that strongly pertain to the success of the project along the critical path of the
schedule, particularly the building enclosure.

The veneer is made-up of precast concrete lintels, smooth-face CMU block, and split-face CMU
block, which varies in size, color, texture, pattern, and mortar. This use of a variety of different
elements created a complicated condition of extreme planning, material preparation, and
material storage practices. The mason held a heavy dependence on the laborers to provide the
correct materials, so that their work flow was not interrupted. In addition to the complexity of
the design, a critical design change setback the erection process. The top course utilized split-
face CMU, which created an uneven joint between the roofing soffit and block, a condition that
was considered aesthetically unappealing to Barton Malow Design. In order to correct this flaw,
a design change switched the block from split-face CMU to split-face CMU, but this change did
not come without a costly schedule impact.

On top of the difficult design conditions,
the erection process created a number of
complications with building accessibility
for safety and material delivery purposes.
In order for the masonry to be
constructed on the second floor, the stairs

could not be set, which created
unfavorable working conditions for
workers to get to the second floor.
According to OSHA regulations, there
must be two usable exits in every

construction area. In order to correct this

Figure 64: CMU Facade

problem, Barton Malow constructed

temporary ladders to windows on the sides of the building. This served as a temporary solution,
but drastically impacted the work flow. Due to the magnitude of the work involved,
constructing the curtain wall on-site presented a lengthy duration of 50 days per building,
which did not even include caulking of openings, cleaning, or punch list items. The curtain wall
was incredibly complex and was the critical activity necessary for completion of the buildings,
which made it a key concern for the project team.
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Research Goals
To investigate the effects of utilizing a precast exterior wall panel, opposed to the built in place

CMU veneer. To conduct a mechanical and structural analysis of the impacts the precast panels
make on the buildings. To develop an implementation strategy, including manufacturing,
transporting, and erection of the panels. To investigate the feasibility of using alternative
precast panels on the Fort Pickett Regional Training Institute project.

Background Information
To minimize the risk associated with completing the building enclosure in a timely manner, the

use of precast panels will be investigated. Precast panels have the potential to significantly cut
into the project’s schedule, but with this reduction also come the introduction of a number of
other variables. Manufacturing the panels off site typically results in cheaper labor costs, a safer
work environment, better working conditions, and higher productivity. The use of precast
panels will also shift the mentality of the design team by forcing them to consider the building
enclosure earlier in the design phases. The work will be shifted to a controlled environment and
will be performed in an earlier phase of the project, so that the panels can be erected as soon
as the billeting buildings’ structures are completed. By simultaneously manufacturing the
panels off site, it will significantly shorten the project’s schedule. There are a number of
potential drawbacks that must be considered as well. Typically, precast panels are more
expensive than constructing a CMU wall veneer in the field, due to shipping costs, erection
equipment, and other costs. Outside of changing the variables associated with the enclosure,
the panels will also affect the buildings’ structures and mechanical properties. Using precast
panels will alter the structural design of the billeting buildings from the change in loads and
structural components holding the panels. The operating costs and mechanical properties of
the building will be altered by negatively or positively impacting the buildings’ operating
performances. Overall, there are a number of items that will need to be thoroughly investigated
to conclude if the use of precast panels is more beneficial to the project in comparison to the
traditional field constructed CMU enclosure.

Project Constraints
Although the use of precast panels appears to be a logical strategy to accelerate the project

schedule, there are a number of key constraints to overcome in order to successfully put the
plan into action. The largest constraint faced by the Regional Training Institute project is the
completion of the building structure. The billeting buildings are constructed using load bearing
cold formed metal stud walls, precast hollow core plank floors, and cold formed metal framed
roof trusses. In order to begin the erection process, the buildings’ structures must be
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completed, so the building

enclosure activities can begin.
Another project constraint is
simultaneous work of the roofing

EXISTING 10 FIRE SERVICE
ACCESS WALK

subcontractor. The site contains

SITELIGHTING, TYP

adequate space for favorable
working conditions, but it is

CEREMONIAL
QUADRANGLE

important to coordinate work with
the roofing subcontractor to ensure
that the panel erection process is
not interfered with. The last major

!

10" FRE SERVICE
ACCESS WALK

constraint is accessibility to the
inside of the buildings, especially the
second floor. The buildings were
designed to host an exterior stair
case at each end of the three

Figure 65: Building Entrances

buildings, a design that differs from typical designs that utilize interior stair wells and created a
number of coordination problems. In addition, only a limited amount of exterior doors were
utilized to heighten the security of the buildings, which only exacerbated the buildings’
accessibility problems. Exterior doors can be seen in Fig. 65, where the red signifies the door
placements around the buildings with doors located on both floors at the ends of the buildings
and on the first floor at the center of the buildings.

Design

In order to provide a superior alternative to the built-in-place CMU veneer, it was absolutely
critical to select the most appropriate panel design for the billeting buildings. The design
process began by deepening my understanding of the manufacturing process using the aid of
Mark Taylor, President of Nitterhouse Concrete Products. Mark explained that the most
important design strategy to consider is the use of repetitive sizes. By designing the facade
using similar panel widths and heights, it reduces coordination and costs associated with the
concrete casting process. If the same concrete mold can be used for numerous panels, the cost
of the manufacturing process is reduced drastically (Taylor).

The second major design item to consider was the size of the panels. The current facade system
stretches two stories at a consistent height of 24’ 4” along the length of the building and a
sloping height at the ends of the buildings that range from 24’ 4” to 29’ 4”. Mark recommended
reducing the panels to as few as possible, specifically encompassing both stories with a single
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panel that stretches from the concrete foundation to the roof. By minimizing the amount of

panels, it helps to reduce costs associated with additional panel connections, sealing the joints,
panel formwork, and crane picks (Taylor).

Using the guidelines recommended
by Mark, | proceeded with
conducting a panel system
designation and takeoff for each
building, which can be seen in full in
Appendix Q and R. To give an idea of
the takeoff process, Fig. 66 to the
right shows a limited depiction of
how the panels were assigned. The
building design created a number of

design dilemmas, particularly the

openings. Although the panels are
erected without the windows and
doors in place, the openings created

Figure 66: Panel Takeoff

a variety in the panels. Each of the buildings feature similar layouts, which allowed the same
panels to be used at the ends of the building and near the edges, but the center of the buildings
forced the incorporation of a number of unique panels. The panels at the center of the
buildings are plagued with different mechanical exhaust, door, and window locations from one
building to the next, due to the varying locations of the mechanical, electrical, and laundry
rooms in the center of each building.

After conducting the takeoff, each building featured design elements that allowed at least 15
panels to be shared on all three of the buildings. In addition to these panels, another 19 panels
were required to meet the varying layouts of the center of each building. Although the center
of the buildings created some complications, the design only featured 34 different panels that
consisted of 7 different panel widths, a design that was said to be well suitable for a
construction project of the $28M range, according to Mark of Nitterhouse Concrete Products.
The following table shows a breakdown of the panels assigned to each building:

Panel Breakdown

8
7
8

o © O

Figure 67: Panel Breakdown
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Once the panel sizes and quantities were determined, it was then necessary to consider the

type of panel and architectural implications of the new system. The current system features a
variety of CMU blocks and precast concrete lintels that consists of various textures and colors.
In addition, the buildings are composed of bump outs and different colored horizontal strips
along the length of the buildings to break up the regularity of the design. To get a better
understanding of the build-out and design of the current CMU wall system, a wall section was
constructed below in Fig. 68.

Build-Out Starting from the Inside:

e 6” Metal Studs

e 5" Exterior Sheathing

e Continuous Vapor Retarder

e 2” Rigid Insulation

e Air Space

e 4” Nominal CMU Veneer (8” at Bump Outs)

6” Metal Studs
4” Split-Face Grey CMU

%” 0SB a
1\ 8” Black Split-Face CMU

Vapor/Air Barrier ." i
; 4” Smooth-Face CMU

2” Rigid Insulation
8” Red Split-Face CMU

4” Air Space " A U‘ :
i Beiet ; Precast Concrete Lintels
! = "
11 e
n L g
4” Red Split-Face CMU — '} al

Precast Concrete Sills

Figure 68: CMU Wall Design
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In order to offer some type of visual variations in the panels, it was important to consider
different finishes and systems, so that the client would remain satisfied with the end product.
The first item considered was the type of system to use. The RTI was constructed with CMU
finishes, but after speaking with Mark, it was found to be much more expensive to utilize
precast concrete panels with CMU block embedded in the panels. The second item to
investigate was the additional cost of using insulated sandwich panels. Although it was
recommended to keep the existing 2” rigid insulation, it wasn’t found to be in the best interest
of the project team to use sandwich panels from a financial perspective, since the insulated
panels added nearly S0.5M from the additional materials and separate pours necessary. After
considering the various options, the uninsulated precast concrete panels were found to be the
most appropriate panel for the Regional Training Institute based strictly from a financial stand

point. The following table shows the considered panels and their respective attributes.

Cost/SF W Cost of Panel System

Panel Systems (59,700 SF)

Sandwich Panel S30 9”

88 PSF $1,791,000

Concrete Panel w/ CMU Embeds VA 7” 88 PSF $1,492,500

Sandwich Panel w/ CMU Embeds S 9” 88 PSF $2,089,500

Figure 69: Panel Systems

Once the panel design was selected, the next step in the design process was the selection of
finishes to incorporate in the panels, a step necessary to mitigate the architectural alterations
in the design. Mark stated that using various colors or aggregates in the same panel was not a
feasible option, but rather it was best to alter the entire color and add variations using different
types of finishes, such as acid etched, sand blasted, or exposed aggregate. These different
finishes can be observed in Fig. 70 below.

Sandblasted - Light &

% Retarded - Medium |

v SR

b Acid Etched - Light

Polished 7 Acid Etched — Light Polished

Figure 70: Panel Finishes (Gate)
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It was found best to eliminate the bump outs in the new panel design, due to the increased
load and cost associated with thickening the panels. Although the bump outs were eliminated
from the design, those panels will still be colored black, which will cost an additional $0.50/SF,
according to Fig. 71 below from Gate Precast. The remaining panels will retain a similar identity
to the 4” CMU wall design that features 4 staggered 4” strips and a 40” strip near the top.
Although these strips consisted of varying CMU colors and textures in the original design, the
new design will utilize a sand blasting finish to give the panel a varying appearance. Since the
current design features 5’ of horizontal strips per linear foot, the grey panels will cost an
additional $3.50/LF (“Gate Precast”).

i Fremium
Better _ Higher White ABEUMPTIONS
Warble or * Banel Size = 150 sq, .
* Fanel Thickness = 8" w/ 3" Face Mix
400 * Form Repetition = 25 times
§ 33“2?,. Frojecting
E“; "g 300 T E Biuillnose
|5 E 5
tron
'% % !E Reds c?r
é 2.00 ‘?8‘ Blacks C“Fimm
© Liners
| Exposed
1.00 P !{.ific Aggregate Mhr::{ﬁpfe
White Southern High Liners 53' icd
i nd  or Finishes
| Grarlutes | Rustication Bfﬂﬁited |
Q.00 : L I
Worse  Lower Gray  Local Low  Smooth EQ;}I::: 4 ‘i{? ﬁ;ﬁ;ff
Cement Aggregates Figment Form  Surface Mix/Finish
Content Dosage Surface Finish Complexity

Figure 71: Additional Finish Costs (“Gate Precast”)

By utilizing the 7” precast concrete panel with various finishes, the architectural appearance of
the building was able to be retained. The proposed precast panel system utilizes the following
build-out, which can be seen in Fig. 72 below.

Build-Out from the Inside:

e 6” Metal Studs

e %" Exterior Sheathing

e Continuous Vapor Retarder
e 2” Rigid Insulation

e Air Space

e 7” Precast Concrete Panels
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6” Metal Studs

s 4

=5

ST

%" OSB

)

R

s

Vapor/Air Barrier

2” Rigid Insulation

e

P

4” Air Space

7” Black Concrete Panel
Normal Finish

7” Grey Concrete Panel
Normal Finish

7” Grey Concrete Panel
Sand Blasted Finish

Figure 72: Precast Concrete Panel Design
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Breadth #1: Structural Analysis

In order to provide a thorough analysis l L / —(7)

of the use of precast concrete panels on — _,L.:_. — L’;//J_QW%
the building, it was critical to investigate ;;Lﬁ%glf S f‘ij 77777 g orTruss
the structural implications on the s \ T~ —~
building’s structure. The current Té& I
enclosure system consists of a non-load __,_,/ ! = — ()
bearing CMU veneer. The veneer ‘

supports only its own dead load and [ )

does not carry any gravity loads from the b w:': [ )

roof or any other part of the building. [ % — - HZOFNAR
The entire exterior of the building is 1 E gLy

supported by grade beams that vary in ;g E i

size across the building’s perimeter. E ' A=
Although the building’s superstructure I —

was not designed to carry any gravity |

loads from the panels, it is responsible — JSEREN

for supporting lateral loads, particularly R o “(v‘é___ ;/erm
the wind. To get a better understanding / ‘LJ LT Jg- /_G;Tim
of the load paths, an exterior wall F_ _T _ '

section of the billeting buildings can be
seen to the right in Fig. 73.

Figure 73: Exterior Wall Section

The first part of the analysis consisted of investigating the lateral forces that would be placed
on the precast panels. To begin, | found the wind load design criteria in the structural drawings
provided by Barton Malow, which can be seen below in Fig. 74.

Wind Loads

Basic Wind Speed (3 sec Gust) F/Eelolglely ASCE Fig. 6-1

1=1.0 ASCE Table 6-1
Exposure Category C ASCE Sec. 6.5.6.3

Internal Pressure Coefficient +/- 0.18 (Enclosed) ASCE Fig. 6-5

Figure 74: Wind Loads

Using tables from Minimum Design Loads for Building and Other Structures from ASCE found in
Appendix S, it was then possible to calculate the velocity pressures on the building’s facade at
various heights. Using the building’s mean roof height at 27.5’, windward and leeward
pressures on the panels were calculated, which can be seen on the following page in Fig. 75.
The windward pressure was found to be the controlling pressure at 16.58 psf.
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Lateral Wind Pressures

T I (16.58 psf
13.87 psf

Controls

Figure 75: Lateral Wind Pressures

Once the controlling wind pressure was found, the panel was then ready to be designed using

ACl design guidelines. The panel was designed as a pin-pin connection with the connections at

the base and top of the panels. This means that the panel will be supported by a grade beam at

the base and by the roof trusses at the top of the panel. Although the current CMU system ties

into the load bearing walls on the second floor, the panels will be tied into the cold formed

metal roof trusses, since they will help support the lateral loads much more effectively.
Although the roof trusses may need to be investigated to decide if the current design is capable
of supporting these additional lateral loads, this consideration falls outside of my capabilities

and the purpose of this breadth. The panel connections for the billeting buildings can be seen
below in Fig. 76 and Fig. 77.
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Figure 77: Base Connection
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Using the desired panel thickness of 7” with the 5000psi concrete recommendation from Mark

Taylor, the panel was then designed for flexure and reinforced. Using the reinforcement
spacing chart found in Appendix T, the panels were designed with #4 rebar at 16” O.C. both
ways. The panel was then checked for shear where it easily passed, since flexure was the
controlling factor. To see the full design calculations for the design of the panels, please refer to
Appendix T.

Once the panels were designed, the next step was to check the design of the foundations. This
process began by developing loads to apply to the grade beams. Referencing the structural
drawings, dead and live loads were able to be calculated. Fig. 78 below shows the design loads
utilized for design purposes. Since the electrical and mechanical rooms are located around the
perimeter of the building and have the heaviest live load of 125 psf, this was was chosen as the
designed live load value for the floors.

Design Loads

Roof Dead Loads
Roofing 5.0 PSF
Sheathing/Insulation 3.5 PSF
Cold Formed Metal Trusses 3.5 PSF
Ceiling 5.0 PSF
Mech. & Misc. 5.0 PSF
Dry Pipe Sprinkler 3.0 PSF

Tota

Roof Live Loads
Tota

Floor Dead Loads

8” Hollow-Core Precast Plank 62 PSF

2” Concrete Topping Slab 25 PSF

Mech./Electrical 3 PSF

Ceiling 5 PSF

Sprinklers 2.5 PSF

Misc. 2.5 PSF
Total | 100 PSF

Floor Live Loads

Tota
Figure 78: Design Loads
The next step in the design process was to derive the tributary width of the load from the
building that would be placed on the grade beam located on the perimeter of the building. Fig.
79 on the following page shows the 24’ wide room split in half with the left side of the room’s
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load being transferred to the strip footing running under the corridor load bearing walls, and
the right half of the room’s load being transferred to the grade beam.
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Figure 79: Tributary Width for Load Distribution

The next step was to calculate the total loads, which included the loads from the roof, second
floor, and concrete panel. The loads on the first floor were assumed to be transferred into the
slab-on-grade and did not impact the grade beam design. In addition, since the total live loads
exceeded 100 PSF, a live load reduction was not necessary. The total distributed load was found
to be 5.34 KLF.

Treating the grade beam as a simply supported structure and using the grade beam and rebar
specifications from the structural drawings, design checks for flexure and shear were
performed on the grade beam. The grade beam was found to be structurally sound and
required no design changes, a result that was expected, since the current design features a
similar load from the 8” CMU veneer at the bump outs. To take a deeper look at the structural
calculations for the design check of the grade beams, refer to Appendix V. Further calculations
for the spread footers were found to be beyond the scope of this breadth.
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Breadth #2: Energy Analysis
The design change of the buildings’ enclosures impacts a number of items that are of

importance to the end-user, but none are of as much of importance as the thermal properties.
To provide a more complete analysis of the influence of the change from a CMU veneer to a
precast concrete panel system, it was necessary to conduct an energy analysis of one of the
buildings using Design Builder Energy Plus.

The program takes into account the
geographical location of the building’s site, so
that the analysis is performed in an as accurate
setting as possible. For the purpose of the
Regional Training Institute, Richmond, Virginia
was selected as the location. The next step was
to import a building layout that was
constructed in AutoCAD to be used as the
building model to be analyzed. Once the walls
were built up, a pitched roof was added at a
slope of 1:12. The model can be seen below in

Fig. 80 to the right. Figure 80: Building Model

The next category to address was the activity of the building. Since the buildings are barracks
and have the majority of the buildings’ footprint dedicated to living, bedroom dwellings were
selected for the building template. Assuming that two people would be living in each room,
0.003 People/SF was calculated to be the average density of the living spaces. Additionally, the
building was assumed to feature no office equipment or computers, since only a limited
number of building occupants were believe to be using laptops.

The next category to adjust was the lighting and HVAC systems in the building. The lighting was
modeled using suspended luminaires in dropped ceilings. In addition, a lighting density of 1.2
W/SF was calculated from the average and types of lamps and luminaires in a typical room. The
HVAC equipment was modeled to mirror the systems in the RTI with hot water radiator heating,
mechanical supply, and mechanical extract. Both the heating and cooling CoPs were chosen to
be 1.0 to follow typical ASHRAE standards. Additionally, the heating system was fueled using
natural gas and the cooling system was fueled using electricity from the grid.

The last category consisted of the various construction types, including the exterior walls, roof,
floors, and partitions. Using accurate assemblies for all of the constructions, the only item that
would be changed between the analyses was the exterior walls. Fig. 81 and Fig. 82 on the
following page show the exterior wall build-outs that would be analyzed in the energy analyses.
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36250in  Concrete Block (Medium)

7.0000in  Concrete, Reinforced [with 2% steel]

4.0000in  Air gap 100mm [downwards)
] — 4.0000in  Air gap 100mm [downwards)

| 60000 Mw Glass Wool fiolls] O e

06250 GypsumPlasterboardfnot toscale) ‘06250in  Gypsum Plasterboardinot to scale]

Figure 81: CMU Build-Out Figure 82: Concrete Panel Build-Out

The two wall assemblies were found to be almost identical in terms of heat transfer and surface
properties. As seen in Fig. 83 below, the U-Values were found to be identical with a slight
deviation in the R-Values. As expected, the R-Value attributed to the CMU veneer was slightly
better, since the block has some air space in the center of the block and does not allow a
constant heat path through the veneer.

Heat Transfer Properties
1 u-Value (Btu/h-ft2-F) R-Value (ft2-F-hr/Btu)

CMU Veneer 0.028 36.976

Precast Concrete Wall 0028 36354

Figure 83: Heat Transfer Properties

Although the two veneers are different systems, both facades display nearly identical surfaces,
and as a result surface properties. Fig. 84 below shows the outer surface properties attributed
to the two exterior veneers.

Outer Surface Properties

Convective Heat Radiant Heat Surface Resistance
Transfer Transfer Coefficient (ft2-F-hr/Btu)
Coefficient (Btu/h- (Btu/h-ft2-F)
ft2-F)
3.499 0.903 0.227
3499 093 027

Figure 84: Outer Surface Properties
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Once all of the proper settings and variables were inputted into Design Builder Energy Plus
appropriately, it was then possible to conduct an energy simulation of the buildings. The
simulations generate results for a variety of items, but the most relevant item for comparison
was the heat loss from the exterior walls. Shown below in Fig. 85, the CMU veneer proved to
perform just slightly better by retaining 739 kBTU more per year.

Exterior Wall Heat Loss

mCcMU

Precast Panels

Heat Loss (kBTU)

Exterior Enclosure Systems

Figure 85: Exterior Wall Heat Loss
The other item of major importance for design consideration is the fuel consumption associated

with this additional heat loss. As seen in Fig. 86 below, the fuel consumption between the two
systems is nearly identical with the CMU system having the slight advantage.

Fuel Consumption

HCMU

Precast Panels

[}
o
L
L
=
[-1]
=

Electricity Natural Gas

Figure 86: Fuel Consumption
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From the results shown above, it is clear that the CMU veneer system is the favorable choice,
but the energy impact between the two systems is minimal. Due to the negligible difference
between the two enclosure systems, the impact on the overall decision to proceed with the one
enclosure system over the other can be overlooked. Both systems display nearly identical
thermal properties, and as a result, this part of this analysis should hold minimal weight on
selecting the more beneficial enclosure system for the Regional Training Institute. To take a
deeper look into the energy simulations from Design Builder Energy Plus, refer to Appendix W
for the Annual Heat Loss, Appendix X for the Monthly Heat Loss, and Appendix Y for the Annual
Fuel Consumption.
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Manufacturing
The primary advantage of utilizing precast architectural panels is the shift of the enclosure work

from the field into a manufacturing facility, a strategy that has the ability to cut deeply into the
project’s schedule. Although the main purpose of using precast panels is to enclose the building
in a much quicker duration, there are a number of other advantages associated with using
precast panels.

One of the biggest benefits of manufacturing

the panels in a manufacturing facility is the
shortened duration of the work involved.
Constructing the panels in a factory setting
creates greater efficiency through repetitive
processes. Field construction is plagued with
inconsistent measurements, lack of proper
equipment, and deviations in work. Workers
are able to make the same measurements

and cuts using repetitive processes. As seen
in Fig. 87 to the right, the workers are able to
establish a positive work flow by using repetitive processes for the installation of the

Figure 87: Repetitive Practices (“Gate Precast”)

reinforcement from panel to panel.

The use of precast panels also promotes
lean construction practices and minimizes
waste drastically. Materials can be
delivered as needed, such as the reinforcing
and concrete, which eliminates the
possibility of materials being damaged or
vandalized on-site. As seen in Fig. 88, once
the formwork and reinforcement is
completed according to the design

specifications, concrete can be ordered and

Figure 88: Concrete Delivery (“Gate Precast”)

delivered to the manufacturing facility.

In addition, factories feature a much more productive work environment. The use of a
controlled environment eliminates potentially harmful working conditions, specifically weather.
The erection of the facade at the Regional Training Institute began in Spring, which can be
impacted drastically by rain and soil conditions. The veneer erection process becomes even
more concerning during the summer months, where the heat can be incredibly detrimental to
crew productivities, a setback that was faced on a number of days during the later stages of the
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veneer erection process in July and

August. Factories even promote better
safety practices, since the working
environment typically involves adequate
light, work space, fewer trade personnel,
less necessary equipment, and work
accessibility, specifically the elimination of
the use of scaffolding. Fig. 89 shows the
advantages of constructing the enclosure

in the manufacturing facility, since the ps
panels can be finished with adequate Figure 89: Working Environment (“Gate Precast”)
space, ultimately leading to a higher quality product. These facilities also provide better
auxiliary services, such as bathrooms, lunch-rooms, and locker-rooms.

Quality Control
Most precast manufacturing plants are PCl-certified, which results in a higher quality product.

Every PCl member must pass two unannounced inspections each year to maintain their
certification, a measure that ensures that the precast plants are practicing the highest level of
quality work. The inspections are aimed at plant’s general operations, as well as the process of
which the panels are produced.

Workers are full-time tradesmen, which generates consistent work through union or non-union
work. Many manufacturing facilities utilize union labor, which results in a higher dedication to
the job and more consistent work practices. Work is also more repetitive and leads to a more
steady work flow, leading to the same standard of quality from each panel to the next.

Delivery
Once the panels are completed, they are

ready to be shipped to the site. The largest
item to consider is the panel size, which for
the most economical strategy is a maximum of
12’ in width, according to Mark Taylor of
Nitterhouse Concrete Products, since it
doesn’t require the use of special permitting.
Using this panel guideline as a design
consideration, | was able to ensure that none

of the panels exceeded this width. In addition, Figure 90: Panels Being Placed on Truck Bed (“Gate Precast”)
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the panels are well below the typical 50’ truck bed length. Since the quote that | received from

Mark included the price of materials, labor, transportation, and erection, there is no need to
investigate the actual cost of transportation as an individual item (Taylor).

The panels are to be picked and placed on truck beds using only the lift points specified in the
shop drawings. The panels are to be shipped on non-staining, shock absorbing materials to
ensure the panels are not damaged during delivery. In addition, non-staining resilient spacers of

even thickness are to be placed between each panel (“Gate Precast”).

Using Nitterhouse Concrete Products as
the manufacturer for the Fort Pickett
Project, it was possible to calculate the
best delivery route and time for
deliveries using GoogleMaps.
Nitterhouse Concrete Products is
located in Chambersburg, PA, which is
an estimated 250 miles, and a 5 hour
delivery route assuming that Interstate
95 is the primary transportation path.
The route can be seen in Fig. 91 to right.

In addition to the just-in-time material
deliveries, finished panels are able to be
shipped according to the project’s
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Figure 91: Panel Delivery Route (Google Maps)

The field construction of the masonry veneer faced a number of problems during the erection

stage, specifically with the coordination of the scaffolding with other trades for material

delivery and accessibility purposes. By using the precast concrete facade system, these

coordination problems can be completely eliminated by removing the need for scaffolding,

lulls, mortar mixers, material stock piles, and waste materials. In addition, the duration

necessary to erect the panels is significantly reduced, which results in fewer clashes with the

workers of other trades, specifically the stair subcontractor and roofing subcontractor.

Fort Pickett Regional Training Institute
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In order to get a better idea of the problems
that can now be eliminated concerning the
building accessibility situation incurred by the
Fort Picket project during the erection of the
CMU wall system, see Fig.92 to the left. The
use of precast panels completely eliminates
these coordination and accessibility
problems, and instead draws focus primarily
to the planning of the deliveries and crane

Figure 92: Accessibility Problems

paths.

The use of precast panels minimizes coordination issues drastically by reducing the amount of
materials, machinery, and personnel on site. With just-in-time deliveries being the goal of the
project team, the deliveries must be carefully managed. Shown below in Fig. 93 and seen in

further detail in Appendix Z, the deliveries will solely come from the south entrance, which is

used for all deliveries and as an entrance for workers. The site contains more than adequate
room and accessibility for trucks to enter the center of the building campus to deliver the
panels. From here, the 40 ton crawler crane can pick the necessary panels and immediately

erect them into their desired location. Additionally, the panels are to be picked by specified lift

points from the shop drawings. The construction sequencing can be observed on the site plan

with Building 700 being the initiator in the panel erection sequence.
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Figure 93: Panel Erection Phase Site Plan
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Schedule Analysis
The main driver for investigating the use of precast concrete panels on the Fort Pickett Regional

Training Institute project was the potential to accelerate the schedule. Although it was
previously believed that the only schedule gains would come in the form of replacing the
masonry erection activities with the panel erection activities, the use of panels actually created
a much more favorable sequence of work creating additional schedule gains.

The current enclosure schedule, which can be seen in Appendix AA, shows a number of
inefficient work strategies. Due to the lengthy duration associated with constructing the CMU
veneer in the field, activities were scheduled sporadically to allow as much time as possible for
the masons to erect the CMU fagade. The north elevations on Building 700 and 500, as well as
the west elevation on Building 600, all began to install the sheathing, vapor barrier, and
insulation prior to the second floor’s exterior load bearing walls being erected. Although the
schedule shows just these elevations performing work prior the completion of the load bearing
walls, the work was actually distributed amongst all of the elevations, so that the build-out
could do what work was available on the first floors prior to the completion of the second
floor’s exterior walls.

Another activity that was able to be adjusted was the installation of windows and doors. Due to
the extensive duration required to complete the CMU walls, American Doors and Glass, the
window and door subcontractor, was forced to visit the site as the work was available. Rather
than complete all of the work in one continuous timeframe, workers visited the site as the walls
were completed and ready for the windows to be punched.

The last major activity impacted was the cleaning and quality control attributed to the CMU
wall system. Since the work was performed in the field, there were a number of quality control
issues with variations in mortar colors, mortar joints, mortar splashes on the block, and
irregularities with the block. These problems resulted in a number of different pressure washes
and chemical treatments to provide a uniform look to the veneer.

In addition to the reformed sequencing, a number of activities were responsible for cutting
deeply into the schedule. Observed in Fig. 94 on the following page, the 50 day duration for
erecting the CMU walls was able to be reduced drastically to 5 days. This resulted in a savings of
45 days per building. Additionally, the cleaning of the CMU walls was found to require the same
amount of time as sealing and cleaning the precast panels combined. Overall, the project was
able to save 135 work days from all three buildings combined from simply utilizing new
activities with no consideration to the new sequencing possibilities. Although there was an
overall reduction in the masonry work, an extra week was allocated to each building during the
construction of the exterior load bearing walls to account for the panel connections that
needed to be installed, which is noted on the revised schedule.
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Building Enclosure Activity Accelerations
Activity Duration/Building | Duration/Project
CMU Wall ]

Erect CMU Walls 50
Clean CMU Walls 20
70

Erect Panels 5
Seal Joints/Clean Panels jle;
25

Precast Panels ]

150
60
210

15
60
75

Days Savedon Enclosure [45 [ 135

Figure 94: Building Enclosure Activity Accelerations

Using the new activity durations and taking advantage of the new sequencing availabilities, it
was then possible to build a new schedule for Building 700, which also reflects the same
sequence and durations as the other buildings, but with a one week lag in dates for Building
500 and a two week lag for Building 600. The revised schedule and activities using the precast
panels for Building 700 can be found in full in Appendix BB and summarized below in Fig. 95.

Schedule Impacts Building 700

DAl s a=Eh e 1 12/23/10 | 3/7/11 53

Vapor 1/13/11 3/31/11 56
Barrier/Insulation

Erect 1/7/11 5/20/11 96
Masonry/Panels

Seal Joints/Clean 1/27/11  6/3/11 92

Punch Windows 2/4/11 6/10/11 91

Aluminum 5/13/11 5/17/11 3
Storefronts

Caulk Exterior of 6/16/11  7/11/11 18
Windows

Caulk Exterior of 6/6/11 6/10/11 5
Doors

el QS IGe eSS (7/25/11 7/28/11 4
& Storefronts

Activity Start Start
Date Date

1/24/11 3/18/11
1/31/11 4/1/11
3/28/11 4/8/11
4/11/11 5/6/11
4/18/11 5/13/11
4/20/11 4/22/11
4/20/11 5/13/11

4/25/11 4/29/11

5/16/11 5/19/11

40

20

18

4

Days Saved
13
11
86
72

71

0

[12/23/10 [ 7/28/11 | 156 | 1/2a/ [s/to/i1 [se |72 |

Figure 95: Schedule Impacts Building 700
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The new schedule uses a new start date for the enclosure sequence of 1/24/11 and a new end
date of 5/19/11. This means that work is able to begin 4.5 weeks later on-site, creating less site
congestion from materials, equipment, and personnel during the pouring of the topping slab
and erection of the second floor’s load bearing walls. The system also results in an acceleration
of the construction sequence by completing work 10 weeks sooner than the CMU wall system.
Overall, the precast concrete panel system was able to recoup 14.5 weeks off of the project
schedule, which can be seen below in Fig. 96. Although this schedule reduction has the
potential to accelerate the building enclosure process, the constraining activity rests with the
roof work, since the core and shell activities cannot be completed until the roof is complete.

Time Savings from Use of Precast Panels

S uration
4.5 Weeks
10 Weeks

Figure 96: Time Savings from Use of Precast Panels

Cost Analysis
Where uncertainty typically rests with precast panel systems is with the cost to implement and

materials. The current system’s complex design boasts a nightmare for design coordination, as
well as a heavy cost of $2,490,660, which was provided by the Barton Malow project team. This
value encompasses the entire build-out, so in order to provide an accurate cost of the panel
system, | used RSMeans to calculate the additional work not associated with Mark Taylor’s
quote. Shown in Appendix CC, the sheathing, air/vapor barrier, and rigid insulation was
estimated to account for these absences from Mark’s quote. Fig. 97 below shows the costs of
the components necessary to construct the enclosure.

Cost of Precast Panel System

Cost/Quantity Quantity  Cost
%"”0SB Sheathing $1.09 59,700 SF  $65,073
Air/Vapor Barrier S0.33 59,700 SF $19,701

2” Rigid Insulation $1.84 59,700 SF  $109,848
7” Precast Panels (Material/Delivery/Installation) FEriofAl; 59,700 SF  $1,194,000
Black Finish on Panels S0.50/SF 13,294 SF  $6,647
Sandblasting Finish on Panels $3.50/LF 1,924 LF $6,734
Joints S0.25 LF 5,574 LF $1,394
Connections $5.00 SF 59,700 LF  $298,500

Total Cost | $1,701,897

Figure 97: Cost of Precast Panel System
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Once the complete cost for the precast panel build-out was calculated, it was then possible to

compare the two systems. Although the design implications to the cold formed metal roof
trusses and its associated cost impacts is unknown due to its relevance beyond this analysis, the
estimate above provides a relatively accurate estimate for the proposed system. After
comparing the two systems, the precast panel system was found to be much cheaper, which is
believed to be due to the simplification of the design and its resulting reduction in labor costs.
The current system requires an enormous amount of coordination, labor, and material waste,
since the construction in the field was so complicated. Additionally, the block that made up the
wall was colored split-face and smooth architectural block, which can add significant costs. The
decision to select the precast panels without the CMU embeds was a decision that made a
tremendous influence on the overall panel cost by saving over $0.5M. Although the design was
simplified, the architectural look was able to be preserved by adding special finishes without
generating an enormous additional cost. Since the first 4.5 weeks saved prior to beginning the
building enclosure process did not impact the overall schedule, only the time save after the
sequence was totaled for potential cost savings. Overall, the use of precast concrete panels had
a $1,094,129 savings, which can be seen below in Fig. 98.

Cost Savings

CMU Wall Enclosure
CMU Walls 2,490,660

S
$2,490,660

Total
Precast Panel Enclosure

Precast Walls $1,701,897
$305,366

$1,396,531

General Conditions (10 Weeks)

Total
Total Cost Savings

$1,094,129

Figure 98: Cost Savings

Recommendation & Conclusions
The use of precast concrete panels is typically associated with accelerating project schedules,

but in the case of the Fort Pickett Regional Training Institute, the panels displayed a number of
other advantages. The overall wall enclosure process was able to be reduced by 14.5 weeks,
which resulted in a possible 10 week shortening of the overall project schedule. On top of the
schedule savings, the system showed a potential savings of $1,094,129 from the combined
general conditions and veneer costs. Although the architectural design was altered, a similar
design was able to be created to keep a lot of the architectural elements intact. After
conducting a thorough analysis of the use of precast architectural panels, it is strongly
recommended that the Fort Pickett project team implement the proposed system.
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Analysis 4: Integration of Material Tracking Technologies

Problem Identification

Although the uses of precast hollow-
core floor planks and structurally
insulated roof panels have given the
project team a great opportunity to
accelerate the project schedule, they

also carry a significant amount of

risk. With the possible introduction
of modularized rooms and precast
facade panels, there is a significant

amount of coordination and

Figure 99: Precast Hollow-core Floor Planks - Courtesy of Barton Malow

planning that needs to be allocated to

the materials. Many of the materials have long lead times, are manufactured off-site, and
require careful planning for deliveries. With the use of such specialized building materials, it is
absolutely critical that extreme planning and consideration goes into tracking materials. A
missed delivery or misplacement of an item could result in a major project delay and potentially
bring work to a standstill. Although the management of materials is critical for a number of
items, the precast hollow-core planks hold the greatest potential to derail the project and bring
construction to a hold. With so many activities dependent on the placement of the floor planks,
it is dire that the materials arrive on-site as needed and in the correct specifications of the
design.

Research Goals

To determine the most appropriate material identification tagging system: barcodes, passive
tags, or active tags. To develop an implementation strategy for the use of material tracking on
the Fort Pickett project. To investigate the feasibility associated with utilizing material tracking
technologies on the Fort Pickett project, specifically the impacts to the project’s schedule,
costs, and coordination.

Background Information
In order to combat the chaos introduced with so many prefabricated and shop manufactured

items, the implementation of a material tracking system will be analyzed. There are currently a
number of software programs that are on the market, including Vela Systems, Latista, and
LocateWare. These programs, in addition to the growing collaboration with 4D modeling
software, such as NavisWorks and Tekla, have generated a great deal of interest in their
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potential on the construction site. The programs involve complex tracking systems that have

the capabilities of tracking materials from the manufacturing phase to the final installation of
the product on-site. The technology consists of material tracking software, scanners, and
material tags, which ranges from high-end active RFID (radio frequency identification) tags with
GPS capabilities to cheaper, simpler barcode tags. Although material tracking technology has
made tremendous strides over the last few years in the industrial and manufacturing industries,
there exists only a limited amount of reported cases of its use within the construction industry,
two of them being referenced later in this analysis. These systems have shown incredible worth
on large scale project, but its use on smaller projects, such as Fort Pickett is something that
needs to be investigated. In addition, due to the relatively new introduction of this technology
in construction, there are a number of implementation items that will need to be decided, such
as what tagging system to use and what software to select. In order to utilize material tracking,
it will require the manufacturers, subcontractors, and construction management team to buy-in
to the system. This buy-in requires full collaboration and training in order to reach a level of
success. The technology has the capacity to greatly improve material management on job-sites,
but there exist a number of hurdles to overcome, including the overhead cost of the
equipment, training, and legal implications. Using a number of research papers, case studies,
webinars, and interviews, a plan was developed to be implemented on the Fort Pickett Regional
Training Institute in hopes of mitigating the risks and accelerate the project schedule.

Case Studies

Meadowlands Stadium

One successful implementation of material
tracking technologies was the New
Meadowlands Stadium in New Jersey, a $998
million, 2.2 million square foot stadium,
which currently acts as the home of the New
York Giants and New York Jets, two National
Football League teams. With valuable
experience from constructing Gillette
Stadium in Foxboro, MA, Skanska USA
Building served as the lead contractor on the

Figure 100: New Meadowlands Stadium — (Sawyer)

design-build project. With the upcoming
football season acting as the schedule driver, the project boasted an extremely aggressive
schedule. For this reason, Skanska was forced to identify the critical-path materials and resolve
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the potential conflict issues in the earlier stages of the project, reducing risks of jeopardizing

the just-in-time supply chain approach.

In order to fast track the schedule, the 3,200
precast members were identified as a key
activity to address. The 3,200 concrete
members each weighed more than 45,000
pounds and measured 44 feet by 10 feet. In
addition, the elements were custom-made
for a specific location within the stadium,
which eliminated the possibility of
interchanging pieces. To tackle the problem,
Skanska deployed a just-in-time supply chain

Figure 101: Precast Members Being Delivered - (Sawyer) technique that allowed the members to be

erected directly off of the trucks upon
delivery, which eliminated timely material movement activities. In order for this to be possible,
the precast members needed to meet the quality control standards required for erection, which
meant that there could be no flaws with the members or the construction work could be
brought to a standstill. With such a tight schedule and over 3,200 custom-made precast riser
elements to be erected, Skanska turned to Vela Systems and Tekla Corporation to complete the
stadium on time using a Field BIM solution.

Vela Systems is a company that specializes in field software, which in combination with tablet
PCs has the capability of streamlining and expediting field processes. Their software can be
used to compose field reports, work lists, safety inspections, punchlists, schedule updates, and
has the ability to store the project’s construction drawings for editing and reviews. The use of
their software has shown savings of 5-10 hours per week per user, an acceleration of two days
per month, a reduction in litigation through proper documentation, and greater quality control.

Using the innovative material tracking software created by Vela, over 3,000 pre-cast concrete
elements that will form the seating bowl of the stadium featured RFID tags that were
embedded in the elements upon casting. The pieces proceeded through four scanning phases
of the production process. The precast elements are first scanned upon casting and moved to
the desired location in the supplier’s facilities. The second scan comes when the pieces undergo
a quality control inspection upon shipping out of the facility. The third scan is performed upon
successful delivery to the project site and inspection for damages. The fourth and final scan is
completed during the erection process to ensure that the elements have been placed in the
proper location.
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As the pieces move through the various

phases of the production process, the
information gathered from the RFID

tags are fed into Tekla Structures, a BIM e
software that models the stadium’s ::;szsc?j"

Marndachued

structure from the earlier design stages,
to fabrication, and into the installation
of the pieces. The combination of
Tekla’s BIM technology with Vela’s
material tracking software creates the

ability for Skanska to track the status of Figure 102: Screenshot of BIM Model — (Sawyer)
each precast member throughout the

supply chain. The status of each piece can be checked by looking into Tekla’s 3D model of the
stadium, where each concrete member displays varying colors that depict the status of the
elements. This innovative material tracking solution serves as the first example in the United
States to combine the material tracking software, tablet PCs, RFID tags, and BIM in the
construction industry. With the introduction of this material tracking strategy, the project was
able to reduce the construction schedule by 10 days, which resulted in a savings of $100,000
per day or a total savings of $1 million. All information presented in this case study can be
referenced in the work cited under Sawyer.

UCSC Porter B College

Another application of material tracking technologies took place on the UCSC Porter B College
project, where DPR Construction acted as the General Contractor. The project team was
successfully able to combine Vela’s field mobility software, tablet PCs, and Tekla’s BIM software
to manage the material management of the project’s doors, frames, and hardware (DFH), which
was able to accelerate the schedule by 20%.

In order to improve the material management of the DFH, DPR replaced their traditional pencil
and paper methods that consisted of paper logs, drawings, and countless hours of updating,
fixing, and updating paper progress reports with a computer managed solution. Initially, the
DFH were modeled in Tekla Structures and each item was attached with information. Upon
arrival to the construction site, the doors were tagged with preprinted barcodes and then
scanned using Vela Systems with the aid of the table PCs. The barcodes were scanned
throughout the various stages, including receiving, storage, and installation. This allowed the
field personnel to check the availability and order completeness for given parts of the building.
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Once the materials were scanned, the information was wirelessly updated and available to any

member of the project team to view. In addition, the BIM model showed the status of each
door within Tekla Structures, which allowed the team to process any issues that were present.

In addition to the study conducted in the field, Stanford’s Center for Integrated Facility
Engineering conducted studies with three key benefit areas: time savings, clear project visibility,
and reorder rate reduction. In order to deliver a more thorough investigation, the study
analyzed workflow processes before and after the implementation of the integrated field
system.

Regarding time savings, the study showed a 50-80% time savings for DFH tasks. There was more
than 28 hours of time saved in documentation, communication, and reporting, which led to a
20% improvement of DFH productivity in work. These savings were due to a removal of steps,
faster information flow, and quicker processes. The improvements were found in the QA/QC
inspections, installation inspections, and final walkthroughs. On top of these savings, two older
steps were transformed into more efficient processes. One of these methods was the
replacement of updating delivery statuses using barcode scanning in the field, opposed to
manually reviewing plans and updating the statuses. The other major change was the
automatic update of QA/QC issues, which in the past could take days using the manual input
using the aid of daily reports.

The second area of investigation was the ability to update the web-based BIM model in real-
time. The project team and workers could check the current status of each component, which
allowed them to plan their work sequence more accurately. In addition, it also helped DPR to
publish accurate progress reports and manpower information.

The final area of research was the amount of reorders needed using the new system. Usually,
reorders constitute financial loss to the project, but the new material tracking system was
successfully able to mitigate this cost. The system increased visibility into the availability of
openings (ordered, onsite, damaged, installed), which meant that there were no reorders
necessary. With the information being updated instantaneously, the DFH foreman was able to
make better decisions on what and when to reorder. This created immediate insight into the
reorder requirements and a higher level of assurance and accountability. According to Lisa
Thomas, Project Manager at DPR, “The 2% of job cost related to QA/QC and reorder is now

I”

virtually nil.” All information in this case study was referenced in the works cited under “Vela

Systems.”
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Inefficiencies with Material Management Process

In order to fully understand the uses and potential for material tracking technology, it is first
critical to address the problematic areas that are currently hindering material management.
Within the four major phases of the construction material management process there are a

number of problems, which can be outlined below in Fig. 103.

I

Ordering

Handling

e QOver-ordering

Ordering the wrong type, quality, size

Ordering standard lengths rather than the lengths required
Ordering for delivery at the wrong time

Damage during unloading

Delivery to inappropriate areas of site

Accepting incorrect deliveries, specifications or quantity

Exceed shelf lives

Damage or contamination from incorrect storage, loss, theft, or vandalism

Damage or spillage through incorrect or repetitive handling
Delivering the wrong materials the workplace

Figure 103: Material Management Inefficiencies (Chesser)

Most problems develop due to the lack of proper material management techniques. These

flaws disrupt information flow between material management phases, which causes a number

of the problems previously outlined. Below in Fig. 104, the information flow throughout a

typical construction project is shown, where a number of problematic areas are symbolized
with question marks (Ren, Sha, and Hassan 401-406).

Designing

Material

Planning Project Drawing

Ordering &
Purchasing

D ,@_, Construction
& control process

Figure 104: Material Tracking Problems (Ren, Sha, and Hassan 401-406)
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Where there exists the greatest concern along the chain is in the construction process or site

management. In order to gain a further understanding of the challenges and steps that go into
implementing a material tracking plan at this phase, | utilized the information presented by
John Chesser, VP of Construction Solutions at Atlas RDID Solutions. Atlas RFID Solutions is the
world’s largest resource for mobile material management. In their latest initiative, they have
taken input from some of the industry leaders, including Bechtel, Kiewit, and Westinghouse, in
order to create the most efficient process possible. The webinar reviewed how EPC firms are
improving upstream and downstream construction productivity by streamlining their field data
using material tracking technologies, such as barcodes, passive RFID, active RFID, and GPS in
conjunction with material tracking software that is being managed through mobile devices.

As shown below, site materials management is composed of five key phases: Receiving,
Storage, Request, Locate-Pick, and Issue. Within each of these phases lie a number of critical
concerns that must be addressed to ensure that the integrity of the supply chain is not

compromised. Fig. 105 highlights a number of these inefficiencies below.

Typical Points of Inefficiencies:

Receiving e Receiving crew is often unaware of what material is coming.

e Receiving crew uses paper packing list to mark receipt.

e Manual data entry of material received using paper by receiving crew.

Storage e Laydown crew manually records storage location on paper.

e Data entry clerks records storage location.

e Dynamic storage areas where material can be moved.

LTS @ Requester completes paper request form.

e Requester lacks important information about material.

e Paper-based process creates communication issues between requestor,
warehouse, and construction.

L[908 e Smaller items present big problems.

e Original recorded location could have been recorded incorrectly.

e Laydown crew lacks important information about material being requested.

e Length of time required to locate means adding a step of flagging material to
later be picked.

e Visibility ends when material is issued.

e Laydown crew manually records where and to whom material has been
issued.

e Data entry clerks manually enter the information provided by laydown crew.
Figure 105: Typical Points of Inefficiencies (Chesser)
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Material Tags
In order to overcome these inefficiencies, there are a number of

deployment methods that can be utilized to ensure that the process
is not negatively impacted, but it is dire to select the right pieces. &
Material tracking systems require four critical components to work §§

together in order

2.

to reach a desired

end-result: *I *l *I
software, tagging,

Software Tagging Hardware Services

hardware, and
services, which can Figure 106: Puzzle Pieces - (Chesser)

be seen in Fig. 106 to the right.

The first key decision to make is to decide on what tags to utilize, which depends on the level of
sophistication and intended use of the system. Within the proposed material tracking
technology, there are a number of different tagging systems to utilize, which includes RFID,
barcodes, and QR.

RFID is composed of three major components, the reader, tags, and antenna. The antenna
enables the chip to transmit the information from the tag to the reader. From here, the reader
takes the information and transmits the information into a computer data base for use. Within
RFID tagging, there are two forms of tags: active and passive.

The active tags are internally powered by a battery and hold GPS capabilities. The more
sophisticated active RFID tags have the capability of storing information in regards to delivery,
storage, installation, and warranties within the tags. Additionally, these tags demonstrate the
ability to contain GPS and proximity tracking to allow for inventory sweeps of construction
sites. This is advantageous, since the project team can know exactly where any given item is
located on-site without having to manually search for the item.

Passive tags are operated using the power generated from the reader. Although the passive
tags are much cheaper, they have a limited read range and don’t contain the data storage
capacity that active tags possess. Although these tags have greater capabilities over other
tagging systems, there cost heavily deters there use on most projects. In addition, according to
Brian Clarke, Director of Sales at Vela Systems, “the ability for the RFID tags to store
information is not typically of much use, since other tags can be scanned and have the
information store in the database.”
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Another form of tags that is become

more regularly used is barcodes.
Barcoding systems have been utilized

throughout the industrial and Active RFID Tags

manufacturing processes for some ' Less than 1’ read

g p 100 Meter read 10 - 20’ read range; :::;S::ni;f;z range; cannot be

time and are now becoming the front- range; can be read  cannot be read == l;ndersnow read under snow
under snow & ice under snow & ice and ice

and ice

runner in the construction world due

. .- Does not require
to its affordability. Barcodes are much  fine of s to scan:

. : Does require lineof Does require line of
can be used with Does not require q q

cheaper in comparison to RFID tags verloryswascets| napEdsts ey, | Sh2toacn site toscan

and have greater versatility for et

coordination. Using material tag $$$ $$ $ --
generating software, such as Figure 107: Types of Tags - (Chesser)

Bartender, tags can be printed in the

manufacturing facility or on-site and attached to the desired material. Another alternative is to
purchase tags that have already been given identification numbers. This means that the tags
can simply be ordered online and then applied to the material upon arrival. Although the
system is advantageous from a cost standpoint, there are a few drawbacks. Barcodes have
limited data storage and requires line of site scanning, which could create problems with
congested sites and poor weather conditions.

In order to decide which tags to proceed with, it is important to determine the logistics of the
site. If the site is very dynamic and involves moving materials frequently around the site, it may
be in the best interest of the team to deploy active RFID tags with GPS capabilities. This
eliminates the possibility of not being able to find critical materials and having to reprocure the
desired items. If the materials are to be located in the same spot upon arrival, it may be best to
utilize barcodes or passive tags, since the cost of these tags are much cheaper.

For the case of Fort Pickett, the intended purpose of applying tags to the precast hollow-core
planks is solely for tracking capabilities and not data storage. The RTI’'s campus also
demonstrates adequate space for scanning and limited congestion. These factors combined
with the favorable costs makes barcodes the preferred choice.

Hardware

The next item of consideration is the hardware to utilize on the Fort Pickett project. There are a
number of different potential scanning methods, but the strategy that is gaining the most
momentum is the use of the iPad in conjunction with a scanner. Due to the recent decline in
the price of the iPad, its use is being adopted throughout the industry with one example being
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Balfour Beatty. Recently, Balfour Beatty

Construction chose to implement a company-
wide adoption of Vela Systems software in
combination with the iPad for project
management purposes on-site. The low cost,
long battery life, and ease of use has made
the iPad the ideal choice in comparison to
costly, outdated tablet PCs. The iPad features
a touch screen that is much more convenient

Figure 108: Balfour Beatty’s Adoption of iPad (“Vela Systems”)

than carrying around a pen to navigate the hardware. Brian Clarke, Director Sales at Vela
Systems, recommended using the 32 GB iPad with wifi capabilities. The 32 GB iPad gives the
user adequate data storage, as well as an affordable price of only $599.00 (Clarke).

Where durability issues bring the iPads use into question, companies such as OtterBox have
developed hard cases to allow the iPad to endure the rugged construction environment.
Otterbox’s Defender Series have been tailor made to protect the use of the iPad in working
environments. The cases run for around $75 each, but their benefits far outweigh the one-time
cost.

In conjunction with the iPad, Opticon’s latest scanners have made material scanning easier than
ever. As seen in Fig. 109 below, the scanners have been reduced in size to make their
accessibility and transportation incredibly favorable. Opticon has even developed a Bluetooth
scanner, so that the scanning process can take place hands free. By simply uploading the
Opticon material scanning application in

iTunes and syncing the scanner with the
iPad, the scanner is ready for use in
minutes. The cost attached to the
recommended Bluetooth scanner is around

$250, slightly expensive, but its use is seen
as incredibly advantageous by freeing up
the hands of the individual responsible for

Figure 109: Opticon's Bluetooth Scanner (Opticon) performing the material scan ning on-site.

Brian Clarke, Director of Sales at Vela Systems, stated the combination of Apple’s iPad,
OtterBox’s Defender Series case, and Opticon’s Bluetooth scanner is the superior choice for
implementing a material tracking system on any project. The versatility, innovativeness, and
affordability of all of the items make this combination the ideal choice for the Fort Pickett
project.
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Software

One of the most critical items to establish is the type of material tracking software to utilize on
the project. Currently there are a number of software on the market, including Latista and
LocateWare, but the most prominent and commonly utilized is Vela Systems. Due to Vela
Systems’ growing versatility and its use on the Fort Pickett project for quality control and punch
list items, | chose to investigate this software for further use.

Vela Systems is a company that
specializes in field software, which in
collaboration with tablet PCs has the
capability of improving and
expediting field processes. Although
its capacity to manage and track
materials is the primary focus of this

analysis, their software has the

ability to perform a number of other

tasks, including composing field Figure 110: Vela (“Vela Systems”)

reports, work lists, safety inspections,
punch lists, schedule updates, BIM model referencing, and documentation reviews.

Vela Systems operates through a

Vela Systems: How It Works

Internet

. (Wireless or wired)
o TEK[A];'Z s

A
Field Teams: | || l Back Office Teams:
Mobiie Tablet PCs L Office Workstations. Laptops

@0@6

Figure 111: Vela Process (“Vela Systems”)

webserver, so the database can be
accessed in any location that has
internet available. Regarding
material tracking, the material tags
are scanned using the tag reader
and is then wirelessly sent to the
iPad where it is registered by Vela
Systems. The information is then
synced to the Vela network by
entering a wifi zone or through the
use of Vela’s mobile program,
which allows updates anywhere
using 4G wireless internet. Once

the information has been updated, any computer with a login name can access the information

via the internet. The figure to the left shows the relationship between the key components

involved with Vela.
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Kendall Mahan — CM Option m



[SENIOR THESIS FINAL REPORT]

In addition to managing the materials through Vela, the items can be tracked through

collaboration with BIM technology, a feature within Vela Systems called Field BIM. Currently,
NavisWorks and Tekla are the two most utilized 4D modeling software on the market. The RTI
incorporated a model of the billeting buildings within NavisWorks for constructability issues,
but with the adaption of the material tracking system, NavisWorks can serve as a 4D indicator
of the status of each piece. The planks can be identified in the model and assigned a color, so
that at any given time an individual could simply open the model and know where each precast
member is currently located.

As mentioned earlier, the Fort Pickett project used
Vela Systems for safety and quality purposes, but
did not get involved with the material tracking
capabilities within the software. The project team
purchased a 12 month license for Phase Il that was
available to two users. Each user paid $200 per
month to access the software, which translated to
$4,800 for the life of the project. In addition, the
training for one day cost $1,800 and $1,500 for
services. Overall, Barton Malow invested $8,100 for
the use of Vela on the project.

Figure 112: Vela (“Vela Systems”)

In order to implement the material tracking system, as well as potentially adding the Field BIM
service, there are a few additional costs to the existing plan. After speaking with Brian Clarke,
Director of Sales at Vela Systems, | was able to obtain an accurate cost estimate of the various
services. The first and most important change would be to switch the Vela License from a pay
by user fee to a project fee. Making the transition to an Unlimited User License for 12 months
would cost the project an additional $2,800, which means a total cost of $10,900. This package
includes material tracking, QA/QC, safety, and I&P. To add the Vela Field BIM, it would be an
additional $4,200 plus $1,500 for services.

The last piece of software critical for implementation is the barcoding software. Since the
barcodes were found to be the more appropriate tagging alternative, a software is needed to
print the barcodes. Following the trend of Barton Malow at the Maryland General Hospital
project, | decided to use Bartender as the tagging software. Bartender is incredibly cheap and
provides flexibility by allowing the project team to print barcodes for whatever they please.
Barcodes can be printed for materials, equipment, tools, or even restrict access in certain areas.
The Bartender bar coding software can be purchased online for $250 and is a one-time cost,
which can be later used on future projects.
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Implementation

One of the first things to realize is that every project is different. Attempting to implement a
successful strategy from another project may not be the right plan, but rather one should
attempt to mold each plan specific for the intended project. It is important to define what
materials are within the scope of work. Often, items are neglected by either the supplier,
installer, or a third party because the scope was not defined adequately. It is dire to ensure that
all of the necessary items are covered in full through numerous discussions and planning. For
the case of Fort Pickett, only the precast hollow-core planks are being analyzed, but the use of
material tracking has potential with a number of other items, including the structurally
insulated panels, door hardware, MEP racks, and MEP equipment.

Another item to discuss is how far along the material management process to track the
materials. Material tracking can be utilized beginning at the manufacturer and all the way to
use by the owner for facility management purposes. Although there are a tremendous amount
of advantages to using the tags for facility management purposes, they have little benefit for
this analysis and the precast hollow-core planks.

The next item of discussion is to decide who is responsible for tagging the precast members.
The best strategy for the project is to tag the planks at Gate Precast’s facilities, the precast
plank manufacturer. Within this path there are two alternatives for tagging the planks. Barton
Malow could create the tags themselves and pre-associate the tags with each plank. This would
mean that Barton Malow would go into Vela themselves and assign tag identification numbers
for each plank and then give the tags to Gate Precast to place on the necessary planks upon
completion. The other alternative would be for Gate Precast to tag each item using
unassociated tags and then scan each plank upon completion, so that each member is linked to
an identification number in Vela. Both alternatives are perfectly acceptable, but | feel that the
second choice would be more preferred, since it reduces coordination problems. Regardless of
the option, it is absolutely critical to establish this work relationship upfront and in writing in
the form of a contract, so that legal responsibility can be mitigated properly by the project
team.

Another item to consider is the responsibilities of each party along the material management
process. It is important to develop a work process flow diagram supporting project specific
procedures, complete with names, scheduled interviews, output requirements, and various
other items. Within this process chart, individuals should be selected to be responsible for
overseeing proper management of the material tracking. This person will be responsible for
working with the stakeholders, vendors, engineers, superintendents, and warehouse personnel.
This position should be seen as a leadership role, which could constitute a leadership
opportunity for a younger member of a project team to take on. According to Jon Chesser,
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“Projects that have been successful have used new college graduates, since they are more

familiar with technology and eager to gain responsibility (Chesser).” Using Chesser’s
recommendation, | believe that the best individual of the project team to take on this
responsibility is Corey Pomeroy, the Quality Control Manager. He was assigned to the project
for the entire duration of the project, work daily with the US Army Corps of Engineers, is
responsible for quality control and safety items, and oversees the project’s Vela System.

Another item to investigate is the project
schedule in order to plan accordingly for

peak periods of necessary tags. By using

material delivery and installation

schedules, tag utilization can be - ‘\

optimized, which opens the possibility of
reusing tags and ordering less tags for

use. Fig. 113 on the right shows the e
Figure 113: Tags in Operation vs. Schedule

progression of the project’s schedule over

time with a representation of the tags utilized at any given time period along the vertical axis
(Chesser). Although this is important consideration for most cases, since the planks are the only
item being monitored, there is no chance of reusing tags, because all of the planks will be
manufactured, transported, and erected at the same time period.

The last major item to decide is the scanning procedures for the planks. The process begins at
Gate Precast’s facilities where the planks tagged upon creation of the precast members. It is
here that the planks are scanned for the first time. Next, the tags are moved and prepared to
be shipped. Prior to shipment, the planks are inspected for defects and if the planks are
satisfactory, the members are scanned for the second time. Once the precast members arrive
at the site, the responsibility for tracking switches to Barton Malow, specifically the Quality
Control Manager. The third scan takes place as the planks are removed from the trucks and
placed in the laydown area. Last but not least, the planks are scanned for a fourth time just
before the planks are set into place. This ensures that proper plank is in set in its proper
location. Fig. 114 below shows the entire material management process.

Manufacturing Inspection

Delivery Erection
(Gate Precast) (Gate Precast)

3 ~

(Barton Malow) (Barton Malow)
\ \

Figure 114: Material Management Process

Fort Pickett Regional Training Institute Kendall Mahan — CM Option Kokl



[SENIOR THESIS FINAL REPORT]

Additional Uses
Although barcode and RFID tags are making enormous strides in the construction industry

within material tracking, there are also a number of other uses for these systems. Tags could be
used to track tools and equipment to prevent mishandling and wrongful installation. These
systems could be used to improve security and maintenance on the job-site, such as restricting
personnel from entering secure rooms with high priced materials. Televisions, cameras, and
expensive electronics are high theft items, so implementing these tags for security purposes
could greatly protect any project’s assets. Tagging systems could be used to keep records of
maintenance on equipment and retain proper documentation for warranties. Work on
equipment can be scanned and documented, so that a standing record exists of its last known
maintenance. Last but not least, RFID tags could be used for document control, which could
contain shop drawings, specifications, change orders, and billings requests for materials.
Although this analysis does not go into depth regarding these alternative uses of the tags, they
are often used on other project, since the only additional cost is the tags themselves.

Results

In order to combat many of the problems the construction industry faces in terms of material
management, implementing material tracking technology can act as a viable solution. The Fort
Pickett Regional Training Institute project consists of a number of long lead-time items that are
manufactured off-site and heavily influence the project schedule. Tracking systems target
detrimental information gaps at the planning, inventory, monitoring, and maintenance steps,
which can hopefully mitigate the risk of these high priority items. The only item addressed in
this analysis was the precast hollow-core planks, the most critical item in the project’s schedule.

In order to give an accurate estimate of the cost to implement a material tracking system on
the project, | was able to obtain help via phone interviews with Adam Omansky, Co-Founder of
Vela Systems, and Brian Clarke, Director of Sales. After presenting the details of my project and
explaining the intended use of the material tracking system, they were able to recommend the
most suitable system. From here, a cost estimate was compiled between the current Vela
System at Fort Pickett, which used two users and non-Field BIM services, and the proposed
system, which used an unlimited user license and the Field BIM package. Fig. 115 on the
following page details the cost of each line item, as well as shows the additional cost to enact
the material tracking system. Using the proposed system creates an additional $9,300
investment, but as you will see later in the results, this cost is minimal in comparison to the
potential savings.
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Cost to Implement Material Tracking

Existing System Proposed System Additional Cost

tem |

$4,800 $7,600 $2,800
$1,500 $1,500 $0
$1,800 $1,800 $0

- 54,200 54,200
: s1.500 s1.500
jiPad | $600 $600 =
575 575 50
- : 50
: s250 s250
- 5250 5250
: 5300 5300
| Totals|

Totals $8,775 $18,075 $9,300

Figure 115: Cost to Implement Material Tracking

In order to give a clear indication of the importance of erecting the precast hollow-core planks
within the scheduled duration, | investigated the penalties for not turning the project over on
the specified turnover date. For every calendar day that the project is over schedule, Barton
Malow faces $2,281 in liquidated damages. This means that if the plank erection delays the
project just one week, the initial cost of the material tracking technology is already outweighed
by the cost of the liquidated damages. In addition, the U.S. Army Corps of Engineers evaluates
every project that they represent and assign that project a grade. A poor evaluation can result
in an exclusion from future opportunities that the Army Corps of Engineers represents for the
military.

Although the system is relatively new to the construction industry, studies have shown a
tremendous amount of upside. According to Stanford’s Center for Integrated Facility
Engineering, “material tracking technology eliminates 2% of job related QA/QC and eliminates
reorders.” This equates to a $440,634 in savings, a tremendous savings. This comes at a time
where companies are looking outside of the box given the current state of the economy. Adam
Omansky from Vela Systems reported that Vela users have found an average of 2-4 hours per
day save in paperwork. Although it is difficult to assign a specific amount of savings to the
project, the following companies, as well as a larger list found in Appendix DD, serve as
examples of the benefits associated with Vela Systems and its material tracking technologies.

Fort Pickett Regional Training Institute Kendall Mahan — CM Option



[SENIOR THESIS FINAL REPORT]

e DPR Construction — The USCS Porter B College project reported a 20% schedule
acceleration and 28 man hours/week saved from the use of material tracking on the doors,
frame, and hardware items by eliminating timely paperwork and inefficient practices.

e Tocci Building Corporation — CEO said “they save millions by measuring cost of deficient
work items in Vela as they occur and using cost of quality reports to back charge
subcontractors as needed.”

e Skanska — Saved 10 days and $1,000,000 on the Meadowlands project due to better supply
chain visibility, improved quality and accountability, and better schedule risk management.

e Barton Malow — Saved $468,000 from the use of barcode material tracking on the field
commissioning from improved efficiency using the BIM model with data and documents
linked to it.

e Turner Construction Company — EVP reported a savings of $900,000 because the project
could report faster project completion times from improved information transfer from the
field to the team and subs.

e Hensel Phelps — Saved $150,000 and headcount (1-2 hours/day/user) on the new aircraft
launch system for the US Navy by automating field construction quality inspection
processes, and using electronic documents.

Recommendation & Conclusions
The construction industry is incredibly dynamic and complex with material management

constantly challenged with problems related to planning, ordering, receiving, storing, handling,
distributing, site usage, and monitoring. Due to the complexity of these projects, these
problems can often lead to low construction productivity, cost overruns, and delays on the job-
site. With so many potential problems related to material tracking, Vela Systems and other
competitors are leading the way towards minimizing these threats. After conducting a thorough
analysis of the feasibility of a barcoding system’s use on the Fort Pickett Regional Training
Institute project, | believe that it is well in the best interest of Barton Malow to enact the
proposed system.
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MAE Requirements

The integrated BAE/MAE requirements for this thesis were achieved by incorporating a number
of different topics and techniques from the following courses:

AE570: Production Management in Construction
For this course, short interval production schedules were introduced and examined from a

number of aspects that could heavily influence a construction project’s schedule and
productivity. These innovative scheduling techniques were thoroughly examined and further
reinforced with case studies and guest speakers. The information learned in this class was
incredibly beneficial during the development of my short interval production schedule in
Analysis #2 for the precast hollow-core plank system.

AE572: Project Development and Delivery Planning

For this course, project development and delivery planning practices were analyzed in order to
provide a better background on various construction management strategies. The information
learned through the course was influential on considering delivery methods and design
coordination within my remaining three analyses: Analysis #1 Modularized Bathroom Units,
Analysis #2: Feasibility of Precast Exterior Facade Panels, and Analysis #3: Integration of
Material Tracking Technologies. All three analyses demand a tremendous amount of additional
design coordination during the initial stages of the project life in comparison to traditional
building methods. Using the knowledge obtained within this course, | was able to allocate
proper attention to the planning and coordination necessary to deliver a more feasible and
accurate investigation of each of the three analyses.

Fort Pickett Regional Training Institute Kendall Mahan — CM Option )



[SENIOR THESIS FINAL REPORT]

Final Recommendation and Conclusions

Over the course of the academic year, the Fort Pickett Regional Training Institute was
thoroughly analyzed to identify potential areas of design and construction that have the
opportunity to enhance the project. After serving as a member of Barton Malow’s project
management team, as well as conducting a thorough investigation of the project, four areas
were chosen to be investigated. This report discusses the opportunities, implementation
strategies, and results of enacting four main research topics: modularization of bathroom units,
implementation of short interval production schedules, feasibility of precast exterior facade
panels, and integration of material tracking technologies. Although these areas were found to
provide the greatest opportunity for improvement, these analyses are not to be perceived as
criticisms, but rather areas of study for educational purposes.

Analysis #1: Modularization of Bathroom Units

The first analysis looked to bridge the gap in the schedule between the time allocated towards
the bathrooms and the much simpler construction of the bedrooms. In addition, the bathrooms
demonstrated a number of quality issues due to the high concentration of work and number of
trades located into such a confined work area. To rectify this problem, the use of bathroom
pods constructed in an off-site facility was investigated for potential use. The design-build
delivery system in conjunction with the repetitive nature of the buildings created an incredibly
favorable situation, which was proved to be beneficial to the project after performing the
analysis. The fit-out schedule was able to be accelerated by 8 weeks and save an estimated
$213,903. Additionally, by using bathroom pods constructed in a controlled work environment,
the quality of the bathrooms was found to be delivered in a standard that was unachievable in
the field. Although the use of pods generates heightened coordination issues, the use of
modularized bathroom units was found to be well in the best interest of the project team.

Analysis #2: Implementation of Short Interval Production Schedules
The second analysis investigated the use of short interval production schedules (SIPS) on the

Fort Pickett project, in order to help mitigate the risk involved with erecting the precast hollow-
core planks. The planks were determined to be the most critical activity on the project’s
schedule with the ability to interfere with the second floor’s structure, building enclosure, and
fit-out of the building. For this reason, a SIPS was developed to provide better coordination and
security of the crew reaching the scheduled durations. The SIPS looked to provide more
consistent work sequences and improve the flow of construction from on building to the next.
After performing the analysis, the SIPS was found to shorten the sequence of work by 11 work
days and save $117,524. With liquidated damages valued at $2,281 per day and a number of
dependent work activities following the erection of the planks, the use of SIPS is recommended.
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Analysis #3: Feasibility of Precast Exterior Facade Panels
The third analysis aimed to reduce the lengthy duration associated with constructing the

exterior CMU veneer. Construction of the masonry wall proved to be a troublesome area in
regards to schedule and quality. To resolve these issues, the use of precast concrete panels was
investigated for feasibility on the For Pickett site. After conducting a thorough study, the panels
were found to be incredibly beneficial to the project. The panels were able to save 14.5 weeks
from the building enclosure schedule, as well as save $1,094,129. Although the architectural
design was slightly altered, many of the features were able to be retained. In addition, the
panels provide a much higher quality product, since the panels can be manufactured in a
controlled work environment. Due to the impact made in the building design using precast
panels, the decision ultimately rests with the owner and architect, but it is my recommendation
that the project team proceed forward with the plan proposed in this study.

Analysis #4: Integration of Material Tracking Technologies
The fourth analysis looked to provide better coordination and security with the management of

the precast hollow-core plank activities. This activity served as the most critical schedule item,
making the planks an opportune area of focus for further coordination through the use of
material tracking technology. After researching the influence of material tracking on past and
existing projects, it was found to be well in the best interest of the project team to enact a
material tracking system. The $9,300 price tag attached to implement the entire system is
believed to be minimal in comparison to the future costs associated with rectifying a potential
delay in the schedule from mishandled or manufactured precast floor planks.

The analysis areas researched within this report were all determined to be incredibly
advantageous to the Fort Pickett project team, specifically in addressing the schedule concerns.
Although this report provides results that serve as a benchmark for the AEC industry for
innovative construction practices, the work involved in this paper have provided me with a
much stronger foundation of the challenges and correctives practices that are gaining
momentum in the construction market. It is hoped that this report helps better the AEC
industry, as well as myself in future construction related endeavors.
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Appendix A

Existing Conditions Site Plan
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Appendix B

Detailed Project Schedule
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ID Task Name
1 z
2 Proposal/Award Phase
3 USACE Issues NTP w/Phase |
4 Design
5 Start Phase Design
6 End Phase Design
7 Construction
8 Start Construction
9 Substantial Completion
10 End Construction
11 Closeout
12 Closeout
13 Contract Completion
14 I
15 Design
16 USACE Issues NTP w/Phase Il
17 Performance & Payment Insurance Cert.
18 100% Site/Utility/30% Building Design
19 100% Structural/60% Building Design
20 100% Building Design Documents
21 Submittals
22 90-Day CPM Schedule
23 Detailed CPM Schedule
24 Issue Contracts
25 Submittals to USACE
26 As-Built Drawings
27 Operation & Maintenance Data
28 Initial Sitework
29 Initial Sitework NTP
30 Start Phase Il Construction
31 Setup Construction Limits
32 Remove Trees & Shrubs
33 Construction Access Road
34 Site Fencing
35 Establish Truck Wash
36 Site U/G Sanitary
37 Site U/G Water
38 Site U/G Fire Protection
39 Site U/G Elect/Telecom Ductbank
40 Pull Electrical Feeders
41 Construction - Building 700
42 Building 700 - Core & Shell
43 Prepare Building Pad
44 U/G Work
45 Foundations
46 Backfill Foundations/Re-Grade
47 Slab on Grade
48 Erect Structural Steel Level 1
49 Load Bearing Stud Walls Level 1
50 Hollow Core Floor System North
51 Topping Edge Forms
52 Hollow Core Floor System South
53 MEP Hollow Core R/I's
54 Exterior Sheathing North El
55 Wall Vapor Barrier/Insulation North El
56 Masonry Splitface North El

Duration

0 days

0 days
214 days
0 days

0 days
351 days
0 days

0 days

0 days
11 days
11 days
0 days

662 days |Sat2/27/10 |Mon 9/10/12

187 days
0 days

1 day

66 days
73 days
73 days
438 days
56 days
75 days
59 days
75 days
281 days
20 days
315 days
0 days

0 days

3 days
13 days
20 days
6 days

7 days
22 days
36 days
36 days
42 days
6 days
352 days
250 days
5 days
10 days
15 days
5 days
23 days
6 days
66 days
3 days

3 days

3 days
10 days
5 days

5 days
10 days

Start Finish

on 9/29/08 8/6/10
Mon 9/29/08 Mon 9/29/08
Mon 9/29/08 Mon 9/29/08
Mon 9/29/08 Fri 7/24/09
Mon 9/29/08 Mon 9/29/08
Fri 7/24/09  Fri 7/24/09
Thu4/2/09 Fri8/6/10
Thu 4/2/09  Thu 4/2/09
Thu 6/17/10 Thu 6/17/10
Fri 8/6/10 Fri 8/6/10
Fri7/23/10 Fri8/6/10
Fri7/23/10  Fri 8/6/10

Fri 8/6/10 Fri 8/6/10

Sat2/27/10 Mon 11/15/10
Sat2/27/10 Sat2/27/10
Mon 3/1/10 Mon 3/1/10
Mon 3/8/10 Mon 6/7/10
Mon 5/17/10 Wed 8/25/10
Thu 8/5/10 Mon 11/15/10
Mon 3/1/10 Wed 11/2/11
Mon 3/1/10 Mon 5/17/10
Mon 5/17/10 Fri 8/27/10
Tue 8/24/10 Fri11/12/10
Wed 9/8/10 Tue 12/21/10
Wed 10/6/10 Wed 11/2/11
Thu 10/6/11 Wed 11/2/11
Mon 3/1/10 Fri5/13/11
Tue 6/8/10  Tue 6/8/10
Tue 6/8/10  Tue 6/8/10
Mon 3/1/10 Wed 3/3/10
Thu 3/4/10 Mon 3/22/10
Thu 3/4/10 Wed 3/31/10
Wed 3/24/10 Wed 3/31/10
Thu 4/1/10 Fri4/9/10
Mon 9/13/10 Tue 10/12/10
Mon 9/13/10 Mon 11/1/10
Fri9/17/10 Fri 11/5/10

Fri 10/1/10 Mon 11/29/10
Fri5/6/11 Fri5/13/11
Wed 8/25/10 Thu 12/29/11
Wed 8/25/10 Wed 8/10/11
Wed 8/25/10 Tue 8/31/10
Wed 9/1/10 Tue 9/14/10
Mon 9/13/10 Fri 10/1/10
Mon 10/4/10 Fri 10/8/10
Mon 10/11/10 Wed 11/10/10
Wed 11/3/10 Wed 11/10/10
Mon 11/8/10 Mon 2/7/11
Wed 12/8/10 Fri 12/10/10
Tue 12/14/10 Thu 12/16/10
Tue 12/14/10 Thu 12/16/10
Mon 12/20/10 Fri 12/31/10
Thu 12/23/10 Wed 12/29/10
Mon 1/3/11  Fri1/7/11
Fri1/7/11 Thu 1/20/11

uarter

‘ 1st Quarter 2nd Quarter ‘ 3rd Quarter

‘4th Quarter

‘ 1st Quarte

Dec

Jul Feb ‘ Sep Apr ‘ Nov ‘ Jun Jan ‘

Aug

Oct

4

Phase |
Proposal/Award Phase

USACE Issues NTP w/Phase |

Design

» Start Phase Design

¢ End Phase Design
ey Construction
¢ Start Construction
¢ Substantial Completion
¢ End Construction
@w Closeout
@ Closeout
¢ Contract Completion

R —iiiiiiis C—) Phase ||

ey Design
& USACE Issues NTP w/Phase I
T Performance & Payment Insurance Cert.
EEmmmma  100% Site/Utility/30% Building Design
B  100% Structural/60% Building Design
B  100% Building Design Documents
e —— Submittals
Eammma 90-Day CPM Schedule
Cammmy Detailed CPM Schedule
Eag Issue Contracts
Bl Submittals to USACE
) As-Built Drawings
Operation & Maintenance Dg
ey Initial Sitework
¢ Initial Sitework NTP
¢ Start Phase Il Construction
T Setup Construction Limits
B Remove Trees & Shrubs
Construction Access Road
1 Site Fencing
@ Establish Truck Wash
B Site U/G Sanitary
Emm Site U/G Water
Emmg Site U/G Fire Protection
E@ma Site U/G Elect/Telecom Ductbank
T Pull Electrical Feeders
ey Construction - Building

e Building 700 - Core & Shell
T Prepare Building Pad

@ Y/G Work
@ Foundations
T Backfill Foundations/Re-Grade
Slab on Grade
g Erect Structural Steel Level 1
B Load Bearing Stud Walls Level 1
T Hollow Core Floor System North
T Topping Edge Forms
T Hollow Core Floor System South
@ MEP Hollow Core R/I's
T Exterior Sheathing North El
T Wall Vapor Barrier/Insulation North El

ta

700

@ Masonry Splitface North El
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ID Task Name Duration Start Finish uarter ‘ 1st Quarter 2nd Quarter ‘ 3rd Quarter ‘4th Quarter ‘ 1st Quarte
Dec Jul Feb Sep Apr Nov ‘ Jun ‘ Jan Aug ‘ Mar Oct
57 Prep/Pour Topping Slab 4 days Mon 1/10/11 Thu 1/13/11 T Prep/Pour Topping Slab
58 Erect Structural Steel Level 2 10 days Mon 1/17/11 Fri 1/28/11 @ Erect Structural Steel Level 2
59 Load Bearing Stud Walls Level 2 35 days Mon 1/17/11 Fri 3/4/11 Emmg Load Bearing Stud Walls Level 2
60 Clean Brick North El 5 days Thu 1/27/11 Wed 2/2/11 T Clean Brick North EI
61 Set and Pour Stairs 8 days Thu 1/27/11 Mon 2/7/11 @ Set and Pour Stairs
62 Roof Trusses 11 days Fri2/4/11 Fri2/18/11 @ Roof Trusses
63 Punch Windows North El 2 days Fri2/4/11 Mon 2/7/11 T Punch Windows North El
64 Exterior Sheathing East El 5 days Tue 2/8/11  Mon 2/14/11 I Exterior Sheathing East El
65 Structure Complete 0 days Fri2/18/11  Fri2/18/11 @ Structure Complete
66 Exterior Sheathing South El 5 days Fri2/18/11  Thu2/24/11 T Exterior Sheathing South El
67 Wall Vapor Barrier/Insulation East El 10 days Fri2/18/11  Thu3/3/11 @ Wall Vapor Barrier/Insulation East El
68 Install SIPS Panels 26 days Tue 2/22/11 Tue 3/29/11 Ema Install SIPS Panels
69 Exterior Sheathing West El 5 days Tue 3/1/11  Mon 3/7/11 T Exterior Sheathing West El
70 Masonry Splitface East El 15 days Thu 3/10/11 Wed 3/30/11 @ Masonry Splitface East El
71 Wall Vapor Barrier/Insulation South El 5 days Thu 3/10/11 Wed 3/16/11 T Wall Vapor Barrier/Insulation South El
72 Wall Vapor Barrier/Insulation West El 10 days Fri3/18/11  Thu3/31/11 @ Wall Vapor Barrier/Insulation West El
73 Roof Insulation/Ice Shield 33 days Thu3/31/11 Mon 5/16/11 g Roof Insulation/Ice Shield
74 Clean Brick East El 3 days Fri4/8/11 Tue 4/12/11 T Clean Brick East El
75 Masonry Splitface South El 10 days Fri4/8/11 Thu 4/21/11 @ Masonry Splitface South El
76 Punch Windows East El 5 days Fri4/15/11  Thu4/21/11 I Punch Windows East El
77 Clean Brick South El 5 days Mon 5/2/11 Fri5/6/11 T Clean Brick South EI
78 Masonry Splitface West El 15 days Mon 5/2/11  Fri5/20/11 B Masonry Splitface West El
79 Aluminum Storefronts 3 days Fri5/13/11  Tue 5/17/11 T Aluminum Storefronts
80 Punch Windows South El 2 days Fri5/13/11  Mon 5/16/11 I Punch Windows South El
81 Metal Roofing 40 days Wed 5/18/11 Tue 7/12/11 Emma Metal Roofing
82 Clean Brick West El 3 days Wed 6/1/11 Fri6/3/11 T Clean Brick West El
83 Caulk Exterior Block/Door Frames 5 days Mon 6/6/11  Fri6/10/11 I Caulk Exterior Block/Door Frames
84 Punch Windows West El 5 days Mon 6/6/11  Fri6/10/11 T Punch Windows West El
85 Caulk Windows/Exterior 18 days Thu 6/16/11 Mon 7/11/11 @ Caulk Windows/Exterior
86 Fascia/Trim/Soffit /Gutters/Downspouts 28 days Frie/3/11 Tue 7/12/11 Ema Fascia/Trim/Soffit /Gutters/Downspout
87 Exterior Canopies 8 days Fri7/1/11 Tue 7/12/11 @ Exterior Canopies
88 Leak Test Windows & Storefronts 4 days Mon 7/25/11 Thu 7/28/11 T Leak Test Windows & $torefronts
89 Exterior Complete 0 days Wed 8/10/11 Wed 8/10/11 ¢ Exterior Complete
90 Building 700 - Fit-Out 180days Tue2/8/11 Mon 10/17/11 ey Building 700 - Fit-Out
91 Begin 700 Fit-Out 0 days Tue 2/8/11  Tue 2/8/11 ¢ Begin 700 Fit-Out
92 Layout/Top Track 20 days Tue 2/8/11  Mon 3/7/11 @@ Layout/Top Track
93 Metal Stud Wall Framing 25 days Tue 2/15/11 Mon 3/21/11 B Metal Stud Wall Framing
94 Door Frames 25 days Wed 2/16/11 Tue 3/22/11 ga@ Door Frames
95 Electrical R/I 52 days Tue 2/22/11 Wed 5/4/11 [ Electrical R/I
96 Fire Alarm R/I 30 days Tue 2/22/11 Mon 4/4/11 @ Fire Alarm R/I
97 Drywall Corrdiors Above Ceiling 20 days Tue 3/1/11  Mon 3/28/11 ma Drywall Corrdiors Above Ceiling
98 Plumbing R/I 25 days Tue 3/1/11  Mon 4/4/11 Ea@ Plumbing R/I
99 Duct Supports 25 days Tue 3/1/11  Mon 4/4/11 Eam Duct Supports
100 Set Mechanical Equipment 22 days Fri3/4/11 Mon 4/4/11 EEm Set Mechanical Equipment
101 Fire Suppression Piping Above Ceiling 27 days Tue 3/8/11  Wed 4/13/11 mmm Fire Suppression Piping Above Ceiling
102 Pull Feeders to Electrical Panels 18 days Fri3/11/11  Tue4/5/11 @ Pull Feeders to Electrical Panels
103 HVAC Ductwork 43 days Tue 3/15/11 Thu5/12/11 Gy HVAC Ductwork
104 Fire Supression Drops 20 days Tue 3/29/11 Mon 4/25/11 Ea Fire Supression Drops
105 HVAC Piping 20 days Mon 4/4/11  Fri4/29/11 E@ HVAC Piping
106 Plumbing Piping Installation 25 days Mon 4/4/11  Fri5/6/11 m Plumbing Piping Installation
107 Cable Tray 20 days Mon 4/4/11  Fri4/29/11 @ Cable Tray
108 Power and Lighting Wiring 30 days Thu 4/14/11 Wed 5/25/11 Ema Power and Lighting Wiring
109 Cement Board in Bathrooms 21 days Wed 5/4/11 Wed 6/1/11 @ Cement Board in Bathrooms
110 Hang Drywall 18 days Mon 5/16/11 Wed 6/8/11 Hang Drywall
111 Insulate Walls 11 days Mon 5/23/11 Mon 6/6/11 @ Insulate Walls
112 Finish Drywall 59 days Thu6/9/11  Tue 8/30/11 Eammma Finish Drywall
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ID Task Name Duration Start Finish uarter ‘ 1st Quarter 2nd Quarter ‘ 3rd Quarter ‘4th Quarter ‘ 1st Quarte
Dec Jul Feb Sep Apr Nov ‘ Jun ‘ Jan ‘ Aug ‘ Mar Oct
113 Paint 53 days Mon 6/27/11 Wed 9/7/11 EEmmma Paint
114 Ceiling Grid 10 days Tue 7/5/11  Mon 7/18/11 @ Ceiling Grid
115 Light Fixtures 7 days Fri 7/8/11 Mon 7/18/11 O Light Fixtures
116 Doors/Hardware 15 days Tue 7/19/11 Mon 8/8/11 @ Doors/Hardware
117 Ceramic Tile 15 days Mon 7/25/11 Fri8/12/11 @ Ceramic Tile
118 Energize Light Fixtures 0 days Tue 7/26/11 Tue 7/26/11 & Energize Light Fixtures
119 Drop Ceiling Tile 28 days Wed 7/27/11 Fri9/2/11 Ema Drop Ceiling Tile
120 Install Millwork 49 days Wed 8/10/11 Mon 10/17/11 cmmma Install Millwork
121 VCT Flooring 25 days Wed 8/10/11 Tue 9/13/11 mag VCT Flooring
122 Trim 21 days Wed 8/10/11 Wed 9/7/11 g Trim
123 Plumbing Fixtures 22 days Mon 8/15/11 Tue 9/13/11 @@ Plumbing Fixtures
124 Window Sills 3 days Wed 8/17/11 Fri 8/19/11 T Window Sills
125 Final Clean 5 days Wed 9/21/11 Tue 9/27/11 I Final Clean
126 BMC Pre-Final Inspections 4 days Wed 9/28/11 Mon 10/3/11 I BMC Pre-Final Inspections
127 BMC Punchlist Corrections 10 days Tue 10/4/11 Mon 10/17/11 @ BMC Punchlist Corrections
128 Building 700 - Closeout & Commissioning 184 days Mon 4/18/11 Thu 12/29/11 e Building 700 - Closeout & Commissioning
129 Testing 143 days Mon 4/18/11 Wed 11/2/11 e Testing
130 USACE Punchlist/Pre-Final Inspections 17 days Thu 11/3/11  Fri11/25/11 Ea USACE Punchlist/Pre-Final Inspections
131 BMC Punchlist Repairs 10 days Mon 11/28/11 Fri 12/9/11 @ BMC Punchlist Repairs
132 Back-Check Review 10 days Mon 12/12/11 Fri 12/23/11 @ Back-Check Review
133 Final Cleaning 3 days Tue 12/27/11 Thu 12/29/11 T Final Cleaning
134 Construction - Building 500 347 days Wed 9/1/10 Thu12/29/11 e — COnstruction - Building 500
135 Building 500 - Core & Shell 267 days Wed 9/1/10 Fri9/9/11 e Building 500 - Core & Shell
136 Prepare Building Pad 8 days Wed 9/1/10  Fri9/10/10 O Prepare Building Pad
137 U/G Work 26 days Mon 9/13/10 Mon 10/18/10 Ema U/G Work
138 Foundations 22 days Wed 9/22/10 Thu 10/21/10 @ Foundations
139 Backfill Foundations/Re-Grade 5 days Fri 10/22/10 Thu 10/28/10 I Backfill Foundations/Re-Grade
140 Slab on Grade 24 days Fri 10/29/10 Wed 12/1/10 Gag Slab on Grade
141 Erect Structural Steel Level 1 68 days Fri11/19/10 Tue 2/22/11 G Erect Structural Steel Level 1
142 Load Bearing Stud Walls Level 1 1 day Wed 12/1/10 Wed 12/1/10 I Load Bearing Stud Walls Level 1
143 Hollow Core Floor System North 3 days Wed 12/22/10 Fri 12/24/10 T Hollow Core Floor System North
144 Topping Edge Forms 3 days Wed 12/29/10 Fri 12/31/10 I Topping Edge Forms
145 Hollow Core Floor System South 3 days Wed 12/29/10 Fri 12/31/10 I Hollow Core Floor System South
146 MEP Hollow Core R/I's 10 days Mon 1/3/11  Fri1/14/11 @ MEP Hollow Core R/I's
147 Exterior Sheathing North El 5 days Fri1/7/11 Thu 1/13/11 T Exterior Sheathing North El
148 Wall Vapor Barrier/Insulation North El 5 days Mon 1/17/11 Fri1/21/11 I Wall Vapor Barrier/Insulation North El
149 Masonry Splitface North El 10 days Fri1/21/11  Thu2/3/11 @ Masonry Splitface North El
150 Prep/Pour Topping Slab 4 days Mon 1/24/11 Thu 1/27/11 I Prep/Pour Topping Slab
151 Erect Structural Steel Level 2 6 days Mon 1/31/11 Mon 2/7/11 T Erect Structural Steel Level 2
152 Load Bearing Stud Walls Level 2 35 days Mon 1/31/11 Fri3/18/11 EEma Load Bearing Stud Walls Level 2
153 Clean Brick North El 5 days Tue 2/8/11  Mon 2/14/11 I Clean Brick North El
154 Set and Pour Stairs 11 days Fri2/18/11  Fri3/4/11 @ Set and Pour Stairs
155 Roof Trusses 11 days Fri2/18/11  Fri3/4/11 @ Roof Trusses
156 Punch Windows North El 2 days Fri2/18/11  Mon 2/21/11 T Punch Windows North El
157 Exterior Sheathing East El 5 days Fri2/25/11  Thu3/3/11 I Exterior Sheathing East El
158 Structure Complete 0 days Fri3/4/11 Fri3/4/11 ¢ Structure Complete
159 Exterior Sheathing South EI 5 days Mon 3/7/11  Fri3/11/11 I Exterior Sheathing South El
160 Wall Vapor Barrier/Insulation East El 10 days Mon 3/7/11  Fri3/18/11 @ Wall Vapor Barrier/Insulation East [
161 Install SIPS Panels 29 days Mon 3/7/11 Thu 4/14/11 Ema Install SIPS Panels
162 Exterior Sheathing West El 5 days Tue 3/15/11 Mon 3/21/11 I Exterior Sheathing West El
163 Masonry Splitface East El 15 days Fri3/25/11  Thu4/14/11 B Masonry Splitface East El
164 Wall Vapor Barrier/Insulation South El 5 days Fri3/25/11  Thu3/31/11 I Wall Vapor Barrier/Insulation South El
165 Wall Vapor Barrier/Insulation West El 10 days Mon 4/4/11  Fri4/15/11 @ Wall Vapor Barrier/Insulation West El
166 Roof Insulation/Ice Shield 31 days Fri4/15/11  Fri5/27/11 mmm Roof Insulation/Ice Shield
167 Clean Brick East El 3 days Thu 4/28/11 Mon 5/2/11 T Clean Brick East El
168 Masonry Splitface South El 10 days Thu 4/28/11 Wed 5/11/11 @ Masonry Splitface South El
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ID Task Name Duration Start Finish uarter ‘ 1st Quarter ‘ 3rd Quarter ‘4th Quarter ‘ 1st Quarte
Dec Jul Feb Sep Nov ‘ Jun ‘ Jan ‘ Aug ‘ Mar Oct
169 Punch Windows East El 5 days Fri5/6/11 Thu 5/12/11 I Punch Windows East El
170 Clean Brick South El 5 days Thu5/19/11 Wed 5/25/11 I Clean Brick South EI
171 Masonry Splitface West El 15 days Thu5/19/11 Wed 6/8/11 @ Masonry Splitface West El
172 Aluminum Storefronts 3 days Fri5/27/11  Tue5/31/11 T Aluminum Storefronts
173 Punch Windows South El 2 days Fri5/27/11  Mon 5/30/11 I Punch Windows South El
174 Metal Roofing 44 days Tue 5/31/11 Fri7/29/11 Emmmm Metal Roofing
175 Clean Brick West El 3 days Thu 6/16/11 Mon 6/20/11 T Clean Brick West El
176 Caulk Exterior Block/Door Frames 5 days Fri6/24/11  Thu6/30/11 T Caulk Exterior Block/Door Frames
177 Punch Windows West El 5 days Fri6/24/11  Thu 6/30/11 T Punch Windows West El
178 Caulk Windows/Exterior 18 days Mon 7/25/11 Wed 8/17/11 Ea Caulk Windows/Exterior
179 Exterior Canopies 7 days Thu 6/16/11 Fri6/24/11 I Exterior Canopies
180 Fascia/Trim/Soffit /Gutters/Downspouts 30 days Mon 6/20/11 Fri7/29/11 mma Fascia/Trim/Soffit /Gutters/Downspouts
181 Leak Test Windows & Storefronts 4 days Fri8/26/11  Wed 8/31/11 T Leak Test Windows| & Storefronts
182 Exterior Complete 0 days Fri9/9/11 Fri 9/9/11 & Exterior Complete
183 Building 500 - Fit-Out 178 days Wed 2/23/11 Fri 10/28/11 e Building 500 - Fit-Out
184 Begin 500 Fit-Out 0 days Wed 2/23/11 Wed 2/23/11 ¢ Begin 500 Fit-Out
185 Layout/Top Track 20 days Wed 2/23/11 Tue 3/22/11 @@ Layout/Top Track
186 Metal Stud Wall Framing 25 days Wed 3/2/11 Tue 4/5/11 E@a Metal Stud Wall Framing
187 Door Frames 16 days Wed 3/16/11 Wed 4/6/11 &= Door Frames
188 Electrical R/I 23 days Wed 3/9/11  Fri4/8/11 @ Electrical R/1
189 Fire Alarm R/I 30 days Wed 3/9/11 Tue 4/19/11 g Fire Alarm R/
190 Drywall Corrdiors Above Ceiling 20 days Wed 3/16/11 Tue 4/12/11 g Drywall Corrdiors Above Ceiling
191 Plumbing R/I 25 days Wed 3/16/11 Tue 4/19/11 Eam Plumbing R/I
192 Duct Supports 25 days Wed 3/16/11 Tue 4/19/11 Emg Duct Supports
193 Set Mechanical Equipment 22 days Mon 3/21/11 Tue 4/19/11 @ Set Mechanical Equipment
194 Fire Suppression Piping Above Ceiling 27 days Wed 3/23/11 Thu 4/28/11 Eam Fire Suppression Piping Above Ceiling
195 Pull Feeders to Electrical Panels 18 days Mon 3/28/11 Wed 4/20/11 Pull Feeders to Electrical Panels
196 HVAC Ductwork 43 days Wed 3/30/11 Fri5/27/11 G HVAC Ductwork
197 Fire Supression Drops 20 days Wed 4/13/11 Tue 5/10/11 ma Fire Supression Drops
198 HVAC Piping 25 days Tue 4/19/11 Mon 5/23/11 E@a HVAC Piping
199 Plumbing Piping Installation 25 days Tue 4/19/11 Mon 5/23/11 Ea Plumbing Piping Installation
200 Cable Tray 20 days Tue 4/19/11 Mon 5/16/11 E@ Cable Tray
201 Power and Lighting Wiring 39 days Tue 4/19/11 Fri6/10/11 Emma Power and Lighting Wiring
202 Cement Board in Bathrooms 21 days Thu5/19/11 Thu 6/16/11 @ Cement Board in Bathrooms
203 Hang Drywall 18 days Fri5/27/11  Tue 6/21/11 @@ Hang Drywall
204 Insulate Walls 10 days Mon 6/6/11 Fri6/17/11 @ Insulate Walls
205 Finish Drywall 60 days Wed 6/22/11 Tue 9/13/11 Emmmmy Finish Drywall
206 Paint 73 days Mon 7/11/11 Wed 10/19/11 Emmmaag Paint
207 Ceiling Grid 10 days Mon 7/18/11 Fri7/29/11 @ Ceiling Grid
208 Light Fixtures 7 days Thu 7/21/11  Fri7/29/11 T Light Fixtures
209 Doors/Hardware 15 days Mon 8/1/11  Fri8/19/11 @ Doors/Hardware
210 Ceramic Tile 10 days Fri 8/5/11 Thu 8/18/11 @ Ceramic Tile
211 Energize Light Fixtures 0 days Mon 8/8/11 Mon 8/8/11 ¢ Energize Light Fixtures
212 Drop Ceiling Tile 29 days Tue 8/9/11  Fri9/16/11 Ema Drop Ceiling Tile
213 Install Millwork 5 days Tue 8/23/11 Mon 8/29/11 I Install Millwork
214 VCT Flooring 25 days Tue 8/23/11 Mon 9/26/11 E@a VCT Flooring
215 Trim 12 days Tue 8/23/11 Wed 9/7/11 @ Trim
216 Plumbing Fixtures 22 days Fri8/26/11  Mon 9/26/11 @@ Plumbing Fixtures
217 Window Sills 3 days Tue 8/30/11 Thu9/1/11 T Window Sills
218 Final Clean 5 days Tue 10/4/11 Mon 10/10/11 I Final Clean
219 BMC Pre-Final Inspections 1 day Fri 10/14/11 Fri 10/14/11 < BMC Pre-Final Inspections
220 BMC Punchlist Corrections 10 days Mon 10/17/11 Fri 10/28/11 @ BMC Punchlist Corrections
221 Building 500 - Closeout & Commissioning 173 days Tue5/3/11 Thu12/29/11 e Building 500 - Closeout & Commissioning
222 Testing 132 days Tue5/3/11  Wed 11/2/11 Dy Testing
223 USACE Punchlist/Pre-Final Inspections 17 days Thu 11/3/11  Fri11/25/11 USACE Punchlist/Pre-Final Inspections
224 BMC Punchlist Repairs 10 days Mon 11/28/11 Fri 12/9/11 @ BMC Punchlist Repairs
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ID Task Name Duration Start Finish uarter ‘ 1st Quarter 2nd Quarter ‘ 3rd Quarter ‘4th Quarter ‘ 1st Quarte
Dec Jul Feb Sep Apr ‘ Nov ‘ Jun ‘ Jan ‘ Aug ‘ Mar Oct
225 Back-Check Review 10 days Mon 12/12/11 Fri 12/23/11 @ Back-Check Review
226 Final Cleaning 1 day Thu 12/29/11 Thu 12/29/11 I Final Cleaning
227 Construction - Building 600 349 days Mon 9/13/10 Thu 1/12/12 sy Construction - Building 600
228 Building 600 - Core & Shell 281days Mon 9/13/10 Tue 10/11/11 e Building 600 - Core & Shell
229 Prepare Building Pad 6 days Mon 9/13/10 Mon 9/20/10 I Prepare Building Pad
230 U/G Work 26 days Tue 9/21/10 Tue 10/26/10 Ema U/G Work
231 Foundations 28 days Thu 9/30/10 Mon 11/8/10 Emm Foundations
232 Backfill Foundations/Re-Grade 4 days Wed 11/10/10 Mon 11/15/10 I Backfill Foundations/Re-Grade
233 Slab on Grade 24 days Wed 11/17/10 Mon 12/20/10 Eag Slab on Grade
234 Erect Structural Steel Level 1 65 days Mon 12/13/10 Fri 3/11/11 G Erect Structural Steel Level 1
235 Load Bearing Stud Walls Level 1 6 days Mon 12/13/10 Mon 12/20/10 1 Load Bearing Stud Walls Level 1
236 Hollow Core Floor System North 3 days Tue 1/11/11 Thu 1/13/11 T Hollow Core Floor System North
237 Topping Edge Forms 3 days Mon 1/17/11 Wed 1/19/11 T Topping Edge Forms
238 Hollow Core Floor System South 3 days Mon 1/17/11 Wed 1/19/11 T Hollow Core Floor System South
239 MEP Hollow Core R/I's 10 days Mon 1/24/11 Fri2/4/11 @ MEP Hollow Core R/I's
240 Exterior Sheathing North El 5 days Thu 1/27/11 Wed 2/2/11 I Exterior Sheathing North El
241 Wall Vapor Barrier/Insulation North El 10 days Fri 2/4/11 Thu 2/17/11 @ Wall Vapor Barrier/Insulation North El
242 Masonry Splitface North El 10 days Tue 2/8/11  Mon 2/21/11 @ Masonry Splitface North E|
243 Prep/Pour Topping Slab 4 days Thu 2/10/11 Tue 2/15/11 I Prep/Pour Topping Slab
244 Erect Structural Steel Level 2 7 days Fri2/18/11  Mon 2/28/11 O Erect Structural Steel Level 2
245 Load Bearing Stud Walls Level 2 35 days Fri2/18/11 Thu4/7/11 Emma Load Bearing Stud Walls Level 2
246 Clean Brick North El 5 days Tue 3/1/11  Mon 3/7/11 I Clean Brick North El
247 Set and Pour Stairs 9 days Tue 3/1/11  Fri3/11/11 O Set and Pour Stairs
248 Roof Trusses 11 days Thu 3/10/11 Thu 3/24/11 @ Roof Trusses
249 Punch Windows North El 5 days Thu 3/10/11 Wed 3/16/11 T Punch Windows North El
250 Exterior Sheathing East El 5 days Tue 3/15/11 Mon 3/21/11 I Exterior Sheathing East El
251 Structure Complete 0 days Thu 3/24/11 Thu 3/24/11 & Structure Complete
252 Exterior Sheathing South El 5 days Fri3/25/11  Thu3/31/11 I Exterior Sheathing South El
253 Wall Vapor Barrier/Insulation East El 10 days Fri3/25/11  Thu4/7/11 @ Wall Vapor Barrier/Insulation East El
254 Install SIPS Panels 32 days Fri3/25/11 Mon 5/9/11 Gamm Install SIPS Panels
255 Exterior Sheathing West El 5 days Mon 4/4/11  Fri 4/8/11 T Exterior Sheathing West El
256 Masonry Splitface East El 15 days Mon 4/4/11  Fri4/22/11 @ Masonry Splitface East El
257 Wall Vapor Barrier/Insulation South El 10 days Mon 4/4/11  Fri4/15/11 @ Wall Vapor Barrier/Insulation South El
258 Wall Vapor Barrier/Insulation West El 10 days Thu 4/28/11 Wed 5/11/11 @ Wall Vapor Barrier/Insulation West El
259 Roof Insulation/Ice Shield 28 days Tue 5/10/11 Thu6/16/11 gam Roof Insulation/Ice Shield
260 Clean Brick East El 3 days Tue 5/10/11 Thu5/12/11 T Clean Brick East El
261 Masonry Splitface South El 10 days Tue 5/10/11 Mon 5/23/11 @ Masonry Splitface South El
262 Punch Windows East El 2 days Mon 5/16/11 Tue 5/17/11 I Punch Windows East El
263 Clean Brick South El 5 days Fri5/27/11 Thu6/2/11 T Clean Brick South EI
264 Masonry Splitface West El 15 days Fri5/27/11  Thu6/16/11 B Masonry Splitface West E|
265 Aluminum Storefronts 3 days Sun3/6/11  Tue 3/8/11 T Aluminum Storefronts
266 Punch Windows South El 5 days Mon 6/6/11  Fri6/10/11 T Punch Windows South El
267 Metal Roofing 42 days Mon 6/20/11 Tue 8/16/11 mmmm Metal Roofing
268 Clean Brick West El 3 days Tue 6/28/11 Thu 6/30/11 T Clean Brick West El
269 Caulk Exterior Block/Door Frames 5 days Fri7/1/11 Thu7/7/11 T Caulk Exterior Block/Docr Frames
270 Punch Windows West El 4 days Tue 1/11/11  Fri1/14/11 T Punch Windows West El
271 Caulk Windows/Exterior 18 days Fri8/26/11  Tue 9/20/11 Caulk Windows/Exterior
272 Exterior Canopies 4 days Tue 6/28/11 Fri7/1/11 T Exterior Canopies
273 Fascia/Trim/Soffit /Gutters/Downspouts 35 days Fri7/8/11 Thu 8/25/11 Emma Fascia/Trim/Soffit /Gutters/Downspouts
274 Leak Test Windows & Storefronts 4 days Wed 9/28/11 Mon 10/3/11 I Leak Test Windgws & Storefronts
275 Exterior Complete 0 days Tue 10/11/11 Tue 10/11/11 ¢ Exterior Complete
276 Building 600 - Fit-Out 178 days Mon 3/14/11 Wed 11/16/11 ey Building 600 - Fit-Out
277 Begin 600 Fit-Out 0 days Mon 3/14/11 Mon 3/14/11 ¢ Begin 600 Fit-Out
278 Layout/Top Track 20 days Mon 3/14/11 Fri4/8/11 @@ Layout/Top Track
279 Metal Stud Wall Framing 25 days Mon 3/21/11 Fri4/22/11 EE Metal Stud Wall Framing
280 Door Frames 25 days Tue 3/22/11 Mon 4/25/11 Eaa Door Frames
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ID Task Name Duration Start Finish uarter ‘ 1st Quarter 2nd Quarter ‘ 3rd Quarter ‘4th Quarter ‘ 1st Quarte
Dec Jul Feb Sep Apr Nov ‘ Jun ‘ Jan ‘ Aug ‘ Mar Oct
281 Electrical R/I 23 days Mon 3/28/11 Wed 4/27/11 @ Electrical R/I
282 Fire Alarm R/I 30 days Mon 3/28/11 Fri5/6/11 mmg Fire Alarm R/I
283 Drywall Corrdiors Above Ceiling 20 days Mon 4/4/11  Fri4/29/11 E@ Drywall Corrdiors Above Ceiling
284 Plumbing R/I 25 days Mon 4/4/11 Fri5/6/11 g Plumbing R/
285 Duct Supports 25 days Mon 4/4/11 Fri5/6/11 Eaa Duct Supports
286 Set Mechanical Equipment 22 days Thu4/7/11  Fri5/6/11 @@ Set Mechanical Equipment
287 Fire Suppression Piping Above Ceiling 27 days Mon 4/11/11 Tue 5/17/11 Eam Fire Suppression Piping Above Ceiling
288 Pull Feeders to Electrical Panels 18 days Thu 4/14/11 Mon 5/9/11 @@ Pull Feeders to Electrical Panels
289 HVAC Ductwork 44 days Mon 4/18/11 Thu 6/16/11 G HVAC Ductwork
290 Fire Supression Drops 20 days Mon 5/2/11  Fri5/27/11 @@ Fire Supression Drops
291 HVAC Piping 18 days Wed 5/11/11 Fri6/3/11 HVAC Piping
292 Plumbing Piping Installation 23 days Wed 5/11/11 Fri6/10/11 B Plumbing Piping Installation
293 Cable Tray 18 days Wed 5/11/11 Fri6/3/11 Cable Tray
294 Power and Lighting Wiring 28 days Mon 5/23/11 Wed 6/29/11 Em3 Power and Lighting Wiring
295 Cement Board in Bathrooms 18 days Mon 6/13/11 Wed 7/6/11 E@ Cement Board in Bathrooms
296 Hang Drywall 18 days Wed 6/15/11 Fri 7/8/11 Hang Drywall
297 Insulate Walls 11 days Wed 6/22/11 Wed 7/6/11 @ Insulate Walls
298 Finish Drywall 59 days Mon 7/11/11 Thu 9/29/11 Gy Finish Drywall
299 Paint 52 days Wed 7/27/11 Thu 10/6/11 Emmmmg Paint
300 Ceiling Grid 10 days Wed 8/3/11 Tue 8/16/11 @ Ceiling Grid
301 Light Fixtures 7 days Mon 8/8/11 Tue 8/16/11 I Light Fixtures
302 Doors/Hardware 10 days Wed 8/17/11 Tue 8/30/11 @ Doors/Hardware
303 Ceramic Tile 16 days Tue 8/23/11 Tue 9/13/11 @ Ceramic Tile
304 Energize Light Fixtures 0 days Wed 8/24/11 Wed 8/24/11 ¢ Energize Light Fixtures
305 Drop Ceiling Tile 29 days Thu 8/25/11 Tue 10/4/11 G Drop Ceiling Tile
306 Install Millwork 5 days Frig/9/11 Thu 9/15/11 I Install Millwork
307 VCT Flooring 24 days Fri9/9/11 Wed 10/12/11 E@a VCT Flooring
308 Trim 5 days Fri9/9/11 Thu 9/15/11 I Trim
309 Plumbing Fixtures 21 days Wed 9/14/11 Wed 10/12/11 @@ Plumbing Fixtures
310 Window Sills 3 days Fri9/16/11  Tue 9/20/11 T Window Sills
311 Final Clean 5 days Thu 10/20/11 Wed 10/26/11 I Final Clean
312 BMC Pre-Final Inspections 4 days Thu 10/27/11 Tue 11/1/11 T BMC Pre-Final Inspections
313 BMC Punchlist Corrections 11 days Wed 11/2/11 Wed 11/16/11 @ BMC Punchlist Corrections
314 Building 600 - Closeout & Commissioning 167 days Wed 5/25/11 Thu1/12/12 —— Building 600 - Closeout & Commissioning
315 Testing 127 days Wed 5/25/11 Thu 11/17/11 sy Testing
316 USACE Punchlist/Pre-Final Inspections 16 days Fri11/18/11 Fri12/9/11 @ USACE Punchlist/Pre-Final Inspections
317 BMC Punchlist Repairs 10 days Mon 12/12/11 Fri 12/23/11 @ BMC Punchlist Repairs
318 Back-Check Review 10 days Tue 12/27/11 Mon 1/9/12 @ Back-Check Review
319 Final Cleaning 3 days Tue 1/10/12 Thu 1/12/12 I Final Cleaning
320 Closeout 1 day Fri1/13/12  Fri1/13/12 @ Closecut
321 Final Inspection 1 day Fri1/13/12  Fri1/13/12 T Final Inspection
322 Final Completion 0 days Fri1/13/12  Fri1/13/12 ¢ Final Completion
323 Demolition 169 days Mon 1/16/12 Fri9/7/12 T Demolition
324 Begin Abatement/Demolition 0 days Mon 1/16/12 Mon 1/16/12 ¢ Begin Abatement/Demolition
325 Demolition Complete 0 days Fri9/7/12 Fri 9/7/12 Demolition Complete
326 Project Closeout 1 day Mon 9/10/12 Mon 9/10/12 Project Closeout
327 Project Final Inspection 1 day Mon 9/10/12 Mon 9/10/12 Project Final Inspection
328 Contract Completion 0 days Mon 9/10/12 Mon 9/10/12 Contract Completion
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Appendix C

General Conditions Estimate
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General Conditions stimate | | ____ | | [ | | | | | ________| _______

Code Item Crew Daily Output Labor Hours Unit Material Labor Equipment Total Total Incl O&P Quantity Project Total Project Total Incl O&P
Divison 01- General Requirements [ |/ | '/ | [/ | | __
01 31 13.30 0020 Insurance - Builders Risk, Standard, Minimum Job 0.24% 28177099.98 S S 67,625.04
01 31 13.30 0250 Insurance - General Liability, Maximum Job 0.62% 28177099.98 S - S 174,698.02
01 31 13.90 0020 Performance Bond - For Buildings, Minimum Job 0.60% 28177099.98 S - S 169,062.60
01 32 13.50 0650 Scheduling - Rule of Thumb, CPM Scheduling, Large Job ($50M) Job 0.05% 28177099.98 S - S 14,088.55
01 32 33.50 0500 Photographs - Aerial Phots, Initial Fly-over, 6 Shots, 1 Print Ea., 8" x 10" Set 845 845 925 11 $ 9,295.00 $ 10,175.00
01 41 26.50 0020 Permits - Most Cities, Minimum Job 0.05% 28177099.98 S - S 14,088.55
01 45 23.50 0050 Testing and Inspecting Services - For Steel Building Maximum Job 4725 5200 18 4,725.00 $ 5,200.00
0131 13.20 0100 Field Personnel - Field Engineer Week 975 975 1500 90 S 87,750.00 S 135,000.00
0131 13.200120 Field Personnel - Project Engineer Week 1265 1265 1950 90 S 113,850.00 $ 175,500.00
0131 13.20 0200 Field Personnel - Project Manager Week 2075 2075 3175 90 S 186,750.00 $ 285,750.00
01 31 13.20 0220 Field Personnel - Project Administrator Week 2375 2375 3650 90 S 213,750.00 S 328,500.00
0131 13.20 0100 Field Personnel - Quality Control Manager Week 975 975 1500 90 S 87,750.00 S 135,000.00
01 31 13.20 0240 Field Personnel - Assistant Superintendent Week 1750 1750 2675 90 S 157,500.00 $ 240,750.00
0131 13.20 0280 Field Personnel - Senior Superintendent Week 2200 2200 3375 90 S 198,000.00 $ 303,750.00
0131 13.20 0100 Field Personnel - Intern Week 975 975 1500 12 S 11,700.00 $ 18,000.00
01 51 13.80 0600 Temporary Utilities - Power for Job Duration Incl. Elevator, Etc., Minimum CSF Flr 47 51.5 164 S 7,708.00 S 8,446.00
0151 13.80 0700 Temporary Utilities - Temporary Construction Water Bill per Month Month 62 62 68 11 S 682.00 S 748.00
01 51 33.40 6410 Temporary Utilities - Rent Toilet Portable Chemical Ea. 0.11 18.65 56 168 180.1 360 S 60,480.00 S 64,836.00
0152 13.20 0550 Office and Storage Space - Trailer, Furnished, No Hookups, 50' x 12' Rent per Month Ea. 360 360 395 10.5 $ 3,780.00 $ 4,147.50
0152 13.20 0700 Office and Storage Space - Add Air Conditioning, Rent per Month, Add Ea. 41.5 41.5 45.5 105 S 43575 $ 477.75
0152 13.20 0800 Office and Storage Space - Add Delivery, Add per Mile Mile 4.6 4.6 5.05 75 $ 345.00 S 378.75
0152 13.20 1350 Office and Storage Space - Storage Boxes, 20' x 8', Rent per Month Ea. 71.5 71.5 78.5 105 S 750.75 S 824.25
0152 13.40 0120 Field Office Equipment Rental Average Month 200 200 220 105 S 2,100.00 S 2,310.00
0152 13.40 0120 Field Office Expense - Office Supplies, Average Month 86 86 94.5 105 S 903.00 S 992.25
0152 13.40 0140 Field Office Expense - Telephone Bill, Incl. Long Distance Month 81 81 89 105 S 850.50 S 934.50
0152 13.40 0160 Field Office Expense - Lights & HVAC Month 152 152 167 105 S 1,596.00 $ 1,753.50
01 54 09.60 6220 Protective Equipment - Safety Supplies and First Aid Kits Month 24.5 24.5 27 90 $ 2,205.00 S 2,430.00
01 56 13.90 0250 Winter Protection - Tarpaulin Polyester Reinf. w/ Integral Fastening System 11 Mils Thick 2 Clab 1600 0.01 SF 0.8 0.34 1.14 1.41 25000 $ 28,500.00 $ 35,250.00
01 55 23.50 0050 Roads and Sidewalks - Roads, Gravel Fill, No Surfacing, 4" Gravel Depth B-14 715 0.067 SY 4 243 0.45 6.88 8.6 1700 $ 11,696.00 S 14,620.00
01 56 23.10 1300 Barricades - Stock Units, 6' High, 8' Wide, Plain, Buy Ea. 435 435 480 10 $ 4,350.00 $ 4,800.00
0156 23.10 1300 Barricades - Barricade Tape, Polyethylene, 7 mil, 3" Wide x 500' Long Roll Ea. 25 25 27.5 20 $ 500.00 S 550.00
01 56 26.50 0250 Temporary Fencing - Rented Chain Link, 6' High, Over 1000' (Up to 12 mo.) 2 Clab 300 0.053 LF 3.29 1.83 5.12 6.45 2440 S 12,492.80 S 15,738.00
01 58 13.50 0020 Signs - High Intensity Reflectorized, No Posts, Buy SF 26.5 26.5 29.5 200 $ 5,300.00 $ 5,900.00
0171 23.13 1400 Construction Layout - Crew for Roadway Layout, 4 Person Crew A-8 1 32 Day 1475 70 1545 2300 20 S 30,900.00 S 46,000.00
01 74 13.20 0020 Cleaning Up - After Job Completion, Allow, Minimum Job 0.30% 28177099.98 S - S 84,531.30
01 74 13.20 0050 Cleaning Up - Cleanup of Floor Area, Continuous, Per Day, During Construction A-5 24 0.75  MSF 1.7 255 1.87 26.07 38.93 11640 S 303,454.80 S 453,145.20
0191 13.50 0100 Building Commissioning - Basic Building Commissioning, Minimum % 0.25% 28177099.98 $ S 70,442.75
Total $ 2,896,443.51
Divison 02- Existing Conditions — [
02 21 13.09 0020 Topographical Surveying - Convential, Minimum A-7 33 7.273  Acre 18.2 340 21 379.2 565.00 10 $ 3,792.00 $ 5,650.00
02 21 13.30 0320 Boundary and Survey Markers - Lot Location and Lines, Large Quantities, Average A-7 1.25 19.2  Acre 51.5 900 55.5 1007 1500.00 10 $ 10,070.00 $ 15,000.00
02 21 13.13 0600 Boundary and Survey Markers - Monuments A-7 10 2.4 Ea. 30.5 113 6.95 150.45 212.00 35S 45135 $ 636.00
02 21 13.13 0800 Boundary and Survey Markers - Property Lines, Perimeter, Cleared Land A-7 1000 0.024 LF 0.03 1.13 0.07 1.23 1.82 2440 S 3,001.20 $ 4,440.80
02 32 13.10 0020 Borings and Exploratory Drilling - Borings, Initial Field Stake Out & Determination of Elevations A-6 1 16  Day 690 69.5 759.5 1125.00 1S 759.50 S 1,125.00
02 32 13.10 0100 Borings and Exploratory Drilling - Drawings Shoing Boring Details Total 300 300 375.00 2SS 600.00 S 750.00
02 32 13.10 0200 Borings and Exploratory Drilling - Report and Recommendations for P.E. Total 700 700 875.00 2 S 1,400.00 $ 1,750.00
02 32 13.10 0300 Borings and Exploratory Drilling - Mobilization and Demobilization, Minimum B-55 4 6 Total 204 231 435 565.00 2 S 870.00 S 1,130.00
02 32 13.10 1400 Borings and Exploratory Drilling - Borings, Earth, Drill Rig and Crew with Truck Mounted Auger B-55 1 24 Day 815 925 1740 2275.00 2 S 3,480.00 $ 4,550.00
02 41 19.23 0700 Rubbish Handling - Dumpster, Weekly Rental, 1 Dump/Week, 40 C.Y. Capacity (13 Tons) Week 578.00 90 $ 47,250.00 $ 52,020.00

I
. '/ /| | | | | | Projectlotal$ _1621,77365/$ 298349531}

-————-_-_
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Stud Walls (6")

Length (FT) Height (FT) Area (SF)
Shower/Sink Wall 7 8 56
Water Closet/Sink Wall 7 8 56
Room Wall 8.66 8 69.28

Stud Walls (3-5/8")

Total 181.28

Length (FT) Height (FT) Area (SF)

Switch Wall 8.66 8 69.28
Divider Wall 3.33 8 26.64
Total 95.92

Acoustic Insulation

Length (FT) Height (FT) Area (SF)

Shower/Sink Wall 7 8 56
Water Closet/Sink Wall 7 8 56
Room Wall 8.66 8 69.28

Total 181.28

GWB/Paint

Length (FT) Height (FT) Area (SF)
Switch Wall 7 4 28
Shower/Sink Wall 7 8 56
Door 3 -7 -21
Shower Tile 3.5 -7 -24.5
Water Closet/Sink Wall 7 8 56
Door 3 -7 -21
Water Closet Tile 3.5 -4 -14
Divider Wall 7.33 8 58.64
Divider Wall Non Shower Side 3.5 -7 -24.5
Shower Wall 3.5 1 3.5
Water Closet Wall 3.5 4 14

Total 111.14

Fort Pickett Regional Training Institute

Kendall Mahan — CM Option
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Cementitious Board Wall Board (5/8")

Length (FT) Height (FT) Area (SF)

Ceramic Tile
Length (FT) Height (FT) Area (SF)

Switch Wall 7 4 28
Shower/Sink Wall 4 7 28
Water Closet/Sink Wall 7 7 49
Door 1 4 4
Divider Wall 7.33 7 51.31
Divider Wall Non Shower Side 3.83 -3 -11.49
Shower Wall 3.5 7 24.5
Water Closet Wall 3.5 4 14

Total 187.32

Floor 103
Switch Wall 7 4 28
Shower/Sink Wall 4 7 28
Water Closet/Sink Wall 7 7 49
Door 1 4 4
Divider Wall 7.33 7 51.31
Divider Wall Non Shower Side 3.83 -3 -11.49
Shower Wall 3.5 7 24.5
Water Closet Wall 3.5 4 14

Total 290.32

Fort Pickett Regional Training Institute

Kendall Mahan — CM Option
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Appendix F

Current Fit-Out Schedule

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Task Name

Construction - Building 700
Building 700 - Fit-Out
Begin 700 Fit-Out
Layout/Top Track
Metal Stud Wall Framing
Door Frames
Electrical R/I
Fire Alarm R/I
Drywall Corrdiors Above Ceiling
Plumbing R/I
Duct Supports
Set Mechanical Equipment
Fire Suppression Piping Above Ceiling
Pull Feeders to Electrical Panels
HVAC Ductwork
Fire Supression Drops
HVAC Piping
Plumbing Piping Installation
Cable Tray
Power and Lighting Wiring
Cement Board in Bathrooms
Hang Drywall
Insulate Walls
Finish Drywall
Paint
Ceiling Grid
Light Fixtures
Doors/Hardware
Ceramic Tile
Energize Light Fixtures
Drop Ceiling Tile
Install Millwork
VCT Flooring
Trim
Plumbing Fixtures
Window Sills
Final Clean
BMC Pre-Final Inspections
BMC Punchlist Corrections

Duration

352 days
180 days
0 days
20 days
25 days
25 days
52 days
30 days
20 days
25 days
25 days
22 days
27 days
18 days
43 days
20 days
20 days
25 days
20 days
30 days
21 days
18 days
11 days
59 days
53 days
10 days
7 days
15 days
15 days
0 days
28 days
49 days
25 days
21 days
22 days
3 days
5 days
4 days
10 days

Start

U
Wed 8/25/10
Tue 2/8/11
Tue 2/8/11
Tue 2/8/11
Tue 2/15/11
Wed 2/16/11
Tue 2/22/11
Tue 2/22/11
Tue 3/1/11
Tue 3/1/11
Tue 3/1/11
Fri3/4/11
Tue 3/8/11
Fri3/11/11
Tue 3/15/11
Tue 3/29/11
Mon 4/4/11
Mon 4/4/11
Mon 4/4/11
Thu 4/14/11
Wed 5/4/11
Mon 5/16/11
Mon 5/23/11
Thu6/9/11
Mon 6/27/11
Tue 7/5/11
Fri7/8/11
Tue 7/19/11
Mon 7/25/11
Tue 7/26/11
Wed 7/27/11
Wed 8/10/11
Wed 8/10/11
Wed 8/10/11
Mon 8/15/11
Wed 8/17/11
Wed 9/21/11
Wed 9/28/11
Tue 10/4/11

Finish

on Y U
Thu 12/29/11
Mon 10/17/11
Tue 2/8/11
Mon 3/7/11
Mon 3/21/11
Tue 3/22/11
Wed 5/4/11
Mon 4/4/11
Mon 3/28/11
Mon 4/4/11
Mon 4/4/11
Mon 4/4/11
Wed 4/13/11
Tue 4/5/11
Thu 5/12/11
Mon 4/25/11
Fri4/29/11
Fri5/6/11
Fri4/29/11
Wed 5/25/11
Wed 6/1/11
Wed 6/8/11
Mon 6/6/11
Tue 8/30/11
Wed 9/7/11
Mon 7/18/11
Mon 7/18/11
Mon 8/8/11
Fri8/12/11
Tue 7/26/11
Fri9/2/11
Mon 10/17/11
Tue 9/13/11
Wed 9/7/11
Tue 9/13/11
Fri 8/19/11
Tue 9/27/11
Mon 10/3/11
Mon 10/17/11

2nd Quarter

‘3rd Quarter

‘4th Quarter

Sep

Nov ‘ Jun ‘

Jan

Aug

—@owetrugtion - Building 700

e Building 700 - Fit-Out

¢ Begin 700 Fit-Out
Ema Layout/Top Track
B Metal Stud Wall Framing
Eag Door Frames
Eammmmma Electrical R/I
Eammg Fire Alarm R/I
Ema Drywall Corrdiors Above Ceiling
Eamma Plumbing R/1
E@ma Duct Supports
B Set Mechanical Equipment
Eamg Fire Suppression Piping Above Ceiling
Ema Pull Feeders to Electrical Panels
Emmmma HVAC Ductwork
Eam Fire Supression Drops
Eag HVAC Piping
E@ma Plumbing Piping Installation
Eag Cable Tray
E@a Power and Lighting Wiring
E@ma Cement Board in Bathrooms
E@@ Hang Drywall
@ Insulate Walls
Eaa Finish Drywall
EEmmy Paint
@ Ceiling Grid
@ Light Fixtures
@ Doors/Hardware
Ea Ceramic Tile
¢ Energize Light Fixtures
mamm Drop Ceiling Tile

Eaa Install Millwork

E@mm VCT Flooring
Eag Trim

Em@ Plumbing Fixtures

T Window Sills

o Final Clean

I BMC Pre-Final Inspections

@ BMC Punchlist Corrections

Fort Pickett Regional Training Institute
Blackstone, VA

Page 1

Kendall Mahan
CM Option
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Appendix G

Accelerated Fit-Out Schedule

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Task Name

Construction - Building 700
Building 700 - Fit-Out

Place Bathroom Pods Level 1
Place Bathroom Pods Level 2
Begin 700 Fit-Out
Layout/Top Track
Metal Stud Wall Framing
Door Frames
Electrical R/I
Fire Alarm R/I
Drywall Corrdiors Above Ceiling
Plumbing R/I
Duct Supports
Place Bathroom Pods Level 1
Place Bathroom Pods Level 2
Set Mechanical Equipment
Fire Suppression Piping Above Ceiling
Pull Feeders to Electrical Panels
HVAC Ductwork
Fire Supression Drops
HVAC Piping
Plumbing Piping Installation
Cable Tray
Power and Lighting Wiring
Cement Board in Bathrooms
Hang Drywall
Insulate Walls
Finish Drywall
Paint
Ceiling Grid
Light Fixtures
Doors/Hardware
Ceramic Tile
Energize Light Fixtures
Drop Ceiling Tile
Plumbing Fixtures
Install Millwork
VCT Flooring
Trim
Window Sills
Final Clean
BMC Pre-Final Inspections
BMC Punchlist Corrections

Duration

352 days
139 days
2 days
2 days
0 days
20 days
18 days
13 days
37 days
30 days
20 days
13 days
25 days
1 day

1 day
22 days
27 days
18 days
41 days
20 days
20 days
13 days
20 days
24 days
3 days
12 days
8 days
42 days
37 days
10 days
6 days
8 days
3 days
0 days
28 days
11 days
28 days
25 days
21 days
3 days
5 days
4 days
10 days

Start

d U
Wed 8/25/10
Tue 2/8/11
Mon 12/6/10
Wed 2/2/11
Tue 2/8/11
Tue 2/8/11
Tue 2/15/11
Wed 2/16/11
Tue 2/22/11
Tue 2/22/11
Tue 3/1/11
Tue 3/1/11
Tue 3/1/11
Wed 3/2/11
Thu 3/3/11
Fri 3/4/11
Tue 3/8/11
Fri3/11/11
Tue 3/8/11
Tue 3/29/11
Thu 3/17/11
Thu 3/17/11
Mon 3/21/11
Thu 3/24/11
Tue 4/5/11
Mon 4/25/11
Thu 4/28/11
Wed 5/11/11
Mon 5/30/11
Mon 6/6/11
Thu 6/9/11
Thu 6/9/11
Mon 6/13/11
Thu 6/16/11
Mon 6/20/11
Fri7/1/11
Mon 7/11/11
Mon 7/11/11
Mon 7/11/11
Mon 7/18/11
Mon 7/25/11
Mon 8/1/11
Mon 8/8/11

Finish

0 9 U
Thu 12/29/11
Fri 8/19/11
Tue 12/7/10
Thu 2/3/11
Tue 2/8/11
Mon 3/7/11
Thu 3/10/11
Fri 3/4/11
Wed 4/13/11
Mon 4/4/11
Mon 3/28/11
Thu 3/17/11
Mon 4/4/11
Wed 3/2/11
Thu 3/3/11
Mon 4/4/11
Wed 4/13/11
Tue 4/5/11
Tue 5/3/11
Mon 4/25/11
Wed 4/13/11
Mon 4/4/11
Fri4/15/11
Tue 4/26/11
Thu 4/7/11
Tue 5/10/11
Mon 5/9/11
Thu 7/7/11
Tue 7/19/11
Fri6/17/11
Thu 6/16/11
Mon 6/20/11
Wed 6/15/11
Thu 6/16/11
Wed 7/27/11
Fri 7/15/11
Wed 8/17/11
Fri 8/12/11
Mon 8/8/11
Wed 7/20/11
Fri 7/29/11
Thu 8/4/11
Fri 8/19/11

2nd Quarter

‘ 3rd Quarter

‘4th Quarter

Sep

Apr

‘ Nov ‘ Jun ‘ Jan ‘

Aug

s Gonstrustion==Ri|ding 700
e e Building 700 - Fit-Out
T Place Bathroom Pods Level 1
T Place Bathroom Pods Level 2
¢ Begin 700 Fit-Out
Emg Layout/Top Track
E@@ Metal Stud Wall Framing
Ea Door Frames
Eamma Electrical R/I
G Fire Alarm R/I
Ema Drywall Corrdiors Above Ceiling
gz Plumbing R/I
Eaa Duct Supports
I Place Bathroom Pods Level 1
I Place Bathroom Pods Level 2
E@a Set Mechanical Equipment
Eama Fire Suppression Piping Above Ceiling
mag Pull Feeders to Electrical Panels
Emmmma HVAC Ductwork
Eag Fire Supression Drops
@@ HVAC Piping
@@ Plumbing Piping Installation
E@g Cable Tray
E@ma Power and Lighting Wiring
T Cement Board in Bathrooms
@ Hang Drywall
@ Insulate Walls
Ea Finish Drywall
Eaag Paint
@ Ceiling Grid
@ Light Fixtures
@ Doors/Hardware
T Ceramic Tile
¢ Energize Light Fixtures
Emm Drop Ceiling Tile
E Plumbing Fixtures
Eag Install Millwork
Eamg VCT Flooring
Eag Trim
T Window Sills
T Final Clean
I BMC Pre-Final Inspections

@ BMC Punchlist Corrections

Fort Pickett Regional Training Institute
Blackstone, VA

Page 1

Kendall Mahan
CM Option
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Appendix H

Detailed Bathroom & Influenced Work Estimate

Fort Pickett Regional Training Institute Kendall Mahan — CM Option



Detaled 141 Bathroom Esimate - /| '/ .| | |

Code
0812 13.13 0100
08 13 13.13 0640
0922 16.13 1740
0922 16.13 1780
09 22 26.13 8320
09 28 13.10 0200
09 29 10.50 0530
0929 10.50 0570
0930 13.10 3310
09 30 13.10 4600
09 81 16.10 1500
0991 23.35 0140
0991 23.72 1200
1028 13.13 0010
10 28 13.13 4300
1028 13.13 6200
10 28 13.13 7400
22 41 13.40 1100
22 41 16.10 6960
22 41 23.20 4200
22 42 13.40 3400
22 42 39.10 0972
23 37 13.30 1000
23 33 46.10 1600
26 05 90.10 2770
26 05 90.10 6000
26 27 26.10 4800
26 51 13.50 3250
26 51 13.50 3470

Item
Standard Hollow Metal Frames, 16 ga. Up to 5-3/4" Jamb Depth, 7'-0" High, 3'-0" W, Single
Hollow Metal Doors, Hollow Core, 1-3/4" Thick, Full Panel, 20 ga., 3'-0" x 7'-0"
Non-Structural Metal Stud Framing, Non-Load Bearing, Galv, 8' High, 20 Ga. Studs, 3-5/8" Wide, 16" O.C.
Non-Structural Metal Stud Framing, Non-Load Bearing, Galv, 8' High, 20 Ga. Studs, 6" Wide, 16" O.C.
Ceiling Suspension Systems For Gypsum Board or Plaster, 1-1/2" Carriers, 24" O.C. with 7/8" Channels, 24" O.C.
Cementitious Backerboard, On Wall, 3' x 6' x 5/8" Sheets
High Abuse Gypsum Board, Fiber Reinforced, Screwed to Studs, 5/8" Thick On Walls, Taped, Finished, Compound Skim Coat Level 5 Finish
High Abuse Gypsum Board, Fiber Reinforced, Screwed to Studs, 5/8" Thick On Ceiling, Taped, Finished, Compound Skim Coat Level 5 Finish
Ceramic Tile, Porcelain Type, 1 Color, 2" x 2", Thin Set
Ceramic Tile, Add For Epoxy Grout, 1/16" Joint, 2" x 2" Tile
Acoustic Insulation, Blanket, 3" Thick
Doors & Windows, Interior Latex, Doors, Flush, Both Sides, Incl. Frame & Trim, Rool & Brush, Primer & 2 Coats Latex
Walls & Ceilings Interior, Latex, Primer, Paint 3 Coats, Smooth Finish, Spray
Curtain Rod, Stainless Steel, 1" Diameter
Robe Hook, Single, Regular
Toilet Tissue Dispenser, Surface Mounted, SS, Double Roll
Tumbler Holder, Tumbler Only
Water Closet, Tank Type, Vitreous China, Incl. Seat, Supply Pipe w/Stop, 1.6 gpf, Foor Mounted
Lavatories, Rough-in, Supply, Waste and Vent
Shower, Rough-in, Supply, Waste and Vent
Water Closet, Rough-in, Supply, Waste and Vent
Automatic Flush Sensor and Operator For Water Closets, Standard
Aluminum Air Return, 6" x 6"
Flexible Air Ducts, Coated Fiberglass Fabric, Non-Insulated, 8"
Residential Wiring, 20' Avg. Runs, Switch Devices, Decorator Style, S.P. Touch Dimmer, Type MC Cable
Residential Wiring, 20" Avg. Runs, Lighting Outlets, Type MC Cable
Low Voltage Switching, Switchplates, 1 Gang, 1, 2, or 3 Switch, Plastic
Interior Lighting Fixture, Inc. Lamps, Mounting, Hardware & Connections, Fluor. Recess Mounted, Troffer, 1'W x 4'L, Two 32 W T8
Interior Lighting Fixture, Inc. Lamps, Mounting, Hardware & Connections, Fluor. Recess Mounted, Troffer, 6" Diameter

Daily Labor Project Total Incl
Crew Output Hours Units Material Labor Equipment Total Total Incl O&P  Quantity Project Total O&P

2 Carp 16 1.000 Ea. 143.00 43.00 186 223 2 S 372.00 $ 446.00
2 Carp 17 0.941 Ea. 420.00 40.50 460.5 520 2 S 921.00 $ 1,040.00
1 Carp 481 0.017 SF 0.45 0.72 1.17 1.6 9% $ 11232 $ 153.60
1 Carp 469 0.017 SF 0.63 0.73 1.36 1.82 182 $ 247.52 S 331.24
1 Lath 310 0.026 SF 0.34 1.00 1.34 1.83 103 $ 138.02 $ 188.49
2 Carp 350 0.046 SF 0.82 1.97 2.79 3.93 188 $ 524.52 S 738.84
2 Carp 700 0.023 SF 0.88 0.98 1.86 2.48 112 $ 208.32 S 277.76
2 Carp 550 0.029 SF 0.88 1.25 2.13 2.89 103 $ 219.39 S 297.67
D-7 190 0.084 SF 4.26 3.04 7.3 9.15 291 S 2,124.30 S 2,662.65
D-7 820 0.020 SF 0.59 0.71 13 1.68 291 S 37830 S 488.88
1 Cap 910 0.009 SF 0.50 0.38 0.88 1.13 182 $ 160.16 $ 205.66
1 Pord 5 1.600 Ea. 11.75  60.00 71.75 102 2 S 14350 $ 204.00
1 Pord 1625 0.005 SF 0.15 0.18 0.33 0.44 112 $ 36.96 S 49.28
1 Carp 13 0.615 Ea. 3450 26.50 61 78.5 18 61.00 $ 78.50
1 Carp 36 0.222 Ea. 11.30 9.55 20.85 27 18 20.85 $ 27.00
1 Carp 24 0.333 Ea. 2250 14.35 36.85 47 18 36.85 $ 47.00
1 Carp 30 0.267 Ea. 41.50 11.50 53 63 18 53.00 $ 63.00
Q-1 5.3 3.019 Ea. 240.00 146.00 386 480 18 386.00 S 480.00
Q-1 1.66 9.639 Ea. 420.00 465.00 885 1150 2 S 1,770.00 S 2,300.00
Q-1 2.05 7.805 Ea. 485.00 375.00 860 1100 18 860.00 $ 1,100.00
Q-1 2.84 5.634 Ea. 365.00 272.00 637 810 1S 637.00 $ 810.00
1Plum 8 1.000 Ea. 415.00 53.50 468.5 540 18 468.50 S 540.00
1 Shee 26 0.308 Ea. 17.55 15.90 33.45 435 18 3345 $ 43.50
1Q-9 200 0.080 L.F. 2.10 3.72 5.82 7.9 35S 17.46 S 23.70
1 Elec 143 0.559 Ea. 46.50 28.00 74.5 92.5 18 7450 S 92.50
1 Elec 24 0.333 Ea. 17.25 16.75 34 44 2 S 68.00 $ 88.00
1 Elec 80 0.100 Ea. 4.67 5.05 9.72 12.6 18 9.70 $ 12.60
1 Elec 5. 3 1.509 Ea. 134.00 76.00 210 259 18 210.00 $ 259.00
1 Elec 0.400 Ea. 67.50  20.00 87.5 1S 87.50 S 104.00

-——-—-—-——

—-——-—-—-———_

03 11 13.35 7500
03 11 13.65 3500
03 31 05.0300

03 31 05.35 0300
03 31 05.70 1400
03 31 05.70 4350
03 3529.30 0350

Cast-In-Place Forming Concrete, Elevated Slabs, Depressed Area Forms to 12" High, 4 Use
Cast-In-Place Forming Concrete, Slab-On-Grade, Depressed Area Forms to 12" High, 4 Use
Normal Weight Structural Concrete - 4000 psi Concrete

Normal Weight Structural Concrete - Structural Lightweight

Placing Concrete - Elevated Slabs, Less than 6", Pumped

Placing Concrete - Slab on Grade, Up to 6", Pumped

Finishing- Power Screed, Bull Float, machine Float & Trowel (Ride-On)

300 0.107 L.F. 0.78 4.36 5.14 7.55 3133 $ 161.04 $ 236.54

C—1 300 0.107 L.F. 0.6 4.36 4.96 7.35 3133 $ 155.40 $ 230.28
CcY 103 103 113 0.16 $ 16.48 S 18.08

cY 128.8 128.8 141.25 0.16 S 2061 $ 22.60

C-20 140 0.457 CY 16.8 5.6 22.4 315 0.16 $ 358 S 5.04
C-20 130 0.492 CY 18.1 6.05 24.15 34 0 16 S 386 $ 5.44
C-10E 4000 0.006 SF 0.23 0.06 0.29 3 S 29.87 S 41.20

_—-__-_-_-____
—-——-—-—-———_

0512 23.62 0050
0922 16.13 1740
09 28 13.10 0090

Structural Steel, Plates, 1/4" Think (10.2 Ib/SF)
Non-Structural Metal Stud Framing, Non-Load Bearing, Galv, 8' High, 20 Ga. Studs, 3-5/8" Wide, 16" O.C.
Cementious Backerboard, On Floor, 3' x 6' x 1/4" Sheets

11.50 11.5 12.6 103 $ 1,184.50 S 1,297.80
1 Carp 481 0.017 SF 0.45 0.72 1.17 1.6 87 S 10.18 $ 13.92
2 Carp 525 0.03 SF 0.34 1.31 1.65 2.29 103 $ 169.95 S 235.87

. ' ' /' /| | | | s 136463]$  1547.59]



[SENIOR THESIS FINAL REPORT]

Appendix |

Hollow-Core Plank Erection Schedule
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CPM CONSTRUCTION SCHEDULE

PROGRESS THRU 02/27/10

Activity Activity Orig | % Early Early Late Late Total 2010 2011 2012
ID Description Dur | Comp Start Finish Start Finish Float ‘l‘:‘m“‘ﬁ“‘ ‘“‘n‘}“‘j‘ “HJH}"‘A‘ “HSH“ ‘0“1"‘\“ “HDHH"j”“l‘:”“l‘\n““h“‘ ‘l\‘ll‘ “HJH“"{‘}"‘A‘ “HSH‘H?‘ “HN‘ “‘RH“‘JH‘T‘
7C-032022 |Vapor Barrier/Insulation/Slab Reinforcing 0 10/11/10 10/19/10 10/29/10 11/05/10 10 || o Vapor Barrier/Insulation/Slab Reinforcing l l
7C-032042 |Stone Base Under Slab 0 10/11/10 10/19/10 10/29/10 11/05/10 10 | : : NStone}Base Under Slab : : : :
7C-032001 |Prep SOG 5 0 10/15/10 10/22/10 11/03/10 11/10/10 10 || R /\/ Prep SOG R | |
7C-032002 |Pour SOG 3 0 10/25/10 10/28/10 11/11/10 11/15/10 10 | | o Al Pour SOG o | |
7C-054100 |Load Bearing Stud Walls, Level 1 10 0 10/29/10 11/15/10 11/17/10 12/07/10 10 | | o /WA Load Bearing Stud Walls, Lével 1 | |
7C-032032 |Cure Slab 5 0 10/29/10 11/05/10 12/01/10 12/08/10 16 | | o /N/ Cure Slab o | |
7C-051200 |Erect Structural Steel Level 1 5 0 10/29/10 11/05/10 01/19/11 o12711 | 41 | | L /N Erect Structural Steel Level 1 | |
7C-051220 |Steel Headers/Supports Level 1 5 0 11/08/10 11/12/10 12/03/10 12/09/10 17 3 3 3 N S:teel Headers/Supports Leviel 1 3 3 3
7C-032052 | Infill Column Diamonds 2 0 11/08/10 11/09/10 01/28/11 01/31/11 57 | | - Minfill Column Diamonds | | |
71-017030 |BIM Production Model Cmplt 0 0 11/12/10 04/20/11 111 1 B @ BIM Production Model Cmplt } }
72-017030 |BIM Production Model Cmplt 0 0 11/12/10 04/20/11 111 | | L @ BIM Production Model Cmplt | |
7C-051230 |Inspect Structural Studs/Steel, Lev 1 2 0 11/16/10 11/17/10 12/08/10 12/09/10 14 3 3 3 N lllvspect Structural Stu js/St%el, Le:}v 1 3 3
7C-053014 |Hollow Core Floor Sys Northside 3 0 11/18/10 11/24/10 12/10/10 12/14/10 10 || o /\/Hollow Core Floor Sys Northside | |
7C-053010 |Hollow Core Floor Sys Southside 3 0 11/29/10 12/01/10 12/16/10 12/20/10 10 | | o A/ Hollow Core Floor Sys Southside | |
7C-032210 | Topping Edge Forms 3 0 11/29/10 12/01/10 01/06/11 01/10/11 28 | | o A/ Topping Edge Forms | |
7C-054110 |Stud Wall Cross-Bracing Level 1 5 0 11/29/10 12/06/10 01/27/11 02/02/11 31 | : : /N Stud Wall Cross—B"aciné Level 1 | |
7C-220100 |MEP Hollow Core R/I's 10 0 12/02/10 12/20/10 12/22/10 01/10/11 10 || M MEP Hollow Core R/lfs
7C-054000 |Exterior Sheathing Level 1 5 0 12/07/10 12/13/10 02/04/11 02/10/11 43 | | L /\ Exterior Sheathing Level 1 | |
7C-032200 |Prep/Pour Topping Slab 4 0 12/22/10 12/29/10 01/11/11 01/17/11 10 || o 1 Prep/Pour Topping Slab l l
7C-051210 |Erect Structural Steel Level 2 0 12/30/10 01/07/11 01/19/11 01/27/11 10 | | o | Erect Structural Steel Level 2 | |
7C-033000 |Stud Sheer Walls, Level 1 10 0 12/30/10 01/17/11 02/01/11 02/18/11 17 || L | Stud Sheer Walls, Level 1 | |
7C-054120 |Load Bearing Stud Walls, Level 2 10 0 12/30/10 01/17/11 02/07/11 02/25/11 20 || w w w Load Bearing StLi/d We:vlls, Level 2 w
7C-054130 |Steel Headers/Supports Level 2 3 0 01/10/11 01/12/11 01/28/11 02/01/11 14 | | L  A/Steel Headers/Supports Level 2 |
7C-057000 |Set Stairs 5 0 01/10/11 01/17/11 09/26/11 09/30/11 131 | | - - /\/Set Stairs - | |
7C-054140 |Stud Wall Cross-Bracing Level 2 5 0 01/13/11 01/21/11 02/02/11 02/10/11 11 | o | [N/ Stud Wall Cross-Bracing Level 2 |
7C-053020 |Remove Stud Wall Temp Bracing, Level 1 3 0 01/18/11 01/20/11 02/22/11 02/24/11 25 | | | | M Remove Stud Wall Témp Eraciné, Level 1 |
7C-057010 | Prep/Pour Stairs 2 0 01/18/11 01/19/11 10/03/11 100411 | 181 | | o 3 MPrep/Pour Stairs 3 3
7C-053100 |Roof Trusses 7 0 01/19/11 01/31/11 02/28/11 03/10/11 20 | | - | /S/Roof Trusses | |
71-000010 |Begin Billet 700 1st Fir Fit-out 0 0 01/21/11 02/25/11 25 1 o 1 @ Begin Billet 700 1st Fir Fit-out | 1
71-091000 |Layout/Top Track 5 0 01/21/11 01/27/11 02/25/11 03/03/11 25 | | o | /N Layout/Top Track | |
7C-054010 |Exterior Sheathing Level 2 10 0 01/24/11 02/04/11 02/11/11 02/24/11 14 | | L | /N Exterior Sheathing Level 2 | |
71054100 |Metal Stud Wall Framing 10 | 0 01/28/11 02/10/11 03/04/11 0371 | 25 | | o 1 /W Metal Stud Wall Framing 1
71-082110 |Set Door Frames 10 0 01/31/11 02/11/11 04/21/11 05/04/11 58 | | o | /W Set Door Frames' | |
7C-017200 |Structure Cmplt 0 0 01/31/11 10/04/11 173 | | o } @ Structure Cmplt } }
7C-054150 |Stud Shear Walls, Level 2 10 0 02/01/11 02/14/11 03/11/11 03/24/11 28 | | S | /W Stud Shear Walls, Level 2 | |
7C-061000 |Install SIPS Panels 10 0 02/01/11 02/18/11 03/31/11 04/21/11 30 /W Install SIPE‘:» Pane:a/s
/ ., / Early Bar Start Date 022710RT PICKETT REGIONAL TRAINING IN Sheet 5 of 34
_ Progress Bar Finish Date 02/10/12 USACOE W91 236-08-R-0029 LAYOUT: 11x17 CPM Plot
Al critical Activity |Data Date 02/27/10 FILTER: All

© Primavera Systems, Inc.

Run Date

11/02/10 16:10




CPM CONSTRUCTION SCHEDULE

PROGRESS THRU 02/27/10

i i - 2010 2011 2012
Activity Activity Orig % Early Early Late Late Total
FFmlamlJlJ]lAls[olIN[DIJIFIM[AIMI]I[J]IJ]AISIOINIDIJIF
ID Description Dur comp Start FInISh Start FiniSh Float L1 L1 \‘\ L1 L1 [ \‘\ [ 1 [ \‘ [ \‘\ (I 1 [ I I | \‘ [ \‘ (I \‘\ [ [ [ \‘\ [ [ \‘\ [ \‘\ [ L1 \‘\ I | \‘\ L1
5C-260450 |Set Electrical Raceway Sleeves 4 0 09/13/10 09/16/10 09/20/10 09/23/10 5 ‘ o /\/ Set Electrical Raceway Sleeves . ‘ ‘
| | | | | | | |
5C-232050 | U/G Controls Conduit 2 0 09/17/10 09/20/10 10/15/10 10/18/10 20 | o N UG Controls Conduit o : :
5C-260120 |U/G Feeder Raceway 3 0 09/17/10 09/21/10 10/18/10 10/20/10 21 | o A/ U/G Feeder Raceway o | |
5C-221030 |U/G Fire Protection 2 0 09/21/10 09/22/10 10/01/10 10/04/10 8 | o MUJ/G Fire Protection o | |
5C-260150 | U/G Fire Alarm Raceway 2 0 09/21/10 09/22/10 10/19/10 10/20/10 20 1 - MU/G Fire Alarm Raceway S } }
5C-311120 |Excavate Foundations 6 0 09/22/10 09/29/10 09/22/10 09/29/10 0 | S A Excavate Foundations o | |
| | | | | | | |
5C-031020 |Footing Rebar 10 0 09/23/10 10/07/10 09/24/10 10/08/10 1 | o /W Footing Rebar o : :
5C-221050 | U/G Electrical 15 0 09/23/10 10/18/10 10/05/10 11/01/10 8 | - /N U/G Electrical o | |
5C-221060 |Billet Grounding Cable/Connections 1 0 09/24/10 09/24/10 09/27/10 09/27/10 1 : : : M Billet Grounding Cable/Connections : : :
5C-031000 | Pour Footings 10 0 09/27/10 10/11/10 09/28/10 10/12/10 1 1 S /W Pour Footings S } }
5C-042010 |Backfill Foundation / Re-Grade 4 0 10/12/10 10/19/10 10/21/10 10/26/10 4 | o [NV Backfill Foundation / Re-Grade =~ | | |
| | | | | | | |
5C-032012 |Slab Termite Treatment 1 0 10/21/10 10/21/10 10/28/10 10/28/10 4 | o M. Slab Termite Treatment o | |
5C-032022 |Vapor Barrier/Insulation/Slab Reinforcing 5 0 10/22/10 10/29/10 10/29/10 11/05/10 4 } : : N/ Vappr Barrier/Insulation/Slab R"einfo(cing : :
5C-032042 | Stone Base Under Slab 5 0 10/22/10 10/29/10 10/29/10 11/05/10 4 } o /\/ Stone Base Under Slab - | |
5C-032001 |Prep SOG 5 0 10/26/10 11/03/10 11/03/10 11/10/10 4 l S /\/Prep SOG S | |
5C-032002 |Pour SOG 3 0 11/04/10 11/08/10 11/11/10 11/15/10 4 | S A Pour SOG o | |
| | | | | | |
5C-054100 |Load Bearing Stud Walls, Level 1 10 0 11/10/10 11/30/10 11/17/10 12/07/10 4 | o M?Load Bearing Stud Walls, Level 1 | |
5C-032032 |Cure Slab 5 0 11/10/10 11/17/10 12/01/10 12/08/10 10 | o /N\/ Cure Slab L | |
5C-051200 |Erect Structural Steel Level 1 5 0 11/11/10 11/18/10 01/19/11 01/27/11 34 l } } [N/ Erect Structural Steel Level 1 | } }
52-017030 |BIM Production Model Cmplt 0 0 11/12/10 04/20/11 11 | | S @ BIM Production Model Cmplt } }
5C-051220 |Steel Headers/Supports Level 1 5 0 11/18/10 11/30/10 12/01/10 12/08/10 5 | L /N Steel Headers/Supports Level 1 | |
| | | | | | | |
5C-032052 | Infill Column Diamonds 2 0 11/19/10 11/22/10 01/28/11 01/31/11 48 | o N:Inﬁ// Column Diamonds | |
5C-051230 |Inspect Structural Studs/Steel, Lev 1 2 0 12/01/10 12/02/10 12/08/10 12/09/10 5 } : : X/HSI: ect Structural Studs/Steel, Lev 1 : :
5C-053014 |Hollow Core Floor Sys Northside 3 0 12/06/10 12/08/10 12/10/10 12/14/10 3 1 S A Hollow Core Floor Sys Northside 1 1
5C-032210 | Topping Edge Forms 3 0 12/09/10 12/13/10 01/06/11 01/10/11 20 | o /N Topping Edge Forms =~ 1 1
| | | | | | | |
5C-053010 |Hollow Core Floor Sys Southside 3 0 12/10/10 12/14/10 12/16/10 12/20/10 3 ‘ L '/ Hollow Core Floor Sys Southside ‘ ‘
| | | | | | | |
5C-054110 |Stud Wall Cross-Bracing Level 1 5 0 12/10/10 12/17/10 01/27/11 02/02/11 24 : : : :N Stud Wall Cross-Bracipg Leyel 1 | |
5C-220100 | MEP Hollow Core R/l's 10 0 12/16/10 01/03/11 12/22/10 01/10/11 3 | - - /NI\/MEP Hollow Core R/I's | |
5C-054000 |Exterior Sheathing Level 1 5 0 12/20/10 12/24/10 02/04/11 02/10/11 34 1 o - N/ Exterior Sheathing Level 1 } }
5C-032200 | Prep/Pour Topping Slab 4 0 01/05/11 01/11/11 01/11/11 01/17/11 3 | S -~ /N/Prep/Pour Topping Slab l l
| | | | | | | |
5C-051210 |Erect Structural Steel Level 2 0 01/13/11 01/21/11 01/19/11 01/27/11 | o | /N/Erect Struc tural Steel Level 2 :
5C-033000 | Stud Sheer Walls, Level 1 10 0 01/13/11 01/31/11 02/01/11 02/18/11 10 | o | /N Stud Sheer Walls, Level 1 |
5C-054120 |Load Bearing Stud Walls, Level 2 10 0 01/13/11 01/31/11 02/07/11 02/25/11 13 } o | /W Load Bearing Stud Walls, Level 2 |
5C-054130 | Steel Headers/Supports Level 2 0 01/24/11 01/27/11 01/28/11 02/01/11 3 1 o } N/ Steel Headers/Supports Level 2 }
5C-057000 |Set Stairs 0 01/24/11 01/31/11 09/26/11 09/30/11 124 | | o | /N Set Stairs | |
| | | | | | | |
5C-054140 |Stud Wall Cross-Bracing Level 2 0 01/28/11 02/04/11 02/02/11 02/10/11 3 | : : : /N/ Stud Wall erss-Bqacing Leve/ 2 |
/ Vs, [ Early Bar | Start Date 02.27110RT PICKETT REGIONAL TRAINING IN Sheet 13 of 34
_Progress Bar |Finish Date 02/10/12 USACOE W91236-08-R-0029 LAYOUT: 11x17 CPM Plot
Al citical Activity [Data Date 02/27/10 FILTER: All

© Primavera Systems, Inc.

Run Date

11/02/10 16:10




CPM CONSTRUCTION SCHEDULE PROGRESS THRU 02127110

Activity Activity orig | % Early Early Late Late Total 2010 2011 ——
ID Description Dur | Comp Start Finish Start Finish Float ‘l‘:‘m“‘ﬁ“‘ ‘“‘n‘}“‘j‘ “HJH}"‘A‘ “HSH“ ‘0“1"‘\“ “HDHH"j”“l‘:”“l‘\n““h“‘ ‘l\‘ll‘ “HJH“"{‘}"‘A‘ “HSH‘H?‘ “HN‘ “‘RH“‘JH‘T‘
52-017630 |BMC Pre-Final Inspection 4 0 09/13/11 09/16/11 09/15/11 09/20/11 2 l o | o ‘ /BMC Pre-Final Inspection
51-017640 | BMC Punchlist Corrections 10 | o 09/13/11 09/26/11 09/21/11 10/04/11 6 3 3 3 3 BMCf Pun:ch/ist Corre%ctionsm 3
52-017640 |BMC Punchlist Corrections 10 0 09/19/11 09/30/11 09/21/11 10/04/11 2 | | | | BMC Punchlist Cori(ectionSN |
5X-017800 |Billet 500 Complete 0 0 09/30/11 10/04/11 2 | - | L | @ Billet 500 Complete
BILLET | L | L | |
6C-000002 |**Billet 600** 387 | 0 09/13/10 10/04/11 09/15/10 10/04/11 0 ; ; ; * **B/:'llet 600**
6C-000010 |Begin Billet 600 0 0 09/13/10 09/15/10 2 } } } @ Begin Billet 600 ; ; ; :
6C-311110 |Prepare Building Pad 5 0 09/13/10 09/20/10 09/15/10 09/22/10 2 1 S /\/ Prepare Building Pad } } } 1
6C-221000 |U/G Sanitary System 5 0 09/21/10 09/27/10 09/23/10 09/29/10 2 | o /NV U/G Sanitary System o | |
6C-221020 |U/G Glycol/HVAC Piping 5 0 09/21/10 09/27/10 09/23/10 09/29/10 2 | ‘ ‘ AN UG Gchc%//HVAC Piping ‘ ‘ ‘ ‘
6C-221040 |U/G Domestic Water 5 0 09/21/10 09/27/10 09/23/10 09/29/10 2 | o /N7 U/G Domestic Water o | |
6C-260450 |Set Electrical Raceway Sleeves 4 0 09/21/10 09/24/10 09/27/10 09/30/10 4 } } } A/ Set Electrical Raceway Sleeves } } } :
6C-232050 |U/G Controls Conduit 2 0 09/27/10 09/28/10 10/19/10 10/20/10 16 | | o MU/G Controls Conduit o | |
6C-260120 |U/G Feeder Raceway 3 0 09/27/10 09/29/10 10/20/10 10/22/10 17 || L M U/G Feeder Raceway o | |
6C-221030 | U/G Fire Protection 2 0 09/28/10 09/29/10 10/05/10 10/07/10 5 | MU/G Fire »:vrote ction
6C-260150 | U/G Fire Alarm Raceway 2 0 09/29/10 09/30/10 10/21/10 10/22/10 16 | | o A U/G Fire Alarm Raceway o | |
6C-311120 |Excavate Foundations 6 0 09/30/10 10/08/10 09/30/10 10/08/10 0 l 1 1 AW Excavate Foundations : : : :
6C-221050 | U/G Electrical 15 0 09/30/10 10/26/10 10/08/10 11/04/10 5 | o /N U/G Electrical o | l
6C-031020 |Footing Rebar 10 0 10/01/10 10/19/10 10/01/10 10/19/10 0 | o AW rooting Rebar o | l
6C-221060 |Billet Grounding Cable/Connections 1 0 10/04/10 10/04/10 10/04/10 10/04/10 0 | 3 3 X Billet Grcinunding Cable/Connections% 3 3 3
6C-031000 | Pour Footings 10 0 10/05/10 10/22/10 10/05/10 10/22/10 0 | L AN Pour Footings o | |
6C-042010 |Backfill Foundation / Re-Grade 4 0 10/25/10 10/29/10 10/25/10 10/29/10 0 | - A Backfil Foundation / Re-Grade | | |
6C-032012 |Slab Termite Treatment 1 0 11/01/10 11/01/10 11/01/10 11/01/10 0 | S X Siab Termite Treatment S | |
6C-032022 |Vapor Barrier/Insulation/Slab Reinforcing 5 0 11/03/10 11/10/10 11/03/10 11/10/10 0 | | | Y 4 Vépor Barrier/Insulation/Slab Rein‘forcing | |
6C-032042 |Stone Base Under Slab 5 0 11/03/10 11/10/10 11/03/10 11/10/10 0 3 3 3 'St:one Base Under Slab 3 3 i i
6C-032001 |Prep SOG 5 0 11/05/10 11/11/10 11/05/10 11/11/10 0 | o AW Prep SOG o | |
6C-032002 | Pour SOG 3 0 11/12/10 11/17/10 11/12/10 11/17/10 0 | S A Pour SOG o | |
62-017030 |BIM Production Model Cmplt 0 0 11/12/10 04/20/11 11 | | o @ BIM Production Model Cmplt | |
6C-054100 |Load Bearing Stud Walls, Level 1 10 0 11/18/10 12/08/10 11/18/10 12/08/10 0 ‘ ‘ ‘ H Load Bearing Stud Wal/:s, Le\,:(e/ 1 ‘ ‘
6C-032032 |Cure Slab 5 0 11/18/10 11/30/10 12/02/10 12/10/10 6 | o /W Cure Slab o | |
6C-051220 | Steel Headers/Supports Level 1 5 0 12/01/10 12/07/10 12/06/10 12/10/10 3 | o /\/ Steel Headers/Supports Level 1 | |
6C-051200 |Erect Structural Steel Level 1 5 0 12/06/10 12/13/10 01/19/11 01/27/11 23 | | S /N/ Erect Structural Steel Level 1 | |
6C-051230 |Inspect Structural Studs/Steel, Lev 1 2 0 12/09/10 12/10/10 12/09/10 12/10/10 0 | | : Hin spect Structural Studs/Steel, Lev 1 | 1
6C-053014 |Hollow Core Floor Sys Northside 3 0 12/13/10 12/16/10 12/13/10 12/16/10 0 ; ; : : & Hollow Core Floor S,VS': Norﬂ:vside ; ;
6C-032052 | Infill Column Diamonds 2 0 12/14/10 12/15/10 01/28/11 01/31/11 33 || o - M Infill Column Diamonds | |
6C-053010 |Hollow Core Floor Sys Southside 3 0 12/17/10 12/22/10 12/17/10 12/22/10 0 1 1 1 - ¥ Hollow Core Floor Sys Southside :

Ay epeo s |Fiish D M LS iicroreveriliiprvind LAYOUT: 11x17 CPM Pio
Al rrogress Bar |Finish Date Ne.p. : 11x o
NN/ Crit?cal Activity |Data Date 02/27/10 USACOE W91236-08-R-0029 FILTER: All

Run Date 11/02/10 16:10

© Primavera Systems, Inc.
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Appendix J

Hollow-Core Plank Erection Site Plan

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Appendix K

Hollow-Core Plank Submittals

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Appendix L

Hollow-Core Plank Crew (Barton Malow)

Fort Pickett Regional Training Institute Kendall Mahan — CM Option



DFOW Completion List - Phase Il

# Description Crew Descripion

1000 |Design 1 Project Manager, 4 Staff Architects, 4 Consultants
SITEWORK

1001 |Site Mobilization 1 foreman, 2 Journeymen

1002 |Construction Erosion/Sediment Control 1 foreman, 4 laborers, 1 operator

1003 |Site Clearing 2 Journeymen

1004 |Earthwork 1 foreman, 2 operators,1 truck drivers, 1 laborer

1005 |Truck Wash Area 1 foreman, 4 laborers, 1 operator

1006 |Temporary Electrical Service 1 foreman, 2 truck bucket operators, 2 journeymen

1007 |Site Electrical/Telecom Duct Bank 1 foreman, 2 journeymen, 2 laborers, loperator

1008 |Site Domestic/Fire Protection Water System 1 foreman, 2 Journeymen, 1 operator, 1 laborer

1009 [Site Sanitary/Storm Systems/Rainwater System 1 foreman, 2 Journeymen, 2 laborers, 1 operator

1010 |Site Glycol (HVAC Piping) System 1 foreman, 2 Journeymen, 2 laborers, 1 operator

1011 |Concrete Flatwork 1 foreman, 2 journeymen, 5 laborers, 1 operator

1012 |Asphalt Flatwork/Pavement Markings/Parking Control 1 foreman, 5 truck drivers, 5 laborers, 2 operator

1013 |[lIrrigation Systems/Landscaping 1 foreman, 1 operator, 5 laborers

1014 |Demolition & Abatement 1 foreman, 6 laborers, 1 operator, 4 truck drivers
STRUCTURAL

1015 |Stairs 1 foreman, 4 ironworkers, 2 welders, 1 operator

1016 |Concrete Slabs 1 foreman, 4 laborers, 1 operator, 1 truck driver

1017 |Hollow Core Planks 1 foreman, 1 operator, 1 druck driver,4 journeymen

1018 |Roof Trusses 1 foreman, 2 journeymen, 1 operaator, 3 laborers

1019 |Building Pad 1 foreman, 4 laborers, 1 operator, 1 truck driver

1020 |Foundations/Footings 1 foreman, 6 laborers, 1 operator, 3 rebar installers

1021 |[Structural Steel 1 foreman, 4 ironworkers, 2 welders, 1 operator

1022 |Metal Framing 1 foreman, 2 journeymen, 4 laborers

1023 |SIPS Panels 1 foreman, 2 journeymen, 2 laborers, 1 operator
MEP

1024 |In-Slab Electrical/Telecom 1 foreman, 2 journeymen, 2 laborers, 1 operator

1025 |In-Slab Domestic Water 1 foreman, 2 journeymen, 2 laborers, 1 operator

1026 |In-Slab Sanitary System 1 foreman, 2 journeymen, 2 laborers, 1 operator

1027 |In-Slab Storm Piping 1 foreman, 2 journeymen, 2 laborers, 1 operator

1028 |In-Slab Glycol/HVAC Piping 1 foreman, 2 journeymen, 2 laborers, 1 operator

1029 |In-Slab Fire Protection Piping 1 foreman, 2 journeymen, 2 laborers, 1 operator

1030 |Fire Protection System 1 foreman, 3 journeymen, 2 laborers

1031 |Plumbing Piping 1 foreman, 2 journeymen, 2 laborers

1032 |Plumbing Fixtures 1 foreman, 2 journeymen, 2 laborers

1033 |HVAC Piping 1 foreman, 2 journeymen, 2 laborers

1034 |HVAC Equipment 1 foreman, 2 journeymen, 2 laborers

1035 |Ductwork 1 foreman, 2 journeymen, 2 laborers

1036 |Building Controls 1 foreman, 2 journeymen, 2 laborers

1037 |Test & Balance 1 foreman, 2 journeymen, 2 laborers

1038 |Electrical Raceway 1 foreman, 3 journeymen, 3 laborers

1039 |Wiring & Devices 1 foreman, 3 journeymen, 3 laborers

1040 |Light Fixtures 1 foreman, 3 journeymen, 3 laborers

1041 |Data Cabling and Fixtures 1 foreman, 3 journeymen, 3 laborers

1042 |Grounding System 1 foreman, 3 journeymen, 3 laborers

1043 |Fire Alarm/Mass Notification System 1 foreman, 3 journeymen, 3 laborers

1044 |Commission Equipment 1 foreman, 4 journeymen, 2 laborers

1045 |Fire Alarm Testing 1 foreman, 2 journeymen, 2 laborers

1046 |Cable Tray 1 foreman, 2 journeymen, 2 laborers
ARCHITECTURAL

1047 |Miscellaneous Metals 1 foreman, 1 journeyman, 2 laborers, 1 operator

1048 |Sheathing/Drywall/Insulation 1 foreman, 2 journeymen, 4 laborers

1049 |Masonry 1 foreman,10 journeymen, 15 laborers, 2 operators

1050 |Roofing Assembly 1 foreman, 3 journeymen, 3 laborers, 1 operator

1051 |Caulking & Sealants 1 foreman, 3 laborers

1052 |Windows 1 foreman, 2 journeymen, 2 laborers, 1 operator

1053 |Storefront Systems 1 foreman, 2 journeymen, 3 laborers, 1 operator

1054 |Doors & Hardware 1 foreman, 2 journeymen, 2 laborers

1055 JAcoustical Ceilings 1 foreman, 2 journeymen, 4 laborers

1056 JArchitectural Woodwork/Millwork 1 foreman, 3 journeymen, 2 laborers

1057 |Flooring 1 foreman, 3 journeymen, 3 laborers, 1 operator

1058 |Painting 1 foreman, 3 journeymen, 3 laborers

1059 |Bathroom Accessories and Partitions 1 foreman, 2 journeymen, 2 laborers

1060 |Signage 1 foreman, 2 journeymen, 2 laborers

1061 |Ceramic Tile 1 foreman, 3 journeymen, 3 laborers, 1 operator

1062 |Plumbing Equipment 1 foreman, 2 journeymen, 2 laborers

1063 |Electrical Equipment 1 foreman, 3 journeymen, 3 laborers

1064 |Close-Out 1 Project Manager, 3 Project Engineers, 2 Superintendents

1065 |QA/QC 1 QC Manager, 1 Assistant QC Manager
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Incl.

© PR R R TRl

Cost Incl.
Crew No. Bare Costs Subs Q&P Per Labor-Hour Crew No. Bare Costs Subs O&F
Bare int
Crew C-10¢ Hr Dailv H Daity |+ Costs 0&F Crew C-147 Hr.
3 Laborer S842.4( 4.0 538.00 557.3: 1 Carpenter Foreman (outside 546.1
2 Cement Finisher: B7760 | 623 16 Carpenter 441
1 Concrete Mixer, 10 C.F 160.6¢ 4 Hodmen (ren 49.1
2 Trowels, 48" Walk Bahin 89.2 6.25 b.8 21
40 LK., Daiy Totas 5176080 | [ SM2t 64l
| Bare Incl.
Crew C-10C Hr. Daily |  Hr. Daily Costs 0&pP i i
1 Laborer SEI0 8080 | a0 st || smes s LA o
2 Cement Frishers 23 61760 | 6230 9680 g o D
1 Trowel, 48" WalkBehing 4460 | 49.05 1.86 204
24 LK., Daly Totas SI003.00 SIa778% || L7 %618 Lo BN AR -
Bl ncl }_LefDEMErfurernzn {outside | 546.10 S?ﬁ&.&:' a?”‘* 5567.60
Crew C-10D Hr. Dail)' Hr. Dain Costs 08P 16 Carpenters | 44.10 5644.80 67.83 8684.80
iR i) a 10 1571 .20 ) 2 M
1 Laborer SB10 8080 | $400 43200 [| S99  $5933 by el i U
Lo it g 5 7 2 Laborers 35.10 561.60 54,00 864.00
2 Cement Finishers 42.35 677.60 62.30 986.80 L4k o |5 ¥
: o3 is i 2 Cement Fnishers 4235 67760 | 6230 996.80
1 Viorating Power Screed 65.50 72,05 . e s rew C-14L
i y . 7 Py 1 Equip. Oper. (med) 4655 37240 | 7025 56200 |
1 Trowel, 48" Walk:Behind 44.60 49.06 459 505 § G i N 2740 30,14 { ot Fveman (outside
1 |nf Q y 5 b e ¥ & 3
24 LK., Daiy Totals 5106850 SIS901 || 54452  S64.58 4 Givence P kel 21560 ws || w g
pe . 208 LK., Daly Totals 59939.40 SETER | TR |
Crew C-10E Hr. Daily Hr. Daly || Costs  O&P it i
1 Laborer S510 2080 | $5400 S0 || BB 508 R b W O
2 Cement Finishers RFB 67760 | 62 : : : B Dy Tl
mhrr"m ;‘m U La d ?ggg I Capenter Foremen (outside) | $46.10  $36880 | $7095  $56760 || Sux mig®
1 Cemert Trowel, 96" Ride-On 17420 9162 || 9% 109 g Eg;p:;"::;ﬂ \ ::ig Z;ég'g 2;2; figzjg | GeCI5
24 LH, Day Totals $1198.10 S169247 || $4992  S70.52 Al w10 12m | s 17280 l:_:::»umaﬂ {outside)
: Bare Inc!. 1 Cement Finisher 23 33880 | 6230 49840 g
Crew C-11 Hr. Daily Hr. Daily || Costs 0&p 1 Gas Engine Vibrator 2740 304 A B :mr A
1 Struc. Steel Foreman (outside) | $51.35  $410.80 | $91.80 73440 || 4850  $8397 112 LK., Daiy Totds SAT60.60 73353 || Sl i)
6 Struc. Steel Workers 4935 23880 | 8825 423600 e
1 Equip. Oper. (crane) 4780 /240 | 215 STIN Crew C-14D b, Daily e Daiy || Cots 00 e
1 Equip. Oper. Oil 425 33000 | 6225 49800 :
Wi g A i L 1 Campenter Foreman (outside) | $46.10  $36880 | S7095  So67.60 || % I ooy
1 Lattice Boom Crane, 150 Ton 1829.00 20119 || 2540 2794 il A el en .
: : = : , ers 3 ! - A b foreman (outside)
72 LK., Daiy Totals $5321.00 SB05750 || 57390  SLLLII S e PR i i o it
; : Bare incl. 2 Laborers 310 56160 | 5400  864.00 Dt Firs
Crew C-12 . Day | W Daly || Costs 0 1 Cement Fnisher 23 3880 | 6230 49840 i (e, e
1 Carpenter Foreman (outside) | $46.10  $368.80 | 57095  $567.60 || $43.55  $66.78 1 Equip. Oper. (med) 4655 37240 | 7025 56200 b g
3 Carpenters 10 105840 | 6785 162840 1 Gas Engine Vibrator 27.40 304 R |
1 Laborer %.10 280.80 54.00 432.00 § 1 Concrete Pump (small) L 715,60 787.16 EY | LT
1 Equip. Oper. (crane) 4780 38240 | 7215 5.0 200 LH., Daly Totals $9520.60 S1433.10 || 7€ T
1 Hyd. Crane, 12 Ton 612.00 6320 || 1275 1403 B B —_
48 LH., Daily Totals 52702.40 $3878.40 || $56.30 58080 Crew C-14E Hr. Daily Hr. Daily || Costs w ten 017
i Bare  Incl 1 Carpenter Foreman (outsde) | $46.10  $36880 | $7095 56760 || B T —
Crew C-13 Hr. Daily Hr. Daily || Costs 08P 2 Carpenters 4410 70560 | 6785 108560 Nt
1 Struc. Steel Worker $4935 530480 | $8825 570600 || S4760 8L 4 Rodmen (rein) 4900 157120 | 7840 250880 U e
1 Welder 4935 30480 | 8825 70600 3 Laborers 310 84240 | 5400 129600
1 Carpenter 410 35280 | 6785 54280 1 Cement Finisher 4235 33880 | 6230 49840
1 Welder, gas engine, 300 amp 121.60 133.76 5.07 5.57 1 Gas Engine Vibrator 2740 30.14
24 LH, Daiy Totals $1264.00 S2088% || S5267 B2 83 LH., Daly Totals $3854.20 $5986.54
Bare Incl, :
Crew C-14 Hr. Daily Hr. Daily Costs 0&P Crew C-14F Hr. Daily Hr. Daily
1 Carpenter Foreman (oufside) | $46.10  $368.80 | $7095  $567.60 || $43.17  $66.60 1 Labor Foreman (outside) $37.00  $296.80 | $57.00 43680
5 Carpenters 410 176400 | 6785 271400 2 Laborers 310 56160 | 5400 86400
4 Laborers $10 112320 | 5400 172800 6 Cement Fiishers 235 20328 | 630 20040
4 Rodmen (reinf) 4910 157120 | 7840 250880 1 Gas Engine Vibrator 2740 0.4
2 Cement Finishers 42.35 67760 | 6230  996.80 72 LK., Daiy Totals 52918.60 §4341.3
1 Equip. Oper. (crane) 47.80 382.40 7215 5711.20
1 Equip. Oper. Oiler 4125 33000 | 6225 49800
1 Hyd. Cranz, 80 Ton 1554.00 1700.40 10.79 1187
144 LK, Daly Totals ST7711.20 S1120080 || $8397 57847
k-,
702 e
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I

Rebar (03 21 10.60 0400) Elevated Slabs #5

Building 500/700 Jris) 2160.00

1026.00

[ ]
Building 600 ____

106.92 0.06

_
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T I [ A N N I N

Daily Labor Project Total Incl
Code Item Crew Output Hours Units Material Labor Equipment Total TotalIncl O&P  Quantity Project Total O&P
01 54 36.50 2000 Equipment Mobilization, Crane, Truck Mounted, 75 Ton 1 Eghv 7.2 1.111 Ea. 53 53 80 1 53 80
03 21 10.60 0400 Reinforcinig in Place, Elevated Slabs, #4 to #7 4 Rodm 2.9 11.034 Ton 1050 540 1590 2025 1.8 2862 3645
03 21 10.60 0400 Reinforcinig in Place, Elevated Slabs, #4 to #7 4 Rodm 29 11.034 Ton 1050 540 1590 2025 1.6 2544 3240
0341 13.500100 Precast Slab Planks, Prestressed Floor Members, Grouted, Hollow, 8" Thick c-11 3200 0.023 SF 7.15 1.09 0.57 8.81 10.35 20455 S 210.00 S 211,709.25
03 41 13.50 0100 Precast Slab Planks, Prestressed Floor Members, Grouted, Hollow, 8" Thick c-11 3200 0.023 SF 7.15 1.09 0.57 8.81 10.35 17977 S 210.00 S 186,061.95

./ ' ' '/ ' ' | | | |5 58900[5 40473620
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Precast Panel Takeoffs

Panel Type Description

Bump Out, Window (1,2), Black
Bump Out, Window (1,2), Black
Window (1,2)

Bump Out, Window (1,2), Black
None

Window (1,2)

Window (1,2)

Window (1,2)

Window (1,2)

Windows (1,2)

None

Door, Window (2)

Bump Out, Windows (1,2), Black
Bump Out, Window (1,2), Black
Window (1,2)

Windows (1,2)

Window (1,2)

Louver

Door, Louver

Window (1,2), Black

Window (2)

Window (2)

Window (2)

Door, Window (2)

Window (2)

None

Windows (1)

None

None

Door, Window (2)

Door, Window (2)

None

None

None

:‘l‘lﬂ"'(Dﬂ.ﬂb'ﬂlN-<><E<C-|MND'UOZ§'-x'-_IQ'""‘UnW>

8.66
12.00
11.66

8.66
12.00

8.66

8.66

9.66

9.66

7.33

8.66
12.00

8.66
11.33
12.00
12.00
12.00
12.00
12.00
11.33
12.00
12.00
12.00
12.00
12.00

7.33
12.00
12.00
12.00

6.33

6.33
12.66
12.00
12.00

24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
24.33
26.33
28.33
25.33
25.33

4.66
28.33
28.33

Width (FT) Height (FT) Area (SF) Weight/Panel (LBS)

210.70
291.96
283.69
210.70
291.96
210.70
210.70
235.03
235.03
178.34
210.70
291.96
210.70
275.66
291.96
291.96
291.96
291.96
291.96
275.66
291.96
291.96
291.96
291.96
291.96
178.34
291.96
315.96
339.96
160.34
160.34

59.00
339.96
339.96

18541.41 2
25692.48 12
24964.53 12
18541.41 32
25692.48 47
18541.41
18541.41
20682.45
20682.45
15693.82
18541.41
25692.48
18541.41
24257.98
25692.48
25692.48
25692.48 10
25692.48
25692.48
24257.98
25692.48
25692.48
25692.48
25692.48
25692.48
15693.82
25692.48
27804.48
29916.48
14109.82
14109.82
5191.61
29916.48
29916.48
Totals 230

b NN EOORDDBR DS

Ao OO ON DR P NDPDWSAEWW

17.32
144.00
139.92
277.12
564.00

34.64

34.64

38.64

38.64

43.98

8.66

24.00

17.32

45.32

60.00

60.00
120.00

36.00

36.00

45.32

36.00

48.00

84.00

12.00

12.00

29.32

24.00

72.00

72.00

37.98

37.98

75.96

72.00

72.00

2470.76

Quantity Total Width (FT) Total Height (FT) Total Area (SF) Total Weight (LBS)

48.66 421.40 37082.81
291.96 3503.52 308309.76
291.96 3404.25 299574.32
778.56 6742.33 593325.00

1143.51 13722.12 1207546.56

97.32 842.79 74165.63

97.32 842.79 74165.63

97.32 940.11 82729.79

97.32 940.11 82729.79
145.98 1070.03 94162.94

24.33 210.70 18541.41

48.66 583.92 51384.96

48.66 421.40 37082.81

97.32 1102.64 97031.93
121.65 1459.80 128462.40
121.65 1459.80 128462.40
243.30 2919.60 256924.80

72.99 875.88 77077.44

72.99 875.88 77077.44

97.32 1102.64 97031.93

72.99 875.88 77077.44

97.32 1167.84 102769.92
170.31 2043.72 179847.36

24.33 291.96 25692.48

24.33 291.96 25692.48

97.32 713.36 62775.29

48.66 583.92 51384.96
157.98 1895.76 166826.88
169.98 2039.76 179498.88
151.98 962.03 84658.94
151.98 962.03 84658.94

27.96 353.97 31149.68
169.98 2039.76 179498.88
169.98 2039.76 179498.88

5573.88 59703.42 5,253,900.75
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Wind Directionality Factor, K4

Table 6-4

Directionality Factor K *

Structure Type

Buildings
Main Wind Force Resisting System

-
o0 o0

U

Components and Cladding
Arched Roofs 0.85
Chimneys, Tanks, and Similar Structures
Square
Hexagonal 0.90
Round 0.95
0.95
Solid Sigus 0.85
Open Signs and Lattice Framework 0.85
0.85

Trussed Towers

Triangular, square, rectangular
All other cross sections

0.95

*Directionality Factor K4 has been calibrated with combinations of loads

specified in Section 2. This factor shall only be applied when used in
conjunction with load combinations specified in 2.3 and 2.4.




6.5.11.5.2 Components and Cladding. The pressure coeffi-
cients for the design of parapet component and cladding elements
are taken from the wall and roof pressure coefficients as specified
in Section 6.5.12.4.4.

6.5.12 Design Wind Loads on Enclosed and Partially
Enclosed Buildings.

6.5.12.1 General.

6.5.12.1.1 Sign Convention. Positive pressure acts toward the
surface and negative pressure acts away from the surface.

6.5.12.1.2 Critical Load Condition. Values of external and
internal pressures shall be combined algebraically to determine
the most critical load.

6.5.12.1.3 Tributary Areas Greater than 700 ft* (65 m?).
Component and cladding elements with tributary areas greater
than 700 ft* (65 m?) shall be permitted to be designed using the
provisions for MWFRSs.

6.5.12.2 Main Wind-Force Resisting Systems.

6.5.12.2.1 Rigid Buildings of All Heights. Design wind pres-
sures for the MWEFRS of buildings of all heights shall be deter-
mined by the following equation:

P =4GC, — g:(GC ) (/) (N/m?) 1

where

(6-17)

g = q- for windward walls evaluated at height z above the
ground
q = qj, for leeward walls, side walls, and roofs, evaluated
at height 2 '
q; = qy for windward walls, side walls, leeward walls, and
roofs of enclosed buildings and for negative internal
pressure evaluation in partially enclosed buildings
g; = q- for positive internal pressure evaluation in partially
enclosed buildings where height z is defined as the level
of the highest opening in the building that could affect
the positive internal pressure. For buildings sited in
wind-borne debris regions, glazing that is not impact
resistant or protected with an impact resistant cover-
ing, shall be treated as an opening in accordance with
Section 6.5.9.3. For positive internal pressure evalua-
tion, ¢; may conservatively be evaluated at height A
(gi = qn)
G = gust effect factor from Section 6.5.8
Cp, = external pressure coefficient from Fig. 6-6 or 6-8
(GCpi) = internal pressure coefficient from Fig. 6-5

g and g; shall be evaluated using exposure defined in Section
6.5.6.3. Pressure shall be applied simultaneously on windward
and leeward walls and on roof surfaces as defined in Figs. 6-6 and

cvaluated ot mean ool height f using
nSection 6563
ssure coellicient lrem Fio 6 10
ure coeflicient from Fie 6.9

6.5.12.2.3 Flexible Buildings. Design wind pressures for the
MWEFRS of flexible buildings shall be determined from the fol-
lowing equation:

P =qG ;Cp = qu(GC o) (b/iC) (N/m?) (6-19)

where ¢q. ¢;. Cp. and (GC);) are as defined in Section 6.5.12.2.1
and G ; = gust effect factor is defined as in Section 6.5.8.2.

6.5.12.2.4 Parapets. The design wind pressure for the effect
of parapets on MWFRSs of rigid, low-rise, or flexible buildings
with flat, gable, or hip roofs shall be determined by the following
equation:

where

(6-20)

pp = combined net pressure on the parapet due to the combi-
nation of the net pressures from the front and back para-
pet surfaces. Plus (and minus) signs signify net pressure
acting toward (and away from) the front (exterior) side
of the parapet
qp = velocity pressure evaluated at the top of the parapet
GCp, = combined net pressure coefficient
= +1.5 for windward parapet
= —1.0 for leeward parapet

6.5.12.3 Design Wind Load Cases. The MWERS of buildings
of all heights, whose wind loads have been determined under the
provisions of Sections 6.5.12.2.1 and 6.5.12.2.3, shall be designed
for the wind load cases as defined in Fig. 6-9. The eccentricity e
for rigid structures shall be measured from the geometric center
of the building face and shall be considered for each principal
axis (eyx, ey). The eccentricity e for flexible structures shall be
determined from the following equation and shall be considered
for each principal axis (ex, ey):

_ €0+ 1.712y/(200¢0)* + (grRex)”
1+ 1.712/(80 Q) + (grR)

(6-21)

where

e = eccentricity e as determined for rigid structures in Fig. 6-9

er = distance between the elastic shear center and center of mass
of each floor

Iz, 80, @, gr, R shall be as defined in Section 6.5.8

The sign of the eccentricity e shall be plus or minus, whichever
causes the more severe load effect.

EXCEPTION: One-story buildings with & less than or equal to 30 fi,

buildings two stories or less framed with light-frame construction, and

buildings two stories or less designed with flexible diaphragms need only
be designed for Load Case 1 and Load Case 3 in Fig. 6-9.

6.5.12.4 Components and Cladding.

6.5.12.4.1 Low-Rise Buildings and Buildings with & <
60 ft (18.3m). Designwind pressures on component and cladding
elements of low-rise buildings and buildings with & < 60 ft
(18.3 m) shall be determined from the following equation:

P = Ghl(GCp) — (GCp)) (B/E) (Nfm?)

where

(6-22)

gn = velocity pressure evaluated at mean roof height /1 using
exposure defined in Section 6.5.6.3
(GC,) =external pressure coefficients given in Figs. 6-11
through 6-16
(GCp;i) = internal pressure coefficient given in Fig. 6-5

ASCE 7-05



Forl5ft.<z<z
K, =2.01 (z/z,)**

3. oaand z, are tabulated in Table 6-2.

Forz <15 fi.

K, =2.01 (15/z)*®

Note: z shall not be taken less than 30 feet for Case 1 in exposure B.

5. Exposure categories are defined in 6.5.6.

4. Linear interpolation for intermediate values of height z is acceptable.

Velocity Pressure Exposure Coefficients, Ky, and K,
Table 6-3
Height above Exposure (Note 1)
ground level, z C D
ft (m) Case 1 Case 2 Cases 1 &2 | Casesl &2
0-15 (0-4.6) 0.70 0.57 1.03
20 (6.1) 0.70 0.62 1.08
25 (7.6) 0.70 0.66 1.12
30 (9.1) 0.70 0.70 1.16
40 (12.2) 0.76 0.76 1.22
50 (15.2) 0.81 0.81 ! 1.27
60 (18) 0.85 0.85 1.13 1.31
70 (21.3) 0.89 0.89 1.17 1.34
: 80 (24.4) 0.93 0.93 1.2 1.38
N 90 (27.4) 0.96 0.96 1.24 1.40
100 (30.5) 0.99 0.99 1.26 1.43
120 (36.6) 1.04 1.04 1.31 1.48
140 (42.7) 1.09 1.09 1.36 1.52
160 (48.8) 1.13 1413 1.39 1.55
180 (54.9) 1.17 1.17 1.43 1.58
200 (61.0) 1.20 1.20 1.46 1.61
250 (76.2) 1.28 1.28 1.53 1.68
300 (91.4) 1.35 1.35 1.59 1.73
350 (106.7) 1.41 1.41 1.64 1.78
400 (121.9) 1.47 1.47 1.69 1.82
450 (137.2) 1.52 1.52 1.73 1.86
500 (152.4) 1.56 1.56 1.77 1.89
Notes:
I. Casel: a. All componentsand cladding.
b. Main wind force resisting system in low-rise buildings designed using Figure 6- 10.
Case 2: a. All main wind force resisting systems in buildings except those in low-rise buildings
designed using Figure 6-10.
b. All main wind force resisting systems in other structures.

2. The velocity pressure exposure coefficient K, may be determined from the following formula:

Minimum Design Loads for Buildings and Other Structures




‘Main Wind Force Resisting System — Method 2 h < 60 ft.
Figure 6-10 (cont’d) l External Pressure Coefficients, GCpr {
Enclosed, Partially Enclosed Buildings Low-rise Walls & Roofs
Aﬁg;’efﬂ Building Surface
(degrees) |4 2 3 4 5 6 E | 2E | 3E | 4E
0-5 040 | -069 | -0.37 -029]-045 |-045 6 -1.07 -0.53| -0
e 20 0.53 -0.69 | -0.48 043]-045 | 045 ‘nRof| -1.07 -0.69 || 064
30-45 0.56 0.21 -0.43 -037|-045 | -045 . 0.27 -0.53| -0
90 0.56 0.56 | -0.37 -037|-045 | -0.45 0.69 0.69 -0.48] -0.48
Notes:

1. Plus and minus signs signify pressures a
2 For values of 8 other than those shown,
3 The building must be designed for all win
patterns are applied to each building comer
4. Combinations of external and internal pressures
3

obtain the most severe loadings.

For the torsional load cases shown below, the
4T) shall be 25% of the full design wind pressures (zones 1, 2,3,
Exception: One story buildings w
or less framed with light frame construction, an

ith h less

than or equal to
d buildings tw

cting toward and away from the surfaces, respectively.
linear interpolation i
d directions using t
in turn as the Reference Corner.

(see Figure 6-5) shall be evaluated as required to

s permitted.
he 8 loading patterns shown. The load

pressures in zones designated with a “T” ( 1T, 2T 315

4).
0 ft (9.1m), buildings two stories
o stories or less designed with

flexible diaphragms need not be desi gned for the torsional load cases.

Torsional loading shall apply to all eight basic

reference corner.

load patterns using the figures below applied at each

6. Except for moment-resisting frames, the total horizontal shear shall not be less than that determined
by neglecting wind forces on roof surfaces.

7. For the design of the MWFRS providing lateral resistance in a direction parallel to a ridge line or

e mid-length of the building.

for flat roofs, use 8 = 0° and locate the zone

8. The roof pressure coefficient GCpp when ne
for a distance from the edge of roof equal to 0.5 ti
parallel to the direction of the MWFRS being desi
windward wall, whichever is less; the remainder 0

the pressure coefficient GCyy for Zone 3/3E.

9. Notation:

a: 10 percent of least horizontal dimension

4% of least horizontal dimension or 3 ft
h:  Mean roof height, in feet (meters), except that eave
9: Angle of plane of roof from horizontal, in degrees.

Transverse Direction

2/3 boundary at th

gative in Zone 2 or 2E, shall be applied in Zone 2/2E
mes the horizontal dimension of the building
ned or 2.5 times the eave height, h,, at the
7Zone 2/2E extending to the ridge line shall use

or 0.4h, whichever is smaller, but not less than either
(0.9 m).

height shall be used for 8 < 10°.

|

| Il

Longitudinal Direction

Torsional Load Cases

ASCE 7-05
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Reinforcement Spacing Chart
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Rebar Size / Spacing Chart

Bar Size Designation #3 #4 #5 #6 #7 #38 #9 #10 # 11
Weight (Lbs. / Foot) 0.376 0.668 1.043 1.502 2.044 2.670 3.400 4.303 5.313
Bar Diameter (Inches) 0.375 0.500 0.625 0.750 0.875 1.000 1.128 1.270 1.410
Bar Spacing Area in Sq. / Inches
4" 0.330 0.600 0.930 1.320 1.800 2.370 3.000 3.810 4.680
5" 0.264 0.480 0.744 1.056 1.440 1.896 2.400 3.048 3.744
6" 0.220 0.400 0.620 0.880 1.200 1.580 2.000 2.540 3.120
7™ 0.189 0.343 0.531 0.754 1.029 1.354 1.714 2177 2.674
8" 0.165 0.300 0.465 0.660 0.900 1.185 1.500 1.905 2.340
9" 0.147 0.267 0.413 0.587 0.800 1.053 1.333 1.693 2.080
10" 0.132 0.240 0.372 0.528 0.720 0.948 1.200 1.524 1.872
11" 0.120 0.218 0.338 0.480 0.655 0.862 1.091 1.386 1.702
12" 0.110 0.200 0.310 0.440 0.600 0.790 1.000 1.270 1.560
13" 0.102 0.185 0.286 0.406 0.554 0.729 0.923 1.172 1.440
14" 0.094 0.171 0.266 0.377 0.514 0.677 0.857 1.089 1.337
15" 0.088 0.160 0.248 0.352 0.480 0.632 0.800 1.016 1.248
16" 0.083 0.150 0.233 0.330 0.450 0.593 0.750 0.953 1.170
17" 0.078 0.141 0.219 0.311 0.424 0.558 0.706 0.897 1.101
18" 0.073 0.133 0.207 0.293 0.400 0.527 0.667 0.847 1.040
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Structural Calculations for Precast Panels
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Structural Calculations for Grade Beams
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Fort Pickett Regional Training Institute Kendall Mahan — CM Option



[SENIOR THESIS FINAL REPORT]

CMU Build-Out

I Fabric and Ventilation - Fort Pickett, Building 1
EnergyPlus Output 1Jan- 31 Dec, Annual

-100000

-200000

-300000

-400000
-500000

-600000

-700000

Zone Heat Balance {kBtu)

-800000
-900000

1.50

Total fresh air (ac/h)
2

Year

Glazing (kBtu) -293679.66

Walls (kBtu) -24684 .60

Ceilings (int) (kBtu) -37769.99

Floors (int) (kBtu) -24925.01
Ground Floors (kBtu) -166023.28
External Infiltration (kBtu) -923415.19
External Natural Vent. (kBtu) -25252 .54

Mech Vent + Nat Vent + Infiltration (ac/h) 1.35

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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Precast Panel Build-Out

Fabric and Ventilation - Fort Pickett, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Annual Educationa
K s xBtu) [ Cefings (mt) (kBtv) [} Floors (int) (kBt i F xBtu) [l Exte Bt
o = —
-100000
__-200000
3
& 300000
@
2400000
o
3-500000
©
@
T
L
S -700000
~N
-800000
'.504-"5:' Vent + Nat Vent « Infiltration (ach
1.45
% 1.40
S
5
S 135
o
s
o
) -
e -
= Year
Glazing (kBtu) -293582.38
Walls (kBtu) -25423.86
Ceilings (int) (kBtu) -37791.70
Floors (int) (kBtu) -24876.36
Ground Floors (kBtu) -165974.56
External Infiltration (kBtu) -923216.94
External Natural Vent. (kBtu) -25290.81
Mech Vent + Nat Vent + Infiltration (ac/h) 1.35

Fort Pickett Regional Training Institute Kendall Mahan — CM Option
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CMU Build-Out

Fabric and Ventilation - Fort Pickett, Building 1
EnergyPlus Output 1Jan - 31 Dec, Monthly Educational
=== Glazing (kBtu) s Walls (kBtu) ===== Ceilings ( Btu) s Floors (int) (kBtu) = Ground Floors (kBtu)
s External Infiltration (kBtu) == External Natural Ve it
—
J A7 oz "
-20000 \-\. :
= X [ /] N/ "/
o -40000
H \\V/ / N/ \ |/
2 -60000
\ |/ Y \ [/
& -80000 \ / \ /
=
@ -100000
T \ / 3
@
< -120000
=1
S )’
-140000
-160000
= Mech Vent + Nat Vent + Infiltration (ac'h
0 i
- \ / \/ \ /
= -40000
o
‘® -60000
£z
w
£ 30000 \ / \ /
s 1 \ /
2
-100000 \ /
-120000 V
-140000 t
Month 2002 Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec
Glazing (kBtu)|] -49587.08 852550 -14385.52 241814 -4255 84 -188185.22 0.00 1.00 -35378.47 5235388 -13123.32 1198.5%
Walls (kBtu)| 872757 -133541.18 0.00 1.00 -335%4.14 -3411.83 -T128.09 TE4 84 S137.01 -110307 .65 77598 1.02
Ceilings (int) (kBtu)| -22014.70 -1843.95 -2949.84 -3540.84 -15509.67 H8511.84 -1181.01 1.3 -19338.869 -T87.19 |n -4347.19
Floors (int) (kBtu)| -18555.27 -55403.91 A704.58 1.52 -8581.78 810.88 328504 -8501.31 -23252.08 -20088.%8 -3839.21 1.75
Ground Floors (kBtu)| -4401.05 1795.53 843308 £34472 -24803.34 -5220.09 -1300.13 1.83 -10452.20 587.79 5808.37 547858
External Infitration (kBtu)] -21379.99  -22507.61 -2950.52 1.74 -12795.34 95.49 2971.80 5102.92 -19640.58  -35658.31 £169.50 1.70
External Natural Vent. (kBtu)| -22257.08 -1711.03 -1130.74 1732.47 -12148.73 -89844.81 -3043.45 1.31 -Z3B43.74 -3324.34 £8317.85 33242
Mech Vent + Nat Vent + Inf jon (ac/h)| -T485.45 -81187.27 -41.70 1.04 -41015.43 -5331.57 -11333.01 255342 -4308.52  -137054.38 0.00 1.00

Fort Pickett Regional Training Institute
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Precast Panel Build-

Out

Fabric and Ventilation - Fort Pickett, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Monthly Educationa
kBtu) === Ceilings (nt) (kBtu) ==mm Fioors (int) (kStu
~— -
/ y L / i
-20000 > // VX /
= ( /
-40000 7
S "W/ / \\|/ ]
8 60000 : -
b [\ 7 Y
& -80000 } f
3 Nl
2-100000 ¥
£ 120000
o~ { /
N v Gl
-140000 1
-160000 M
0 T —
-20000 \ / \ /
%‘ -40000
& -60000
2
- -80000
E % \ /
5
—
-100000 \ /
-120000 V
-140000 |
Month 2002 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Glazing (kBtu)| -49574.32  £855.94 -14885.43 41775 -4252.10  -188169.08 0.00 1.00 -33388.98 537089  -13120.10 1205.35
Wals (kBtu)| 671285 -133622.89 0.00 1.00 -33883.42  -343228 712984 782.38 813885 -110283.91 77.98 1.02
Ceilings (int) (kBtu)| -21999.17  -1783.47  -2852.72  -3529.77  -15497.55 £8477.20  -1152.81 1.31 1932227 88528 88.79 -4343.04
Floors (int) (kBtu)| -18555.31  -53371.92 -8705.90 1.52 -8548.53 588.07 3973.72 £437.04 -23279.27  -20044.00 -3955 4% 1.75
Ground Floors (kBtu)| -433889  1775.07 842884 894047  -24804.14 921481  -1329.13 1.83 -10431.41 a78.52 5811.40 £476.33
External Infitration (kBtu)| -21384.31  -22488.38  -2944.09 1.74 -12798.85 133.02 236822 508871  -19844.38 3585887  B191.31 1.70
External Natural Vent, (kBtu)| -22409.27 -1614.88 -1138.61 -1723.43 -12153.58  8%077.57 -3048.82 1.31 -29837.33 -3288.11 £324.77 23577
Mech Vent + Nat Vent + Infiltration (ac/h)| 748388  -31144.40 ; -41014.35 527791 -11331.20 5 -4308.97  -137048.13 0.00 A
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CMU Build-Out

Fuel Totals - Fort Pickett, Building 1

EnergyPius Output 1Jan - 31 Dec, Annual Educati

[ Eiectricty (kBtux10°2 W Gas (kBuxi0s

780

770

g

(kBtux1043)

_unaI
b3

730

710

Year

Electricity (kBtu)x10*3 707.31
Gas (kBtu)x10*3 784.87
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Precast Panel Build-Out

Fuel Totals - Fort Pickett, Building 1
EnergyPlus Output 1.Jan- 31 Dec, Annual

Educational

[N Electricity (Btu<10°3 [ Gas (xBtu)x10°3

780

770
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o

Fuel (kBtux103)
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730
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Year

Electricity (kBtu)x10"3 707.81
Gas (kBtu)x10"3 784.89
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FORT PICKETT REGIONAL

TRAINING INSTITUTE PHASE II

FUALCOMER CONSTRUCTION TRAILER
[SITEMORK SUBCONTRACTOR)

BLACKSTOME, WIRGINMIA

April 4, 2012

Kendall Mahan

PRECAST PANEL ERECTION

SYMBOLS
MEWY BUILDINGS
EXISTING BUILDINGS
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ID Task Name
1 Pha
2 Construction - Building 700
3 Building 700 - Core & Shell
4 Prepare Building Pad
5 U/G Work
6 Foundations
7 Backfill Foundations/Re-Grade
8 Slab on Grade
9 Erect Structural Steel Level 1
10 Load Bearing Stud Walls Level 1
11 Hollow Core Floor System North
12 Topping Edge Forms
13 Hollow Core Floor System South
14 MEP Hollow Core R/I's
15 Exterior Sheathing North El
16 Wall Vapor Barrier/Insulation North El
17 Masonry Splitface North El
18 Prep/Pour Topping Slab
19 Erect Structural Steel Level 2
20 Load Bearing Stud Walls Level 2
21 Clean Brick North El
22 Set and Pour Stairs
23 Roof Trusses
24 Punch Windows North El
25 Exterior Sheathing East El
26 Structure Complete
27 Exterior Sheathing South El
28 Wall Vapor Barrier/Insulation East El
29 Install SIPS Panels
30 Exterior Sheathing West El
31 Masonry Splitface East El
32 Wall Vapor Barrier/Insulation South El
33 Wall Vapor Barrier/Insulation West El
34 Roof Insulation/Ice Shield
35 Clean Brick East El
36 Masonry Splitface South El
37 Punch Windows East El
38 Clean Brick South El
39 Masonry Splitface West El
40 Aluminum Storefronts
41 Punch Windows South El
42 Metal Roofing
43 Clean Brick West El
44 Caulk Exterior Block/Door Frames
45 Punch Windows West El
46 Caulk Windows/Exterior
47 Fascia/Trim/Soffit /Gutters/Downspouts
48 Exterior Canopies
49 Leak Test Windows & Storefronts
50 Exterior Complete

Duration

352 days
250 days
5 days
10 days
15 days
5 days
23 days
6 days
66 days
3 days
3 days
3 days
10 days
5 days
5 days
10 days
4 days
10 days
35 days
5 days
8 days
11 days
2 days
5 days
0 days
5 days
10 days
26 days
5 days
15 days
5 days
10 days
33 days
3 days
10 days
5 days
5 days
15 days
3 days
2 days
40 days
3 days
5 days
5 days
18 days
28 days
8 days
4 days
0 days

Start

: 0
Wed 8/25/10
Wed 8/25/10
Wed 8/25/10
Wed 9/1/10

Mon 9/13/10
Mon 10/4/10

Finish

on 9/10
Thu 12/29/11
Wed 8/10/11
Tue 8/31/10
Tue 9/14/10
Fri 10/1/10
Fri 10/8/10

Mon 10/11/10 Wed 11/10/10

Wed 11/3/10
Mon 11/8/10
Wed 12/8/10
Tue 12/14/10
Tue 12/14/10

Wed 11/10/10
Mon 2/7/11
Fri 12/10/10
Thu 12/16/10
Thu 12/16/10

Mon 12/20/10 Fri 12/31/10

Thu 12/23/10
Mon 1/3/11
Fri 1/7/11
Mon 1/10/11
Mon 1/17/11
Mon 1/17/11
Thu 1/27/11
Thu 1/27/11
Fri2/4/11
Fri2/4/11
Tue 2/8/11
Fri 2/18/11
Fri2/18/11
Fri 2/18/11
Tue 2/22/11
Tue 3/1/11
Thu 3/10/11
Thu 3/10/11
Fri3/18/11
Thu 3/31/11
Fri4/8/11
Fri4/8/11
Fri4/15/11
Mon 5/2/11
Mon 5/2/11
Fri5/13/11
Fri5/13/11
Wed 5/18/11
Wed 6/1/11
Mon 6/6/11
Mon 6/6/11
Thu 6/16/11
Fri 6/3/11
Fri7/1/11
Mon 7/25/11
Wed 8/10/11

Wed 12/29/10
Fri1/7/11
Thu 1/20/11
Thu 1/13/11
Fri1/28/11
Fri3/4/11
Wed 2/2/11
Mon 2/7/11
Fri2/18/11
Mon 2/7/11
Mon 2/14/11
Fri 2/18/11
Thu 2/24/11
Thu 3/3/11
Tue 3/29/11
Mon 3/7/11
Wed 3/30/11
Wed 3/16/11
Thu 3/31/11
Mon 5/16/11
Tue 4/12/11
Thu 4/21/11
Thu 4/21/11
Fri5/6/11

Fri 5/20/11
Tue 5/17/11
Mon 5/16/11
Tue 7/12/11
Fri 6/3/11
Fri6/10/11
Fri 6/10/11
Mon 7/11/11
Tue 7/12/11
Tue 7/12/11
Thu 7/28/11
Wed 8/10/11

2nd Quarter

‘3rd Quarter

‘ 4th Quarter

Sep

‘ Nov ‘ Jun ‘ Jan

Aug

—
e Gonsrustion==Builsing 700

ey Building 700 - Core & Shell
@ Prepare Building Pad

B3 U/G Work
E&g Foundations
T Backfill Foundations/Re-Grade
Emmg Slab on Grade
@ Erect Structural Steel Level 1
Elmma  Load Bearing Stud Walls Level 1
T Hollow Core Floor System North
T Topping Edge Forms
T Hollow Core Floor System South
B MEP Hollow Core R/I's
@ Exterior Sheathing North El
T Wall Vapor Barrier/Insulation North El
Masonry Splitface North El
T Prep/Pour Topping Slab
B Erect Structural Steel Level 2
D@ Load Bearing Stud Walls Level 2
@ Clean Brick North El
@ Set and Pour Stairs
Roof Trusses
T Punch Windows North El
@ Exterior Sheathing East El
¢ Structure Complete
@ Exterior Sheathing South El
Wall Vapor Barrier/Insulation East El
Eama 'nstall SIPS Panels
@ Exterior Sheathing West El
EEa Masonry Splitface East El
@ Wall Vapor Barrier/Insulation South El
g Wall Vapor Barrier/Insulation West El
Emmmma  Roof Insulation/Ice Shield
1 Clean Brick East El
Masonry Splitface South El
@ Punch Windows East El
T Clean Brick South El
Eag Masonry Splitface West El
T Aluminum Storefronts
I Punch Windows South El
Eammmma Metal Roofing
T Clean Brick West El
T Caulk Exterior Block/Door Frames
I Punch Windows West El
Ema Caulk Windows/Exterior
B Fascia/Trim/Soffit /Gutters/Downspouts
E Exterior Canopies
T Leak Test Windows & Storefronts
¢ Exterior Complete

Fort Pickett Regional Training Institute
Blackstone, VA

Page 1l

Kendall Mahan
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Accelerated Enclosure Schedule
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ID Task Name Duration Start Finish 2nd Quarter ‘ 3rd Quarter ‘4th Quarter
Sep Apr ‘ Nov ‘ Jun ‘ Jan Aug
1 662 da 3 0 on 9/10 -— Phasell
2 Construction - Building 700 352 days Wed 8/25/10 Thu 12/29/11 e ——Construstion==Buildigg 700
3 Building 700 - Core & Shell 250 days Wed 8/25/10 Wed 8/10/11 sy Building 700 - Core & Shell
4 Prepare Building Pad 5 days Wed 8/25/10 Tue 8/31/10 @ Prepare Building Pad
5 U/G Work 10 days Wed 9/1/10 Tue 9/14/10 @ U/G Work
6 Foundations 15 days Mon 9/13/10 Fri 10/1/10 @ Foundations
7 Backfill Foundations/Re-Grade 5 days Mon 10/4/10 Fri 10/8/10 I Backfill Foundations/Re-Grade
8 Slab on Grade 23 days Mon 10/11/10 Wed 11/10/10 G Slab on Grade
9 Erect Structural Steel Level 1 6 days Wed 11/3/10 Wed 11/10/10 @ Erect Structural Steel Level 1
10 Load Bearing Stud Walls Level 1 66 days Mon 11/8/10 Mon 2/7/11 Dy Load Bearing Stud Walls Level 1
11 Hollow Core Floor System North 3 days Wed 12/8/10 Fri 12/10/10 I Hollow Core Floor System North
12 Topping Edge Forms 3 days Tue 12/14/10 Thu 12/16/10 T Topping Edge Forms
13 Hollow Core Floor System South 3 days Tue 12/14/10 Thu 12/16/10 I Hollow Core Floor System South
14 MEP Hollow Core R/I's 10 days Mon 12/20/10 Fri 12/31/10 @ MEP Hollow Core R/I's
15 Prep/Pour Topping Slab 4 days Mon 1/10/11 Thu 1/13/11 I Prep/Pour Topping Slab
16 Erect Structural Steel Level 2 10 days Mon 1/17/11 Fri1/28/11 @ Erect Structural Steel Level 2
17 Load Bearing Stud Walls Level 2 40 days Mon 1/17/11 Fri3/11/11 CEmmn Load Bearing Stud Walls Level 2
18 Exterior Sheathing North El 5 days Mon 1/24/11 Fri 1/28/11 T Exterior Sheathing North El
19 Set and Pour Stairs 8 days Thu 1/27/11 Mon 2/7/11 @ Set and Pour Stairs
20 Wall Vapor Barrier/Insulation North El 5 days Mon 1/31/11 Fri 2/4/11 T Wall Vapor Barrier/Insulation North El
21 Roof Trusses 11 days Fri2/4/11 Fri2/18/11 @ Roof Trusses
22 Exterior Sheathing East El 5 days Mon 2/7/11  Fri2/11/11 T Exterior Sheathing East El
23 Wall Vapor Barrier/Insulation East El 10 days Mon 2/14/11 Fri2/25/11 @ Wall Vapor Barrier/Insulation East El
24 Structure Complete 0 days Fri2/18/11  Fri2/18/11 @ Structure Complete
25 Install SIPS Panels 26 days Tue 2/22/11  Tue 3/29/11 Eammn Install SIPS Panels
26 Exterior Sheathing South El 5 days Mon 2/28/11 Fri3/4/11 T Exterior Sheathing South El
27 Wall Vapor Barrier/Insulation South El 5 days Mon 3/7/11  Fri3/11/11 T Wall Vapor Barrier/Insulation South EI
28 Exterior Sheathing West El 5 days Mon 3/14/11 Fri 3/18/11 1T Exterior Sheathing West El
29 Wall Vapor Barrier/Insulation West El 10 days Mon 3/21/11 Fri4/1/11 @ Wall Vapor Barrier/Insulation West El
30 Erect Precast Panels North/South EI 1 day Mon 4/4/11 Mon 4/4/11 I Erect Precast Panels North/South El
31 Erect Precast Panels East El 2 days Tue 4/5/11  Wed 4/6/11 I Erect Precast Panels East El
32 Erect Precast Panels West El 2 days Thu4/7/11  Fri4/8/11 T Erect Precast Panels West El
33 Roof Insulation/Ice Shield 33 days Thu 3/31/11 Mon 5/16/11 Emmmm Roof Insulation/Ice Shield
34 Seal Joints/Clean Panels North El 5 days Mon 4/11/11 Fri4/15/11 I Seal Joints/Clean Panels North El
35 Punch Windows North El 2 days Mon 4/18/11 Tue 4/19/11 T Punch Windows North El
36 Seal Joints/Clean Panels East El 5 days Mon 4/18/11 Fri4/22/11 1 Seal Joints/Clean Panels East El
37 Aluminum Storefronts 3 days Wed 4/20/11 Fri4/22/11 I Aluminum Storefronts
38 Caulk Windows/Exterior 18 days Wed 4/20/11 Fri5/13/11 Gma Caulk Windows/Exterior
39 Punch Windows East El 5 days Mon 4/25/11 Fri 4/29/11 I Punch Windows East El
40 Seal Joints/Clean Panels South El 5 days Mon 4/25/11 Fri4/29/11 I Seal Joints/Clean Panels South El
41 Caulk Exterior Block/Door Frames 5 days Mon 4/25/11 Fri4/29/11 I Caulk Exterior Block/Door Frames
42 Punch Windows South El 2 days Mon 5/2/11 Tue 5/3/11 T Punch Windows South El
43 Seal Joints/Clean Panels West El 5 days Mon 5/2/11  Fri5/6/11 I Seal Joints/Clean Panels West El
44 Punch Windows West El 5 days Mon 5/9/11  Fri5/13/11 I Punch Windows West El
45 Leak Test Windows & Storefronts 4 days Mon 5/16/11 Thu 5/19/11 I Leak Test Windows & Storefronts
46 Metal Roofing 40 days Wed 5/18/11 Tue 7/12/11 CEmmmmn Metal Roofing
47 Fascia/Trim/Soffit /Gutters/Downspouts 28 days Fri 6/3/11 Tue 7/12/11 pmmma Fascia/Trim/Soffit /Gutters/Downspouts
48 Exterior Canopies 8 days Fri7/1/11 Tue 7/12/11 @ Exterior Canopies
49 Exterior Complete 0 days Wed 8/10/11 Wed 8/10/11 ¢ Exterior Complete
Fort Pickett Regional Training Institute Page 1 Kendall Mahan

Blackstone, VA
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Detailed Building Enclosure Estimate -——-—-—-————
06 16 36.10 0847 Oriented Strand Board, 1/2" Thick, Pneumatic Nailed

2 Carp 1643 0.01 SF 0.3 0.43 0.82 1.09 59700 S 48,954.00 $ 65,073.00
07 21 13.10 1940 Extruded Polyestrene, 25 PSI Compressive Strength, 2" Thick, R10 1 Carp 730 0.011 SF 1 0.48 1.48 1.84 59700 S 88,356.00 S 109,848.00
07 25 10.10 3000 Weather Barrier, Building Wrap, Spunbounded Polyethylene 2 Carp 8000 0.002 SF

0.09 0.26 0.33 59700 $ 15,522.00 $ 19,701.00
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VELA SYSTEMS

Detailed Benefits Summary

Referencable Savings Cost Savings
Customer(s) [Modules ROI ROI Detail Estimate Detail Reference
Barton Malow [Field BIM for - B There were benefits to contractor and
T Improved efficiency of Commissioning process, 15FTE i
& Maryland Commissioning, . i owner - for contractor, they reduced http://www.velasystems.com/offers/BIM-
provided owner handover BIM model with data and o $ 468,000 [cost/year * 3 S " "
General Handover and . R . - commissioning time by 30%, for owner, they commissioning-handover-field-operations/
. X documents linked to it for use during operations X X ; years
Hospital Operations save 30 min/work order during operations
"VP of Operations Kevin Cooke estimates
Bond Brothers Work I__|stj Pgnch List, Redyced headcoqnt dqe to ability to collect and that he would have had to a_dd up to two $ 150,000 |2 FTE costlyear http://velasystems.com/customers/bond-
Commissioning distribute information via Vela. FTEs to manage the punchlist without brothers.php
Vela..."
. Saved 30 days on project schedule due to reduced Field task tlme_re.ducuon = (Old process Project days . ]
. Field Report, Punch | X . took 4 days/building - Vela process takes 2 http://www.velasystems.com/charleville-
Charleville List. Document Sync time to complete field tasks, total costs savings was days/building)*(15 buildings) => 30 days $ 550,000 |saved * carry development
' in fi i - development
4 over $500,000 in first year, leading to 500% ROI sa\)//ed X 9 g y cost
Work List, Punch List,|Cut 3 months off of the project schedule by Old process of quality inspections took 8 .
o - . ; . L Project days
CMC Owner Handover, automating field activities and immediately sending [days/month total communication time, Vela X
. ) X . - . X . X K $ 1,800,000 [saved * carry http://www.velasystems.com/cmc-group
Construction |Customer Service, information to subcontractors. Total financial process immediately communicates issues cost
Document Sync benefit approximately $1.8M = 3 months savings total
Field task time reduction = (Old process
Saved 95 days from reduction of time required to  |took 60 minutes/room - Vela process takes
. complete field tasks, Saved 15 days from saved 20 minutes/room)*(2,000 rooms) => 95 Person days
Field Report, Punch | . ) . ; ) .
Gensler . trips to trailer for forgotten plans and documents, person days saved ; Saved time from trips | $ 189,000 |saved * http://www.velasystems.com/events
List, Document Sync X = : ; ;i
Reduced risk by driving consistent and measurable [to trailer = (Old process was 1 trip to Cost/person
field process across team. trailer/day)*(20 minutes/trip)*(60 days) =>
15 person days saved
Harvard Saving 3-4 days/month by decreasing delays from Qld process: 1-2 .days for |nfo-t0 get from .
. X ; g " - field to other parties, wasted time going to Project days
Allston Field Report, information going from field to other parties, K L X i
- . . . and from project office; Vela process: $ 1,620,000 [saved (12 mos) |http://www.velasystems.com/events
Develelopment|Document Sync Reducing risk from consistent, auditable processes, |. L X X .
- X information immediately transmitted, no trips * carry cost
Group Green construction benefits X R
back to office, saving 3-4 days/month
Work List, Punch List, Savt_ad _headcoynt by automating flel.d constructlgn Saved 1-2 hours/day user due to lack of Person days .
Hensel Phelps quality inspection processes and using electronic X $ 150,000 [saved * http://www.velasystems.com/hensel-phelps
Document Sync X X retyping needed.
documents in the field. Cost/person
Accelerated project delivery by removing "down 2 months
Robins and Pun_ch List - Hospital time" between project punchlist inspections and "We delivered the project 2 months early..." [ $ 450,000 project time http/velasystems.com/customers/robin
Morton Project X . carry morton.php
updates to all project parties (owner, subs, A/E)
cost/month
. _Saved 10 day; due to better supply chain visibility, 0ld process = use spreadsheets to track Project day§
Materials Tracker, improved quality and accountability, better schedule . _ saved * project i
Skanska ) . . . |materials, Vela process = saves 1+ $ 1,000,000 http://www.velasystems.com/skanska
Document Sync (risk) management, total estimated cost savings is : . cost to
days/month during erection.
>$1MM contractors
CEO says they save "millions" by measuring cost of |Old process = no way to measure costs of Work items *
Tocci Building |Work List, Punch List, |deficient work items in Vela as they occur and using|ongoing deficient items; Vela process tracks http://www.velasystems.com/tocci-building-
X . - ) S R B $ 1,500,000 |Average -
Corporation Document Sync Cost of Quality" report to backcharge costs of ongoing quality items for immediate costlitem companies
subcontractors as needed. cost recovery.
EVP reports "improved profitability", project users Old process: No visibility into # of.quahty Project days
Turner : S walks by master format at the project level, X i
. report faster project completion times from R j saved * project |http://www.velasystems.com/offers/turner-
Construction |QA/QC, Vela Reports |. X X - Vela process: Management and project $ 900,000 -
improved information transfer from the field to the ) cost to construction-qa-gc/
Company teams can measure and manage quality to

team and subs

prevent costly rework

contractors

Vela Systems Confidential

6/18/2010






