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PROJECT TEAM:

Owner: Anonymous
CM: Gilbane Building Co.
Architect: Murray Associates
Structural Engineer: Whitney, Bailey,
Cox, Magnani
MEP Engineer: Barton Associates PROJECT FEATURES
Civil Engineer: Pennoni Associates, Inc.
Occupation: Medical/Health Care
Facility
STRUCTURE Construction Dates: August 06 -
August 08
4" Slab and slab-on-deck Cost: $25 Million
Cast-in-place continuous footing Size: 100,000 SF
around the perimeter of building Nimlar 6ff Series 2
Structural Steel Columns on top of Leed Certified
cast-in-place spread footings
Structural Steel beams and girders

connecting to the columns CONSTRUCTION

e 207 renovation work and 80%
ARCHITECTURE new construction
Existing building demolition
e [acade consists of brick veneer and requires removal of asbestos and
aluminum siding with aluminum lead paint
clad windows to match the Art Maintain use of existing building
Deco style of the existing building until renovation work completed

MECHANICAL, ELECTRICAL, & LIGHTING

10 Air Handling Units ( 3 in basement, 7 on
roof)

500 kVA and 150k V A, 120/208V, 3 phase
dry type transformers in basement

Two 30kV A, 120/208, 3 phase dry type
transformers in penthouse level
Flourescent, Incandescent, and HID lighting
throughout building
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EXECUTIVE SUMMARY

The following Spring 2007 Senior Thesis, for Penn State’s Architectural Engineering

program, will cover an entire school year’s work and analysis on the Health Care Center,
located in Dauphin County, Pennsylvania. Included in this report is a building overview,
local conditions, building systems, proposal, research analysis, structural breadth

analysis, mechanical breadth analysis, and recommendations to those analyses.

The building overview will give a brief introduction about the Health Care Center, the
function of the building, project team involved and a brief introduction into the report.
The local conditions will describe where the building is located and what the subsurface
conditions are like. The building systems section discusses the structural, mechanical,

and electrical systems along with other interesting facts about the building.

The proposal will briefly describe what will be analyzed in the research and breadth
topics. The research topic will be analyzing the integration of value engineering and
sustainability; a topic that affects the construction industry. The purpose is to incorporate
value engineering to a project that is striving for LEED or another sustainable status.
Value engineering will be used to find alternative solutions without affecting the
building’s green accreditation. The structural breadth will analyze a six inch concrete
foundation wall that extends sixteen feet high to the roof elevation. The mechanical
breadth will examine the Health Care Center’s plumbing system, finding an alternate

system to the increasing problem of highly priced copper piping.

After the analyses, a recommendation is made on the two breadth areas that will be most

beneficial to the Health Care Center.
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BUILDING OVERVIEW

INTRODUCTION

The Health Care Center, located in Dauphin County, Pennsylvania, is an addition and
renovation project that will be serving a boarding school, who wishes to remain
anonymous, as well as its local community. The Health Care Center’s function is similar
to medical facilities found on college campuses, such as the Ritenour building on Penn
State’s campus, which serves as an infirmary, workplace, and educational tool. The
building’s addition will include new rooms for patient care, office and administrative
space, a cafeteria and kitchen, and a gymnasium. The work involved in this project will
be extensive and costly and will need to incorporate an integrated team to deliver and

meet expectations.

The project team involved in this process is the boarding school’s own Planning,
Designing, and Construction division, Murray Associates (architect), Whiney, Bailey,
Cox, & Magnani (structural engineers), and Gilbane Building Co. (construction
managers). The Health Care Center is a partial two story above grade structure with a
partial basement level. The project, which will be going for LEED (Leadership in Energy
and Environmental Design) certification, will be 80,000 square feet (SF) of new
construction and 20,000 SF of renovation. The project delivery method chosen for the
Health Care Center is design-bid-built with Gilbane contracted as a CM agent. The total
duration of construction was scheduled for a full 2 years beginning in August 2006 and
completing in August 2008. Due to some unexpected set-backs mentioned later in the
research, the project has been delayed. The overall cost of the project is expected to
reach $25 million. The intricate details of the Health Care Center’s renovations and

additions will be described throughout the thesis.

The following analysis will focus on the construction management aspect of the Health
Care Center with special considerations in constructability, cost impact and schedule
reduction. The integration between value engineering and sustainability will be analyzed

and studied to help the construction industry. The integration between the two will also
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be used in areas of the Health Care Center where the building can save some money
while still maintain its LEED certification. These areas specifically refer to the redesign
of a foundation wall and an alternative use of a cross-linked polyethylene tubing, called
PEX, which will replace the existing domestic water supply’s copper piping. Please note
that all information pertaining to the Health Care Center is Ken Lorenz’s interpretation
and may be different than the means and methods of construction executed by the project

team.

Senior Thesis Final Report Page 4 of 49



Ken Lorenz The Health Care Center
Construction Management Dauphin County, PA
Dr. David R. Riley April 12, 2007

LOCAL CONDITIONS

CLIENT

The Health Care Center is operated and owned by an anonymous boarding school that
was originally founded in 1909. It started as an idea from a wealthy and successful
businessman and his wife who lived in the area, to help children who were less fortunate.
Since then the school grew to over 1400 students. With the increase in the student body,
the existing Heath Care Center needed more room to accommodate and provide even
more care for their students. The owner is very experienced in construction and the

additions are one of many buildings that have expanded the boarding school.

LOCATION

The location of the Health Care Center is in Dauphin County, which is located central
Pennsylvania (see Figure 1). In this particular area of Pennsylvania, structural steel
framing with slab-on-deck buildings seems to be the most common method of
construction. Steel buildings are typically less costly and can be erected faster than

concrete buildings.
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Figure 1 - Picture of Pennsylvania’s counties.

Senior Thesis Final Report Page 5 of 49



Ken Lorenz The Health Care Center
Construction Management Dauphin County, PA
Dr. David R. Riley April 12, 2007

SUBSURFACE CONDITIONS

The Health Care Center falls in the Valley and Ridge Physiographic Province which is
predominantly made up of bedrock and limestone. Topsoil and bituminous pavement
cover large parts of the construction site. Sieve and hydrometer tests were taken to
determine that subsurface soil conditions also consist of sands, silts, clay, and mixtures of
all of them. Based on all the information from the tests, the soils were concluded to be
suitable for the proposed construction. The water table was measured at an elevation
height of 380, which is 20’ below the existing ground surface elevation. Since the
basement elevation will be positioned at 391.7 the water table should not impact the
construction of the building. The contour of the Heath Care Center site tends to slope
downward in a south to southwest direction in which gradients range from 2 to 3 percent

in some areas to 6 to 8 percent in other areas.
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Figure 2 - The valley and ridge physiographic province.
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BUILDING SYSTEMS

DEMOLITION

The Health Care Center is 80% new construction and 20% renovation work which makes
up the 100,000 SF of total construction. Because the original structure was erected in the
1930’s, hazardous materials were used in the original design and must be removed before
any construction/renovation can take place. A special demolition contractor has to
remove the hazardous materials which include asbestos and lead paint during the
renovation work of the existing building. All existing HVAC and lighting, including
wiring, fixtures, raceways, light switches, and receptacles are to be removed from the
existing building. Before renovation work can begin all new additions must be
completed. This is because the Health Care Center must remain operational during the

construction process.

STRUCTURAL

The frame of the Health Care Center is a typical structural steel frame. Each steel
column is erected on top of cast-in-place concrete spread footings. Cast-in-place
concrete foundation walls will be poured in sections B and C (sections shown in
Appendix A). Sections A and B will include the basements of the newly
remodeled/constructed building. The rest of the buildings perimeter will have a 3 foot
deep continuous footing. Building sections C through E will have a 4” concrete slab-on-
grade. All cast-in-place concrete will use both horizontal and vertical formwork. Most
of the building’s framing is made up by wide flanges with metal decking and a 4”’slab-on-
deck. The roofing uses wide flanges in some areas and steel joists in other areas, like the

gymnasium.

MECHANICAL
The mechanical system is very important for the Health Care Center. A section of the
Health Care Center will be used as an infirmary which means the air must be free of

germs and bacteria that are likely to spread if a good ventilation system is not in place.

Senior Thesis Final Report Page 7 of 49



Ken Lorenz The Health Care Center
Construction Management Dauphin County, PA
Dr. David R. Riley April 12, 2007

The building must also maintain good, indoor air quality for the building to be LEED
certified.

There are a total of ten air-handling-units throughout the Health Care Center. There are
three located in the basement while the other seven are on the roof. The three in the
basement will serve the existing building and cafeteria area, while the other seven will be
utilized by the gymnasium, the penthouse, and other new additions. Throughout the
building there are exhaust fans, variable air volume (VAV) boxes, cooling towers, and
humidifiers. An Electric Control System will be in place to operate and monitor the air

system to ensure the air quality stays at healthy and LEED certified levels.

ELECTRICAL/LIGHTING

The Health Care Center’s electrical system is composed up of a 500 KVA, 150 KVA and
two 30 KVA dry transformers. The 500 and 150 KV A transformers are located in the
basement of the building. These transformers are converting the electricity down to
120/208 V and distributing the power to panel boards located on the first and second

floors.

The two, smaller 30 KVA transformers are located in the penthouse area where they will
convert the electricity to 120/208V. After converting the electricity, the power will be
distributed to panel boards throughout the penthouse. As in many other commercial
buildings, a majority of the Health Care Center’s lighting fixtures are fluorescent.
However, in some areas of the building, incandescent and metal halide fixtures are also

used.

MASONRY / FACADE

The buildings fagade consists mostly of brick veneer with aluminum clad windows. The
brick is not load-bearing; it only needs to support its self weight. A few parts of the
building, like the penthouse, have aluminum siding. The cafeteria has a curtain wall,

where there are large aluminum clad windows looking into the dining room.
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PROPOSAL

This proposed senior thesis study of the Health Care Center, located in Dauphin County,

PA, will concentrate on the research of integrating value engineering (VE) and
sustainability. The main idea of this research is to focus on a building that has been
designed for LEED or other environmental/energy saving criteria to go through the VE

process and not loose any of its sustainable accreditation.

After conducting research on sustainability and value engineering (Research Topic), the
Health Care Center will be analyzed in two areas (Structural and Mechanical Breadths)
where VE can be utilized to reduce costs, increase productivity, and ensure quality

without diminishing the sustainability of the building.

RESEARCH TOPIC - Value Engineering and Sustainability
e Value Engineering and sustainability will be researched so that when executed on
any one particular project, green ideas and materials will not be eliminated.
e Areas that will be examined will be the following;
O What is value engineering?
0 What is involved to ensure a productive value engineering process?
0 Sustainable considerations that should be looked into during the

conceptual planning, designing, and construction phases.

STRUCTURAL BREADTH - Redesign of Concrete Foundation Wall
e Alternative — Design foundation wall out of CMU block.
0 Proposed Benefit — Lower material and labor cost, possible schedule

reduction while maintaining thermal insulation of wall.

MECHANICAL BREADTH - PEX Tubing for Domestic Water Supply
e Alternative — Replace the domestic water supply copper tubing with PEX tubing.
0 Proposed Benefit — Lower material and labor cost, and possible schedule

reduction while adding sustainable design to project.
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RESEARCH TOPIC

Value Engineering and Sustainability

PROBLEM

In today’s world there is an increasing interest in making things environmentally friendly.
The construction industry has gone into green thinking by adopting LEED (Leadership in
Energy and Environmental Design) as one of their criterion to determine whether a
building is sustainable. Unfortunately, green buildings tend to be a bit more expensive to
design and construct than a non-green building. Green materials or products may be
more expensive and labor costs may be driven higher because contractors are unfamiliar
with that type of work. Not only does a green building affect the cost, but it also impacts
the schedule. Special commissioning may need to take place for MEP systems, lead time
may be needed for green materials that have to be shipped in, and construction can take

longer for laborers who are inexperienced with the type of work.

The research that I will be investigating not only pertains to the construction industry as a
whole but also to the Health Care Center. As stated earlier, the Health Care Center is
striving for LEED certification and over the last few months, the project has been going

through the VE process due to bids coming back over budget.

GOALS

Through my proposed research I hope to develop an approach that effectively and
efficiently uses value engineering on any construction project with the outcome of
maintaining or even gaining sustainability. I also hope that the construction industry can
get a better understanding of how to use value engineering as a tool without reducing a
building’s sustainability. Lastly, I will be taking the information found from my research
and applying it to the Health Care Center. I will be looking into two areas, structural and
mechanical, where alternative systems will be evaluated on terms of costs, schedule,

quality, and sustainability.
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I will use all resources available to come up with the most important and relevant
information for my research. I will begin with researching and understanding the
methodology of VE. Much of this information can be found in class notes, books, and
online. SAVE International (Society of American Value Engineers), which is the
international society devoted to the advancement and promotion of the value
methodology, will be very beneficial for value engineering ideas and methods. For more
information, I will contact industry professionals who are familiar with this area. Next, |

will make myself familiar to the LEED manual and research sustainable ideas.

I am confident that through researching and becoming familiar with VE and green ideas
that I can develop an effective method to ensure that VE, if used correctly, can reduce
project costs without loosing sustainability requirements and status. I will combine the
energy saving/environmentally friendly ideas with good VE practice and methodology to
make a successful integration between the two. Lastly, after developing a VE and
sustainable practice, I will use it for breadth topics for the Health Care Center, which will

be discussed later in this report.
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ANALYSIS
Introduction

There are a few misconceptions when it comes to value engineering (VE). What is value
engineering exactly and what is involved in the value engineering process? Value
engineering is not cutting costs, but rather “a systematic effort to find less costly ways to
meet the Owner’s needs in the building without sacrificing the scope, quality, aesthetics,
operating costs or long term maintenance and replacement costs.” Applying VE to a
sustainable building means that the environment, energy consumption and overall health
of the occupants will be taken into consideration when the most value alternative is

chosen.

The Value Engineering Process

The value engineering process involves information gathering, analysis, creative
brainstorming, evaluation, recommendation, and lastly implementation. It is important to
understand the VE process when evaluating a building’s alternatives. This will be even
more costly when trying to find an alternative solution that requires maintaining the

buildings environmental requirements.

Information Gathering

This part of the process, a team wants to learn and gather as much information about the
project as possible. Learn what the goals are from the owner, what type of quality needs
to be met, what types of building systems are being used, what the budget is, what is the
proposed duration of the project, and any other important information. Everything

gathered will be used in the next step.

Analysis

In this next step, all the information that was gathered in the first step will be analyzed.
Thoughts on why certain systems and materials chosen will come into play. Are there
possible alternatives to everything that is included in the current proposed building?

Many questions should arise to determine why certain objectives were chosen.
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Creative Brainstorming

This part of the process is essentially where the alternative solution comes from. Every
innovative and creative possible solution should be thrown out as an idea. There is no
wrong idea. The main focus during this part of value engineering is to develop as many

possible solutions, so they can be evaluated in the next step to see if feasible.

Evaluation
The most innovative and best ideas developed from the creative stage will now be
evaluated. They will be examined closely in cost, quality, duration, and energy savings.

This stage will determine the most feasible and beneficial solutions.

Recommendation

Once the alternative solutions have been picked, the VE team will propose the new ideas
to the project team and owner. Here the project team along with the owner will

determine what alternatives will be chosen, for the good of the building.

Implementation

The most important of the VE process, implementation involves making sure the ideas
proposed and recommended are taking place. This part of the process will ensure that the

new ideas are being incorporated into the building.

Value engineering, as described in the previous stages, is a process that should occur
during the entire building process (see Figure 3 on the next page). It should begin very
early and often in conceptual planning and continue through the design of the building,
carry on through the construction, even during operation. Before ideas of sustainable
alternatives should begin a few things must happen and carry out through the project.
This includes building an integrated team, documenting/auditing all of the ideas and work

performed, and performance strategies and implementation.
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Requirements Conceptual Programming/
assessment planning budgeting

— m
i

Figure 3 — The process of designing/constructing a building.

Integrated Team

It is important that at the beginning of any project the people involved sit down and form
ateam. The people who should generally be involved in these integrated teams include
the owner, architect, engineers, construction manager, contractors, value engineers, and
any other environmental /energy engineers. The first thing that should be done is to set a
common goal. If individual parties are not enthusiastic or have different goals it will be
harder for them to work together. This is also a good time to identify roles. Will the
construction manager be acting as the value engineer or will there be a VE consultant?
The only way that the team will be successful is if there is clear communication between
individuals. This should be done by holding meetings every other week or in cases where
a project is behind schedule or over budget, every week. At these meetings the team can:

o Establish sustainable objectives and make certain that these objects are being met.

e Make decisions about resources, materials, objectives, and short and long term

building performances.
e Ensure that the contract documents are written to support sustainable design,

construction and performance objectives.

Documentation and Auditing

Anything and everything should be well documented during each phase of the design and
construction of a building. For one reason in particular, people may come and go, or
there is a change of leadership on a project. Well documentation will help new people

that are put on the job. They can get caught up in the project and become useful to the
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project team immediately. Another reason would be that if something unfortunate
happened and someone was sued. Document should also occur for staff turnover, project

delays, and budget cuts.

Performance Evaluations

The significance of performance evaluations are to determine if the sustainable goals and
objects that are set in the early stages of the design process are met. There has to be some
sort of measurement to make sure that the goals are on progress and will finally be met.
These measurements should be determined at the beginning when the objects and goals
are first established. These evaluations may vary depending on the system or product.
Evaluations are still useful even if the object is not met at the end of its proposed

duration. They can be used as a lesson learned, and may be useful for future projects.

Value Engineering Integrated with Sustainability

As mentioned earlier, value engineering should be implemented as early as possible in
the planning, designing, and construction process. The earlier VE is involved the more
sustainable and life cycle costs can be evaluated which will have an impact on the design,
construction, and operation of the building. Conceptual planning and the
design/construction phase are areas where sustainability can be influenced the most

through VE (see Figure 4 below).

Requirements Conceptual 1
asvessment planning

r

Programming

|

| |

" N
budgeting ﬁllrl_up

. —_—
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Figure 4 — VE used during conceptual planning, design and construction.
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Conceptual Planning Phase

During the conceptual planning phase is where decisions determine whether or not
requirements developed in the first phase can be met by an addition, renovation, or new
construction. Some things that are looked into and researched are whether a building
could just suffice by having upgrades or should a brand new facility need to be built.
This is also the time when VE can greatly influence sustainable ideas into the analysis.

The following are areas where sustainability concentration should occur.

Conceptual Planning Phase

'R

r Dhesign |
| Requirements | Conceptual Programming/ ) I .
E‘ assesament planning budgeting J‘ Hart-ug |
[ | Construction |
| |
¥

\N—

(=) =n

Figure 5 — VE during the conceptual planning phase.

Site
e Determine whether the site chosen is suitable for new or additional
construction.
e Choose an area that is already developed to minimize the development of
open space.
e Take advantage of the site’s solar angle by positioning the building
towards the sun.
e Integrate the building into the site’s natural setting.
Energy
e Chose a site close to public transportation systems to reduce the use of
fuel used by commuters.
e Use the site’s natural characteristics to get the most out of the lighting,
heating, cooling, and ventilation.
e Use technology to integrate the possibilities of solar and other alternative

energy sources.
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Materials

e Use local materials when ever possible.
e Avoid products that are non-renewable or non-reusable.
e Establish goals to maximize the use of environmentally preferred products
in the buildings design.
e Review the life-cycle and first costs of materials and products.
Water
e Develop strategies for irrigation runoff.
e Use facilities that accommodate watershed drainage.
e Develop a rainwater catchment that can segregate the dirty water from
potable water systems
Indoor Environment Quality
e Use natural ventilation.
e Establish lighting and acoustical criteria for design.
e [Establish goals for using materials that minimize toxic emissions.
e Develop objectives to maximize daylight.
Operation & Maintenance
e Conduct continuous commissioning.
e Get information about indoor air quality and energy consumption from
existing facilities.
e Ensure the delivery of a complete and thorough building operations

manual.
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Design Phase

Once the owner is confident they have sufficient funds to pay for the construction of a
building, the designing phase begins. During this time the choice of materials, quality of
design and construction, building layout, and types of systems will be explored. At this
point and time of the process, VE can be used to analyze sustainable alternatives into the
design of the building. The following are areas where sustainability concentration should

occur.

Design Phase

{R{qmrrmrnli | | Conceptmal | Programming/ | f—]

sssessment | planning budgeting { Start-up
N -
b — Construction |
'\..—.-"

Value
engineering

|

Figure 6 — VE during the design phase.
Contract

e Determine what level of sustainability should be achieved (LEED
certification?).

e Determine what contract methods will best support the achievement of
sustainability.

e Determine what delivery method should be used.

e Determine what, if any, incentives should be included.

e Determine who will be the party enforcing sustainability.

e Determine what levels of commissioning should be required.

Site

e Choose the orientation of the building, taking advantage of the climatic
features.

e Promote less automobile transportation by providing a pedestrian friendly

setting and bicycle racks.
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e Save all trees and shrubbery.
Energy
e Incorporate solar power into the design.
e Use shades and blinds for the summer and stone masonry for the winter.
¢ Plant trees to block the wind and provide shade.
e Enhance thermal properties by increasing wall mass.
e Use low-e and argon filled windows.
Materials
e Use demountable and reusable materials for interior components.
e Use low maintenance materials.
e Use locally available materials.
e Avoid materials that pollute and are toxic when manufactured.

e Use alternate materials.

e Incorporate water conserving cooling towers.

e Use ultra low fixtures and waterless urinals.

¢ FEliminate lead-bearing products in potable water.

e Recover non-sewage water for on site use.
Indoor Environment Quality

e Provide thermal comfort with maximum personal control over

temperature and humidity.

e Control dust and odors with proper ventilation.

e Comply with indoor air quality standards.

e Keep air intake ducts away from loading docks and driveways.

e Avoid materials that contain hazardous or toxic materials.
Operation & Maintenance

e Specify durable and low-maintenance materials and equipment.

e Position equipment for easy access for maintenance.

e Include the facility manager or building engineer on project team.
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Construction Phase

The construction phase will begin when the scopes of work are developed during the
design phase. The biggest challenge during the construction phase is managing changes
that result from change in scope, errors and omissions in the plans and specifications,
unforeseen conditions, and cost overruns. This is a point in time when VE is used to find
alternatives to these problems. It is important that the building maintains its

sustainability. The following are areas where sustainability concentration should occur.

Construction Phase

h!
( Requiremenis Concepiual PW!"""_NII:" \
[ assessment planning budgeting Suart-up |

Value Value
cRgineeTing emgineering

Figure 7 — VE during the construction phase.
Site
e Preserve all trees and vegetation.
e Stock pile soils during excavation and redistribute later.
e Replant trees.
e Install a retention pond to prevent pollution of watershed.
e Have designated parking, storage, recycling, waste and cleaning areas.
Energy
e Conserve energy during construction operations.
e Have prefabricated materials shipped to site so systems can be assembled
and installed easier.
Materials
e Incorporate a waste management plan including ideas for recycling and
salvaging construction waste.

e Reuse concrete forms as much as possible.
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e Ensure that green materials and products are being met by specifications.
Water
e Preserve the watershed from pollution by installing filtration barriers.
e Conserve and maintain the waste of water.
Indoor Environment Quality
e Flush out entire building of dust and dirt before deeming the building
operational.
e Implement the commissioning plan to ensure proper operation and
performance of all energy serving equipment.
Operation & Maintenance
e Conduct building commissioning to ensure all systems are working as
specified.
e Make sure operations staff is familiar with procedures maintaining
efficient performance.

e Provide a digital control system to maintain peak performance of systems.
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CONCLUSION

There are many misconceptions about value engineering. It is not a quick and cheap way
to cut costs, when a project is over budget. It is important to truly understand, what value
engineering is and what is involved in the process. Value engineering can be a very
effective tool when used, and when used properly it can maintain environmental and

energy saving criterion.

When starting the VE process for a sustainable building, the one performing the value
engineering should be well aware and understand the process involved. When gathering
information, analyzing, creative brainstorming, and evaluating, the environment should

be kept as a high priority.

Once the VE process is understood, an integrated team should begin to form to get the
best results for the building. The better the team works together, the smoother the project
will go. It is also critical to grasp the importance of documenting all of the ideas and
work during the process. Performance evaluations and measurements should also be

created to ensure that all sustainable objectives are being met.

Lastly, for VE to be most successful for maintaining a building’s sustainability, it is
important VE be implemented at the very beginning and continues throughout the
projects duration. VE can be mostly influenced during the conceptual planning,
designing, and construction phases. It is important that the site, energy, materials, water,
indoor environment quality, operation and maintenance, and even contracts are geared

towards finding the best possible way to ensure a building’s sustainability.

With the lessening of natural resources, the construction industry should really use value
engineering to its fullest capability with helping buildings become more energy efficient

and environmentally friendly.
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STRUCTURAL BREADTH

Redesign of Foundation Wall

BACKGROUND

As stated earlier, the Health Care Center is going for LEED certification. This is not only
a stepping stone for future buildings for the boarding school but for future medical
facilities that lean towards better sustainability. The south addition has a six inch
concrete foundation wall that extends in height from three feet below grade to the top of
the first floor, a total of sixteen feet. A pitched roof rests on top of the first floor
elevation. This design was chosen due to the good thermal insulation of concrete. The
better the insulation the less amount of energy will be used which will result in cheaper
energy bills. This is very important to medical facilities, like the Health Care Center,

which consume an exuberant amount of energy on any given day.

PROBLEM

The foundation wall that extends a total height of 16 feet will be placed around the entire
footprint of the lower half of the south addition (see Figure 8 below). An extensive
amount of concrete will have to be poured to construct the foundation wall. This poses a
great amount of problems in cost and in the schedule. Along with the cost of the
concrete, costs for placing/pouring, forming and stripping the concrete are included.

These factors mean more labor, which means a longer duration extending the overall

THL -

D

length of the project.

Figure 8 - Cast-in-place concrete foundation wall location. Red indicates location of wall.
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PROPOSAL

Through value engineering, an alternative solution of redesigning the concrete foundation
wall out of unreinforced CMU (concrete masonry unit also known as concrete block) will
be analyzed. The analysis will include a comparison of the original design and the new
proposed design in the areas of construction costs and schedule reduction. A thermal
comparison showing the difference in R-values between the two designs will also be
included. This should show that the block wall design can still meet sustainability
criteria by not being significantly lower than the concrete wall’s R-value. R-values

measure the resistance to heat flow, the higher the R-value, the less heat loss.

GOALS

The goal of the proposed analysis is to show that the new design of the CMU wall can
save construction costs and even shorten the duration of the Health Care Center while
maintaining its sustainable status. This should also show that by using value engineering,
alternative solutions can be evaluated to determine if they can significantly impact the
overall cost and schedule of a project without affecting a building’s sustainable design

and function.
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ANALYSIS

Original Design

The original design of the concrete foundation wall is shown below (see Figure 9). The
1’ x 2” footing rests three feet below the frost depth elevation. The six inch concrete wall
that extends 16 feet up to the roof level is reinforced accordingly. Included with the
concrete wall are two, two and a half inch rigid insulation boards, a two inch air gap, and

four inch thick brick veneer.

COMCRETE

INISH FLOOR

£ RIGID BOARD
INSULATION

4* BRICK VEMEER
#4 @ 127 O.C

#e B 127 QG

FINISH GRAIE W/ DOWELE TO MATCH

#6 & 127 OC,

/ 3 #3 CONTINUOUE

™~ #5 @ 12* OC,

Figure 9 - Drawing of original concrete design, not to scale.

CMU Design

When starting the design, the following assumptions were made.
Assumptions
e The brick veneer is non-loading bearing and will only have to support its
self weight.
e The wall’s self weight is 100 psf. The self weight x height of the wall =
the total weight of the wall.
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e Total weight of the wall = 100 psfx 16 ft = 1.6 kip
e Proper installation and function of a drainage system will prevent
hydrostatic pressure and uplift forces.
The next thing determined was the total load acting on the wall. To find the load, a
structural analysis of the pitched roof (Figure 10) was performed using STAAD Pro (a
structural analysis computer program). The following are assumptions used for the roof

analysis.

w8 X 15
L3
s
w8 X 24
Ce ¥ 115
(]
y
“ C8 X 115 -~ W8 X 24
e
\
€8 X 115 X 115 C8 X 115
f /— f
(@) 25 G y MC8 X 22

Y e

BRICK WENEER ~J

Figure 10 - Drawing of roof structure, not to scale.

Assumptions

Roof Dead Loads

Assupmtions PSF
Shingles
Insulation
Plywood
Felt

Total

QOIN|WIFIN

e The load will be acting directly in the center of the wall, preventing any

moments cause by eccentricity.
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e Arbitrary width, A;=11.5 ft

e Roof Dead Load = A; x total psf=11.5 ft x 8 psf =92 plf (pounds per
linear foot)

e Length of beam x roof dead load = 25 ft x 92 plf = 2300 Ibs

e The C-channels that make up part of the roof structure were turned into
point loads.

e Self weight of C-Channel = 11.5 plf x A;=11.5 plf x 15 ft =172.5 lbs

e The dead load was then turned into point loads along the length of the
beam and placed on top of the points loads created by the C-channels. See
Appendix B for all calculations.

e Through the structural analysis, the load acting on the foundation wall was

found to be 1.5 kips.

The empirical design of concrete masonry walls, which is a conservative method to
design a masonry wall, was used to find what the CMU size needed to be to support the
roof load of 3.1 kips (self weight of wall + roof load). By using empirical design, vertical
and lateral load resistance is governed by prescriptive criteria which include wall height
to thickness ratios, shear wall length and spacing, minimum wall thickness, maximum
building height, and other criteria, which has been proven effective through years of

experience.

Empirical Design of Concrete Masonry Walls
e Height / thickness = 18 => 16ft (12inches) / t = 18, solve fort, t = 10.667.
e A 10 inch CMU block would be too small, so a 12 inch block will be used.
e Tables from R.S. Means were used to double check (Figure 11).
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Table B2010-116 Unreinforced Masonry Wall Capacities Per L.F. {Kips & In-Kips)

Allowable Wall Moments
Earthquake Zones 0 & 1 Only Allowable Vertical Wall Loads (Without Vertical Wall Loads)
Length
Thk. Or Eccentric Loads Without With Wind Not Wind or Wind or
T Height Wind or Earthquake Earthquake
{Nom.) Eccentric Inspection Inspection
(in) h h'/t Type of 10 35 Loads 15 psf 30 psf No Yes No Yes
[Ft.) in/in) Wall K/ (KFE) | (KR | KR (KRR | GinK/F) (inbG/Fr) | (inK/Ft)  (in-K P
2 Solid Bnck 1230 14.10 1580 1580 15590 210 540 360 1
8 8 Solid CM Units 1850 2030 2210 22.10 22.10 160 320 215 430
Hallow CM Units 185 0.10 10.40 1040 1040 1.10 225 1.50 300
Brick & Hollow CMU 550 780 10,05 10,05 10.05 1.35 2.70 1.30 360
Sold Bnck 12105 1350 155h 1h55 156 210 540 360 12
12 12 Solid CM Units 13.45 14.75 1605 16105 1605 160 320 215 430
Hallow CM Units 765 890 10.15 10.15 1015 1.10 225 1.50 300
Brick & Hollow CMU 540 765 985 9.85 8,05 1.35 2.70 1.80 3460
Solid Bk 1155 1320 1450 1450 1435 210 540 360 120
16 16 Solid CM Units 17.35 19.05 20.70 20,70 20,70 160 320 215 430
|_ Hallow CM Units 7.35 855 .75 9.75 9.05 110 2.25 1.50 ETM |
Brick & Hollow CMU 520 730 9.45 9.10 — 1.35 2.70 1.80 360

Figure 11 — R.S. Means load tables for masonry walls.

With 30 psf wind, a hollow twelve inch CMU block will be sufficient for the total load of

3 kips. The figure below shows the new wall design.

' RIGID BOART
INEULATION

4* BRICK WEMNEER
2" UNREINFORCED CMU

FINIEH GRADE

#5 B 12° OC

/ 3 #5 CONTINUOUS

ll'

T~ #5 ® 17F OC

Figure 12 — Drawing of CMU foundation wall, not to scale.
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Retention Wall

As seen in the last figure, part of the foundation wall will be acting as a retention wall.
The wall sits down three feet below the frost line on the exterior of the wall. The interior
wall extends down seven feet four inches into the soil. To make sure the twelve inch
CMU wall is suitable, the moment acting on the wall due to the soil must be less then
what the wall can handle. The following are steps used to find the moment.
Given

¢ Internal angle of friction, ¢, = 28°

e Unit weight of soil, y, = 130 pcf

e AtRestK,=1-sin¢=0.53

o V=P=>V=(K,yH)2=(0.53x130x7.25%)/2 = 1810.8 ft-Ib/ft

e Moment = (1810.8)(7.25/3) =4376/1000 = 4.376 ft-K/ft = 0.364 in-K/ft
Table B2010-116 Unreinforced Masonry Wall Capacities Per L.F. {Kips & In-Kips)

Allowable Wall Moments
Earthquake Zones 0 & 1 Only Allowable Vertical Wall Loads Vithout Vertical Wall Loads
Length
Thk. Or Eccenfric Loads | Without With Wind Not Wind or Wind or
T Height Wind or Earthquake Earthquake
{Nom.) Eccentric Inspection Inspection
(in) h h'/t Type of 70 35 Loads 15 psf 30 psf No Yes No Yes
[Ft.) (in,fin) Wall (K/Ft) (K/Fe) | (KFE) | GF) (KR | (inK/Fe)  (inK/F) | (ind/Ft)  (in-K/FE)
12 Sold Bnck 1230 14.10 1580 1580 15490 210 540 360 120
8 8 Solid CM Units 1850 2030 2210 22.10 22.10 160 320 215 430
Hallow CM Units 185 810 10.40 1040 1040 110 225 1.50 300
Brick & Hollow CML 5,50 780 10,05 10.05 10.05 1.35 2.70 1.80 360
Sond Brick 12105 1380 155h 1555 1555 240 540 20l 120
12 12 Solid CM Units 13.45 14.7% 1605 1605 1605 160 320 215 430
Hallow CM Units 765 890 10.15 10.15 1015 1.10 225 1.50 300
Brick & Hollow CMU 540 16b 9.85 0,85 8,05 1.35 2.0 1.80 360
aold Bnck 1155 1320 14490 1450 143 240 540 RE:] 12
16 16 Solid CM Units 17.35 19.05 20.70 20.70 20,70 160 320 215 430
[ Hollow C Units 735 855 9.75 9.75 9.05 1.10 2.25 1.50 200
Brick & Hollow CMU 520 730 9.45 9.10 — 1.35 2.0 1.80 3460

Figure 13 — R.S. Means load tables for masonry walls.

Looking at the R.S. Means load tables, the maximum allowable wall moment for twelve

inch CMU wall is 3 in-K/ft. This proves that the walls design is acceptable.

Thermal Comparison

When analyzing the two walls between their thermal insulation properties, they were

actually close in value. As shown in the figure below, the original concrete foundation
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wall design is comprised of two, two and a half inch rigid insulation boards, a two inch
air gap, and four inch thick brick veneer. Their respective thermal resistance R-values is

as follows.

Concrete Design

Material R value
Outside Air Film 0.17
4" Brick Veneer 0.8
2" Air Gap 1
2" Rigid Insulation Board 16
6" Concrete Pour 0.48
2" Rigid Insulation Board 16
5/8" Gypsum Board 0.56
Inside Air Film 0.68
Total Thermal Resistance 35.69

Figure 14 — Thermal properties of the concrete wall.

Similarly to the original design, the CMU foundation wall design has similar
components. The only difference being that the six inch thick concrete is replaced by
twelve inch CMU hollow block. The respective thermal resistance R-values is as follows

for the new design.

CMU Design

Material R value
Outside Air Film 0.17
4" Brick Veneer 0.8
2" Air Gap 1
2" Rigid Insulation Board 16
8" CMU with Grout 1.81
2, 2" Rigid Insulation Board 16
5/8" Gypsum Board 0.56
Inside Air Film 0.68
Total Thermal Resistance 37.02

Figure 15 — Thermal properties of the CMU wall.

After comparing the two systems, the block wall has a higher R-value than the concrete
wall. This proves that by using the CMU foundation wall design, no more heat loss will
be lost than the original design. In fact, the CMU wall shows that less heat will be lost
through heat transfer. Another factor deciding in if this alternative solution will be

sustainable.
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Cost Analysis

When comparing the cost between the two designs it’s simple to see that the original
design will cost more to construct than the CMU design. The main factor for this is the
cost for more materials in the concrete design, and labor. A total of $64,718 will be

saved by switching to the CMU foundation wall design.

Concrete Notes Quantity Unit Material Labor | Equipment| Total

4000 psi 233 CY 84 0 0 19572

Placing

Pumped Includes vibrating 233 CcY 0 12.5 5 4077.5

Forms

Exterior walls 8'-16' 4 uses |Includes erecting, bracing, 23937| SFCA 0.7 4.05 0| 113700.8
stripping & cleaning

Reinforcement

Walls, #3 to #7 14.5] TON 760 405 16892.5

Total Cost 154242.8

CMU Block Notes Quantity Unit Material Labor | Equipment| Total

12' hollow block 11968.5 SF 251 4.97 89524.38

Total Cost 89524.38

Figure 16 — Cost comparison between the two designs.

Also, the block wall design will take less labor and fewer crews to construct. The new
design eliminates the need for a three crew process including a rebar crew for setting the
reinforcement, a carpenter crew for the formwork, and the concrete crew for placing and
vibrating the concrete. Only one group of masons needs to erect the CMU wall. By
having one crew performing all the work, there will be no need for coordination between

different crews and confusion due to the lack of coordination.

Schedule Analysis

As seen in Figure 18 on the next page, there will be a few days shed off of the schedule
by using the CMU foundation wall design. The south addition was split into three
sections, A, B and C (see Figure 17). There is more labor involved when constructing a
concrete wall including, the formwork, rebar placement, and concrete placement. That is
why there are a few days saved from the schedule. It seems nothing significant right
now, but those few days will be used to start the steel erection earlier and can affect the

overall duration of the project. Full scale schedule can be found in Appendix B.
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Figure 17 - Foundation wall split in section A, B & C.

D |Task Name Duration Start | 2007
| November | Decamber [ January [Fe
10v29 115 1112 | 11119 | 11726 1203 12010 | 12117 | 12724 | 12721 114 121 128
1 Conerete Foundation Wall 42 days? Thu 112/06 Concrete Foundation Wall
2 Placing Reirforcement - Sectiol Gdays  Tus 111406 l:l Placing Reinforcement - Section A
E) Forming Foundation Walls - Se 30days  Wed 1111506 | | Forming Foundation Walls - Section A
4 |Placing Concrete - Section A Gdays  Wed 12/20/06 |:| Flacing Cencrete - Section A
5
& |Placing Reinforcement - Section Sdays Fri 111706 : Placing Reinforcement - Section B
7 Forming Foundation Walls - Se 30days  Mon 11720006 | | Forming Foundation Walls - Section B
E] Placing Conerate - Section B Gdays  Tus 12/26/06 : Flacing Concrete - Section B
]
10 | Placing Reinforcement - Sectiol Gdays|  Thu 119/06 :l Placing Reinforcement - Section C
1 Forming Foundation Walls - Se 40 days Fri 11/10/0& | | Forming Foundation Walls - Sectio
12 | Placing Conerete - Section C Sdays | Wed 12/27/06 :| Placing Concrete - Section ©
12
14 CMU Wall Erection a7 days Thu 112/06 — CMU Wall Erection
15 CMU Wall Erection - Section A 30days  Mon 11720006 | | CMU Wall Erection - Section A
[ 16 | CMU Wall Erection - Section B 27 days|  Thu 11/23/06 I ] CMUWall Erection - Sectian B
17 CMU Wall Erection - Section C 37 days Thu 1189/06 I | CMLU Wall Erection - Section ©
Task : Rolled Up Task : Extarmal Tasks :
Froject: Fouundation wall Progress I Folled Up Milestone 0 Project Summary ﬁ
LG Milestane s Rolled Up Progress MM Group By Summary
Summary ﬁ Split I Dwadline {}

Pags 1

Figure 18 - Schedule comparison between cast-in-place concrete and CMU.
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CONCLUSION

Through the value engineering analysis, the alternative solution to use twelve inch CMU
block, replacing the cast-in-place concrete foundation wall seems very feasible. Through
the design and engineering analysis, the un-reinforced CMU foundation wall will be
structurally sound. The CMU will also act as better insulation, proving to have a higher
R-value than the concrete wall. This higher R-value should have a good impact on the
mechanical system in the building. It can be concluded that the sustainability of the
Health Care Center has been maintained. When comparing costs, it’s shown that a total
of $64,718 can be shed off of the project. Also, when comparing the durations between
the two designs, the CMU foundation wall will be finished a few days earlier. This time
can become beneficial in unforeseen delays that can occur later in the construction
process. Through the analysis, the construction of a twelve inch un-reinforced CMU
foundation wall is feasible and will maintain its sustainable value for the Health Care

Center.
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MECHANICAL BREADTH

Replacement of Domestic Water Supply Copper Piping with PEX Tubing
BACKGROUND

Like most typical plumbing systems found in buildings, the Health Care Center relies
extensively on copper piping for its domestic water supply. The domestic water supply
enters the building from the basement level and splits into two directions. The one half
starts to circulate through the basement level then up to the other levels continuing with
the rest of the building. The other half enters the mechanical room where the water is
either heated by one of the four water heaters or sent to another part of the building. The
domestic water supply will then circulate throughout the building with the hot water

supply re-circulating back to the hot water heaters and back again throughout the

building.

PROBLEM

The price of copper in today’s market is o B T et
exceedingly high, and according to market 380

trends (shown in the figures to the right) the ,: ‘,/
price will not be decreasing any time soon. The : ”vaﬁ"//

price per pound has gone up over the past five MMV’//M

years and has been increasing within the past BN
couple months (to see the full scale of these it wE st Ty

charts please refer to Appendix C). In almost " /_f—/\/_/
all of construction, commercial or residential, NI
M

FE 2R

copper piping is used for plumbing. With the

economic growth in Asia, China is buying up all

EEEEEEE

15Fsh

the copper. This leads to plumbing systems g
used in buildings to be more expensive. Another issue with using copper piping is the
labor. The labor can become very extensive, thus time consuming, when it comes to
running pipe around an angle or obstacle. It needs to be cut and a 90 degree elbow needs

to be added. The Health Care Center is facing this issue right now with copper tubing.
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As mentioned earlier, the building’s domestic water supply is constructed out of copper
piping. As a result the Health Care Center is not benefiting from the cost and duration of
installing copper piping. The cost for copper piping and labor, not including all of the
fittings and elbows used, is close to $100,000.

PROPOSAL
The idea is to use value engineering to find a sustainable alternative to the problem
identified in the previous paragraph so the Health Care Center can still maintain its LEED

certification. The alternative chosen to replace the copper tubing is cross-linked

polyethylene, better know as PEX tubing. PEX will
be replacing the copper pipes used for the domestic
water supply in the building. A remote manifold
system, which uses PEX tubing, will be used through
out the building. Manifolds will be placed in

locations around the building where groups of

fixtures are located distributing the domestic water.

Figure 19 — Picture of PEX tubing.

GOALS

The goal of the proposed alternative design is to reduce material costs, labor costs, and
energy costs for the Health Care Center by replacing the existing copper piping for
domestic water with PEX tubing. This should also show that by using value engineering,

sustainability can be maintained and in this case gained.
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ANALYSIS

PEX piping has been successfully used in Europe for years before its use came over to
America. It was originally used in residential and commercial construction for radiant
floor heating and not until recently has PEX been used for plumbing systems. The
following will include the advantages of using PEX tubing over copper and other rigid
metals, the remote manifold system design, and a cost analysis for the domestic water

supply in the Health Care Center.

Advantages
Ease of Installation

¢ PEX is manufactured in long coils which eliminate the need for coupling
joints.
e The natural flexibility allows the piping to bend gently around
obstructions minimizing the need for fittings.
e The pipe is lightweight making it easy to transport.
Durability
e PEX is not affected by reduced interior dimension, corrosion, filming,
mineral buildup, and water velocity wear.
e [t will expand when frozen then reach its original size when water thaws.
Cost Effective
e Lower installation time and labor time is greatly reduced.
e The use of water and energy is reduced by delivering the water to the
fixtures faster and by reducing losses in the piping.
Energy Efficient
e PEX offers reduced heat loss and improved thermal characteristics.
e Less energy is used by the water heater because there is a shorter delivery
time to the fixtures.
Noise Reduction
e Reduces occurrences of water hammer due to the flexibility and ability to

absorb pressure surges.
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Remote Manifold Design

There are a few systems that could have been chosen for the Health Care Center. There
is an extensive amount of piping that needs to be installed from the basement, where the
water heater and cold water supply line is located, to the entire building. For this reason
the remote manifold system was chosen. The remote manifold system combines your

typical branch plumbing system and the home-run system.

The Health Care Center will be split into four sections, a water heater for each section.
These four sections include the first floor split into three sub-sections and the second
floor. Hot and cold water will be sent from the
mechanical room, located in the basement, to
their particular manifold (Figure 20 shown on
the right) located around the building. From
there the hot and cold water pipes will be split
and sent off to individual fixtures. A couple of
advantages to this design are that it will allow
for a quicker hot water delivery during
sequential flows, reduce the amount of fittings

needed to be installed, and individual shut-off

values located at the remote manifolds. Figure 20 — PEX tubing and remote manifold.

The following AutoCAD drawings show the original plumbing design and the new PEX
remote manifold design. In the drawings one can see exactly how the remote manifold

system works. The four circles in the basement level represent the water heaters and the
green box, |, signifies the manifolds. The red and blue lines that branch out of the

manifold represent the PEX supply water traveling to fixtures. The red and blue lines
that are extending out of the hot water tanks are still copper piping. All figures drawn are
not to scale. In the First Floor Section B drawing, there was not enough space to show

how the piping will be will be split from the remote manifold, so it is just assumed.
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Original Design
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PEX Design — Basement Level
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PEX Design — First Floor Section A
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PEX Design — First Floor Section B

O

‘SN INIS

MNOISH Gd § NOLLIES ST 14 LSHId

-
(/

AN
0 O

Senior Thesis Final Report Page 41 of 49



Ken Lorenz The Health Care Center
Construction Management Dauphin County, PA
Dr. David R. Riley April 12, 2007

PEX Design — Second Floor
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PEX tubing is only manufactured in sizes shown in the table below. Due to the fact that
PEX only comes in sizes two inches and smaller, the new design had to incorporate the
smaller tubing. This was not a significant factor since the copper piping runs from the
mechanical room to the manifolds, and most fixtures only need a 3/8 inch or 1/2 inch
fitting. Copper tubing will still be used from the water heaters to the remote manifolds.

PEX tubing will be used for the tubing from the manifold to the fixtures.

Table 3.1 - PEX Pipe Dimensions

MNominal oD Wall ID Weight
Diameter inches' inches? inches lbf;t
3/8" 0.500 0.075 0.350 0.05
12 0.625 0.075 0.475 0.06
34" 0.875 0.102 0.671 0.10
" 1.125 0.130 0.865 0.16
1 1/47" 1.375 0.160 1.055 0.25
112 1.625 0.190 [.245 0.35
2 2.125 0.248 1.629 0.60
" Average OD from ASTM F 876
! Average wall thickness from ASTM F 876

Figure 21 — PEX Pipe Dimensions

The remote manifold design will have savings on energy and water consumption. The
new design provides direct lines from the manifold to the fixtures, reducing the amount
of water that goes through the pipes allowing less time for hot water to reach the fixture.
In the design the direct lines were sized to the fixture requirements, further reducing the
amount of time to wait for hot water. Faster hot water delivery reduces water waste and
the amount of times the water heater must cycle to supply hot water. Another way the
remote manifold system reduces water is by having fewer fittings. Fittings are only
required at the fixtures and the manifold. This reduces the possibility of leaks, which
wastes water and increases utility costs. The smoothness of the plastic tube also
increases the flow of water, again making it quicker to reach the fixtures (see Appendix C

for charts).

Senior Thesis Final Report Page 43 of 49



The Health Care Center
Dauphin County, PA
April 12, 2007

Ken Lorenz
Construction Management
Dr. David R. Riley

Cost Analysis

Original Plumbing Design

Copper Pipe | Quantity Unit Mat. Mat. Total MH Tot. Hours|] Total Cost
Pipe, 1/2" 2366] LNFT 1.75 4140.5 0.06 142| 12573.89
Pipe, 3/4" 2251] LNFT 2.7 6077.7 0.06 135.1] 14303.93
Pipe, 1" 875] LNFT 3.84 3360 0.08 70 7653.32
Pipe, 1-1/4" 12141 LNFT 54 6555.6 0.08 97.1] 12692.18
Pipe, 1-1/2" 722 LNFT 6.96 5025.12 0.08 57.8 8788.44
Pipe, 2" 879] LNFT 10.96 9633.84 0.09 79.1] 15066.97
Pipe, 2-1/2" 681 LNFT 16.59| 11297.79 0.12 81.7] 17044.69
Pipe, 3" 172] LNFT 22.26 3828.72 0.14 24.1 5571.98
Pipe, 4" 80| LNFT 37.18 2974.4 0.18 14.4 4084.64
Copper Fittings
90 ELL, 1/2" 644| EACH 0.39 251.16 0.33 211.2| 12205.63
90 ELL, 3/4" 120] EACH 0.88 105.6 0.43 51.8 3043.27
90 ELL, 1" 186 EACH 2.16 401.76 0.48 89.3 5484.1
90 ELL, 1-1/4" 61| EACH 3.26 198.86 0.57 34.6 2175.49
90 ELL, 1-1/2" 37| EACH 5.1 188.7 0.59 21.9 1444.33
90 ELL, 2" 37| EACH 9.27 342.99 0.69 255 1814.79
90 ELL, 2-1/2" 20| EACH 19.57 391.4 1.1 21.9 1668.26
90 ELL, 3" 7] EACH 26.14 182.98 1.31 9.2 719.93
90 ELL, 4" 4] EACH 66.92 267.68 1.75 7 690.21
Total 127026.05

Figure 22 — Material and labor costs for original design.

Alternative Plumbing Design

Copper Pipe Quantity Unit Mat. Mat. Total MH Tot. Hours | Total Cost
PEX Pipe, 1/2" 2| 1000ft/COIL 364 728 0.06 138 9008
PEX Pipe, 1/2" 1| 300ft/COIL 109 109
PEX Pipe, 3/4" 4| 500ft/COIL 299.95 1199.8 0.06 131 9059.8
PEX Pipe, 3/4" 1] 300ft/COIL 178.5 178.5
PEX Pipe, 1" 9] 100ft/COIL 104.95 944.55 0.08 68 6384.55
PEX Pipe, 1-1/4" 4] 300ft/COIL 749.95 2999.8 0.08 94 10519.8
PEX Pipe, 1-1/4" 1| 100ft/COIL 279.95 279.95
PEX Pipe, 1-1/2" 3| 300ft/COIL 864.95 2594.85 0.08 56 7074.85
PEX Pipe, 1-1/2" 1| 100ft/COIL 294.95 294.95
Copper Pipe, 2" 879 LNFT 10.96 9633.84 0.09 79.1] 15066.97
Copper Pipe, 2-1/2" 681 LNFT 16.59| 11297.79 0.12 81.7] 17044.69
Copper Pipe, 3" 172|  LNFT 22.26] 3828.72 0.14 24.1] 5571.98
Copper Pipe, 4" 80 LNFT 37.18 2974.4 0.18 14.4 4084.64
Copper Fittings
90 ELL, 2" 37 EACH 9.27 342.99 0.69 25.5 1814.79
90 ELL, 2-1/2" 20 EACH 19.57 391.4 1.1 21.9 1668.26
90 ELL, 3" 7 EACH 26.14 182.98 1.31 9.2 719.93
90 ELL, 4" 4 EACH 66.92 267.68 1.75 7 690.21
Total 88708.47

Figure 23 — Material and labor costs for new design.
When looking at the cost comparison between the two designs, the remote manifold
design including PEX tubing will save $38,317.58. This is a significant amount of
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money that can be used in other areas of the project. Since PEX tubing is flexible, it can
easily be bent around corners and obstructions eliminating the need for ninety degree
elbow fittings. The elbow fittings alone will save $29,246. That is a reason alone to
switch to the new plumbing design. When consulting with a plumber, he stated that a
factor of 0.0286 can be deducted for the labor on PEX tubing. With that information a
total of 353.9 man hours will be saved. That will shorten the overall duration of the

project.
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CONCLUSION

Through value engineering, an alternative solution to the plumbing system in the Health
Care Center was analyzed. The use of the remote manifold system using PEX piping was
the intended solution. Through the evaluation, the new plumbing design will be
successful. An overall cost of $38,317.58 can be saved from the project cost and an
approximate total of 354 man hours can be saved from the schedule. Most importantly,
the Health Care Center will not loose any LEED points. Along with PEX’s ability to
reduce less energy used by the water heater, PEX tubing is also less toxic than the

manufacturing of copper piping.
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RECOMMENDATIONS

The following recommendations are from the interpretations and analyses from the two

breadth topics covering the redesign of the foundation wall and the remote manifold

plumbing system for the Health Care Center.

Both the structural and mechanical breadths were analyzed using value engineering. The
purpose was to follow the considerations mentioned in the research topic to ensure that
the Health Care Center would still maintain its LEED accreditation. The information in
the research topic should be used for all buildings that are trying to strive for a

sustainable status and going through the value engineering process.

Through the analysis and evaluation of the foundation wall, an un-reinforced twelve inch
CMU foundation wall will be sufficient. To make certain that the wall will be
structurally sound; the empirical design of concrete masonry walls was used. The wall
was also checked for the moments acting on it due to pressure from the soil. This area
was checked because approximately seven feet of the wall acts as a retention wall. After
assuring the CMU wall would hold due to all of the forces acting on it, an analysis
between the cost and duration of the wall was comprised. It has been found that the
CMU wall costs approximately $64,718 less and will take less time to construct. Lastly,
keeping in mind that the buildings energy conservation should not be affected, a
comparison between heat transfers was examined. The CMU wall has a higher R-value
than the six inch concrete wall. With the new design having a higher R-value, energy

will be saved from the mechanical system not having to compensate for the heat loss.

Through the analysis and evaluation of the plumbing system, the remote manifold system
using PEX tubing is an appropriate solution. The remote manifold system including PEX
tubing has proven many advantages over the typical branch system with copper tubing.
The remote manifold system has the advantage of reducing heat loss due to the faster
water flow from the water heater to the fixtures, easy shut off valves for individual

fixtures without shutting the rest of the water off, and less water loss due to fewer fittings
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installed in the system. PEX tubing has shown its advantages of costing less than copper
tubing, being able to bend around obstructions due to its flexibility, quicker water
velocity due to the smoothness of the plastic, and creates fewer toxins than the
manufacturing of copper. All of these reasons proving the remote manifold system, with
the use of PEX piping, being energy and environmentally friendly. It is shown that the
replacing of the plumbing system will save approximately $38,317.58.

The final recommendation for the Health Care Center would be to implement the two
proposed solutions. With both the CMU foundation wall and remote manifold plumbing
system installed with PEX tubing maintaining the Health Care Center’s LEED status, the
value engineering performed was successful. The project will save over $100,000 by
switching to both of the alternative solutions and even shorten the total duration of the

project.
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APPENDIX A

Project Overview-Research Topic
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QUESTIONNAIRE

1 How would you define value engineering (VE)?

2 Have you ever performed VE on a specific job?
If so what type of project (ie. health care, office building, airport, education, etc)?

4 Is there a difference in VE and cutting costs?

5 Who should be involved in the VE process (ie. owner, architect, CM)?

6 When should VE occur?
Should this change, if the building was going for LEED or some sustainability status?

7 How would VE for a sustainable building differ from a regular building?

8 What are the steps or logistical thinking process you take during VE?
Can this be applied to sustainable buildings also? If not, what should be different?

10 What is first looked at when doing VE for a building?

11 How do you get the best results out of VE or evalutate the best alternatives?

12 How do you communicate these VE ideas?

13 How would you integrate VE and sustainability?

14 What is more important first cost or life cycle cost? Why?




15 How do you manage quality during VE?
16 Should there be any future follow up or implementation?
If so how and what should be done?
18 How do you educate or get the information out about VE and sustainability?
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APPENDIX B
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1. STAAD SPACE
INPUT FILE: Structure2A.STD
START JOB INFORMATION
ENGINEER DATE 31-MAR-07
END JOB INFORMATION
INPUT WIDTH 79
UNIT FEET POUND
JOINT COORDINATES
1000; 238 00; 321.5790; 436 1.5790; 519 150; 6 12.51.579 0
7 25.5 1.579 0; 8 12.5 8.5 0; 9 25.5 8.5 0; 10 10.767 8.5 0; 11 27.233 8.5 0
. 12 5.102 4.028 0; 13 32.898 4.028 0; 14 10.008 7.901 0; 15 27.992 7.901 O
. 16 14.914 11.774 0; 17 23.086 11.774 0O
. MEMBER INCIDENCES
.334; 486; 51011; 6 97; 711 7; 8106; 91 3; 10 3 12; 11 12 14
. 12 14 10; 13 10 16; 14 16 5; 15 2 4; 16 4 13; 17 13 15; 18 15 11; 19 11 17
. 20 17 5
. DEFINE MATERIAL START
ISOTROPIC STEEL
. E 4.176E+009
. POISSON 0.3
. DENSITY 489.024
. ALPHA 6.5E-006
. DAMP 0.03
. END DEFINE MATERIAL
. MEMBER PROPERTY AMERICAN
. 59 TO 20 TABLE ST w8X24
. 4 6 TO 8 TABLE ST C8X11
. 3 TABLE ST MC8X22
. CONSTANTS
. MATERIAL STEEL ALL
. SUPPORTS
. 3 6 7 PINNED
. 4 FIXED BUT FX MZ
. LOAD 1 LOADTYPE NONE TITLE LOAD CASE 1
. JOINT LOAD
.12 12 TO 17 FY -126.5
. 5 FY -165
.12 FY -299
. 12 13 FY -586.5
. 14 15 FY -575
. 16 17 FY -563.5
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41. 5 FY -552
42. PERFORM ANALYSIS

PROBLEM STATISTICS

NUMBER OF JOINTS/MEMBER+ELEMENTS/SUPPORTS = 17/ 18/ 4
ORIGINAL/FINAL BAND-WIDTH= 12/ a4/ 27 DOF

TOTAL PRIMARY LOAD CASES 1, TOTAL DEGREES OF FREEDOM = 89
SIZE OF STIFFNESS MATRIX 3 DOUBLE KILO-WORDS
REQRD/ZAVAIL. DISK SPACE = 12.1/ 137514.5 MB

43. LOAD LIST ALL
44, PRINT SUPPORT REACTION ALL
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SUPPORT REACTIONS -UNIT POUN FEET STRUCTURE TYPE = SPACE

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z
3 1 4.40 1458.95 0.00 0.00 0.00 0.00
6 1 -361.79 1429.78 0.00 0.00 0.00 0.00
7 1 357.38 1429.04 0.00 0.00 0.00 0.00
4 1 0.00 1459.23 0.00 0.00 0.00 0.00

45. PRINT MAXFORCE ENVELOPE ALL

P:\Thesis\Structure2A.anl Page 3 of 7



Friday, April 06, 2007, 10:02 PM

STAAD SPACE

MEMBER FORCE ENVELOPE

ALL UNITS ARE POUN FEET

MAX AND MIN FORCE VALUES AMONGST ALL SECTION LOCATIONS

MEMB

3 MAX

MIN

4 MAX

MIN

5 MAX

MIN

6 MAX

MIN

7 MAX

MIN

8 MAX

MIN

9 MAX

MIN

10 MAX

MIN

11 MAX

FYs
Fz

[eNeoNeoNe

[eNeoNeNe]

[eNeoNeoNe)

-0

-0

O WwWow

-333

-333

405

405

-153

.25
.00
.25
.00

.00
.00
.00
-00

.01
.00
.01
.00

.00
-00
.00
.00

.43
.00
-43
.00

.66
.00
.66
-00

.96
.00
-96
.00

.80
-00
.80
.00

.79
.00

DIST
DIST

0
0

[N NeNe]

W woo NNOO NN OO N~NOOo [N NeoNe)

o

.00
.00
34.
34.

00
00

.00
-00
.92
.92

-00
.00
.47
.47

.00
-00
.92
.92

.00
.00
-13
.13

.00
-00
.13
.13

.00
.00
.55
.55

.00
-00
.95
.95

-00
.00

LD
LD

RPRRRER RPRRERR RRRRE RPRRPER RPRPE

PR R R

MZ
MY

-22
0.

26.

(ol eNe)

851

873

-730.

231

/

.54

00

.19
.00

.00
.00
.00
-00

-96
.00
.72
.00

.00
-00
.00
.00

-00
.00
.06
.00

14

.00
.00
-00

.00
.00
-00
.00

.54
-00

27

-00

.02
.00

DIST LD
DIST LD

0
0

[N NeNe]

W woo NOON NN OO ~NO o~ [ e eie)

(o]

-00
.00
34.
34.

00
00

.00
-00
.92
.92

.47
.00
-00
.47

.34
-00
.00
-92

.13
.00
-00
.13

.00
-00
.13
.13

.55
.00
-00
.55

.00
-00
.95
.95

.25
.00

PRRPPEP PPRPRPPR RPRPPP RPRREP RPRPRPP RPRRPP PPRRPR

R

[EY

649.

649.

560.

560.

1473.

1473.

1474.

1474.

263.

263.

1153.

1153.

-- PAGE NO. 4
FX DIST LD
40 T 0.00
40 T 34.00
.00 0.00
.00 6.92
66 T 0.00
66 T 16.47
.00 0.00
.00 6.92
05 C 0.00
05 C 7.13
84 C 0.00
84 C 7.13
66 T 0.00
66 T 2.55
38 C 0.00
38 C 3.95
57 C 0.00
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711.57 C 6.25
277.01 C 0.00
277.01 C 0.97

1318.94 C 0.00
1318.94 C 5.28
891.38 C 0.00
891.38 C 5.21
263.66 T 0.00
263.66 T 2.55
1150.41 C 0.00
1150.41 C 3.95
708.60 C  0.00
708.60 C 6.25
274.04 C 0.00
274.04 C  0.97
1318.96 C  0.00
1318.96 C  5.28
891.39 C 0.00
891.39 C 5.21
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**** DATE= APR 6,2007 TIME= 22: 0:11 ****

* For questions on STAAD.Pro, please contact *
*  Research Engineers Offices at the following locations *
* *
* Telephone Email *
*  USA: +1 (714)974-2500 support@reiusa.com *
*  CANADA +1 (905)632-4771 detech@odandetech.com *
* CANADA +1 (604)629 6087 staad@dowco.com *
* UK +44(1454)207-000 support@reel .co.uk *
*  FRANCE +33(0)1 64551084 support@reel .co.uk *
*  GERMANY  +49/931/40468-71 info@reig.de *
*  NORWAY +47 67 57 21 30 staad@edr.no *
* SINGAPORE +65 6225-6015/16 support@reiasia.net *
* INDIA +91(033)2357-3575 support@calcutta.reiusa.com *
*  JAPAN +81(03)5952-6500 eng-eye@crc.co.jp *
* CHINA +86(411)363-1983 support@reiasia.net *
* THAILAND +66(0)2645-1018/19 support@thai.reiusa.com *
* *
* North America support@reiusa.com *
* Europe support@reel .co.uk *
* Asia support@reiasia.net *
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Information about the key files in the current distribution

Modification Date

CRC

Size (Bytes)

File Name

07/18/2006
07/18/2006
09/19/2003
05/31/2006
01/24/2001
09/25/2003
09/22/2003
12/22/2005
01/03/2006
06/13/2006
01/05/2005
0170572005
01/05/2005
01/27/2005
01/05/2005
0170572005
07/08/2005
06/28/2005
01/05/2005
05/31/2005
06/09/2006
0170572005
01/05/2005
0170572005
01/05/2005
0170572005
01/05/2005
03/23/2006
11/09/2005
0170572005
02/03/2005
02/07/2005
06/13/2006
02/03/2005
01/05/2005
01/06/2005
01/04/2006
0170572005
01/20/2006

0x3881
0x100

0x2fcO
0x3c0

0x9b40
0x6340
0Oxce00
0x4181
0x81cl
Oxd4cl
0x79c1l
0x4b81
Oxcacl
Oxeb01
Oxcd01
Ox6a41
0x9d41
0x8201
OxabcO
0x9e81
0x1f81
0xd6c0
0x1a00
0xd301
Ox11lcl
0x3c40
0xd540
0xa080
0x9081
0xb740
0xda00
0x9a00
0x3501
0x9b40
0x9081
0x9341
0x8680
OxbacO
0x8e40

13000704
05738496
00081970
02486272
00073728
00704512
00069632
00094208
00493568
01204224
00319488
01810432
03651584
00552960
00163840
00229376
00434176
00327680
00262144
00450560
00774144
00600064
00354304
00202752
00233472
00264192
00180224
00200704
00376832
00174080
00096256
00243712
00421888
00307200
00206848
00194560
00223232
00149504
00159744

SProStaad.exe
SProStaadStl .exe

CMesh.dll
dbSectionlinterface.dll
LoadGen.dll

MeshEngine.dll
QuadPlateEngine.dll
SurfMesh.dll
aiscsections.mdb
AlSCSectionsRCeco.mdb
aiscsections_all_editions.mdb
aiscsteeljoists.mdb
aitctimbersections.mdb
aluminumsections.mdb
australiansections.mdb
britishsections.mdb
bscoldformedsections.mdb
butlercoldformedsections.mdb
canadiansections.mdb
canadiantimbersections.mdb
ChineseSections.mdb
dutchsections.mdb
europeansections.mdb
frenchsections.mdb
germansections.mdb
indiansections.mdb
iscoldformedsections.mdb
Japanesesections.mdb
Kingspancoldformedsections.mdb
koreansections.mdb
lysaghtcoldformedsections.mdb
mexicansteeltables.mdb
RCecoColdFormedSections.mdb
russiansections.mdb
southafricansections.mdb
spanishsections.mdb
uscoldformedsections.mdb
usersectionstemplate.mdb
venezuelansections.mdb
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B20 Exterior Enclosure B2010-100

Table B2010-112 Partially and Fully Grouted Reinforced Concrete Masonry Wall Capacities Per L.F.

Loading Tables

(Kips & In-Kips)
Allowable
Earthquake Zones 1,2 & 3 Allowable Vertical Wall Loads Wall Moments
Length - (Without Vertical
or Grouted Core Without Wind With Wind Wall Loads)
Thk. Height & Rebar Eccentric Loads or Eccentric Not Wind or
7.0 inK/Ft. 3.5 inK/Ft. Loads Inspection Earthquake
: Inspection Inspection Inspection No Yes Inspection
(Non_) M| W (s.ﬂgf ReDar | Mo Yes | Mo Yes | Mo  Yes | 15psf 30psf |15&30| No  Yes
(in) (Ft.) (infin) [(in0.C)| (@d) | (K/Ft) (K/Ft) | (K/Ft) (K/Ft) | (K/Ft)  (K/Ft) | (K/Ft)  (K/Ft) | (K/FE) [(in-K/Ft) (in-K/Ft.)
g 48’ #38 510 | 1255 6.25 | 1370 7.75 | 1490 7.45 745 | 1490 755 | 1220
Conc. g 12 32 #5 545 | 133 6.65 | 14.60 790 | 15.80 7.90 790 | 15.80 6.45 9.60
Block 16" i 6.50 | 15.80 790 | 17.15 9.25 | 1850 9.25 9.25 | 1850 79 | 1285
g 1010 | 2340 | 1170 | 25.00 | 1330 | 2655 | 1330 1330 | 2655 | 1020 | 17.15
48’ #8 470 | 11.60 580 | 12.65 6.85 | 13.75 6.85 6.85 | 13.75 755 | 1220
1 18 32 #5 505 | 1235 6.15 | 1345 730 | 14.60 7.30 7.30 | 14.60 6.45 9.60
16" i 6.00 | 1455 730 | 1585 855 | 17.10 8.55 855 | 17.10 79 | 1285
g 930 | 2160 | 1080 | 23.05 | 1225 | 2455 | 12.25 1225 | 2455 | 1020 | 17.15
48’ #8 3.9 9.70 485 | 1060 575 | 1155 5.75 — 11.55 755 | 1220
16 21 3 #5 420 | 1225 515 | 11.30 6.10 | 12.25 6.10 — 12.25 6.45 9.60
16" i 505 | 1220 6.10 | 1330 715 | 1435 7.15 — 14.35 795 | 1285
g 780 | 18.10 9.06 | 1935 [ 1030 [ 2060 | 1030 9.66 | 2060 | 1020 [ 1715
107 48’ #8 725 | 1645 820 | 1740 9.15 — 9.15 915 | 1835 | 1310 | 21.05
Conc. g 96 3 v 780 | 17.60 880 | 1860 980 | 1955 9.80 980 | 1955 | 1455 [ 2415
Block ' 16" #5 945 | 21.15 | 1055 | 2225 | 11.65 | 2335 | 11.65 1165 | 2335 | 1390 | 22.35
g v 1450 | 3165 | 1580 | 32.95 | 17.10 | 3425 | 1710 1710 | 3425 | 1845 | 30.15
48’ #8 7.05 | 16.00 800 | 16.90 890 | 17.85 8.90 890 | 1785 | 1310 [ 21.05
12 144 32 v 760 | 17.10 855 | 18.05 950 | 19.05 9.50 950 | 19.05 | 1455 [ 2415
' 16" #5 920 | 2055 | 1025 | 2160 | 11.35 | 2270 | 11.35 1135 | 2270 | 1390 | 22.35
g v 1410 | 3075 | 1535 | 32.05 | 1665 | 33.00 | 16.65 1665 | 3330 | 1835 | 30.15
48’ #8 6.70 | 15.10 755 | 16.00 840 | 16.85 840 840 | 1685 | 1310 [ 21.05
16 192 32 v 7.15 | 1615 805 | 17.05 9.00 | 17.9 9.00 9.00 | 1795 | 1455 [ 2415
' 16" #5 870 | 1940 970 | 2040 | 1070 | 2145 | 10.70 1070 | 2145 | 1390 | 22.35
g v 1335 | 29.05 | 1450 | 3025 | 1570 | 3145 | 1570 1570 | 3145 | 1835 | 30.15
48’ #8 6.05 | 1365 6.80 | 1445 760 | 15.20 7.60 — 1520 | 1310 | 21.05
0 21 3 v 6.45 | 14.60 7.30 | 1540 810 | 16.25 8.10 070 | 1625 | 1455 [ 2415
16" #5 785 | 1750 875 | 1845 965 | 19.35 9.65 025 | 1935 | 1390 [ 2235
g v 1205 | 2625 | 1310 | 2730 | 1420 | 2840 | 14.20 1340 | 2840 | 1835 | 30.15
12’ 48’ #8 920 | 2000 | 10.00 | 2075 | 10.75 | 21.55 | 10.75 1075 | 2155 | 1530 | 24.40
Conc. g 8 3 v 990 | 2150 | 1075 | 2230 | 1155 | 2315 | 11.55 1155 | 2315 | 1710 | 2810
Block 16" #5 1210 | 2605 | 1300 | 26.95 | 1390 | 27.85 | 1390 1390 | 2785 | 1620 | 25.90
g v 1860 | 3935 | 1965 | 4040 | 20.75 | 4150 | 20.75 20.75 | 4150 | 2145 | 3510
48’ #8 9.00 | 1955 975 | 2035 | 1055 | 21.10 | 1055 1055 | 2110 | 1530 | 24.40
1 1 3 v 970 | 21.05 | 1050 | 21.85 | 11.30 | 2265 | 11.30 1130 | 2265 | 1710 | 2810
16" #5 1185 | 2650 | 1275 | 2640 | 1365 | 2730 | 1365 1365 | 2730 | 1620 | 25.90
g v 1820 | 3850 | 1925 | 3955 | 20.30 | 4060 | 20.30 2030 | 4060 | 2145 | 3510
48’ #8 865 | 1875 9.35 | 1950 | 1010 | 2020 | 10.10 1010 | 2020 | 1530 | 24.40
16 16 3 v 930 | 2015 | 1005 | 2090 | 1085 | 21.70 | 10.85 1085 | 21.70 | 1710 | 2810
16" #5 1135 | 2440 | 1220 | 2525 | 13.05 | 26.15 | 13.05 1305 | 2615 | 1620 | 25.90
g v 1745 | 3690 | 1845 | 3790 | 1945 | 3890 | 1945 1945 | 3890 | 2145 | 3510
48’ #38 705 [ 1535 765 | 1595 830 | 16.55 8.30 — 1655 | 1530 | 2440
o 21 3 v 760 | 16.55 825 | 17.15 890 | 17.80 8.90 — 1780 | 17.10 | 28.10
16" #5 930 | 2000 | 10.00 | 2070 | 10.70 | 21.45 | 10.40* — 2145 | 1620 | 25.90
g v 1430 | 3025 | 1510 | 31.10 | 1595 | 31.90 | 155" | 1515 | 3190 | 2145 | 3510

*Zone 3 only
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B20 Exterior Enclosure B2010-100

Table B2010-114 Fully Grouted Reinforced Masonry Wall Capacities Per L.F. (Kips & In-Kips)

Loading Tables

Allowable
Earthquake Zones 1, 2 & 3 Allowable Vertical Wall Loads Wall Moments

Length - Without Vertical

or Type . Without Wind With Wind Wall Loads

Thk. Height Wall | Rebar Eccentric Loads or Eccentric Not Wind or

7.0 inK/Ft. 3.5 inK/Ft. Loads Inspection Earthquake

T g::)cukt 2':3 Inspection Inspection Inspection No Yes Inspection

(Nom.) h’ h/T | Conc. |Spacing | No Yes No Yes No Yes 15psf 30psf [15&30| No Yes
(in) (Ft.) (infin) | MU. |(in.0.C.)| (K/Ft) (K/Ft) | (K/Ft) (K/Ft) | (K/Ft) (K/Ft) | (K/Ft)  (K/Ft) | (K/Ft) [(in-K/Ft) (in-K/Ft.)
g g 1 404 | #5@32 | 1010 | 2335 | 1170 | 2450 | 1330 | 2655 | 1330 | 13.30 26.55 6.90 9.65
Solid CMU 1275 | 2870 | 1435 | 3030 [ 1595 | 3190 | 1595 | 15.9% 31.90 7.80 9.75
1 18 4y 930 | 2160 | 1080 | 2305 | 1225 | 2455 | 1225 | 12.25 24.55 6.90 9.65
Solid CMU 1665 | 2650 | 1815 | 2800 [ 1470 | 2945 | 1470 | 14.70 29.45 7.80 9.75
16 o1 404 780 | 18.10 9.05 | 1935 | 1030 | 2060 | 10.30 9.65 20.60 6.90 9.65
Solid CMU[ v 985 | 2220 | 1110 | 2345 | 1235 | 2470 | 1235 | 12.35 12.70 7.80 9.75
10" 406" | #5@24 | 1445 | 3150 | 1575 | 3280 | 17.05 | 3410 | 17.05 | 17.05 3410 | 11.20 | 16.20
8 9.6 |Solid CMU 1785 | 3835 | 1915 | 39.65 | 2045 | 4090 | 2045 | 2045 | 4090 | 1265 [ 16.35
4y 1445 | 3150 | 1575 | 3280 [ 17.05 | 3410 | 17.05 | 17.05 3410 | 11.20 [ 1620
406’ 1390 | 3035 | 1515 | 3160 | 1640 | 3280 | 1640 | 16.40 3280 | 11.20 | 16.20
12 14.4 | Solid CMU 1720 | 3690 | 1845 | 3815 | 19.70 | 3940 | 1970 | 19.70 3940 | 1265 | 16.35
4y 1390 | 3035 | 1515 | 3160 | 1640 | 3280 | 1640 | 1640 3280 | 11.20 [ 16.20
40" 1285 | 2805 | 1400 | 2920 | 1515 | 3035 | 1515 | 1515 3035 | 11.20 | 16.20
16’ 19.2 | Solid CMU 1590 | 3410 | 1705 | 3625 | 1820 | 3640 | 1320 | 13.20 3640 | 1265 | 16.35
4 1285 | 2305 | 1400 | 29.20 [ 1515 | 3035 | 1515 | 1515 3035 | 11.20 | 16.20
40" 1115 | 2425 | 1210 | 2525 | 1310 | 2620 | 1310 | 1240 2620 | 11.20 | 16.20
20 24 | Solid CMU 1375 | 2950 | 1475 | 3050 | 1575 | 3150 | 1575 | 15.75 3150 | 1265 [ 16.35
gy v 1115 | 2425 | 1210 | 2525 | 1310 | 2620 | 1310 | 1240 2620 | 11.20 | 16.20
12’ 408 | #8@48 | 1860 | 3935 | 1965 | 4040 | 2075 | 4150 | 20.75 | 20.75 | 4150 | 1665 | 2490
8 8 | Solid CMU 2275 | 4765 | 2380 | 4870 | 2490 | 4980 | 2490 | 2490 | 49.80 | 1880 | 25.10
426" | #5@20 | 1860 | 3935 | 1965 | 4040 | 2075 | 4150 | 20.75 | 20.75 | 4150 | 1190 [ 1875
g | #8@48 | 1820 | 3850 | 1925 | 3955 | 2030 | 40.60 | 20.30 | 20.30 | 4060 | 16.65 | 24.90
12 12 |Solid CMU[ ¥ 22.25 | 4665 | 2330 | 4770 | 2435 | 4875 | 2435 | 2435 | 4875 | 1880 | 25.10
426" | #5@20 | 1820 | 3850 | 1925 | 3955 | 2030 | 4060 | 2030 | 2030 | 4060 | 1190 | 1875
408 | #8@48 | 1745 | 3690 | 1845 | 3790 | 1945 | 3890 | 1945 | 1945 3890 | 1665 | 24.90
16’ 16 |Solid CMU[ ¥ 2130 | 4470 | 2235 | 4570 | 2335 | 4670 | 2325 | 2335 | 4670 | 1880 [ 25.10
426" | #5@20 | 1745 | 3690 | 1845 | 3790 | 1945 | 3890 | 1945 | 1945 3890 | 11.90 [ 1875
408 | #8@48 | 1430 | 3025 | 1510 | 31.10 | 1595 | 3190 | 1595 | 15.15 3190 | 1665 [ 2490
2 24 |SoidCMU| ¥ 17.15 | 3665 | 1830 | 3745 | 1915 | 3830 | 1915 | 19.15 3830 | 1880 | 25.10
426" | #5@20 | 1430 | 3025 | 1510 | 31.10 | 1595 | 31.90 | 1595 | 1515 3190 | 1190 | 1875
16" 40112 | #8@32 | 2640 | 5440 | 27.20 | 5520 | 28.00 | 56.05 | 28.00 | 28.00 56.00 | 31.20 [ 49.10
8 6 [Soiid CMU| v 3200 | 6565 | 3280 | 6645 | 3360 | 67.25 | 3360 | 3360 | 67.25 | 3525 | 50.40
4210 | #5@15 | 2640 | 5440 | 2720 | 5520 | 28.00 | 56.06 | 28.00 | 28.00 5.06 | 1475 | 24.10
40112 | #8@32 | 2615 | 5395 | 26.95 | B475 | 27.75 | 9555 | 2775 | 21.75 55.55 | 31.20 [ 49.10
12 9  [Soiid CMU| v 3170 | 66.05 | 3250 | 65.85 | 3330 | 66.66 | 33.00 | 3330 | 66.65 | 3525 | 5040
4210 | #5@15 | 26.15 | 5395 | 2695 | B475 | 2775 | 55DS | 2775 | 2175 5505 | 1475 | 24.10
412" | #8@32 | 2570 | 53.05 | 2650 | 5380 | 2830 | 5460 | 27.30 | 27.30 5460 | 31.20 | 49.10
16’ 12 |Solid CMU i 3120 | 6395 | 3195 | 6475 | 3275 | 6550 | 3275 | 3275 | 6550 | 3525 | 5040
4210 25.70 | 53.05 | 2650 | 5380 | 27.30 | 5460 | 27.30 | 27.30 59.60 | 1475 [ 2410
40127 | #8@32 | 2035 | 4195 | 2095 | 4255 | 2160 | 4320 | 1875* | 1875 | 4320 | 31.20 | 49.10
3 24 |SoidCMU| ¥ 2465 | 5060 | 2630 | 51.20 | 2690 | 51.85 | 2455* | 2455* | 51.85 | 3525 | 50.40
42710" | #5@15 | 2035 | 41.95 | 20.95 | 4255 | 21.60 | 4320 | 1875 | 1875* | 4320 | 1475 | 2410
*Zone 3 Only
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B20 Exterior Enclosure B2010-100

Loading Tables

Table B2010-116 Unreinforced Masonry Wall Capacities Per L.F. (Kips & In-Kips)

Allowable Wall Moments
Earthquake Zones 0 & 1 Only Allowable Vertical Wall Loads (Without Vertical Wall Loads)
Length
Thk. Or Eccentric Loads | Without With Wind Not Wind or Wind or
T Height Wind or Earthquake Earthquake
(Nom.) Eccentric Inspection Inspection
(in) h h'/t Type of 7.0 35 Loads 15 psf 30 psf No Yes No Yes
(Ft.) (in/in) Wall (K/Ft)  (K/Ft) | (K/Ft) | (K/Ft)  (K/Ft) | (in-K/Ft) (inK/Ft) | (inK/Ft)  (in-K/Ft)
g Solid Brick 4.85 7.50 10.15 10.15 10.15 1.15 2.30 1.55 3.10
g 12 Solid CM Units 8.85 11.50 14.15 14.15 14.15 10 1.40 95 1.85
Hollow CM Units 7.95 10.60 13.30 13.30 13.30 70 1.40 60 1.25
Solid Brick 4.70 7.30 9.85 9.85 9.85 1.15 2.30 1.55 3.10
10’ 15 Solid CM Units 8.55 11.15 13.75 13.75 13.75 70 1.40 90 1.85
Hollow CM Units — 4.45 6.30 6.30 6.05 45 95 60 1.25
Solid Brick — 6.95 9.40 9.40 7.95 1.15 2.30 1.55 3.10
12' 18 Solid CM Units 8.15 10.60 13.10 13.10 1290 70 1.40 90 1.85
Hollow CM Units — 4.25 6.00 6.00 4.75 45 95 60 1.25
12 Solid Brick 1230 14.10 15.90 15.90 1590 2.70 540 3.60 7.20
g 8 Solid CM Units 1850 20.30 22.10 22.10 22.10 1.60 3.20 2.15 4.30
Hollow CM Units 7.85 9.10 1040 1040 1040 1.10 2.25 1.50 3.00
Brick & Hollow CMU 5.50 7.80 10.05 10.05 10.05 1.35 2.10 1.80 3.60
Solid Brick 12.05 13.80 1555 15.55 15.55 2.70 540 3.60 7.20
1 1 Solid CM Unitg 1345 14.75 16.05 16.05 16.05 1.60 3.20 2.15 4.30
Hollow CM Units 7.65 8.90 10.15 10.15 10.15 1.10 2.25 1.50 3.00
Brick & Hollow CMU 540 7.65 9.85 9.85 9.05 1.35 2.10 1.80 3.60
Solid Brick 11.55 13.20 14.90 14.90 14.35 2.70 540 3.60 7.20
16 16 Solid CM Unit; 17.35 19.05 20.70 20.70 20.70 1.60 3.20 2.15 4.30
Hollow CM Units 7.35 8.55 9.75 9.75 9.05 1.10 2.25 1.50 3.00
Brick & Hollow CMU 5.20 7.30 9.45 9.10 — 1.35 2.10 1.80 3.60
16" Solid Brick 18.60 19.95 21.30 21.30 21.30 4.85 9.75 6.50 13.00
1 9 Solid CM Unitg 26.95 28.30 29.60 29.60 29.60 2.90 5.85 3.90 7.80
Hollow CM Units 10.85 12.10 1330 1330 1330 1.50 3.05 2.00 4.05
Brick & Hollow CMU 9.30 11.10 12.85 12.85 12.85 2.20 4.40 2.90 5.85
Solid Brick 18.30 19.60 20.90 20.90 20.90 4.85 9.75 6.50 13.00
16 1 Solid CM Unit; 26.50 21.80 29.10 29.10 29.10 2.90 5.85 3.90 7.80
Hollow CM Units 10.70 11.90 13.10 13.10 13.10 1.50 3.05 2.00 4.05
Brick & Hollow CMU 9.15 10.90 12.65 12.65 11.10 2.20 4.40 2.90 5.85
Solid Brick 17.80 19.05 20.30 20.30 20.30 4.85 9.75 6.50 13.00
20 15 Solid CM Unitg 25.75 21.00 28.25 28.25 28.25 2.90 5.85 3.90 7.80
Hollow CM Units 10.40 11.55 12.70 12.70 10.95 150 3.05 2.00 4.05
Brick & Hollow CMU 8.90 10.60 12.30 12.00 — 2.20 4.40 2.90 5.85
20" Solid Brick 24.80 25.85 26.90 26.90 26.90 7.70 1540 10.25 20.50
1 79 Solid CM Units 35.30 36.40 37.45 37.45 37.45 4.60 9.20 6.15 12.30
' Hollow CM Units 16.15 17.15 18.15 18.15 18.15 2.50 5.05 3.35 6.75
Brick & Hollow CMU 16.10 17.25 18.45 18.45 18.45 4.05 8.10 540 10.80
Solid Brick 24.55 25.60 26.70 26.70 26.70 7.70 1540 10.25 20.50
16 96 Solid CM Units 35.00 36.10 37.15 37.15 37.15 4.60 9.20 6.15 12.30
' Hollow CM Units 16.00 17.00 18.00 18.00 18.00 2.50 5.05 3.35 6.75
Brick & Hollow CMU 15.95 17.10 18.30 18.30 18.30 4.05 8.10 540 10.80
Solid Brick 2370 24.70 25.75 25.75 25.75 7.70 1540 10.25 20.50
o 144 Solid CM Units 33.80 34.80 35.80 35.80 35.80 4.60 9.20 6.15 12.30
‘ Hollow CM Units 1545 16.40 17.40 17.40 16.05 2.50 5.05 3.35 6.75
Brick & Hollow CMU 15.40 16.50 17.65 17.65 15.25 4.05 8.10 540 10.80
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F 9
azic Concrete Mate FORMS IN PLACE. WALLS |

R Corbel or haunch, to 12" wide, add to wall forms, 1 use 2 150 320 L.F. 2.06 10.65 1271 18,

0 Structural CLE. | 2 uze 2 170 282 L.F. 113 .40 10.53 15,
13110200 E><F.'f-;«N.S Juze 2 175 274 L.F. .83 215 998 15,
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& Juze C2 75 128 427 512 7
13110460 FORKS o e e
IS0 G 5T i | C2 | SFCA | 405 | 475 7
13110750 REGLET. CQvwer 16" high, 1 uze 2 235 204 [ SFCA 2.40 E.20 9,20 13,
13110200 SCAFED 2 uze 2 2490 JdBE | SFCA 1.32 550 £.82
13110220 SLIPFOE Juze 2 15 152 | SFCA R= [ 510 .06 a
Tt edin Aot 4 yze 2 230 45 [ SFCA .7a 485 563 a
L Heinfu:un:er; Far architectural finish, add C2 | 1.825 U026 | SFCA 5.40 .88 B.28 7.
Pl Cancre Fadial, smooth curved, job-built plywood, 1 uze C2 245 96 | SFCA 2.48 B.55 9.03 12,
e 2 uze 2 200 JdB0 | SFCA 1.36 525 E.71 a,
e e Juze 2 225 48 [ SFCA .84 452 5.9 al
s 4 yze 2 235 43 [ SFCA R 478 5.59 E;
e Below grade, job-built plywood, 1 uze C2 225 213 | SFCA 2.99 710 10.09 14_=]

i = 2 uze r2 225 23 SFrA 1FR 71in R7R 10 ®
< | [ ]
lSettings JlEstimatDr _” Idnit Costs ][.-'f-.sseml:uly EustSJ[PrDiect EnstSJlSquare Foot Mndelsj[ﬂesidential Mu:u:lelsj

03110 455 2860 C.|.P. concrete faormsz, wall, job built, plewood, extenior, 8 to 16" high, 4 uze, includes erecting, bracing, stripping and cleaning

[ty 1.000 ToList | Crew ||:2 O ukput |395 Hours |1 22 it |TSF|:.I':'I.
b aterial |-?|:I Labar |4-|:|5 E quip. | Toatal |4-?5 owp |03
ZI EEEE i ) [ BV Costiorks 01 ] W untitled - Paint PR S HE a4dam
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 azic Concrete Matenals & Methu:uc:
Concrete Forms & Accessories
Concrete Renforcement

10 Reinforcing Steel

03210100 ACCESSORIES
03210200 COATED REINFORCI
03210600 REINFORCING IM PL
03210700 SPLICING REIMFORC
20 wWelded 'wire Fabric

'30 Strezzing Tendons

*40 Fibrous Reinforcing
_azt-In-Place Concrete

Precaszt Concrete

Cementitious Decks & Underlaypme|
Grouts '
_oncrete Restoration & Cleaning

d Plaztics
hd M oizture Protection
d windoes

=53
=it

g
Conztuction
hg Syztems

E |I]32I]I] Concrete Reinforcement

requirements |
bruction

*  |lnion

I
o

03210 Reinforcing Steel Crew D[:J?I!ﬂt hilf‘?; Unit | Bare Mat. |Bare Labor Equii. Bare E
F 9
REIMFORCIMG IM PLACE AB15 Grade 60, incl. access. labor G
Spiralz, hot rolled, 8'* to 15" diameter 4 Fodm| 220 14545 | Ton 1125 aa0 1.6]
15" to 24" diameter 4 Rodm| 220 14545 | Ton 1.075 540 1.5
24" to 36" diameter 4 Rodm| 220 12912 | Ton 1,025 530 1.5
26" to 48" diameter 4 Rodm| 240 13332 | Ton a7 a05 1.4
48" to 64" diameter 4 Rodm| 250 12800 | Ton 1.075 435 1.51
B4' to 84" diameter 4 Rodm| Z2E0 12308 | Ton 1,125 465 1.5
24" to 96" diameter 4 Rodm| 270 11.852 | Ton 1,175 450 1.5
Elevated zlabs, #4 to H7 4 Rodm| 250 11.024 | Ton aa0 420 1.2
Foaotings, #4 to #7 4 Rodm| 210 15.238 | Tan 760 530 1.3
Footings, #4 to #7 4 Rodm| 4,200 008 Lb. A2 .29
Hato H1a 4 Rodm| 2.E0 2889 | Ton 720 235 1.0
Hato H1a 4 Rodm| 7,200 004 Lb. A2 a7
Slab on grade, #3 to #7 4 Fodm| 230 13913 | Ton 7RO 530 1.2
Slab on grade, #3 to #7 4 Fodm| 4,200 003 Lb. A0 .29
Wially, B3 to #7 10667 | Ton | 760 | 406 | | 1.1
Hato H1a 4 Rodm Ton 7a0 305 1.01
I1ze the following for a rough estimate guide
Typical in place, average, under 10 ton job, #3 to #7 4 Fodm| 1.80 17.778 | Ton a5 E75 1.0
#2to H1a 4 Rodm| 270 11.852 | Ton 245 450 1.2
10 - 50 ton job, #3 to #7 4 Rodm| 210 15,238 | Taon a10 ga0 1.3
#2to H1a 4 Rodm| 3 10667 | Ton 230 405 1,21
50 - 100 ton job, #3 - #7 4 Rodm| 220 14545 | Tan 740 550 1.3
#2to H1a 4 Rodm| 3210 10322 | Ton a10 2490 1.21
Ower 100 ton job, #3 - #7 4 Rodm| 220 13913 | Taon 7a5 530 1.3
#2- H1a 4 Rodm| 3220 10 Ton a0 3an 1.1
High strength steel, Grade 75, #14 bars only, add Ton =11 =]
| lnlmadinn & zartinn Add b above R 100 TF:I'I Trn AN F1R e
1 v[ ]

lSettings JlEstimatDr _” Init Costs ][.-'f-.sseml:uly EustSJ[PrDiect EnstSJlSquare Foot Mndelsj[ﬂesidential Mu:u:lelsj

03 210 600 0700 Reinforcing steel, in place, walls, #3 to #7, 4815, grade B0, incl access. Labor

ELDDD ToList | Crew I4 Rodm I:Iut|:|ut|3 Hours |1D-55? Unit  |Tan
M aterial |-_"'5|:| Labar |4|:|5 Equip.| Tatal |'|,'II35 O&P |'|_5|:|E
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| 4 Masonry * 2005 Mational fverage Costs | ﬁ
E |I]4EII]I] Masonry Assemblies T Union it
szemblies ; =
E BRICE 04810 Unit Masonry Assemblies Crew D[:J?I!ﬂt hilf‘?; Unit | Bare Mat. |Bare Labor Equii. Bare E
N F 9
ﬁ:EE;EH'&TED CONERETES CONCRETE BLOCEK, DECORATIVE C90, 2000 psi G
IZED BRICK For bullnoze block, add 10.0%
£y For special color, add 13.0%
B BLOCK CONCRETE BLOCEK, EXTERIOR Ca0, 2000 psi
NS Reinforced -lalt courzes, tooled il:nints 2 sides
AETE BLOCK, BACK-UP, Mormal .WEIghL 2" 16" 1 B" thick Da 295 | SF. 1.67 3.23
CETE BLOCK BOMD BEAM 2" thick, DE | 360 A1 5.F. 248 .55
CETE BLOCK COLUMN 10" thick, DE | 2590 38 5.F. 3 4.40
\ETE BLOCK. DECORATIVE 12" thick, Da | 250 132 5.F. 20 5.95
\ETE BLOCK. EXTERIOR Lightweight, 8"« 16" x £ thick DE | 450 089 S.F. 196 284
LCTE E!LEII:KRFEILIND.-“-‘-.TIEIN Al 2" thick, DE | 420 093 5.F. 265 297
\CTE BLOCK. HIGH STRENGTH 10" thick, DE | 355 | 5.F. 2495 223
LCTE BLDEKRINSLILATIEIN IMSE | 12" thick, DA | 350 37 5.F. 4.3 426
e o v COMCAETE SE0CK roUDATioN L Cor
:SE S::SEE ;:gﬁlﬁmqs Hollow, 8" % 16" % 6" thick DE | 455 088 5.F. 167 281
\CTE BRICK ’ 2" thick, DE | 425 034 5.F. 1.20 K]
\CTE SCREEM BLOCK 10" thick DE | 350 114 5.F. 243 .65
5 2" thick D3 300 | ae0 | SF | 281 487 | |
- PAMELS Solid, 8" = 16" block, B" thick DE | 440 03 5.F. 1.81 2.90
BLOCK a thic.k De | 415 096 5.F. 254 2.08
O COMCRETE BLOCK 12" thick, _ DA | 350 37 5.F. 276 426
 COTTA CONCRETE BLOCEK, HIGH STREMNGTH MHormal weight
L COTTA TILE Hollow, reinforced alternate courses, 8" % 16" units
3500 psi, 4" thick DE | 440 09 5.F. 1.24 2.90
E'' thick DE | 355 | 5.F. 1.64 223 =i
2" thick, DE | 360 A1 5.F. 244 .55 =]
12" thirk Mna 2R 192 SF 2 9R RAaR x
il < I o[ ]
lSettings JlEstimatDr _” Init Costs ][.-'f-.sseml:uly EustSJ[PrDiect EnstSJlSquare Foot Mndelsj[ﬂesidential Mu:u:lelsj
04 310186 0350 Concrete masonn unit [CkU], foundation wall, trowel cut jointz, normal weight, haollow, 2000 pzi, 12 = 8"« 168", includes mortar and harizontal joint reinfarcing eveny other
% 1.000 ToList | Crew |DE‘ O utput |3|:":| Hours |-'|'3|:I U it |_5-F-
Material ~ |251 Labor (497 Equip. | Tatsl |7.48 0P |1035
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Incl. Cost Incl. Cost
Crew HNo. Bara Costs Subs O &P Par Labor-Hour Crew MNo. Bare Costs Subs O & P Par Labor-Hour
Bare Incl, Bare Imel,
Crew B-A54 Hr. Dby Hr. Daily Costs D&P Crew C-6 H. Dty Hr. Draily Costs O&p
1 Eaip. Oper, {crane) 500 w8720 | el0 saman || s s 1 Labor Foreman {outsid ouT0 s2080 | sMm o Qe || sepe s4315
1 Labcrer B30 2360 | M5 3340 4 Laborers w10 G4 | s 1mm
1 Hyd. Excavator, 58 C.X. 240 mas ||z mm 1 Cement Finicher 285 0 | ®® mmE
16 LH, Daly Tataks 53320 S48 || 5w S 2 as Engine Vibrators 4800 sa0fl 1o 110
= — 4 LH, Daly otk S48 1% || 5006 su5
Crew B-958 Hr. Daiby Hr. Dby Costs Q&P Bare Ircl.
1 Eqip. Oer. {crane] 8550 saT20 | sh4l0 S4manfl s seeR Crew C-7 H. Daily H Daily )| Costs 0&P
1 Laberer B30 360 | M 3340 1 Labor Foreman {outsids Qa7 S200 | M Q0| s8ET su
1 Hyd. Excaator, L5 CY. 72040 moas | sl ws 5 Laborers %70 106800 | M55 166200
16 LH, Daly Tatals §122020 S5 || 5763 Sui% 1 Cament Finisher 08 6| BB 3D
o - 1 Exqip. Ope, fmed] wes o | s wim
Crew B-95¢ W baly | Hr paly || costs  o&P : Ef”"- ”Fﬂ:’:}ﬁ; 3’3-1” Eigﬁ i) 3E§-£
- - 2 a5 Engine Vibrators | B2,
1 Eaqip. Oper, {crane) 00 som20 | ssalo saman || 3130 s47as ; Djmi‘,i sl s g
e . ol 1 Wy, Crane, 55 Ton 805,40 g || 133 146
1 Hyd. Excaator, 25 G 121500 Ea || e s T St e T
16 LH, Daly Totak SIS0 SA0L70 || 510728 SIEL3 ELA T : i ' :
Bare el Bare Imel.
cote = oy L e T 1Lab ch E'-]::s'jm 52:;[:' S;;iu 5.4:"*0 Sai:lga S;:T Sd?f.':i
= ADCE FOMeman WSk ] ", T i 4
3 Capenters G425 SE00 | 5533 slma || Sum  S040 il sl snad |t ?
1 Labcrer BI0 0 N30 | ME 3340 Sl I iR e e
32LH, Daly Total 51035 60 SBL2B0 | 2% 55040 2 Cone, Transit Mes Toowma | sanl su se
Bare Incl. &4 LH, Dally Totk 321920 A 0 %Al
Crew C-2 Hr, Dty Hr. Daily (osts Q&P = e
1 Carpenter Foreman (outi 5&3_?5 SE":”:'] 35645 Sﬁ'lﬁﬂ 33333 35193 Crew C-TB Hr Dall;q' Hr na"]. Costs u&PI
a5 a
f Eﬂ;"e"t&” z:ﬁ lgigg ifgg lgg';g 1 Labor Foreman {outsice] o870 See0 | sum Swe | wes  sem
ol L M = 5 Laborers 0 106800 | 4155 166200
AL, Ry s L SALI S350 L Eqipment Cosrator heagd | B90 28720 | B0 43280
Bare Incl. 1 Expipment Ciler 00 M08 | sx e
Crew C-2H . Dty Hr. Daily Costs &P 1 Conc. Bucket, 2 C.Y. 240 05
1 Carpenter Foreman {out g5 o000 | ess  sasten || smoe ssLal 1 Truck Crane, 165 Ten 191200 anall wx B
3 Carpenters W5 R0 | 533 128040 & LA, aly ok £3762.20 s | S S
1 Cement Fisher PR M0 | 483 m6A0 - ™y
! Laborer L Crew C-1C Hr. Dally He Daly || costs  osp
4BLH, Daly Totals H1588 40 5120 | 53309 35101 1 Labor Foreman (oside Sa70 S0E0 | S0 S| sem  swel
Bare Incl. 5 Laborers %70 106800 | w55 166200
Crew C-3 . Dally Hr. Daly || Costs &P 2 Epipment Cperator medum) | 3465 40 | 5220 83500
1 Rodman Foreman 000 S0 | w0 oo || s seels 2 Whea! Loader, 40 89120 wufl 3 B2
4 Rodmen {reitf) WH 120440 | e2E0 200920 LA, 0aly Toak T30 B e %om
1 Euip. Oger. Jight) BE M0 | om0 - =
3;;““"%': - o 4:‘;; :;E i ‘ﬁ-gg Crew 7D e Daly | paly || Costs  oaP
it ; 1 Labor Foreman {outside] w70 swee0 | sum swmeo| sz e
5 Grouting Equipment 7640 pos || 1sa 201 s v ko | aE R
BALH, Daly Tofals 2234080 SR || Skl 5816 | Epiment Operator med). | 3465 2720 | s220 4070
Bare Incl. 1 Comcrete Coneyer 15280 wll am 300
Crew C4 H Daily Hr. Daly [| Costs  OkP 56 L, Caly Toak S727 60 605,30 || S0 565
1 Rodman Foreman 63095 531980 | S5 ERITA0 | Sm4E 56343 = e
gg-";f""‘f“ '“E‘"f;i' z 1 ‘ﬁgﬁ — 15ﬁ-;‘; e Crew 8 W Daly | Daly || Costs  oaP
o o - : : IlaborForeman foutsidel | 870 522080 | s S0l smm s
32LH, Daly Tataks S127120 SATRE0 || SW73 SehEl s 0 oiin| ik o
Bare Incl. 2 Cament Fiishers 285 wEE0 | ®x M@
Crew C-5 H Dally Hr. Daly || Costs &P 1 Euip, Oper; fmed) 3465 | 5220 41760
1 Fodman Foreman 83005 SI080 | S5 R0 || swAr SR 1 Cancrete Pump {small 420 A 1258 1383
4 Rodmen (reirf} WHE 12440 | e260 200320 56 LH, Dally Totah ] ] | I
1 Eaqip. Oer, {crane) H9W 10 | s asan = =y
3 735 ) 212 x
LB, 20 i i) IR IlaborForeman foutsidel | 2870 52080 | s s || smm sz
% LH, Daly Taak TITe SH0EE0 || S4TE SILAl g Br el ter o
2 Cament Fishers 285 5mE0 | BB m®
4 LH, Daly otk 5120600 e | EEETE

424




Incl. Cost Inel. Cost
Crow No. Bare Costs Subs 0O &P Per Labor-Hour Craw No. Bare Costs Subs O & P Per Labor-Hour
Bare Incl, Bare mcl,
Crew C-140 H. Daity Hr. Daily Costs Q&P Crew C-17 Hr. Daity H. Daity Costs &P
1 Carpenter Foreman fauf 63625 52000 | s945 seslan | s;mme  smam 2 Skilled Worker Faremen 6685 ssane0 | ssTa saean || 5w shem
19 Capenters W5 400 | BB T6EAD 8 Skilled Workers W8 23040 | 5420 ME8E0
2 Rodmen {rein.} ERR BO7.20 6260 100160 B LH, Taily Totals E2020/00 T | Sh4E2
2 Laborers 270 4720 | M55 664E0 - e
i EE"?WUF“’S’H ??igg ?Ef‘a ‘;3'35' iﬁgg Crew C-17A Hr Daily H Daly J| costs  oap
. Opes. e ' b ' 5 2 Skiled Warker Foremen 685 SGR060 | S0 G680 || 5326 Sheel
1 Gas Engine Wbrator M0 40 ; 5
: ; 8 Skilled Workers W8 23040 | 5420 MEBE0
1 Concrete Pump {small 70420 a0 || 354 401 N i esteyd et S
700 LH., Daily Totds 57524 60 CIAGAD || STE S 125 Crate, 80 Ton, & ook i amll i i
Bare Incl. ELLH, Dally Totah 5258028 S7e0 || 5680 560
Crew C-14E Hr Daly Hr. Daiy || costs  oap = =
1 Carperter Foreman ol 5%?2 32;":”:0 35545 Sﬁ'lﬁﬂ 33359 35329 Crew C-178 Hr Dalh.' Hr na"]. Costs &P
AR B 2 Siled Worker Foremen 685 w90 | S wes|| swa s
4 Rodmen {reini) W% 12440 | ERE0 200320 iy
: B Skilld Warkers 385 23040 | 5420 ME8E0
a Moe L 25 Eqip. Oper. (crane HO 7LD | S0 180
1 Cement Fisher & WA | #3BF 0 3mE0 : Bt : - ' s
T 5 i 25 Crane, &0 Ton, & Tools METH 27168
1 s Engre Vibrator 2400 X0 21 A0 i 2 : 3 ?
N ik . TEr .25 Walk Behind Power Tocls £.15 3 | 342
. — ' ' — 57 LA, Daly Totah S3146.70 R | T
Bare Incl.
Bare e,
e e D:l“ e 2“"? E'm: i Crow C-17C W oaly | paiy || cots  oap
Hhatscening, || BAT,  GELE | LA WM | SHE SN2 2oledWorer Foemen | 685 50960 | SwA0 S| SB2T  S4T9
2 Laborers 270 4720 | M5 6640 e
o £ Shilld Workers 33 2040 | 5420 MEsE0
£ Cement Fiishers e 1576 | 43 B0 T 2
i i . .75 Equip. Cper, fcrane] 35.90 107.70 510 162,30
1 Gas Engire Wbrator 2400 40 A3 A - o
IR e T BT 375 Crame, 40 Ton & Tools 7313 sl 450 455
—— : : : e B3 LA, Dally Totab 5330083 TR | T
Bare Inel. —— Inel
— EF'“' Glfwlm sz:rTu S;{'};} 54:r 5;:'% S;;ﬁ SE& Crew G170 weo oay | W pay f| coms 0w
e e o ! Sk 2 e 2 Skiled Warker Foremen %85 558060 | S0 SIea0 || S®am  Sen
2 Laborers 270 4720 | M55 664E0 ) 5
L 8 Skilled Workers W 23040 | 5420 ME8E0
4 Cement Frishers 2R 105120 | 483F 154720 S i i
1 Gas Engre Virate o il a ; 5 Equin, Cpsr. {erane) }/A 14360 | 5410 21640
e e 511;2'03 S%'m Sa:l.ga 546.1’ 5 Crane, 80 Ton & Touls 49750 il 5w 651
IR el — : e B LH, Dally Toths 36110 S | EEEED
Bare Inel. Bare el
1C rrt: rer wrl.'l i 5?: r;-m Sgllt::ﬂ 35: 25 54?3?'% 35:?: Si& :5 otell i o B oy it
AT R e : i i ' 2 Skiled Warker Foremen 5685 seene0 | sva  seao || swxs s
2 Carpenters WX B0 | 33 8E3AD ; -
: : || 8 Skilld Workers W85 23040 | 20 MEE0
1 Rodman irei) W% W60 | & 500,50 Lty bk e i s = %
1 Laborer 270 360 | M55 3340 bl - - :
e i w6 | e amm B0 LH, Dally Totah C2805100 BIHE | IR
1 Gas Engine Wbrator 2400 %40 =0 55 Bare In.
LA, [aly Totak S1642.00 S5ELA0 || 53421 55310 Crew C-18 Hr Daily Hr. Daily | Costs  0&P
Bare el 125 Labor Farerman fouf) 52870 52870 | SM.70 SUTON SE S1W
Cesw 015 He Dally HE. Dally Cists &P 1 Labuorer 200 213480 4155 33240
= R
1 Carpenter Foreman fout 5625 52000 | S645  Sasle0 || 3206 5490 i AP (A, 10 ?:3'3[:' Ay f‘m
iy x| S fiam 3 LH, Daly ks 528210 SRLW || 5eE sam
3 Laborers 270 64080 | M55 9w Bare Inc.
2 Cement Fiishers e e | 4.3 7760 Crew C-19 Hr Daily H. Daly J| Costs 0P
1 Riodman freinf) % 080 | e 500,50 125 Laber Farerman out a0 §m70 | swm s sem  sMw
T2LH, Daly Totaks 52308100 337680 || G306 54960 1 Labiorer X0 23E0 | 45 3340
e - 1 Cancrete Cart, 1B CF 76,80 gl a5 0.3
Crow C-16 He Dally Hr, Daly || Costs &P 9 LH, Daly Totals 53lall SELED || Sw45 LA
1 Labor Foreman foutsidel SAT0 SENED | G4 S3e7aA0 || 53167 54919 Bare Incl.
3 Laborers 270 64080 | 4155 90730 Crew C-20 Hr. Daily H. Dally || Casts 0&4P
2 Cement Frishers PR S5E0 | #3F 0 77360 1 Labor Foreman (autsids) a0 swoen | swm sl sem s
1 Equip. Oper. imed) wEs I | Rx 4760 5 Laborers %0 106800 | 4155 166200
2 Rosdmen {reind ) W% 6720 | 6260 100L&D 1 Cement Finisher 0 22 | %B A0
1 Concrete Pump {small 70420 menf|l am 1w 1 Equip. Oper, (med] Wes 7w | 520 M7E0
TALH, Daly Ttk ST FEOR] | 2 Gas Engie Whrators 4800 52,80
1 Cancrete Pump {small 0420 mell uE o 1w
& LH, [ally Toths CP580 A0 SwsLA0 || 5045 SEnnl
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Incl. Cost Inel. Cost
Crew No. Bare Costs Subs O &P Per Labor-Hour Crew No. Bare Costs Subs O & P Per Labor-Hour
Bara [5]41 Bare Inel.
Crem C-21 Hr, Daity Hr. Daity Costs Q&P Crow -2 H. Daity Hr, Daity (osts &P
1 Laber Foreman (oubsidel 28,10 SEORD | 5447 LR | Y 54408 3 Brickayars £35.25 SMED0 | 55300 Slaeman || 5312 540,05
5 Laborers x.00 105800 41.55 1a62.00 2 BricMayer Helpers X0 43040 400 a56.00
1 Cement Firisher 28 22 A0 4535 3Ea.80 5 Carpenter E 13700 5335 21340
1 Esyp. Oper. fmad | ELE nim 5220 4760 A LH, laly Tolk 141340 SRR sl 40,05
2 s Engine Vibrators 4800 5280 Rare Incl
1 Concrete Comeyer 15240 16810 114 145 Crew -3 He Daily He Daily Costs 0 &FI‘
BALH, Daly Totals S23EAD SN0 ) 93185 54153 3 rikayers 625 sue00 | siam  siomaof| s sees
Bare Incl. 2 BricKayer Helpars 2A0 43040 400 a56.00
Crew C-22 Hr. Daily Hr. Dailly Costs D&P 25 Camenkar Mm% R 5335 106,70
1 Rodman Foreman 839006 $3960 | ¥R 720 |1 $®I0  SE2A2 42LH, Cally Totals TR S0LE0 || S S4BES
4 Roxdmen (reinf.} 1% 1214.40 .60 A03.20 Bare Incl
125 Equip. Cper, (oraned 3550 3550 2410 410 Crew -4 Hr DaII]' Hr Dalh.' Casts Q&P
I e e 0 8 e R 1 Brickayer 625 8200 | sam semeo || swsr seem
125 Hd. Crane, 25 Ton Tl B4.E0 1.64 202 2 Brickiayer Heers .40 £ 1100 65600
42 LH,, Daiy Totak S1677.10 SIT14A5 | 53004 564.64 1 Equi, Ope, i 3105 964,40 A 16840
Bara [mcl, 1 Grout Pump, 50 C.F4r 107.75 11855
Crew C-23 H. Daily Hr. Daity )| Costs 08P 1 Hases & Hopper 1520 16.70
2 Shiled Worker Foremen 53685 s50ee0 | 573 Salad0 || S3488 §53.93 1 Accessories 1150 1310 4.2 4.64
i Shiled Workers ERE. 167240 M2 2a0l.a0 32 LH,, Daly Tolak S8 S183238 | 5M.TA 55102
1 Eiip. Oper. (crane ELRE]] ] 54,10 43280 Bare Incl
1 Exip. Oper. Giler £l 24080 45,35 36280 Crow -5 He Daily HE Daily Cogts 0&P
= 00T i 75 556 7
;:. Eia:'sg T?m ;&;‘ﬂ Si:“iﬁg Si‘;'i': lfﬁ 1 Bickayer EFEE ] B
H, Daly T - — — — & LH,, Daiy Takals 28200 T | 55370
Bara [5]41 e el
. :'E" C'”;H Hrl*u z:;in i D;"f’ﬂ ;:5;; E::5 Crew D6 W Daly | W paly || costs ok
i o okih] | BTN PR BLIE  GETED| M2 BE 3 BicHayers G525 SMEM0 | Siaf0  SImE0|| sua0 s
2 Laborers x.00 2720 41.55 A64.80 : o Sy
: . 3 Brickayer Helpars xA0 45 a0 4400 ABA
1 Equip. (per. fcrane) ELRE]] 2720 54,10 43280 " £ 2
1 Eqip. Oper, Oier 010 240,80 £ KA 25 Camenkar M R 5335 15,70
. Oper. (il : . 2, e T e
1 Crane, 100 on capacty 151800 1670.90 0 LH, Laly Tokak E15R0.10 SEIEN] | Y ETRE:
3Conc, buckst, & LY. 48560 51215 44,62 BA58 Bare Incl.
AL, Daly Totak §3160.40 UL || S792% S1o003 CrewD-7 H Daily H Dally f| Costs 0P
Rare Inl 1 Tile Layer §32.70 526160 L8065 538440 || 520.03 542 65
Crew C-24 Hr. Dally HE. na"]. Costs Q&P 1Tie |.H'!|'E:I" Helper 235 202,80 R 28
2 Shiled Worker Fremen 685  See0 | s sues || s.m s 16LH, Daly Tofk w40 SE240 |) 2003 A6
f Shiled Workers EL 167240 5.2 AbLan Bare Incl.
1 Exin. Oper. (crane) 3580 w2 | A0 43280 CrewD-8 H. Daily H. Dally || Costs 0&P
1 Equip. (per. Giler 310 24080 45,35 36280 3 BricKayers 43525 SME00 | 55300 S128380 | M1 $45.62
1 Tk Crane, 150 Tan 144500 158850 18.06 19.87 2 Brickayer Helpars X2A0 43040 400 a56.00
B0 LH, Daiy Totak 5423540 S5a03.80 J| $52.04 §73.80 A0LAH., Daly Tolak 127640 Sl94480 I 5191 $48.62
Bara [mcl, Bare Incl,
Crew C-25 Hr. Daity Hr. Diaily Costs D&EP Crew -9 H. Dty Hr. Diaily Costs O&P
Z Rexdmen {reinf.} 375% 0720 56260 Sl00LA0 || 5278 549.70 3 BricKayers £35.25 SME00 | 55300 S128380 )| 53108 547.35
2 Rodmen Helpers 2180 Mh.a0 3080 hER.E0 3 BricKayer Helpars X240 45 a0 400 QB4
32 LH,, Daiy Totak Se52.80 BEEET | R 549,70 A5 LH., Daly Tokk 51491 A0 FEE | 547.35
Bare [mel, Bare Incl.
Craw C-27 Hr. Daily Hr. Daity Costs Q&P Crew D-10 Hr. Daity H. Dty (Costs 0&P
2 Cement Fiishers SR8 SAERAD | G483 graa0fl 33na S0 1 EricHayer Foreman 8T 520800 | SARTE AN ] 4 5m3
1 Concrete Saw 114.40 125,85 115 187 1 Brickayar .25 25200 5300 42960
1 LH,, Daiy Totak 5p40.00 faends || 540.00 SERAT 2 Erickayar Helpars 240 43040 117 a56.00
Bare Incl 1 Ecuip. Oper: (crane] 31490 28720 10 43280
Crew C-28 Hr. Dally Hr. I:Ially Costs D&P 1 Truck Cm.ne. 12.5Tan 50580 K5a.40 12.65 13.81
T Cement Frisher S0 WES) | M8 SIea0|| suss 800 AOLH, Laly Tofab L8340 ] | I
| Partable Ar Compressor 1730 19.05 216 237 Bare Incl.
B LH., Dally Totds 528010 S5 || SHBOl 5037 Crew 0-11 Hr Daily H Dally || Costs OGP
1 Erickayer Fareman 8725 520800 | %5675 GARA00 || 53303 Sh0.48
Crew D-1 . Daly | paly || costs o0& } ;“EWH ;2;; :ﬁ?g iﬂ ‘E-g
1 Bickhper 5525 S000 | a0 S0 f| s s - L“H “’:; Ert:h A e
1 Bricklyer Helpar B 215.20 4.0 300 24LH, Dally To il oty : :
L& LH, Daly Totak 540720 ETRTA0 || 53L08 547.35

427




ID Task Name Duration Start 2007
[ November [ December January [Fe
10/29 [ 115 | 1112 | 11/19 | 11/26 | 12/3 | 12/10 | 12/17 | 12/24 | 12/31 | 1/7 | 114 | 1/21 | 1/28
1 Concrete Foundation Walll 42 days? Thu 11/9/06 — Concrete Foundation Wall
2 Placing Reinforcement - Sectiol 6days  Tue 11/14/06 I:I Placing Reinforcement - Section A
3 Forming Foundation Walls - Se: 30days Wed 11/15/06 | | Forming Foundation Walls - Section A
4 | Placing Concrete - Section A 6days Wed 12/20/06 : Placing Concrete - Section A
5
6 Placing Reinforcement - Sectiol 5 days Fri 11/17/06 I:I Placing Reinforcement - Section B
7 Forming Foundation Walls - Se 30days Mon 11/20/06 | | Forming Foundation Walls - Section B
8 | Placing Concrete - Section B 6days  Tue 12/26/06 : Placing Concrete - Section B
9
10 |Placing Reinforcement - Sectiol 6 days Thu 11/9/06 I:I Placing Reinforcement - Section C
11 Forming Foundation Walls - Se: 40 days Fri 11/10/06 | | Forming Foundation Walls - Sectio
12 | Placing Concrete - Section C 8days Wed 12/27/06 |:| Placing Concrete - Section C
13
14 | CMU Wall Erection 37 days Thu 11/9/06 — CMU Wall Erection
15 CMU Wall Erection - Section A 30days Mon 11/20/06 | | CMU Wall Erection - Section A
16 CMU Wall Erection - Section B 27 days Thu 11/23/06 | | CMU Wall Erection - Section B
17 CMU Walll Erection - Section C 37 days Thu 11/9/06 | | CMU Wall Erection - Section C
Task | | Rolled Up Task | External Tasks l ‘
Project: Fouundation wall Progress I Rolled Up Milestone <> Project Summary M
Date: Mon 4/9/07 Milestone ‘ Rolled Up Progress I Group By Summary _
Summary _ Split I""‘mmewwwl Deadline @

Page 1
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Construction Management Dauphin County, PA
Dr. David R. Riley April 12, 2007
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DETAIL REPORT

PLUNMBING DD 070706
Estimator: JAM
Project Size 99100 SOFT
PLUMBING DD 070706 Detail - With Taxes and Inserance ,Indirect Cosls are Spread

Group 1: Subdivision

Fa Gromp 20 Blement
L__Element Description Quantity UM Mat.Linit Mat.Total MH/Unit TotHours Sub. Total Enon.Total TotalCost sl
PLUMBING ESTIMATE
DOMESTIC WATER SUPPLY

Q8040 ALLOWAKNCE FOR MECH ROOM 1.00 LS 13,780.00 13,780.00  200.00 200.0 26,451.92 0.267
0800 CDOMESTIC SERVICE ENTRANCE 1.00 EA 2.968.00 2,968.00 40.00 40.0 5.523.58 0.056
0800 FLANGE PACH, 2-1/2° 8.00 EACH 6.63 53.00 0.24 1.9 186.27 0.002
0aen FLANGE PACK, 3" 200 EACH G889 13.78 0.25 0.5 43,28
0800 FLANGE PACK 4 200 EACH 11.93 23.85 0,36 0.7 86.78 0.0
oano COPFER PIPE (TUBING) bl
0800 TYPEL iy
0800 PIPE, 152" 2,366.00 LNFT 1.75 414315 0.046 142.0 12.573.89 0127
Os00 PIPE,3/4" 225100 LNFT 270 6,070.14 0.08 135.1 14,303.93 0.144
0800 FIPE A" 875.00 LNFT 3.84 3,264.04 .08 T0.0 T.653.32 0077
0300 PIPE,1-1/4" 1.214.00 LNFT 540 §,552.58 0.08 a7.1 12,602,158 0.128
0&00 PIPE,1-142" T22.00 LMNFT 6.5 5,024.33 0.08 57.8 &,788.44 0.089
0800 PIPE,2" 57900 LMFT 10.96 9,636.06 0.04a 9.1 15,066.97 0.182
0800 FIPE.2-1/2" BB1.00 LNFT 16.59 11,300.00 0.12 B1.7 17.044.689 0172
05040 PIPE,3" 17200 LNFT 2226 3,820.27 014 241 5,571,498 0.056
as00 FIPEA" 80.00 LNFT 37.18 2,874 018 14.4 4,084.58 0.041
0500 COPPER FITTIMNGS —
0a00 855 SOLDER s
Q800 a0 ELL 12" 544.00 EACH 0.38 252.24 043 2112 12,205.63 0123
0200 90 ELL. 34" 120,00 EACH .88 105,35 0.43 51.8 3,043,227 0,031
0800 a0 ELL." 186.00 EACH 2.16 402.27 .48 89.3 5,484.10 0.055
0=00 90 ELL,1-1/4" 61.00 EACH 3.26 189.03 0.57 34,6 2.175.49 0.0z2
0800 890 ELL 1-1/27 a7.00 EACH 5.10 188 .57 0.59 2149 1.444.33 1) E
0E00 a0 ELL,2" A7.00 EACH 9.27 343.00 0.69 25.5 1.814.79 0.018
0200 90 ELL 21127 20,00 EACH 19.57 391.32 1.10 214 1.668.26 0.017
0a00 80 ELL 3" 7.00 EACH 26,14 183,01 1.31 8.2 718,83 0.007
0800 90 ELL 4" 4.00 EACH 66.52 287.70 1.75 74 600.21 0.007
0300 TEE, /2" 54.00 EACH 0BT 35.93 0.47 25.5 1,478,862 0.01%
0a00 TEE, 34" 700 EACH 1.62 11.31 0.62 4.3 255.94 0.003
Q800 _TEE,1-1/2° 2.00 EACH 11.08 217 086 1.7 121.87 0.0
QB0 REDUCING TEE, 3/4" G7.00 EACH 1.55 104,14 0.55 37.0 2.203.02 0.022
0800 REDUCING TEE,1" 43.00 EACH 5.28 253.42 64 3.0 2,143.62 0022
0800 REDUCING TEE,1-1/4" 44,00 EACH a.487 43864 0.y7 33.6 2,350.72 0024
0&00 REDUCING TEE, 1-1/2° 56.00 EACH 16.54 926.43 0.82 45.7 3.589.51 0.036
0800 REDUCING TEE 2" 4500 EACH 2247 1.011.16 0.94 42.1 3,450.78 (.035
0800,  REDUCING TEE2-1/2" 23,00 EACH 50.88 1.170.48 1.51 348 3,251.33 0.033
0800 ™ REDUCING TEE,3" BO0 EACH Ta.ov 584.50 1.84 14.7 1,474.28 0.01%

Fage 1 TIFI2006 O7:48 AM
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60 Day Copper

$115/Th Feb 02, 2007 to Apr 02, 2007 7 31465 4 +H1.7151
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Table 3.2 - Flow Velocity

Flow Rate ft/sec
GPM 3/8” 12" 5/8" 3/4” 1" I 1/4” | 1 U2” =
0.2 0.67 0.36 0,25 0.18 0.11 0.07 0.05 0.03
0.3 .00 0.54 0.37 0.27 0.16 0.11 0.08 0.05
0.4 1.33 0.72 0.50 0.36 0.22 0.15 0.1 0.06
0.5 1.67 091 0.62 0.45 0.27 0.18 0.13 0.08
0.6 2.00 1.09 0.74 0.54 0.33 0.22 0.16 0.09
0.7 2.33 |.27 0.87 0.64 0.38 0.26 0.18 0.11
0.8 2.67 |.45 0.99 0.73 0.44 0.29 0.21 0.12
0.9 3.00 |.63 [.12 0.82 0.4% 0.33 0.24 0.14
1.0 3.33 |.8] .24 091 0.55 0.37 0.26 0.15
11 3.67 .99 [.36 1.00 0.60 0.40 0.29 0.17
1.2 4.00 217 .49 1.09 0.66 0.44 0.32 0.18
1.3 4,34 2.35 .61 [.18 0.71 0.48 0.34 0.20
|4 4.67 2.53 1.74 1.27 0.76 0.51 0.37 0.22
1.5 5.00 172 .86 .36 0.82 0.55 0.40 0.23
1.6 5.34 2.90 1.98 1.45 0.87 0.59 0.42 0.25
1.7 5.67 3.08 2.11 1.54 0.93 0.62 045 0.26
1.8 6.00 3.26 223 1.63 098 0.66 047 0.28
1.9 6.34 3.44 2.36 .72 1.04 0.70 0.50 0.29
2.0 6.67 3.62 2.48 1.81 .09 0.73 0.53 0.31
2.5 8.34 4.53 3.10 2.27 1.36 0.92 0.66 0.38
3.0 10.00 543 3.72 2.72 |.64 1.10 0.79 0.46
3.5 11.67 .34 4,34 318 1.91 1.28 092 0.54
4.0 7.24 4.96 3.63 2.18 |.47 |.05 0.62
4.5 8.15 5.58 4.08 246 1.65 .19 0.69
50 9.05 6.20 4.54 273 .84 |.32 0.77
6.0 10.86 744 5.44 3.28 .20 1.58 0.92
7.0 8.68 6.35 3.82 2.57 1.84 .08
8.0 992 1.26 437 194 211 1.23
2.0 .16 B.17 491 3.30 2.37 1.39
Flow Rate ftisec
GPM 3/8” 12" 5/8" 3/4" 1 * 1 14" | 1 2" 7 i
0.0 9.07 546 3.67 2.64 [.54
1.0 998 6.0 4.04 2.90 1.69
2.0 10.89 6.55 4.40 316 1.85
13.0 710 477 343 2.00
4.0 7164 5.14 3.6% 2.6
15.0 8.19 5.51 395 2.31




Table 3.3 - Pressure Loss

60°F (16°C) Water
Flow Rate Pressure Loss psi/l00 ft of Pipe
GPM 38" | w2e | sier | 347 i e |1y | 27
0.2 0.427 0.099 0.040 0.019 0.006 0.002 0.001 0.0003
0.3 0.880 0.204 0.083 0.039 0.012 0.005 0.002 0.001
0.4 470 0.341 0.138 0.065 0.019 0.008 0.003 0.001
0.5 2.189 0.508 0.205 0.097 0.029 0.011 0.005 0.001
0.6 3.032 0.703 0.284 0.135 0.040 0.015 0.007 0.002
0.7 31993 0.926 0.374 0.177 0.053 0.020 0.009 0.003
0.8 5.069 1175 0.475 0.225 0.067 0.026 0.012 0.003
0.9 6.258 1450 0.586 0.278 0.082 0.032 0.014 0.004
1.0 7.555 1.751 0.70v 0.335 0.099 0.038 0.017 0.005
[ 8.960 2.076 0.839 0.397 0.118 0.046 0.021 0.006
1.2 10.47 2425 0.980 0.464 0.138 0.053 0.024 0.007
1.3 12.08 2.799 l.131 0.535 0.15%9 0.06] 0.028 0.008
|.4 13.80 3.195 1.291 0.611 0.181 0.070 0.032 0.009
1.5 [5.61 3.615 1460 0.691 0.205 0.079 0.036 0010
.6 17.52 4.058 1.639 0.776 0.230 0.089 0.040 0.011
1.7 19.53 4.523 1.827 0.865 0.256 0.099 0.045 0.012
1.8 21.64 5.010 2.023 0.958 0.284 0.110 0.050 0.014

Table 3.3 = Pressure Loss (continued)

60°F (16°C) Water
Flow Rate Pressure Loss psi/l00 ft of Pipe
GPM 3/8” 1/2” 5/8" 3/4” I I 4" | 1 12" an
1.9 23.84 5519 2.229 1.055 0.313 0.121 0.055 0.015
2.0 26.14 6.050 2.443 1.157 0.343 0.133 0.060 0.017
2.5 3%.00 9.024 3.643 1.724 0.511 0.197 0.089 0.025
3.0 54.10 12.51 5.050 2,390 0.708 0.274 0.124 0.034
3.5 71.36 16.50 6.658 3.150 0.933 0.360 0.163 0.045
4.0 2057 8.459 4.002 |.185 0.458 0.207 0.057
4.5 2590 10.45 4943 | 463 0.565 0.256 0.071
50 31.30 12.63 5972 |.768 0.683 0.309 0.085
6.0 43.44 17.52 B.284 2.451 0.946 0.428 0.118
1.0 23.11 10.93 3.232 |.248 0.564 0.156
8.0 29.38 13.89 4.108 1.585 0.717 0.198
9.0 36.32 1717 5.076 1.959 0.885 0.244
10.0 20.75 6.134 2.367 1.070 0.295
11.0 24.63 1.281 2.808 1.269 0.350
12.0 28.81 8.514 3.284 [.484 0.409
3.0 9.832 3.792 [.713 0472
4.0 [1.24 4.332 1.957 0.539
15.0 12.72 4.905 2216 0610

Shown is pressure loss in units of psi per 100 feet of pipe.
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