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Executive Summary
Prestige Worldwide Consulting & Design is a privately operated engineering firm that is
represented by our five core values; Professionalism, Management, Experience, Efficiency, and
Determination. Based out of North Andover, Massachusetts our team of seventeen highly
qualified professionals provide clients with full service civil engineering consulting and design.
With our particular sets of skills we strive to meet our clients’ needs in a timely and effective
manner.
Middlesex Community College (MCC) released a request for proposals for a new STEM
Building to be constructed on their Bedford campus. Prestige Worldwide Consulting & Design
was pleased to provide such proposal and honored to be accepted as their leading design firm for
such an important project.
MCC educates, engages, and empowers their diverse community. As a community
college they aspire to challenge and support all their students in such a way that they can succeed
and lead. With their guiding principles, values, strategic directions and accountability measures
MCC meets the evolving education, civic, and workforce needs of their community.
MCC provides an education to a multitude of students from varying locations. Since
1970, the Bedford campus has continuously added majors for all of its students while
maintaining a low average class size of 21. In order to maintain this low average class size,
revisions, expansions and improvements to the Bedford campus is necessary. The college has
determined a new Science, Technology, Engineering and Mathematics (STEM) academic
building would be a suitable fit.
After touring MCC in Bedford campus it was abundantly clear for the need of a new
STEM academic facility. The college has defined the STEM building to be designed, constructed
and meet certain specifications with an approximate budget of $27 million. MCC’s Bedford site,
is currently a fully functioning active academic campus. Options for the location of the proposed
STEM building where reviewed and it was determined the property targeted for the location of
the new STEM building to be located in the Northeast corner of the quad where the Bedford
House, resides. The existing MCC Bedford house shall be razed and removed.
The final building design is to be a three story 42,750 sq. ft. steel- framed structure with a
2,482 sq. ft. sky walk connecting to the existing Henderson Hall on the 2nd floor. The foundation
will consist of strip and spread concrete footings. Specified roadways and parking areas will be
upgraded utilizing traditional pavement and true grid alternative pavement systems. Drainage
options will be proposed as well as reestablishing utilities and achieving LEED certification. The
project cost estimate is approximately $27 million and the expected construction schedule is 16
months. The total time of the project including all design, meetings, board approvals, building
specification review, bidding, and construction is to be 2 years and 2 months. Upon completion,
the “new” STEM academic building on the Bedford campus will promote MCC’s core values in
the education and leadership in science fields.
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Complete Scope of work
Prestige WorldWide has examined and evaluated two proposed locations for the
proposed STEM Building. One of the proposed locations was to construct the building on the
wooded hill just north of South Academic. To our knowledge this location is a undeveloped site,
with no previous construction. While this may seem ideal, the uncertainties are unknown. The
soil conditions are unknown, the site is located on a hillside which would require cutting and
filling of the land, there are no current utilities and the location is apart from the center of
campus. In addition, further studies would be needed to ensure soil conditions would be adequate
for such a proposed structure. The other proposed location is at the location of the current
Bedford House, in between Henderson Hall and North Academic. This site currently has a
building that would need to be demolished to construct the proposed STEM building. The
Bedford House is in need of renovations and the classroom arrangements are awkward. Rather
than renovate, razing the building and reconstructing a new larger building in its footprint
seemed like a more viable proposal. The soil conditions are known, there are current utilities,
minimal cut and fill requirements, and is located in the center of campus. For these reasons the
current Bedford House location was chosen.
The scope of work was administered by Prestige WorldWide Consulting & Design for
Middlesex Community College. It entails all the necessary tasks for the design completion of the
project. The subsequent specifications are separated into diverse sections, Structural,
Transportation, Geotechnical, Environmental, and General Civil. Each section will describe their
scope of work and results accordingly.

Picture 1-Alternate options
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Structural
Middlesex Community College has requested a design for a new Science, Technology,
Engineering, and Mathematics (STEM) building for their Bedford campus. Prestige Worldwide
was given two options to determine and recommend the ultimate location for the proposed
STEM building on the campus. Our firm decided on the option of demolishing the existing
Bedford House and constructing the new building in that location. After review of the site was
confirmed it was determined that the science and engineering building at Merrimack College,
Mendel Hall, would be used as a prototype for the proposed building. Mendel Hall’s design
fulfills the needs of the client and with some adjustments would be able to fit at the site. Little
design was needed for the new STEM building because of the prototype being used, so creativity
and resources went into designing a Skywalk as a alternate that the client may choose to explore.
The Skywalk Bridge will connect the second floors of the new STEM building to the existing
Henderson Building. This bridge spans the entire width of the two buildings. The purpose of the
bridge is to provide a pass way between the two buildings and accommodates a study area and
lounge for faculty and student use.
The structural team is responsible for designing the members of the bridge ensuring that
it serves as a convenient walkway and a study area as well as a safe span that reaches standards
of all applicable building codes. Structural elements were analyzed via hand calculations and
computer programs to determine member sizing and spacing. The design will include load
combinations such as dead load from materials used in construction and live loads such as
occupation and snow loads. The design will provide proper protection from the weather as well
as including proper fire protection systems. The complete scope of work is detailed further
below:
1. Description
The structural team for Prestige Worldwide is responsible for designing and providing
detailed structural analysis of the new STEM building and the Skywalk Bridge
connecting the second floor of the new STEM building to the existing Henderson
Building. The analysis for this project will include a complete set of calculations, and
complete structural drawings of the project including section, elevation, and plan
drawings of the Skywalk. The drawings will be done to scale and will be partnered with
3D model images to display the design of the project. These drawings and design plans
will be computed in AutoCAD. A summary of the applicable building codes as well as
the computer model data will be presented in the final report.
2. Structural Report
a. General Information
The structural report will present all calculations for the Skywalk design
i.
A discussion of the client’s needs and outline of design decision
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ii.

A summary of applicable sections of the International and Massachusetts
State Building Code
iii. Discussion of building layout and column location in building and bridge
iv. All calculations and member sizes
v. All other information used to determine the structural design of the building
and bridge

b. Structural Analysis
The following included in this section will describe the analysis and process used
for analyzing the building and bridge. For this project, the site compared similarly
to that of the science and engineering building, Mendel Hall, at Merrimack
College. For the main building it was determined that the design of Mendel was
applicable for this site and fit the client’s needs. Therefore, the structural analysis
being performed was focused primarily on the proposed Skywalk connecting the
new STEM building to the Henderson Building. Every building element in this
bridge must be analyzed to determine sufficient structural strength as well as
correct sizing of the members. Initial hand calculations were performed to generate
preliminary member sizing and spacing. The bridge was then modeled and
analyzed in SAP2000 program to verify the adequacy of the initial hand
calculations.
i.

Beam/Girder analysis
Analyzing the beams and girders necessary for the bridge will require
computations for all applicable load combinations including dead load, live
load, superimposed dead load, wind load, and snow load. The results of this
analysis will determine the sizing and spacing between members.
ii. Column analysis
The analysis for the columns will be similar to the analysis of the beams and
girders in that the maximum demand loading will be computed and will
determine the sizing and spacing of the members to get the necessary loading
capacity.
iii. Roof analysis
The roof for the Skywalk will consist corrugated sheet metal decking,
insulation, and a waterproof rubber membrane layer resting on channels and
steel beams spanning the bridge. The analysis of this roof will include the
dead load of these materials, and the live load consisting of snow loads and
other values according to building code.
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c. Final Design
This section will contain the material that provides the client with a detailed outline of
the final design layout. A building analysis be performed on this design layout as a
final check.
i. Describe structural materials used in final design layout
ii. Discuss advantages of materials being used as well as design
iii. Ensure final design meets client’s expectations and reach safety expectations
cited in Building Code Summary
3. Digital Drawings and Models of Final Design
This section will include a display of the final design layout drawings in plan view,
section view, and elevation view. These drawings will be performed by hand as well as
in a computer program like AutoCAD. The drawings will depict details about the
members’ size and location as well as the layout of the design. In addition to these 2D
drawings, 3D models of the project will be included to give the client a proper visual
representation of the proposed building and bridge. Printouts of the analysis performed
in SAP2000 will also be provided to show more in depth and detailed calculations than
the initial hand calculations.

Transportation
In order to accommodate for the new STEM building the transportation team reviewed
existing conditions to determine what necessary accommodations would be needed. It was
determined that a new proposed turnaround would be needed to accommodate basic vehicular
traffic, as well as fire truck turnaround access. This change was brought on by the increased size
of the proposed STEM building. Signage was evaluated through analysis and it was determined
to be adequate at directing vehicles throughout the project limits. A designated vehicle delivery
location, vehicle traffic, and emergency vehicle accessibility were all important aspects that were
addressed in the design. Due to changes in the location of the turnaround an additional 10 spaces
have been added to the parking lot across from the Student Union Building, an existing campus
lot. All parking designs will meet the town of Bedford’s zoning regulations and follow ADA
compliance to add the appropriate amount of parking spaces. All parking areas and walkways
will safely accommodate the visitors to the new building. For both the turn around and the
existing parking lot, water runoff was reduced using the TrueGrid permeable paving system.
This eliminates the need for drainage systems in those areas. Parking studies were based
specifically on the school’s current enrollment and the fact that the schools population size
should not be increasing due to the new STEM building. The complete scope of work as
provided to the Town is detailed below:
1. Description
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The work performed by the consultant transportation engineer under the scope of this
project shall consist of traffic and parking investigation for the adequate redesign of
campus roadways and parking that have been altered by the size of the proposed STEM
building on Middlesex Community College’s campus. This shall include parking
analysis, and engineering analysis and evaluation. All results will be presented in report
form as well as digital drawing of all final designs.
2. Transportation Report
a. General
The transportation report will contain all data obtained during parking analysis, all
engineering analyses, and recommendations for the geometric and pavement
designs.
b. Contents of Report
i. General Information
1. The location of the project, project background, scope of proposed construction,
parking studies, etc.
2. A general description of the current traffic conditions throughout the project
limits.
3. Any other information which may be of value for the parking analyses.
ii. General Recommendations
The Transportation Report shall include general recommendations concerning
design and construction procedures for standard pavements and TrueGrid
permeable pavement; and geometric design as applicable.
iii. Detailed Transportation Conditions and Recommendations
The traffic at the site shall be generally described. This section will address
specific problems or conditions that are unique to the project. Recommendations
from all engineering analyses will be completed all under the scope of pavement
design and construction. The geometric design and/ or any other factors that
affect design or construction will also be accounted for.

iv. Engineering Analysis
This section will describe the work done involving parking analysis, parking
layout, geometric design, pavement design, and other transportation engineering
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considerations. The appendix of the report will include all sketches, assumptions,
details, calculations and details of all aspects of the final design.
1. Parking Area Layout Analysis
This work shall include considerations for the amount of faculty and students that
are enrolled at Middlesex Community College, Bedford, MA to design a parking
lot that is convenient and efficient. The parking lot will also be Leadership in
Energy & Environmental Design (LEED) Certified and American Disability Act
(ADA) compliant.
2. Geometric Design
This work shall consist of designing turn radii suitable for Bedford’s largest
firetruck as well as basic vehicle traffic. The consultant transportation
engineer shall use vehicle specific turning templates for suitable radii throughout
the turn around and neighboring parking lot.

v. Pavement Profile
Pavement Profile shall include all layers required with their corresponding layer
content and depths.
3. Digital Drawing of All Final Designs
All final transportation designs shall be digitally rendered using AutoCAD.
Digital files clearly show dimensions and locations of new geometric design, parking and
pavement.

Geotechnical
The durability and structural strength of the new STEM academic building depends
heavily on the foundation of the facility. The process began with a complete subsurface
investigation. The investigation included information from GIS data, percolation test, related
boring tests, and site plans. The geotechnical team analyzed the data from the investigation and
designed a foundation to support the new STEM academic building loads.
1. Description

The work performed by the geotechnical team according to the scope was to complete a
subsurface investigation report and a geotechnical design of a foundation for the new
academic building. The team will develop an existing condition site plan, final design
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plan and construction details for the footing. Below is an outline of the geotechnical
report.
2. Geotechnical Report
a. General
The purpose of the report is to review the result of the subsurface investigation,
complete all engineering design analysis, and suggest any solution for complications
encounter as the site.

b. Subsurface Investigation Report
i. General Information
1. Project background and identification, discussion of location of
the project, scope of proposed construction, field investigation
procedures, ect.
2. Date, month and year when the field investigation was
completed. Sources which field data were obtained.

3. Description of the geology and soils encounter on the site,
topography of the site, high water elevation, flooding and any
other conditions. Soil parameters were determined in order to
properly design the foundation.
4. Any other information found during investigation which would
affect the design process.

ii. General Recommendations
The Geotechnical Report includes recommendations for
design and construction procedures for shallow
foundations.
iii. Detailed Geotechnical Conditions and Recommendations
A general description of the soil types and properties will
be explained along with any problems or constraints.
Recommendations will include removal of unsuitable soil,
replacement or treatment if needed. This will be completed
as part of the foundation design.
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iv. Boring Logs/Test Pits
Field percolation test were provided by a pervious drainage
analysis report for Middlesex Community College
performed by Flynn Engineer. Percolation test data will be
included in the appendix.
v. Geotechnical Profile
The site specific geotechnical soil profile contains data
used during analysis and design of the foundation. The
profile includes soil type and related soil properties.
c. Design Approach
Design approach for the foundation is based on subsurface investigation analysis.
Foundation design analyzed shallow foundations, which include spread and strip
footings, based on a safety factor against bearing capacity and minimum
settlement. The design’s sketches, assumptions, and calculations of the final
engineering analyses are included in the appendix.
1. Foundation Analysis
Foundation analysis consists of all analyses and
computations to make complete recommendations and
alternatives for a sufficient foundation to support the
loading conditions at each support. The analysis involved
calculations for settlement, bearing capacity, and factor of
safety.
a. Settlement
Settlement analyses were performed for each footing type
based on subsurface soil data. The calculations for total
estimated settlement are based on the loading data on each
footing and soil conditions at site.
b. Shallow Foundation
Shallow foundations include all analyses and computations
required to recommend a satisfactory shallow foundation to
support the proposed building and loading conditions at
each support. Shallow foundations considered are spread
and strip footings.
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c. Deep Foundation
Deep foundations were not needed at this site and were
only considered if the soil could not support a shallow
foundation, due to deficiencies in soil strength and
insufficient soil properties.
2. Digital Drawings of All Final Design
The final structural foundations design has been digitally
rendered using Computer Aided Design (CAD). Digital files
include dimensions, locations and materials used for
foundational and retaining wall elements under the scope of
this project.

Environmental
The Environmental team has investigated the existing conditions of the site where the
STEM building will be constructed at Middlesex Community College. The design consists of
relocating utilities, drainage system analysis, attaining LEED certification, an erosion control
plan, and an investigation of permitting needs.
Existing site plans were used to analyze the utilities and drainage on the site. After further
investigation it was possible to conclude that some utilities would have to be moved. The
drainage analysis was completed using resources such as topographic maps and rainfall data. A
variety of options were considered in order to attain LEED certification. For the construction
phase of the project erosion control options were implemented. Lastly, the environmental team
performed a thorough investigation of potential permitting needs. The complete scope of work as
provided to Middlesex Community College is detailed below:
1. Purpose
The work performed by the environmental engineer is intended to obtain complete
satisfaction from the client in the following areas: utility considerations, storm water
system analysis, LEED certification for the STEM building, and erosion control plan.
This includes investigations of pre-construction site conditions and post-construction site
conditions, digital drawings, maps, and computer analysis/modeling. The new
construction will not affect the site layout in any negative way. The team’s design will
modify and innovate the existing drainage system to make it work with the new site
conditions.
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2. Description of Alternatives
The proposed conditions under the scope of this project shall consist of two alternatives
to accommodate the additional storm water runoff caused by the increase in square
footage of the new STEM building. Alternative one would be to incorporate the
additional flow into the existing drainage system, this would require further investigation.
Alternative two would be to include underground storm chamber to infiltrate the
additional storm water runoff. Alternative two would also require further exploration of
the site. These alternatives will be further discussed in the drainage section of the design
approach.
3. Environmental Report
The environmental report shall be the presentation of all data, figures, and maps acquired
during the design process. All engineering analyses performed to further evaluate the
existing and proposed conditions of the site will be documented in this report, including
the design and the integration of LEED certification, erosion control, utility connections,
and permitting needs.
a) Contents of Report
(1) General Information
(i) A discussion of the project location, background, proposed construction
considerations, investigations, etc.
(2) Site Conditions
(i) The existing conditions at the site shall be described. Description of
drainage prior to construction along with advantages and disadvantages of
the layout location. Recommendations based on the engineering analysis
of the site shall be explained in great details.
(ii) A general description of the surface water and wetlands encountered on
the site, along with a description of the terrain. This includes storm water
runoff, drainage system, and any other specific conditions that are
valuable to the design.
(3) Engineering Analysis
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(i) The work in this section describes in depth the methods used to analyze
the site conditions prior and post construction. The drainage
recommendations will be made based on the engineering analysis.
Information about utilities shall be provided in this section, including
construction based utilities services. Erosion control implementations will
be provided along with permitting needs. Calculations, tables, and
hydrologic reports shall be included in the appendix.
(4) LEED
(i) As part of the scope of work LEED certification is required. In order to
attain LEED certification a minimum of 40 to 49 points must be achieved.
A LEED recommendation report will be found in this section which
includes the benefits of having a LEED certified building.

4. Digital Drawings of Final Designs
Digital drawings using AutoCAD are included to clearly show the proposed
conditions of the STEM building site at the Middlesex Community college.
Drawings include details about: dimensions, locations, and materials used in the
project.

General Civil
The general civil team has provided various services to ensure the completion of the
project. To ensure the project will be completed in a timely manner a complete detailed design
and phase construction schedule was created. The cost estimate from unit costs of building
elements and quantity surveys were produced for the client. The costs were presented in a
detailed presentation, and design contingencies to account for unidentified margin concluded in
the program. To ensure that the scope of the project remained within the allowed budget the
scope, budget, and schedule options were evaluated. Consistent with specifications prepared by
an architect, the team provided services of the detailed site/civil design documents and the
necessary development specifications.
1. Purpose and Need
The general civil team shall perform services listed in the scope of work of this
project which will entail a complete site investigation for the suitable design and
construction of the new MCC Bedford house. The services provided shall include
but are not limited to a design and phase construction schedule, a cost estimate of
the project, and a complete survey of the existing site conditions and post
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construction conditions by preparing a set of as-built drawings. All the results will
be documented in a report form with digital drawings of the final design and
conditions. The team will review the required permits before submittal to ensure
the project will be completed in a timely manner.
2. Alternatives
The general civil team will achieve the work under the projects scope of work
which will entail a site layout, erosion control measures for during construction,
re-grading the site upon the project’s completion, a phase construction schedule,
and an engineer’s best cost estimate. All of the results and findings shall be
documented in a report form including the digital drawings of the final designs.
3. General Civil Report
a. General
The general civil report shall include the pre and post construction inspections,
the engineering analyses, and all recommendations for the site layout and grading.
b. Contents of Report
i. General Information
1. A discussion of the location of the project, project identification
and background, scope of proposed construction, field
investigation procedures, etc.
2. Any other information that may be of significance for the
interpretation of the field survey data.
ii. General Recommendations
The general civil report shall recommendations concerning design
and construction procedures for the re-grading of the site, and the
engineer’s best cost estimate based on quantities and construction
schedule.
iii. Construction Schedule
The existing conditions at the site shall be generally described;
specific problems or conditions shall be explained;
recommendations with the results of the engineering analysis shall
concluded. As well, drainage installations, and/or any other factors
affecting design.
iv. Cost Estimate and Quantities
The work described in this section shall include review of a cost
estimate based on quantities of materials and labor cost for
construction to complete the project in unity with the construction
schedule. Detailed breakdown of quantities shall be included in the
Appendix of the report. The source of the analysis and the input
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and output data shall be provided if computerized analysis methods
are utilized.
4. Digital Drawing of All Final Designs
All final grading and layout designs shall be digitally rendered using Computer
Aided Design (CAD). Digital files shall clearly show dimensions, locations, and
materials used for foundation elements.
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Design Approach
Structural
The structural team was tasked with designing the structural layout for a new STEM
building at the Bedford Campus for Middlesex Community College. Due to the similar usage
and land area for the proposed structure, the structural team has proposed to use the design of
Mendel Hall, which houses Merrimack College’s Science and Engineering departments. By
using the Mendel building’s existing design as a prototype, the structural team was able to focus
on designing the Skywalk bridge connecting the proposed academic building to the existing one.
The Skywalk bridge that connects the two buildings will have an area of 2482 ft2,
spanning 23 feet on the South side facing the academic quad and opening up to a 50 foot span to
the North. Structural steel beams, girders, channels, and columns will support this. To design the
elements of the structure, the team determined all of the appropriate loads (i.e. Live load, dead
load and snow load) by factoring in the proposed usage of the facility. The loading scenarios
were computed using hand calculation and the International Building Codes (IBC) with the
amendments made by the Massachusetts State Building Code 8th Edition requirements. All the
members of the structure, including the girders, channels, beams, and columns were designed to
be a high strength steel (ASTM Designation A992) based on the AISC Steel Manual. To ensure
that the capacity of the whole structure will be sufficient for all load combinations, the team
decided to have a D/C ratio (Demand/Capacity) less than one. The two major elements of the
floor for the bridge are the steel and the concrete. The design of this bridge was based on the
spacing of the steel beams so that the capacity was bigger than the demand, and so the design
thickness of the concrete worked with the span to depth ratio. When designing, it was important
to consider not only the nominal moment capacity, but also the shear capacity and deflection.
The steel beam used in designing the bridge passed the nominal moment capacity as well as the
shear capacity but not the deflection. Instead of increasing the size of the beam to correct for
this, the structural team decided to design the steel beams as composite beams where shear studs
will welded to the W-Shape beams to implement the concrete as part of the beam. This makes
the beams significantly stronger because the neutral axis is then shifted up as the concrete carries
the compression and the steel carries the tension. The shear studs keep the beam and slab from
slipping, which minimizes the deflection.
Note that this is an alternate to the requested scope of work. However, the Skywalk
Bridge will be aesthetically pleasing, having both the South and North walls composed of
structural glass. This will provide natural lighting and expose the beams holding the structure
together. The roof will be made of a lightweight corrugated sheet metal system to provide a cost
effective alternative to a typical concrete roof. This sheet metal system will be composed of 24
gauge Nu-Wave Corrugated sheet metal with double spans of 5 feet. In order to attain the
necessary spans, channels were designed to run between steel W-beams. Attached to the roof
decking sheet metal layer will be a 2.5-inch layer of ISOGARD HD Composite rigid insulation,
which is more economical than typical rigid insulations. The Composite is one layer which
makes installation much simpler than having multiple layers that require insulation adhesive.
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The final layer for the roof is a rubber membrane to weatherproof. For the rubber membrane,
60-mil LSFR EPDM Rubber Gard Panels will be used. The reasoning for this design is not only
for waterproofing purposes but also soundproofing.

Transportation
Proper geometric design is essential for an efficient and safe vehicle facility. The
proposed turnaround is designed with the proper turning radii to allow Bedford’s largest fire
truck (Ladder 1) to maneuver throughout. The path of the fire truck begins through the first half
of the turnaround and continues up the one way. This maneuver can only be done by emergency
vehicles. The process occurs only within the first half of the turnaround so during the design the
minimum turning path template for AASHTO design vehicle S-BUS-12 was used. This vehicle
template reflects the minimum turning radius given by the Bedford Fire Department for their
vehicle (36’). The second half of the turnaround specifically for vehicle traffic was also design
using the AASHTO design vehicle P (passenger car). A 30’ radius in and out of the turnaround
will be used to accommodate all traffic flow, with a 36’ radius curve at the entering lane of the
two way roadway.
Parking on campus was described to be a problem therefore a parking study was
completed to see how many, if any, parking spots would need to be added on campus. According
to the Land Use: 540 Junior/Community College from the Institute of Transportation Engineers,
says that the average parking supply ratio is 0.2 spaces per total number of students, faculty, and
employees. The amount of students (13,267), full-time faculty (125) and part-time faculty (460)
was taken from the Middlesex Community College website for a total of 13,852. Due to the fact
that Middlesex Community College has two campuses, it was assumed that the number of
students and faculty would need to be divided in half (6,926) in order to give a close
representation of the total faculty and students using the Bedford campus. So the required
number of parking spaces is then 1,385. To meet Americans with Disability Act (ADA)
compliance, campuses with 1,001 parking spots or more must have 20, plus 1 for each 100, or
fraction thereof, over 1000. This means that the campus requires 24 ADA compliant parking
spaces. The campus currently has 1,600 parking spaces with 27 of them being ADA compliant.
That means that no parking spaces were needed to be added to the campus.
For detailed calculations, refer to the Transportation addendum.
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Total Requirement
Total Existing
ADA Requirement
ADA Existing

1,385.2 spaces

<-- Meets
1,600 spaces requirement
26 spaces
<-- Meets
27 spaces requirement

Table 1-Parking Evaluation

There is one parking spot on campus that is in disrepair, due to the fact that the pavement
is damaged from the amount of drainage in the area. There are drainage structures as well as a
drop-off area, that causes the parking lot to become muddy and students tend to not use it, so the
lot is not being used for its full potential. To help elevate the water, it was decided to use a
porous pavement, TrueGrid Permeable Paving System, in order to help the water permeate into
the ground and as to not create water run-off. The pavement design engineers at Prestige
Worldwide Consulting and Design will present the permeable pavement design used for the
construction of the proposed parking facility on the Bedford campus of Middlesex Community
College (MCC). The report will include the current project conditions, description of work, and
proposed design considerations. For detailed pavement design report refer to Transportation
addendum.

Geotechnical
Subsurface Investigation
The purpose and scope of this study was to review results from previous subsurface
investigation completed at Middlesex Community College and surrounding areas. Percolation
test were provided from the Town of Bedford. The analysis was based on several different
professionally accepted correlations between percolation test results and various soil properties,
such as effective friction angle and unit weight of the soil . Accepted correlations were used in
order to achieve the more accurate representations of soil at the site. A 1-demensional soil
profile was developed from the percolation. All assumptions, correlations, and calculations are
included in the Geotechnical Appendix section.

Settlement
The soil types at the Mendel site located at Merrimack College and at the new STEM
Academic building site located at Middlesex Community College are very similar. Soil
parameters could be assumed as the same; therefore a check in settlement was the only
requirement. The settlement, Se (in.), is required to be less than 1 inch according to Das (2011)
Table 5.15 located in the appendix. The allowable load on the footings is based on the
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Massachusetts State Building Codes. The code states that the load cannot exceed 6 kip/ft^2.
The minimum width of the footings are calculated and rounded up to be the nearest ½ foot
according to the code. The settlement was calculated using Meyerhof’s Method.
Se (in.) =

2.5 𝑞𝑛𝑛𝑛

(for B<4ft)

𝑁60 𝐹𝑑

4 𝑞𝑛𝑛𝑛

Se (in.) = 𝑁

60

𝐹𝑑

�

𝐵

�

𝐵+1

2

(for B>4ft)

Equation 5.61 page 264 Das

Equation 5.62 page 264 Das

Where,
qnet = P/A = P/B2
P = Load acting on foundation
B= Width of footing
N60 = Calculated Value for selected soil layer
Fd = 1+ 0.33(Df / B)
where,
Df=depth of foundation
Upon completion of the settlement calculations it was determined the settlement would be less
than 1 inch. The estimated settlement predicted is 0.7 inches. The sizes of the footings were
confirmed to be suitable for the new STEM academic building. Detailed calculations can be
reviewed in the Geotechnical Appendix section.

Bearing Capacity
To assure that the capacity of the soil was able to support the loads applied to the ground
the bearing capacity was evaluated. The allowable bearing capacity of the soil was calculated by
dividing the ultimate bearing capacity by a factor of safety of 3. This would allow for the
maximum pressure to the soil without failure. The bearing capacity equation below was used to
find the ultimate capacity. Bearing Capacity was calculated using Terzaghi’s Method.

qult = c’ Nc + q’ Nq + 0.5 γ’ B Nγ

Where,
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(Equation for Strip Footings)

qult = ultimate bearing capacity
c’= effective cohesion (zero for granular soil)
q’ = effective vertical stress at bottom of foundation
Nc,Nq,Ny= Bearing capacity factors
γ’ = effective unit weight of soil
B = width of foundation

qult = c’ Nc + q’ Nq + 0.4 γ’ B Nγ

(Equation for Spread Footings)

Where,
qult = ultimate bearing capacity
c’= effective cohesion (zero for granular soil)
q’ = effective vertical stress at bottom of foundation
Nc,Nq,Ny= Bearing capacity factors
γ’ = effective unit weight of soil
B = width of foundation

After calculating the ultimate bearing capacity and dividing it by a factor of safety is was
confirmed that the soil will not produce a shear failure at any of the foundation footings. The
estimated ultimate bearing capacity is 30 kip/ft2. The sizes of the footings were confirmed to be
suitable for the new STEM academic building. Detailed calculations can be reviewed in the
Geotechnical Appendix section.

Environmental
The environmental team has analyzed the existing and proposed site conditions. In order
to accommodate the increase in impervious area on the site a drainage analysis was performed.
Once the increase in flow was quantified (by performing the drainage analysis) the
environmental team came up with two alternatives that could satisfy the increase in storm water
runoff. A LEED report was also created in order to satisfy the needs of the client. The LEED
report includes suggestions of design components where LEED points can be attained.
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Permitting needs were also investigated and are listed in the permitting section of this report.
Lastly, erosion control choices are listed to prevent any disturbance of the site during
construction.
Site Analysis
The site chosen for the proposed STEM building is currently occupied by the Bedford
House which will consequently be demolished. The Bedford House is located on the Northeast
portion of the campus. After further analyzing the site wetlands were found. According to
MassGIS the existing wetlands are located approximately 300-feet away from the building. This
eliminates any concern for a Department of Environmental Protection Permit since the
construction will not be impacting any wetlands. Construction will occur away from the 100-foot
buffer zone.
Engineering Analysis
In order to perform a drainage analysis of the site two different computer softwares were
used. The first was ArcGIS, this software provided the site layout, including contours which
depict the site’s topography. In the ArcGIS files two different files were created, one reflecting
the existing condition of the site and the other the proposed condition of the site. The only
difference between these two files was the footprint of the new STEM Building and Skywalk.
The reasoning for this is that the only change to the site will be the increase in impervious area
created by the larger footprint of the building. The sub catchment area was delineated and
established on ArcGIS. The second software used was HydroCAD, this software takes into
account the area of different cover types on the site and the time of concentration and based the
size of the storm that is modeled HydroCAD generates a hydrograph with a peak runoff rate that
will be used compare the existing and proposed conditions of the site.
ArcGIS creates maps and stores data that can be used to analyze the site. In the file, the
sub catchment was first delineated, then different areas within that sub catchment were traced in
order to come up with a total area for different cover types: grass, grass/trees, wooded, paved,
and roof. It was found that only one outfall would be impacted by the project. Once these areas
were determined, it was important to also record the soil type at the site. Using United States
Department of Agriculture (USDA) the team discovered that the site is covered only by
Hydrologic Soil Group “D”. Type D soils have the lowest infiltration rate. The Custom Soil
Resource Report can be found in the Environmental Appendix. Once the soil type was known, a
flow path had to be established, the flow path should be the furthest distance the runoff will need
to travel. The flow path is used to determine the time of concentration. Once all the parameters
mentioned above are determined they need to be input into HydroCAD. The figures showing the
delineated sub catchment, cover types, and flow path for existing and proposed conditions are
shown in the Environmental Appendix.
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In the HydroCAD software a node needs to be created. The node represents a sub
catchment area, in this case, the project site. Then different parameters need to be inputted into
this node. The first parameter required an area to be entered and then a cover type needs to be
selected based on the Hydrologic Soil Group (HSG), for example: 1 acre of grassed area with a
HSG “D”, this results in a Curve Number (CN). The curve number is weighed in the end based
on the areas and cover types. Once these parameters are entered the next step is to determine the
time of concentration. This is done based on the flow path that was established in the ArcGIS
software. The time of concentration is determine based on three types of flow, for the first 100feet that the runoff travels, sheet flow is assumed, next is shallow concentrated flow, and lastly
the water reaches a catch basin and travels in a pipe into the outfall, so pipe flow is considered.
Each of the different flows requires different parameter to be entered. For sheet flow and shallow
concentrated flow, the flow length, slope, and cover type (bare, grass, paved) need to be entered.
For pipe flow, a flow length, slope, roughness coefficient, and diameter need to be entered. Once
everything is properly entered a storm needs to be created. According to the Town of Bedford
bylaws a 100-year storm needed to be modeled. The storm modeled was a Type III 24-hour 100Year Storm, this storm generated a rainfall depth of 6.80 inches. The end results are the reports
that are shown in the Environmental Appendix. In the report a hydrograph is created showing the
peak runoff rate in cubic feet per second for the existing and proposed conditions of the site.
With these result the team was able to further analyses the drainage conditions of the site.
Existing Drainage
The existing drainage system on site consists of various catch basins and area drain which
discharge to the wetlands located north of the current Bedford House. There are a variety of pipe
sizes which convey storm water runoff on site, these pipe sizes range from 12-inch to 18-inch in
diameter. The layout of the existing drainage system can be found in Figure 1 – Existing
Drainage System, in the Environmental Appendix. The Environmental team at Prestige
WorldWide is assuming that the existing drainage system works properly during various size
storms.
In the existing conditions analysis in HydroCAD the report generated the hydrograph
below showing a peak runoff rate of 31.6 CFS (cubic feet per second). To generate this report a
map showing the cover types and flow path in the existing site was used, both the existing
drainage report and Figure 3 – Existing Conditions Analysis can be found in the Environmental
Appendix.
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Figure 1- Existing Peak Runoff Rate

The major assumption made was that the current drainage system design works. The existing
drainage system data shall be the base for the proposed design system.
Proposed Drainage
In Figure 2 – Proposed Drainage System the drainage system has been shifted slightly. In
order to accommodate the footprint of the STEM building the existing drainage system required
a few minor changes. A manhole (DMH-NEW) was added South of the proposed Skywalk, this
was necessary in order to straighten out the drainage pipe that runs North of DMH-NEW. The
new drainage pipe runs directly under the proposed Skywalk. The existing catch basin (CB-26)
was moved slightly to the left. These changes will be sufficient to accommodate the new STEM
building.
Proposed condition analysis was also performed in the HydroCAD software. The team
input the information into HydroCAD based on the changed that are occurring to the site. Figure
4 – Proposed Conditions Analysis depicts that the only change in impervious area is the increase
in footprint of the new STEM building. The only change that was made to the HydroCAD model
was to increase the impervious area by 12,625 square feet. This resulted in the hydrograph
shown below with peak runoff rate of 32.27 CFS (cubic feet per second).
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Figure 2 – Proposed Peak Runoff Rate

Based on the results from the HydroCAD analysis for a 100-Year storm the increase in
storm water runoff is only 0.67 CFS (cubic feet per second). Some of the increase in flow will be
reduced by the implementation of a green roof. The green roof will decrease the rate in which
storm water flows off the roof and also clean the water from any contaminants. Some of the
clean water coming off the roof will be stored in rain barrels to be used for irrigation. The rest of
the water will need to be redirected.
As mentioned in the Engineering Analysis, based on the United States Department of
Agriculture (USDA) the team discovered that the site is covered only by Hydrologic Soil Group
“D”, type D soils are normally not used for infiltration. This information could significantly
change the drainage design on campus, therefore, more onsite investigation and testing is needed
to confirm the best drainage option. In order to continue with a design the following information
would need to be provided: inverts for existing drainage system and/or borings to confirm the
soil on site, and a percolation test. The need for more information resulted in two design options.
The first would be to perform an analysis on the current drainage system to determine whether
the existing system could hold the additional flow from the increase in square footage of the new
STEM building. This design could require an increase in size for the drainage pipes, which
would result in pipe replacements. The second would be to infiltrate the additional flow using
underground Storm Chambers; this would require borings and soil testing to be done, if results
did confirm the soil group “D’ then this option would be discarded.
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Utilities
Middlesex Community College’s Bedford campus’ utilities include water, sewer, and gas
utilities. The gas utilities will need to be examined by a consultant for further evaluation since
the client did not provide sufficient information.
Currently there is a 6-inch domestic ductile iron water and an 8-inch ductile iron water
main used for fire protection. The area of concern for this project is in the northeast section of
campus. In this area of campus the contractor will cut and cap the utility lines of interest in order
to reconnect them to the new building. When doing so we must provide the contractor with exact
location of utilities, therefore an accurate survey will need to be done to the project site. Water
flow testing is recommended to ensure adequate flows for the proposed building.
Along with conducting a full drainage report for this particular site, Prestige
WorldWide’s environmental team analyzed all utility connections to the existing and proposed
building on the Middlesex Campus. Prior to construction, all targeted utilities will be cut, capped
and redirected. Once construction allows, all pipe lines will be reconnected in order to
accommodate the proposed utilities plan, connecting to the new building. The next two sections
explain how each utility was altered and changed to make the requirements fulfilled.
Water
As previously explained, The Middlesex Community College campus is set up with a 6inch ductile iron water main that provides the existing buildings with water to function
bathrooms, kitchens, etc. The 8-inch ductile iron water main provides the campus’ buildings with
fire protection. The existing pipes that run through the front of the Bedford will need to be cut
and capped. Also, the water pipes running behind the existing Bedford house connecting to the
Henderson building will need to be cut and capped. All the pipes running through that area will
be shut down and reconnected. The water lines are to be spaced a minimum of a foot apart and
roughly four feet above the sewer lines to avoid any contamination. The Henderson building will
not need to have the water pipes relocated since their connection does not interfere with the
construction site. The water lines will be excavated from the ground where the STEM building
will be placed.

Sewer
Currently, there is an existing 4-inch PVC sewer force main that runs through the center
of campus. The job site is set to where the Bedford house and Henderson building connect to this
sewer main. In our design, the environmental team will install a manhole in between the
proposed STEM building and the Henderson building in order to re-route the sewer pipes. The
existing sewer connections in each building will need to be relocated once the manhole is
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implemented. The sewer connections will connect to the STEM building through the front as
well as to the Henderson building. No pipes will run under the STEM building or Henderson.
This system will be readjusted on a weekend so that usage of the sewer system is not disturbed in
Henderson. One of the issues that appeared in this project was the redirecting of the sewer pipe
lines where the excavation should not interact with any foundation or building. This work should
be supervised and evaluated by a professional.
In order to maintain the current size of the sewer system the capacity of the existing 4inch PVC sewer was calculated using Manning’s equation and compared to the necessary
capacity found in the Title V regulations. Based on the calculation it was found that the 4-inch
PVC pipe was sufficient for the new flows out of the proposed STEM building. Calculations
showed a required flow of 4,200 gallons/day for the new STEM building and the capacity of the
existing 4-inch PVC sewer is 75,379 gallons/day. These calculations can be found in the
Environmental Appendix
Manning’s Equation:

Q = Flow Rate, (ft3/s)
A = Flow Area, (ft2)
n = Manning’s Roughness Coefficient
R = Hydraulic Radius, (ft)
S = Channel Slope, (ft/ft)

𝑄=

1.486 2 1
𝐴𝑅 3 𝑥 𝑆 2
𝑛

Leadership in Energy & Environmental Design (LEED)
Leadership in Energy & Environmental Design (LEED) is a green building certification
program that recognizes best-in-class building strategies and practices. Prestige WorldWide was
tasked with LEED certification because it’s recognized across the globe as the premier mark of
achievement in green structures. LEED helps save money, conserve energy, reduce water
consumption, improve indoor air quality, making better building material choices, and drive
innovation. A third-party certification verifies that the project is designed, built and operating the
way it was intended.
Behind the LEED program is an immense infrastructure developed to support the leaders
in the industry as they innovate and create cutting-edge, high performance buildings. Significant
investments are made each year to maintain, operate and improve LEED and its delivery.
LEED-certified buildings cost less to operate, reducing energy and water bills by as much
as 40%. Businesses and organizations across the globe use LEED to increase the efficiency of
their buildings, freeing up valuable resources that can be used to create new jobs, attract and
retain top talent, expand operations and invest in emerging technologies.
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LEED buildings have faster lease-up rates and may qualify for a host of incentives like tax
rebates and zoning allowances, and to achieve LEED certification there are mandatory
requirements which don’t earn any LEED points and there are optional requirements which earn
points for the LEED certification. Below is a list of mandatory and optional requirements along
with Prestige WorldWide’s design approach for each option.
A checklist with the points earned with the LEED design components listed below can be found
in the Environmental Appendix.
LEED Design Components
Location and Transportation
Sensitive Land Protection (1 Point)
LEED Requirements
•

Locate the development footprint on land that has been previously developed.

Design Approach
•

STEM Building shall be built on the site where Bedford House currently resides.

Surrounding Density and Diverse Uses (5 Points)
LEED Requirements
•

Locate on a site whose surrounding existing density within a ¼-mile [400-meter] radius
of the project boundary.

Design Approach
•

New building will be located on the main area of the Middlesex campus and will have
diverse usage.

Bicycle Facilities (1 Point)
LEED Requirements
•

Provide long-term bicycle storage for at least 5% of all regular building occupants, but no
fewer than four storage spaces per building in addition to the short-term bicycle storage
spaces.

Design Approach
•

Install bicycle storage below Sky Deck.
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Sustainable Sites
Construction Activity Pollution Prevention (Mandatory)
LEED Requirements
•

Create and implement an erosion and sedimentation control plan for all construction
activities associated with the project.

Design Approach
•

Silt Fence and Hay bales

Site Assessment (1 Point)
LEED Requirements
•

Complete and document a site survey or assessment that includes the following
information: Topography, Hydrology. Climate, Vegetation, Soils, Human use, and
Human health effects.

Design Approach
•

A site survey is provided with the contract and documentation of the required information
will be provided.

Rainwater Management (3 Points)
LEED Requirements
•

Manage on site the annual increase in runoff volume from the natural land cover
condition to the post developed condition.

Design Approach:
•

Natural Rain Gardens and a Green Room will be implemented to reduce storm water
runoff.

Water Efficiency
Outdoor Water Use Reduction (Mandatory)
LEED Requirements
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•

Reduce outdoor water use through one of the following options. Non vegetated surfaces,
such as permeable or impermeable pavement, should be excluded from landscape area
calculations. Athletic fields and playgrounds (if vegetated) and food gardens may be
included or excluded at the project team’s discretion.

Design Approach
•

A basketball court along with a parking lot will be added to the campus.

Indoor Water Use Reduction (Mandatory)
LEED Requirements
•

As applicable to the project scope, reduce aggregate water consumption by 20% from the
baseline. All newly installed toilets, urinals, private lavatory faucets, and showerheads
that are eligible for labeling must be Water Sense labeled.

Design Approach
•

Bathrooms will be equipped with different flush options in order to save water.

Building-Level Water Metering (Mandatory)
LEED Requirements
•

Install new or use existing building-level energy meters, or submeters that can be
aggregated to provide building-level data representing total building energy consumption.

Design Approach
•

Use existing meters or install new ones to measure water use.

Outdoor Water Use Reduction (2 Points)
LEED Requirements
•

Reduce the project’s landscape water requirement (LWR) by at least 50% from the
calculated baseline for the site’s peak watering month. Reductions must first be achieved
through plant species selection and irrigation system efficiency as calculated in the
Environmental Protection Agency (EPA) Water Sense Water Budget Tool.

Design Approach
•

Rain barrels will be used to irrigate plants around the building, therefore requiring no
outdoor water use.

•
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Indoor Water Use Reduction (6 Points)
LEED Requirements
•

Further reduce fixture and fitting water use from the calculated baseline in Prerequisite
Indoor Water Use Reduction. Additional potable water savings can be earned above the
prerequisite level using alternative water sources.

Design Approach
•

Bathrooms will be equipped with different flush options in order to save water.

Water Metering (1 Point)
LEED Requirements
•

Meter reclaimed water, regardless of rate. A reclaimed water system with a makeup
water connection must also be metered so that the true reclaimed water component can be
determined.

Design Approach
•

Permanent water meters shall be installed to keep track of water in the rain barrels.

Energy and Atmosphere
Fundamental Commissioning and Verification (Mandatory)
LEED Requirements
•

Commissioning (Cx) is the process of verifying that the building’s systems operate as
intended and according to the owner’s requirements as set forth in project documents.
Design Approach

Design Approach
•

Building will be verified by inspectors.

Minimum Energy Performance (Mandatory)
LEED Requirements
•

Demonstrate an improvement of 5% for new construction, 3% for major renovations, or
2% for core and shell projects in the proposed building performance rating compared
with the baseline building performance rating

Design Approach
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•

Energy use will be reduced by 5%.

Building-Level Energy Metering (Mandatory)
LEED Requirements
•

Install new or use existing building-level energy meters, or submeters that can be
aggregated to provide building-level data representing total building energy consumption.

Design Approach
•

Use existing meters or install new ones to measure water use.

Fundamental Refrigerant Management (Mandatory)
LEED Requirements
•

Do not use chlorofluorocarbon (CFC)-based refrigerants in new heating, ventilating, airconditioning, and refrigeration (HVAC&R) systems. When reusing existing HVAC&R
equipment, complete a comprehensive CFC phase-out conversion before project
completion.

Design Approach
•

Chlorofluorocarbon will not be used in the new ventilation.

Optimize Energy Performance (18 Points)
LEED Requirements
•

Establish an energy performance target no later than the schematic design phase. The
target must be established as kBtu per square foot-year (kW per square meter-year) of
source energy use. Analyze efficiency measures during the design process and account
for the results in design decision making. Use energy simulation of efficiency
opportunities, past energy simulation analyses for similar buildings, or published data
(e.g., Advanced Energy Design Guides) from analyses for similar buildings.

Design Approach
•
•

Rooms will be equipped with automatic lighting that shuts off and turns on if someone is
present.
Energy efficient appliances will also be used along with energy efficient light bulbs.

Materials and Resources
Storage and Collection of Recyclables (Mandatory)
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LEED Requirements
•

Building is required to recycle.

Design Approach
•

All rooms in the building including hallways will be composed of recycle bins, recycling
will be enforced.

Construction and Demolition Waste Management Planning (Mandatory)
LEED Requirements
•

Develop and implement a construction and demolition waste management plan:
o Establish waste diversion goals for the project by identifying at least five materials
(both structural and nonstructural) targeted for diversion. Approximate a percentage
of the overall project waste that these materials represent.
o Specify whether materials will be separated or commingled and describe the
diversion strategies planned for the project. Describe where the materials will be
taken and how the recycling facility will process the material.

Design Approach
•

Develop a Construction and Demolition Waste Management plan that complies with
LEED regulations.

Indoor Environmental Quality
Minimum Indoor Air Quality Performance (Mandatory)
LEED Requirements
•

For mechanically ventilated spaces (and for mixed-mode systems when the mechanical
ventilation is activated), determine the minimum outdoor air intake flow for mechanical
ventilation systems.

Design Approach
•

Calculate outdoor air intake.

Environmental Tabaco Smoke Control (Mandatory)
LEED Requirements
•

No smoking in the vicinity of the building.
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Design Approach
•

No smoking will be allowed anywhere near the new STEM building.

Enhanced Indoor Air Quality Strategies (2 Points)
LEED Requirements
•

Building needs to have proper ventilation to achieve maximum air quality.

Design Approach
•

Windows will regulate and manage the air ventilation in order to prevent indoor
contamination and enhance indoor air quality.

Thermal Comfort (1 Point)
LEED Requirements
•

Provide individual thermal comfort controls for at least 50% of individual occupant
spaces. Provide group thermal comfort controls for all shared multioccupant spaces, and
for any individual occupant spaces without individual controls.

Design Approach
•

Room sensor for faculty or workers to choose air temperature, with wind ventilation from
the windows individuals may choose to control their environment.

Interior Lighting (1 Point)
LEED Requirements
•

Have in place multizone control systems that enable occupants to adjust the lighting to
meet group needs and preferences, with at least three lighting levels or scenes (on, off,
midlevel).

Design Approach
•

Lighting control to adjust lighting level for individual in each room will have three
lighting levels on, off and midlevel.

Daylight (3 Points)
LEED Requirements
•
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Building must make use of daylight to reduce interior lighting use.

Design Approach
•

Skylight and large windows will be used through the building in order to make use of
sunlight/daylight.

Quality Views (1 Point)
LEED Requirements
•

Achieve a direct line of sight to the outdoors via vision glazing for 75% of all
regularly occupied floor area.

Design Approach
•

Use key locations to place exterior windows to display views of the Middlesex
Community College’s natural habitat.

Innovation
Innovative Design (5 Points)
LEED Requirements
•

Project teams can use any combination of innovation, pilot, and exemplary performance
strategies.

Design Approach
•

To enhance performance between Henderson Hall and the new STEM building a skywalk
will be build allowing students to not have to walk outside in order to switch classes.

This results in 51 points to ensure the proposed STEM building for LEED Certification.

Construction Considerations and Permitting Needs
Erosion Control
As part of the scope of work the Environmental team has come up with an erosion control plan
for the site. Erosion control is a measure which is used to reduce the amount of soil particles that
are carried off of a land area and deposited in a receiving water. An erosion control plan is
important because it protects the job site during the construction process. It minimize the amount
of disturbed soil and prevents soil from getting into the drainage system especially catch basins,
also removes sediment from onsite runoff before it leaves the site, and it slows down runoff
flowing across the site.
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Three measures were used to prevent disturbance on the site. The first was a silt fence,
which is made of a filter fabric attached to supporting stakes and supported by plastic or wire
mesh support. The silt fence detains water, promoting sedimentation behind fence. The second
prevention measure that will be used is hay bales. Hay bales control sediment being discharged
during construction. Each bale should be a minimum of 14 inches wide, 18 inches high, and 36
inches long and should have a minimum mass of 50 pounds. Sediments accumulated around the
ponded areas should be cleaned out when the sediment accumulation reaches one-third of the
bale height. These measures will be installed around the project site and around catch basins. The
third measure used is silt sacks. Silt sack is a sediment control device used to prevent silt and
sediment from entering your drainage system by catching the silt and sediment while allowing
water to pass through freely. It is a simple and cost effective solution to prevent clogging of
catch basins.
Permits
Permitting needs were researched as previously mentioned in the scope of work. At this
time Prestige believes no environmental permitting is required until the final drainage design is
completed. The following are permits will need to be considered based on the Town of Bedford
Requirements:
Sewer Connection Permit - $200
Listed in 314 CMR 7.05 shows that any design for a new sewer connection meets the criteria
that is listed in section 314 CMR 7.03. Middlesex community college shall redirect the
pipelines for the sewer system which according to 314 CMR 12.00 it is authorized according
to the size of the existing pipe.
Commercial Building Permit - $5,000 dollar per 10,000 square feet of building being added
The 780 CMR (The State Building Code), Section 105.1 indicates that “It shall be unlawful
to construct, reconstruct, alter, repair, remove or demolish a building or structure; or to
change the use or occupancy of a building or structure; or to install or alter any equipment for
which provision is made or the installation of which is regulated by 780 CMR without first
filing a written application with the building official and obtaining the required permit
therefore.” Section 108.1 indicates that “A building permit shall be required for temporary
structures, unless exempted by 780 CMR 105.2. Such permits shall be limited as to time of
service, but such temporary construction shall not be permitted for more than one year.
Section 109.1 indicates that “A permit to begin work for new construction, alteration,
removal, demolition or other building operation shall not be issued until the fees prescribed
in 780 CMR 109 shall have been paid to the department of building inspection or other
authorized agency of the jurisdiction, nor shall an amendment to a permit necessitating an
additional fee be approved until the additional fee has been paid.”
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Water Connection Permit and Inspection - $50
Permit applications and reporting forms for operator certification, consumer confidence
reports, emergency response, the Ground Water Rule, and other MassDEP Drinking Water
programs.
Street Opening Permit - $50
520 CMR 7.0 implies that all work shall meet the permits description. Trench permits for
utilities no charge according to 520 CMR 14.00. Requirements:
o Dig Safe
o Name and contact information of (the excavator any entity include but not limited to,
a person, partnership, joint venture, trust, corporation, association, public utility,
company or state or local government body)
o Permit expiration date (where applicable)
o Specific location of the trench(es)
o Name and contact information of the insurer
The trench permit is similar to a street opening permit and the application for a trench permit
may be included with that permit. Once issued, the permit must be posted in plain view at the
trench worksite, such as in the window of a construction trailer.
State Revolving Fund (SRF) Forms
Application packages for Clean Water and Drinking Water State Revolving Fund loans.
Title 5 Septic System Forms
Septic-system additives, innovative/alternative technology approval, system installation,
inspection, construction, enforcement, shared systems, and variances and local upgrade
approvals.
Infiltration Requirement
The town requires that the downspouts (for both residential and commercial buildings) be
connected to a subsurface infiltration area, which can be plastic chambers or a concrete
drywell. In some cases, it can also be done using perforated drain pipe. The key is to have an
area that supports a volume equal to one inch of rain water over the impervious area of the
roof. The cost would be whichever infiltration method you choose (i.e. plastic chambers,
concrete drywell, or perforated pipes), plus the cost of stone to surround the system and filter
fabric (such as Mirafi 140N) to help keep any fine sediments from clogging the system.
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Summary of Engineer’s Best Estimate in Cost and Schedule
Schedule
The proposed schedule is for the design, approval and construction of the Three Story
STEM Academic Building to be located on the Middlesex Community College (MCC) Bedford
campus. First the design, Conservation Commission meetings, planning board and permitting
meetings will be held. Following the design and approval for construction, bidding and the award
of the bid will begin October 2015. In February 2016 the preconstruction meeting will be held
and mobilization will begin. The construction period is expected to last 22 months, this will
account for weather and unforeseen delays. In January of 2018 construction will end and all final
touches will be made. The total time of the project is expected to take 3 years, finishing in time
for the spring semester of 2018. For the complete schedule refer to the General Civil Appendix.

Cost Estimate
The General Civil Team was tasked with producing a detailed cost estimate for
every aspect of the project. This estimate began with the cost of the STEM facility itself based
off of the total cost of the Mendel Science Center when it was constructed in 1993. We took that
price and performed a past/present cost analysis utilizing a 3% increase in cost each year to
determine the cost of construction in 2015. In addition to the facility cost we needed to include
the remaining cost of project based on design specifications from the Environmental,
Transportation, and Geotechnical teams. Each item's pricing in the Cost Estimate is based off
individual unit prices and quantities (i.e. lump sum, cubic yards, square feet, pounds, or linear
feet). Each engineering team submitted a quantity list of necessary items for construction. The
quantities have been set from current construction bid prices. The Structural team’s costs are
made up of the materials necessary for the skywalk which they designed as one of two alternates
for this project. The Geotechnical team's was generated from the sub surface investigation and
foundation prices. The Environmental team costs are for utility work, detention basins and LEED
certified items. The transportation team cost includes porous and traditional pavements, base
material, signage, and sidewalks.
Besides these material costs that include the cost of construction in the price, we needed
to include permit costs, engineering design fees, construction services, and contingencies.
Engineering design fees include the cost for Prestige WorldWide’s services to create design
plans for the project. Construction services make up the cost for engineering oversight
throughout the duration of project construction. A contingency fee, based on the level of
completion of design plans, is required as a safety buffer for our consulting and design firm in
case any unforeseen complications arise during construction.
Refer to Appendix for a summary of items and costs.
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Introduction
This memorandum summarizes Prestige Worldwide Geotechnical recommendations for the
design of Middlesex Community College STEM building located in Bedford, MA. The report
parameters includes existing and proposed site conditions along with subsurface exploration
program and soil. Geotechnical design recommendations will be presented and construction
considerations will be explained.

Scope of this Report
Description
The work performed by the Geotechnical Engineer under the scope of this project involved a
complete subsurface investigation and a design recommendation of a foundation for the new
STEM academic building. The investigation included field sampling with engineering analysis
and evaluation. The results will be explained in this report along with a digital drawing of the
final design of foundation.

Geotechnical Report
The geotechnical report comprises of all subsurface investigation, engineering analysis and
design of a foundation.

Recommendations
From the soils discovered at the site and the soil properties associated with them, design
recommendations were determined. Percolation test data provided by the Town of Bedford are
included in the data for calculations appendix. The site specific geotechnical soil profile presents
all soil properties used during analysis and design of the structures foundations. A general soil
layer was determined along with location of the groundwater table.

Design Approach
The design approach explains the review of existing conditions with various test results such a
soil stability and other geotechnical engineering considerations.
Foundation analysis include all analyses and calculations required to recommend a foundation
design compatible for the new STEM building. The analysis included the competition of bearing
capacity, settlement, stability and efficient constructability.
Shallow Foundations
The design approach for the shallow foundation include all analyses and computations required
to recommend a satisfactory shallow foundation to support the proposed building and loading
conditions at each support. Shallow foundations considered for design were spread and strip
footings
Deep Foundations
Deep foundations were not needed at this site. Deep foundations are considered if the soil could
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not support a shallow foundation, due to deficiencies in soil strength and insufficient soil
properties. In the case of the STEM building a shallow foundation was adequate.

Existing and Proposed Site Conditions
The new STEM building will be located on Middlesex Community College property in Bedford,
MA. The existing Bedford House will be demolished and the STEM building will be built on the
lot. Existing site grades range from elevation 236 to elevation 226.
The purposed STEM building will be approximately 190 ft by 71.5 ft. Refer to plan sets for site
plan showing the existing conditions along with proposed building.
The existing site includes good soil and the existing soil does not need to be replaced. The
environmental team has investigated wetlands and the site’s location is not located within the
100 ft buffer zone for wetlands.

Subsurface Exploration Program and Soil Conditions
Subsurface Exploration
Twenty four percolation test were collected at Middlesex Community College by TWM
Northeast/Flynn Engineers as part of a drainage analysis completed in 1990. Each test was
collected at different depths, ranging from 18 in to 144 in. Groundwater table was observed in
eleven of the percolation test and perched water was observed in three of the test. Each
percolation test do not provide a location at which they were performed therefore the
groundwater table was unknown. For proposed STEM academic building ground water is
assumed to be located at 6 ft below the surface. Groundwater table was determined by taking an
average of the twenty four percolation groundwater locations. The percolation test are included
in data for calculations appendix.
United State Department of Agriculture (USDA) Web Soil Survey (WSS) was used to verify the
soil conditions provided by the percolation tests. The WSS results are included in the data for
calculation appendix.

Soil Condition
According to the two sources listed above the soil located at the STEM academic building is
mostly silty sand. The design parameters include the soil type, unit weight of soil, and the MohrCoulomb strength parameters.
An effective stress approached was used for sand and gravel layers. This projects subsurface is
assumed to be cohesionless. Using Table 4.1 in Coduto, “Typical Unit Weights” the unit weight
of the soil located above the ground water table (0ft – 6ft) is 120 lb/ft and the soil below (6ft+) is
130 lb/ft. The effective friction angle using Figure 1.12 in Das is 35°.
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Figure: 1-D Soil Profile at STEM Building

Conclusions
According to the percolation test provided by the Town of Bedford and the USA Web Soil
Survey the subsurface of the new STEM academic building consists of silty sand. The
groundwater table is located 6 ft below the ground surface. The groundwater level is an assumed
value by taking an average of the percolation test groundwater tables, the location of these test
are unknown therefore an accurate groundwater table is unknown. Due to the lack of field test at
the site, borings are recommended at the footing locations to provide a better understanding of
the subsurface.

Design Recommendations – Foundations
General
The structure of the STEM building should be supported by a combination of strip footings and
spread footings. On the existing soil at the location of the proposed building the foundation sizes
are designed to be suitable to hold the self-weight of the foundation and the supporting structure.
The design will provide a sufficient bearing capacity and settlement.

Foundation Settlement
The Untied States Building Code states that the allowable settlement should not exceed 1 inch.
In the design of the foundation the settlement at all spread foundations and all strip foundations
are less than the code of 1 inch.

Resistance to Buoyancy
The design of the STEM building needs to be resistant to the buoyant force that provides a
hydrostatic uplift due to groundwater. Resistance to buoyancy is due to the dead weight of the
structure and the soil above the base of the foundations.

4

Earthquake Conditions
The site of the building is an S1 soil site according to the Massachusetts State Building Code.
Due to this factor there will be no interference with the structural reliability of the STEM
building from seismic activity.

Lateral Earth Pressure
Foundation walls will be designed to resist lateral earth pressures on its sides. The lateral earth
pressures applied are from the soil, groundwater, surcharges, and applicable earthquake loads.

Common Fill
All foundations should be composed of common fill. The fill should be a non-plastic soil free of
organic material, debris, frozen soil or other bad material. The fill should contain stones no
larger than 6in. It should not be placed in layers exceeding 12in and should be compacted with
proper vibratory compaction equipment to at least 92% of maximum dry density (ASTM
D1557).

Construction Considerations
Additional Exploration
Additional exploration is highly recommended for this site. The percolation tests provided at
this location do not give a clear understanding of the subsurface at the site. The groundwater
varies along the site and the location of groundwater is important for the design of the
foundations. Boring test are recommended at the footings locations. Therefore the groundwater
table can be located and a greater depth of subsurface can be analyzed.

Excavation and Dewatering
Dewatering will occur during the excavation phase.

Protection and Prep of Subgrade
The subgrade will be hauled, spread, and compacted in accordance with Section 205 of ASTM.
Vegetation and other material will be reported before placing the base and sub-base material.
The subgrade preparation limits will be extended across the entire section when the sub-bases are
being constructed. Where forms are required to construct at the base or pavement, a 12in wider
subgrade will be provided on each side near the width of the base.

Soils for Construction
Based on the subsurface investigation, common fill is necessary. Structural fill used for high
impact areas which requires further investigation will be needed at the footing locations.

Construction Monitoring
Construction monitoring is to ensure the construction process maintains budget, schedule, and
mitigation process function according to the scope of this project. Construction monitoring
allows complications to be address immediately. The foundation construction must be closely
monitored to ensure safe practice and ethical behavior. If a foundational critical success factor is
violated, any success before the incident is considered null and void.
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Data Used for Calculations and Assumptions
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MAP LEGEND
Area of Interest (AOI)
Area of Interest (AOI)
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Soil Map Unit Lines
Soil Map Unit Points
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Blowout
Borrow Pit
Clay Spot
Closed Depression
Gravel Pit
Gravelly Spot
Landfill
Lava Flow
Marsh or swamp

MAP INFORMATION
Spoil Area
Stony Spot
Very Stony Spot
Wet Spot
Other
Special Line Features

Water Features
Streams and Canals
Transportation
Rails
Interstate Highways
US Routes
Major Roads
Local Roads
Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:25,000.
Warning: Soil Map may not be valid at this scale.
Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.
Please rely on the bar scale on each map sheet for map
measurements.
Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.
Soil Survey Area: Middlesex County, Massachusetts
Survey Area Data: Version 14, Sep 19, 2014

Mine or Quarry
Miscellaneous Water

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Perennial Water

Date(s) aerial images were photographed:
25, 2014
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Saline Spot

Mar 30, 2011—Aug

The orthophoto or other base map on which the soil lines were
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Soil Map—Middlesex County, Massachusetts

Map Unit Legend
Middlesex County, Massachusetts (MA017)
Map Unit Symbol

Map Unit Name

Acres in AOI

Percent of AOI

71B

Ridgebury fine sandy loam, 3 to
8 percent slopes, extremely
stony

0.5

1.1%

73B

Whitman fine sandy loam, 0 to 5
percent slopes, extremely
stony

5.3

11.4%

103B

Charlton-Hollis-Rock outcrop
complex, 3 to 8 percent
slopes

0.5

1.1%

103D

Charlton-Hollis-Rock outcrop
complex, 15 to 25 percent
slopes

1.8

3.9%

104C

Hollis-Rock outcrop-Charlton
complex, 3 to 15 percent
slopes

7.7

16.6%

104D

Hollis-Rock outcrop-Charlton
complex, 15 to 25 percent
slopes

6.9

14.9%

315B

Scituate fine sandy loam, 3 to 8
percent slopes

2.4

5.3%

654

Udorthents, loamy

21.2

45.8%

46.2

100.0%

Totals for Area of Interest

Natural Resources
Conservation Service

Web Soil Survey
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Geotechnical Engineering:
Footing Calculations

Loads Applied
Determine allowable bearing pressure at Merrimack College and Middlesex
𝑘𝑖𝑝
qall= 8 𝑓𝑡 2
Merrimack College
Table 1806.2a – 780 CMR
𝑘𝑖𝑝

qall= 6 𝑓𝑡 2

Middlesex

Table 1806.2a – 780 CMR

Sample Calculation of Footing F-2
Determine Maximum Load on each foundation
qall=
qall=

𝑃

,

𝐴

where qall = 8 kip/ft2
A=area of foundation

𝑃
𝐵2

P =qall * 𝐵 2

𝑘𝑖𝑝

= 8 𝑓𝑡 2 * (4 𝑓𝑡)2

P = 128 kips
Determine Width of Footing F-2, based on soil conditions at Middlesex
Bmin = √

𝑃

, where P=128 kips

𝑞𝑎𝑙𝑙

𝑘𝑖𝑝

qall = 6 𝑓𝑡 2
Bmin = √

128 𝑘𝑖𝑝𝑠
6 𝑘𝑖𝑝/𝑓𝑡 2

Bmin = 4.62 ft

round up to nearest foot B = 5 ft

Results of Adjusted Footing Widths

Footing

Footing Schedule at Middlesex
Widthmin (ft) Width (ft)
Size

Load (P)

Section 1

2.67

3'

3'x12"

16 kip/ft

Section 3
F-1
F-2
F-3
F-4
F-5
F-6

2.89
3.46
4.62
5.77
6.93
8.08
9.24

3'
4'
5'
6'
7'
8.5'
9.5'

3'x12"
4'x4'x12"
5'x5'x12"
6'x6'x16"
7'x7'x18"
8.5'x8.5'x20"
9.5'x9.5'x24"

17.36 kip/ft
72 kip
128 kip
200 kip
288 kip
392 kip
512 kip

Settlement Analysis
Meyerhof’s Method
Se(in.) =

Se(in.) =

2.5 𝑞𝑛𝑒𝑡

(for B<4ft )

𝑁60 𝐹𝑑
4 𝑞𝑛𝑒𝑡
𝑁60 𝐹𝑑

(

𝐵
𝐵+1

2

)

Equation. 5.61 page 264 Das

(for B>4ft )

Equation. 5.62 page 264 Das

Where, qnet = P/A = P/B2 , P = Load acting on foundation, B= Width of footing
N60 = 19 calculated below
Fd = 1+ 0.33(Df / B)
where, Df=depth of foundation
Sample Calculation of Footing F-2
Se(in.) =

4 𝑞𝑛𝑒𝑡
𝑁60 𝐹𝑑

(

𝐵

𝐵+1

2

)

(for B>4ft )

Determine qnet
qnet = P/B2
qnet = (128 kip) / (5ft)2
qnet = 5.12 (kip/ft2)
Determine Fd
Fd = 1+ 0.33(Df / B)
Fd = 1+ 0.33( 4 ft / 5 ft)
Fd = 1.27

where, P=128 kips
B= 5 ft

where, Df=depth of foundation = 4 ft
B= 5 ft

Determine N
N= Raw SPT Value at 4 feet at Merrimack * Reduction Factor
where, Raw SPT Value = 33
Reduction Factor = based off soil differences at sites
= qall (Merrimack) / qall (Middlesex)
𝑘𝑖𝑝
𝑘𝑖𝑝
= (8 𝑓𝑡 2 ) / (6 𝑓𝑡 2 ) = 0.75
Reduction Factor = 0.75

N = 33 * 0.75
N = 25

Determine N60
𝑁 𝑛 𝑛𝐵 𝑛𝑆 𝑛𝑅
N60 = ( ℎ 60
)
where, nH = 60
nB = 1
nS = 1
nR = 0.75
N = 25

Table 2.5 , page 84 Das

25∗ 60∗1∗ 1∗ 0.75

N60 = (

60

N60 = 19
Determine Settlement
Se(in.) =

Se(in.) =

4 𝑞𝑛𝑒𝑡
𝑁60 𝐹𝑑

(

𝐵

𝐵+1

)

2

)

𝑘𝑖𝑝
⁄ 2)
𝑓𝑡
(19)∗ 1.27

4 (5.12

(

5

5+1

2

)

Se (in) = 0.59 in
Bearing Capacity Analysis
Determine qult , Ultimate Bearing Capacity
qult = c’ Nc + q’ Nq + 0.5 γ’ B Nγ

(for continuous footings) Eq. 3.3 page 138 Das

qult = c’ Nc + q’ Nq + 0.4 γ’ B Nγ

(for square spread footings) Eq. 3.4 page 138 Das

where, c’= effective cohesion (zero for granular soil)
q’ = effective vertical stress at bottom of foundation
Nc,Nq,Ny= Bearing capacity factors
γ’ = effective unit weight of soil
B = width of foundation

Sample Calculation for Footing F-2
Determine Bearing Capacity Factors
ϕ’ = 35o (effective friction angle)
Nc = 57.75
Nq = 41.44
Nγ = 45.41
; Table 3.1 page 139 Das
Determine q’, Effective Vertical Stress at Bottom of Foundation

q’ = γ * Df

where γ = 120 pcf (unit weight of soil)
Df = 4 ft
q’ = 120 (pcf) * (4 ft)
q’ = 480 psf
Determine γ’ = effective unit weight of soil
𝑧𝑤
𝑧𝑤
γ’ = 𝐵 γ + (1 − 𝐵 ) γ𝑠𝑢𝑏
where, Zw= depth of GWT from bottom of footing = 6ft-4ft = 2ft
B = 5 ft
γ = 120 pcf
γsub = (γsat – γwater) = (130 – 62.4) = 67.6 pcf
2

γ’ = 4 120 + (1 −

2
4

) ∗ (67.6)

γ’ = 88.56 pcf
Determine qult
qult = c’ Nc + q’ Nq + 0.5 γ’ B Nγ
qult = 0 + (480 psf)(41.44) + 0.5(88.56pcf)(5ft)(45.41)
qult = 27934 psf
qult = 27.9 kip/ft2
Factor of Safety
Determine Factor of Safety
FS =

𝑞𝑢𝑙𝑡
⁄𝑞𝑛𝑒𝑡

equation 3.12, page 140 Das

Where; qult = ultimate bearing capacity
qnet = net bearing capacity
Sample Calculation for Footing F-2
Determine Factor of Safety
FS =

𝑞𝑢𝑙𝑡
⁄𝑞𝑛𝑒𝑡

FS = 27.93⁄5.12
FS =5.46

where, qult = 27.93 (kip/ft2)
qnet = 5.12 (kip/ft2)

Results of Bearing Capacity and Settlement for All Footings
Footing

qnet (kip/ft2)

qult (kip/ft2)

Settlement (in)

FS > 3

Section 1

5.33

26.87

0.49

5.04

Section 3

5.80

26.87

0.53

4.63

F-1

4.50

26.71

0.44

5.93

F-2

5.12

27.93

0.59

5.46

F-3

5.56

29.16

0.70

5.25

F-4

5.88

30.39

0.80

5.17

F-5

5.43

32.23

0.79

5.94

F-6

5.67

33.46

0.86

5.89

Geotechnical Engineering:
Foundation Plans

Environmental Appendices
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Custom Soil Resource Report

MAP LEGEND
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Gravelly Spot
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MAP INFORMATION
The soil surveys that comprise your AOI were mapped at 1:25,000.

Spoil Area
Stony Spot

Warning: Soil Map may not be valid at this scale.

Very Stony Spot
Wet Spot

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Other
Special Line Features
Water Features

Please rely on the bar scale on each map sheet for map
measurements.

Streams and Canals
Transportation
Rails

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: http://websoilsurvey.nrcs.usda.gov
Coordinate System: Web Mercator (EPSG:3857)

Interstate Highways
US Routes
Major Roads

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

Local Roads
Background
Aerial Photography

Mine or Quarry

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Miscellaneous Water
Perennial Water

Soil Survey Area: Middlesex County, Massachusetts
Survey Area Data: Version 14, Sep 19, 2014

Rock Outcrop
Saline Spot

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Sandy Spot
Severely Eroded Spot

Date(s) aerial images were photographed:
25, 2014

Sinkhole

Mar 30, 2011—Aug

Slide or Slip

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

Sodic Spot
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Custom Soil Resource Report

Map Unit Legend
Middlesex County, Massachusetts (MA017)
Map Unit Symbol

Map Unit Name

Acres in AOI

Percent of AOI

1

Water

2.8

2.8%

51A

Swansea muck, 0 to 1 percent
slopes

3.0

3.0%

71B

Ridgebury fine sandy loam, 3 to
8 percent slopes, extremely
stony

7.3

7.4%

73B

Whitman fine sandy loam, 0 to 5
percent slopes, extremely
stony

7.6

7.8%

103B

Charlton-Hollis-Rock outcrop
complex, 3 to 8 percent slopes

3.3

3.3%

103C

Charlton-Hollis-Rock outcrop
complex, 8 to 15 percent
slopes

0.0

0.0%

103D

Charlton-Hollis-Rock outcrop
complex, 15 to 25 percent
slopes

3.3

3.4%

104C

Hollis-Rock outcrop-Charlton
complex, 3 to 15 percent
slopes

19.0

19.3%

104D

Hollis-Rock outcrop-Charlton
complex, 15 to 25 percent
slopes

17.7

18.0%

105E

Rock outcrop-Hollis complex, 3
to 35 percent slopes

2.9

3.0%

106C

Narragansett-Hollis-Rock
outcrop complex, 3 to 15
percent slopes

0.0

0.0%

311B

Woodbridge fine sandy loam, 0
to 8 percent slopes, very stony

0.2

0.2%

312C

Woodbridge fine sandy loam, 8
to 15 percent slopes,
extremely stony

2.0

2.0%

315B

Scituate fine sandy loam, 3 to 8
percent slopes

6.6

6.7%

654

Udorthents, loamy

22.7

23.1%

98.3

100.0%

Totals for Area of Interest

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.
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Drainage Analysis Figures
Figure 1 - Existing Drainage System
Figure 2 - Proposed Drainage System
Figure 3 - Existing Conditions Analysis
Figure 4 - Proposed Conditions Analysis
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Figure 1
Existing Drainage System
Middlesex Community College
Bedford, MA
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Figure 2
Proposed Drainage System
Middlesex Community College
Bedford, MA
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Figure 3
Existing Conditions Analysis
Middlesex Community College
Bedford, MA
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Figure 4
Proposed Conditions Analysis
Middlesex Community College
Bedford, MA
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HydroCAD Reports
Existing Conditions
Proposed Conditions

1S
Outfall-1
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Routing Diagram for Existing Conditions
Prepared by Windows User, Printed 4/8/2015
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Existing Conditions
Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Area Listing (all nodes)
Area
(acres)

CN

1.062
2.756
0.915
0.899
0.975
6.607

80
98
98
77
79
89

Description
(subcatchment-numbers)
>75% Grass cover, Good, HSG D (1S)
Paved parking, HSG D (1S)
Roofs, HSG D (1S)
Woods, Good, HSG D (1S)
Woods/grass comb., Good, HSG D (1S)
TOTAL AREA

Printed 4/8/2015
Page 2

Existing Conditions
Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Soil Listing (all nodes)
Area
(acres)
0.000
0.000
0.000
6.607
0.000
6.607

Soil
Group
HSG A
HSG B
HSG C
HSG D
Other

Subcatchment
Numbers

1S
TOTAL AREA

Printed 4/8/2015
Page 3

Existing Conditions
Printed 4/8/2015
Page 4

Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Ground Covers (all nodes)
HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

1.062
2.756
0.915
0.899
0.975
6.607

0.000
0.000
0.000
0.000
0.000
0.000

1.062
2.756
0.915
0.899
0.975
6.607

Ground
Cover

Subcatchment
Numbers

>75% Grass cover, Good
Paved parking
Roofs
Woods, Good
Woods/grass comb., Good
TOTAL AREA

1S
1S
1S
1S
1S

Existing Conditions
Printed 4/8/2015
Page 5

Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Pipe Listing (all nodes)
Line#
1

Node
Number
1S

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n

Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

0.00

0.00

607.0

0.0577

0.013

15.0

0.0

0.0

Existing Conditions

Type III 24-hr 100-YR Storm Rainfall=6.80"

Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Printed 4/8/2015
Page 6

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method
Subcatchment 1S: Outfall-1

Runoff Area=287,816 sf 55.57% Impervious Runoff Depth>5.20"
Flow Length=942' Tc=13.9 min CN=89 Runoff=31.60 cfs 2.864 af

Total Runoff Area = 6.607 ac Runoff Volume = 2.864 af Average Runoff Depth = 5.20"
44.43% Pervious = 2.936 ac 55.57% Impervious = 3.672 ac

Type III 24-hr 100-YR Storm Rainfall=6.80"

Existing Conditions
Prepared by Windows User

HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Printed 4/8/2015
Page 7

Summary for Subcatchment 1S: Outfall-1
Runoff

=

31.60 cfs @ 12.19 hrs, Volume=

2.864 af, Depth> 5.20"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 100-YR Storm Rainfall=6.80"
Area (sf)
46,241
42,468
120,072
39,865
39,170
287,816
127,879
159,937

CN
80
79
98
98
77
89

Description
>75% Grass cover, Good, HSG D
Woods/grass comb., Good, HSG D
Paved parking, HSG D
Roofs, HSG D
Woods, Good, HSG D
Weighted Average
44.43% Pervious Area
55.57% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)
(feet)
(ft/ft) (ft/sec)
(cfs)
11.8
106 0.1792
0.15
Sheet Flow,
Woods: Light underbrush n= 0.400 P2= 2.00"
1.3
229 0.0218
3.00
Shallow Concentrated Flow,
Paved Kv= 20.3 fps
0.8
607 0.0577
12.64
15.52 Pipe Channel,
15.0" Round Area= 1.2 sf Perim= 3.9' r= 0.31'
n= 0.013 Concrete pipe, bends & connections
13.9
942 Total

Type III 24-hr 100-YR Storm Rainfall=6.80"

Existing Conditions

Printed 4/8/2015
Page 8

Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Subcatchment 1S: Outfall-1
Hydrograph
Runoff

34
31.60 cfs

32

Type III 24-hr
100-YR Storm Rainfall=6.80"
Runoff Area=287,816 sf
Runoff Volume=2.864 af
Runoff Depth>5.20"
Flow Length=942'
Tc=13.9 min
CN=89
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Routing Diagram for Proposed Conditions
Prepared by Windows User, Printed 4/8/2015
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Proposed Conditions
Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Area Listing (all nodes)
Area
(acres)

CN

1.022
2.692
1.205
0.899
0.837
6.656

80
98
98
77
79
90

Description
(subcatchment-numbers)
>75% Grass cover, Good, HSG D (1S)
Paved parking, HSG D (1S)
Roofs, HSG D (1S)
Woods, Good, HSG D (1S)
Woods/grass comb., Good, HSG D (1S)
TOTAL AREA

Printed 4/8/2015
Page 2

Proposed Conditions
Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Soil Listing (all nodes)
Area
(acres)
0.000
0.000
0.000
6.656
0.000
6.656

Soil
Group
HSG A
HSG B
HSG C
HSG D
Other

Subcatchment
Numbers

1S
TOTAL AREA

Printed 4/8/2015
Page 3

Proposed Conditions
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Prepared by Windows User
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Ground Covers (all nodes)
HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

1.022
2.692
1.205
0.899
0.837
6.656

0.000
0.000
0.000
0.000
0.000
0.000

1.022
2.692
1.205
0.899
0.837
6.656

Ground
Cover

Subcatchment
Numbers

>75% Grass cover, Good
Paved parking
Roofs
Woods, Good
Woods/grass comb., Good
TOTAL AREA

1S
1S
1S
1S
1S

Proposed Conditions
Printed 4/8/2015
Page 5

Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Pipe Listing (all nodes)
Line#
1

Node
Number
1S

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n

Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

0.00

0.00

607.0

0.0577

0.013

15.0

0.0

0.0

Proposed Conditions

Type III 24-hr 100-YR Storm Rainfall=6.80"

Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Printed 4/8/2015
Page 6

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method
Subcatchment 1S: Outfall-1

Runoff Area=289,924 sf 58.55% Impervious Runoff Depth>5.31"
Flow Length=942' Tc=13.9 min CN=90 Runoff=32.27 cfs 2.944 af

Total Runoff Area = 6.656 ac Runoff Volume = 2.944 af Average Runoff Depth = 5.31"
41.45% Pervious = 2.759 ac 58.55% Impervious = 3.897 ac

Type III 24-hr 100-YR Storm Rainfall=6.80"

Proposed Conditions
Prepared by Windows User

HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Printed 4/8/2015
Page 7

Summary for Subcatchment 1S: Outfall-1
Runoff

=

32.27 cfs @ 12.19 hrs, Volume=

2.944 af, Depth> 5.31"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type III 24-hr 100-YR Storm Rainfall=6.80"
Area (sf)
44,521
36,480
117,263
52,490
39,170
289,924
120,171
169,753

CN
80
79
98
98
77
90

Description
>75% Grass cover, Good, HSG D
Woods/grass comb., Good, HSG D
Paved parking, HSG D
Roofs, HSG D
Woods, Good, HSG D
Weighted Average
41.45% Pervious Area
58.55% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)
(feet)
(ft/ft) (ft/sec)
(cfs)
11.8
106 0.1792
0.15
Sheet Flow,
Woods: Light underbrush n= 0.400 P2= 2.00"
1.3
229 0.0218
3.00
Shallow Concentrated Flow,
Paved Kv= 20.3 fps
0.8
607 0.0577
12.64
15.52 Pipe Channel,
15.0" Round Area= 1.2 sf Perim= 3.9' r= 0.31'
n= 0.013 Concrete pipe, bends & connections
13.9
942 Total

Type III 24-hr 100-YR Storm Rainfall=6.80"

Proposed Conditions

Printed 4/8/2015
Page 8

Prepared by Windows User
HydroCAD® 10.00 s/n 00758 © 2013 HydroCAD Software Solutions LLC

Subcatchment 1S: Outfall-1
Hydrograph
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Type III 24-hr
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Runoff Area=289,924 sf
Runoff Volume=2.944 af
Runoff Depth>5.31"
Flow Length=942'
Tc=13.9 min
CN=90
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Sewer Calculations
Existing 4-inch PVC Capacity
CMR Title V – Flow Requirement
CMR Title V – Pages Used for Design

Existing 4-inch PVC Sewer Capacity
The following calculations will explain the maximum capacity of the existing 4-inch PVC sewer
line at the project site. Using the Manning equation we were able to determine the maximum
allowed flow (Q) through the existing pipe.

Manning’s Equation:
=

1.486






Q = Flow Rate, (ft3/s)
A = Flow Area, (ft2)
n = Manning’s Roughness Coefficient
R = Hydraulic Radius, (ft)
S = Channel Slope, (ft/ft)

Known Variables:
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Pipe flow capacity → CDEFGHFIJ = KL, MKN RPS

CMR Title V - Flow Requirement
After calculating our existing pipe capacity, we then had to compare it to a required flow rate of
an academic building by referencing the CMR Title V. We chose the closet reference rate to our
STEM building, by choosing a secondary/middle school without a cafeteria, gymnasium or
showers. According to the Title V 15.203 (5) Schools, for this type of building, 10 gallons per
day per person is the minimum allowable GPD for a system design. The CMR Title V can be
found in the Environmental Appendix
When considering our proposed STEM building, the occupied areas were broken down by wings
of the building, east and west, in order to calculate the amount of people using the building per
day. One the first floor, it can estimated that 70 students use the east wing at a time; this can be
multiplied by two to account for the west wing. To account for the 3 floors in the proposed
building we can multiply the total number of occupants for the first floor by 3. At this point the
number of occupants can be multiplied by 10 gallons to achieve the design number of gallons per
day.
T7UV9T7W = 70 X6X5

2 Y/

3 566/

10 .556/ = Z, [\\ OPQQ]^_/RPS

With the flow calculated above we can clearly see that the current 4-inch PVC pipe can
withstand the required flow for this building.
789:;9<= > T7UV9T7W

310 CMR: DEPARTMENT OF ENVIRONMENTAL PROTECTION
310 CMR 15.000:

THE STATE ENVIRONMENTAL CODE, TITLE 5: STANDARD
REQUIREMENTS FOR THE SITING, CONSTRUCTION, INSPECTION,
UPGRADE AND EXPANSION OF ON-SITE SEWAGE TREATMENT AND
DISPOSAL SYSTEMS AND FOR THE TRANSPORT AND DISPOSAL OF
SEPTAGE
SUBPART A: GENERAL PROVISIONS AND ENFORCEMENT

15.001:
15.002:
15.003:
15.004:
15.006:
15.007:
15.010:
15.011:
15.017:
15.018:
15.019:
15.020:
15.021:
15.022:
15.023:
15.024:
15.025:
15.026:
15.027:
15.028:
15.029:
15.030:
15.040:
15.050:

Purpose, Authority and Related Provisions
Definitions
Coordination with Local Approving Authorities
Applicability
Facilities with a Design Flow of 10,000 gpd or Greater but Less than 15,000 gpd
Campgrounds
Division and Aggregation of Facilities
Criteria to Assess Whether Facilities are in Separate Ownership or Control
Approval of Soil Evaluators
Function of Soil Evaluators
Disposal System Installer's Permit
Disposal System Construction Permits
Certificates of Compliance
Duty of Compliance
Approving Authority Access
Violations of 310 CMR 15.000
Enforcement by Approving Authorities
Orders
Prohibition of Septic System Additives
Soil Absorption System Restoration
Construction of Wells Near Existing Systems
Records
Advisory Committee
Severability
SUBPART B: SITING OF SYSTEMS

15.100:
15.101:
15.102:
15.103:
15.104:
15.105:
15.106:
15.107:

General Provisions
Site Evaluation Criteria
Deep Observation Hole Test
Soil Profile
Percolation Testing
Procedure for Performing a Percolation Test
Landscape Position
Hydrogeologic Properties
SUBPART C: DESIGN, CONSTRUCTION, REPAIR, AND REPLACEMENT OF
ON-SITE SEWAGE DISPOSAL SYSTEMS

15.201:
15.202:
15.203:
15.204:
15.211:
15.212:
15.213:
15.214:
15.215:
15.216:
15.217:
15.220:

Type of System
Use of Recirculating Sand Filters
System Sewage Flow Design Criteria
Increases in Design Flow to System
Minimum Setback Distances
Depth to Groundwater
Construction in Velocity Zones and Floodways
Nitrogen Loading Limitations
Designation of Nitrogen Sensitive Areas
Aggregate Determinations of Flows and Nitrogen Loadings
Systems with Enhanced Nitrogen Removal
Preparation of Plans and Specifications

310 CMR: DEPARTMENT OF ENVIRONMENTAL PROTECTION
15.202: continued
(4) Recirculating sand filters or equivalent alternative technology shall meet the following
requirements:
(a) effluent discharge concentrations shall meet or exceed secondary treatment standards
of 30 mg/L BOD5 and 30 mg/L TSS. The effluent pH range shall be 6.0 to 9.0.
(b) total nitrogen concentration in the effluent shall not exceed 25 mg/L.
(c) system owners shall have effluent quality monitored quarterly for systems serving a
facility with a design flow of less than 2,000 gallons per day, and both influent and effluent
quality monitored quarterly for systems serving a facility with a design flow of 2,000 gallons
per day or greater, for BOD5, TSS, pH and total nitrogen, unless otherwise required or
approved by the Department. Unless otherwise required by the Department, the system
owner shall submit all monitoring results to the local Approving Authority and the
Department by January 31st of each year for monitoring conducted during the previous
calendar year.
(d) recirculating sand filter systems shall contain all components of a standard on-site
system and be capable of functioning as a conventional system. Any departures from this
provision require written approval from the Department.
(e) the system owner shall notify the local Approving Authority of any system failure within
24 hours of detection of such failure.
(f) pressure distribution, in accordance with 310 CMR 15.254, is required for all systems
serving a facility with a design flow of 2,000 gallons per day or greater. Pressure distribution
systems shall be designed in accordance with Department guidance.
(g) for systems serving a facility with a design flow of 2,000 gpd or greater, the separation
from high groundwater as required under 310 CMR 15.212 shall be calculated after adding
the effect of groundwater mounding to the high groundwater elevation as determined
pursuant to 310 CMR 15.103(3).
(h) by January 31st of each year, unless otherwise determined by the Department, the system
must be inspected at least annually by a Massachusetts certified operator of an appropriate
grade to operate the system, unless the Department has approved in writing a reduction in
frequency of inspection or the facility is subject to a Department approved comprehensive
local plan of on-site system inspection, the system owner shall submit a certification by the
system operator to the local Approving Authority and the Department for the previous
calendar year stating that the system and its components are functioning as designed and
were inspected in accordance with the Department’s approval.
(i) an operation and maintenance manual shall be prepared by the system designer or a
Massachusetts Registered Professional Engineer and submitted as part of the application.
15.203: System Sewage Flow Design Criteria
(1) Each component of an on-site subsurface sewage disposal system shall be designed to treat
sanitary sewage discharged from all buildings to be served by the system using the System
Sewage Flow Design flows set forth at 310 CMR 15.203(2) through (5), except as provided in
310 CMR 15.203(6). Actual water meter data shall not be substituted for the design flow criteria
for the activities listed in 310 CMR 15.203(2) through (5) unless pursuant to 310 CMR 15.416.
Design flow is equivalent to estimated generated flow for the proposed use plus a factor
representing flow variations.

310 CMR: DEPARTMENT OF ENVIRONMENTAL PROTECTION
15.203: continued

TYPE OF ESTABLISHMENT

GALLONS
PER DAY

UNIT

(2) RESIDENTIAL
Bed & Breakfast
per bedroom
110
Bed & Breakfast
per bedroom
110
with restaurant open
per seat
35
to public add
Camp, resident, mess hall,
per person*
35
washroom and toilets
Camp, day, washroom
per person
10
and toilets
Camp, day, mess hall,
per person
13
washroom and toilets
Campground, showers and toilets
per site
90
Family Dwelling, Single
per bedroom
110
including, but not limited to, single family condominiums & cooperatives
Family Dwelling, Multiple
per bedroom
110
Family Mobile Home Park
per mobile home
300
Motel, Hotel, Boarding
per bedroom
110
House
Retirement Mobile
Home Park
per site
150
Housing for the Elderly
per two bedroom
unit
150****
Work or Construction Camp
per person
50

MINIMUM
ALLOWABLE
GPD FOR
SYSTEM
DESIGN

440
1000

330**
***

*
**

Person in the context of 310 CMR 15.203 means an individual.
A system may be designed for flows of not less than 220 gpd, if a deed restriction essentially identical
to the model Grant of Title 5 Bedroom Count Deed Restriction developed by the Department, is
provided that limits the dwelling to two bed rooms as the term "bedroom" is defined in 310 CMR
15.002. A home office or home retail business whose only employees reside in the home, where no
additional wastewater is generated other than toilet and hand washing waste, is not considered a
change in the type of establishment and does not require the addition of flow for the purpose of
designing the system.
***
The number of bedrooms in a condominium shall be as specified in the Master Deed. Establishment of bedrooms in excess of the specified number shall be considered an increase in design flow.
A home office or home retail business whose only employees reside in the home, where no additional
wastewater is generated other than toilet and hand washing waste, is not considered a change in the
type of establishment and does not require the addition of flow for the purpose of designing the
system.
**** One bedroom unit Housing for the Elderly, and units with more than two bedrooms shall be designed
based on 110 gallons per day per bedroom.
(3) COMMERCIAL
Airport
Barber Shop/Beauty Salon
Bowling Alley
Country Club, dining room
Country Club, snack bar or
lunch room
Country Club, lockers and
showers
Doctor Office
Dentist Office

per passenger
per chair
per alley
per seat

5
100
100
10

per seat

10

per locker
per doctor
per dentist

20
250
200

150

310 CMR: DEPARTMENT OF ENVIRONMENTAL PROTECTION
15.203: continued
MINIMUM
ALLOWABLE
GPD FOR
SYSTEM
DESIGN

TYPE OF ESTABLISHMENT
(3) COMMERCIAL (continued)

UNIT

GALLONS
PER DAY

Factory, Industrial Plant,
Warehouse or Dry Storage
Space without cafeteria
Factory, Industrial Plant,
Warehouse or Dry Storage
Space with cafeteria

per person

15

per person

20

Gasoline Station
with service bays

per island*****
per bay

75
125

per kennel
per seat
per slip
per seat
per washing
machine
per 1000 sq.ft.
per 1000 sq.ft.
per seat
per seat

50
20
10
5
400

500

75
50
35
150

200
200
1000
1000

per seat
per seat

20
15

1000

per bay

150

450

per seat
per 1000 sq.ft.
per person
per court
per seat
per trailer

5
97
10
250
3
75

3000

per seat
per seat
per bed
per seat
per participant
per spectator
per bed
per bed
per person

3
6
200
15
25
3
200
150
5

300

***** Plus flows for bays, if any
Kennel/Veterinary Office
Lounge, Tavern
Marina
Movie Theater
Non-single family/
automatic clothes washer
Office building
Retail Store (except supermarkets)
Restaurant
Restaurant, thruway
service area
Restaurant, Fast Food
Restaurant, kitchen flow
[for sizing of grease
trap only]
Service Station
[no gas]
Skating Rink
Supermarkets
Swimming Pool
Tennis Club
Theater, Auditorium
Trailer, dump station
(4) INSTITUTIONAL
Place of worship without kitchen
with kitchen
Correctional Facility
Function Hall
Gymnasium
Gymnasium
Hospital
Nursing Home/Rest Home
Public Park, toilet
waste only

310 CMR: DEPARTMENT OF ENVIRONMENTAL PROTECTION
15.203: continued

TYPE OF ESTABLISHMENT

UNIT

GALLONS
PER DAY

per person

10

per person

10

per person

5

per person

8

per person

10

per person

10

per person

15

per person

20

per person

65

MINIMUM
ALLOWABLE
GPD FOR
SYSTEM
DESIGN

(4) INSTITUTIONAL (continued)
Public Park, bathhouse,
showers and flush toilets
Day Care Facility
(5) SCHOOLS******
Elementary School,
without cafeteria,
gymnasium or showers
Elementary School,
with cafeteria but
no gymnasium with showers
Elementary School,
with cafeteria,
gymnasium and showers
Secondary/Middle School,
without cafeteria,
gymnasium or showers
Secondary/Middle School,
with cafeteria but
no gymnasium or
showers
Secondary/Middle School,
with cafeteria, gymnasium
and showers
Boarding Schools,
Colleges

****** All schools to be served by an alternative technology approved pursuant to 310 CMR 15.280 through
15.288 shall have an equalization basin as part of the system design and have it installed prior to the
treatment device.
(6) Facilities other than those listed in 310 CMR 15.203(2) through (5), and nonresidential
facilities with unique design features that result in significantly different design flows than those
listed above may apply to the Department for a determination of design flow using actual meter
readings of established flows from existing or similar installations without the need for a
variance pursuant to 310 CMR 15.410 or 15.416. Prior to making a determination the
Department will consult with the local Approving Authority. For state and federal facilities,
the Department may also establish system design flows other than those listed above using actual
meter readings of established flows from existing or similar installations. Any design flow
established by the Department pursuant to 310 CMR 15.203(6), shall be based on 200% of
average water meter readings in order to assimilate maximum daily flows or on other methods
determined to be appropriate by the Department.
(7) In schools, flows generated from sinks or other drains receiving wastes from science
laboratories, graphics arts classrooms, or vocational school activities, including, but not limited
to, automotive repair painting, or metal fabrication are classified industrial wastes and shall be
directed pursuant to an appropriate permit, to a sewer, if a sewer connection is feasible and, if
not, then to an industrial waste holding tank in accordance with 314 CMR 18.000: Industrial
Wastewater Holding Tank and Container Construction, Operation, and Record Keeping
Requirements or an approved hazardous waste collection receptacle.

Leadership in Energy & Environmental Design
(LEED)
Checklist with Attained Points

LEED – Project Checklist
The following is a table representing the possible LEED point for a New Construction.
The checklist used LEED v4 for BD+C: New Construction and Major Renovation. The table
shows the attained points. According to the design a total 51 points will be achieved, reaching
Silver Certification.

LEED v4 for BD+C: New Construction and Major Renovation
Project Checklist
Y

?

0

1
5
1

Integrative Process

0

24-Apr-15

0 Location and Transportation

1
0

LEED for Neighborhood Development Location

16

Y

Prereq

Storage and Collection of Recyclables

Required

Credit

Sensitive Land Protection

1

Y

Prereq

Construction and Demolition Waste Management Planning

Required

Credit

High Priority Site

2

Credit

Building Life-Cycle Impact Reduction

5

Credit

Surrounding Density and Diverse Uses

5

Credit

2

Credit

Access to Quality Transit

5

Credit

Building Product Disclosure and Optimization - Environmental Product
Declarations
Building Product Disclosure and Optimization - Sourcing of Raw Materials

Credit

Bicycle Facilities

1

Credit

2

Credit

Reduced Parking Footprint

1

Credit

Building Product Disclosure and Optimization - Material Ingredients
Construction and Demolition Waste Management

Credit

Green Vehicles

1

0 Sustainable Sites

0

0 Materials and Resources

16

Credit

8
4

Proposed STEM Academic Building at Middlesex Community College

N
Credit

7

Project Name:
Date:

0

13

0 Indoor Environmental Quality

2
2

16

10

Y

Prereq

Minimum Indoor Air Quality Performance

Required

Y

Prereq

Construction Activity Pollution Prevention

Required

Y

Prereq

Environmental Tobacco Smoke Control

Required

1

Credit

Site Assessment

1

2

Credit

Enhanced Indoor Air Quality Strategies

2

Credit

Site Development - Protect or Restore Habitat

2

Credit

Low-Emitting Materials

3

Credit

Open Space

1

Credit

1

Credit

Rainwater Management

3

Credit

Construction Indoor Air Quality Management Plan
Indoor Air Quality Assessment

Credit

Heat Island Reduction

2

1

Credit

Thermal Comfort

1

Credit

Light Pollution Reduction

1

1

Credit

Interior Lighting

2

3

Credit

Daylight

3

1

Credit

Quality Views

1

Credit

Acoustic Performance

1

3

9

0

0 Water Efficiency

11

Y

Prereq

Outdoor Water Use Reduction

Required

Y

Prereq

Indoor Water Use Reduction

Required

Y

Prereq

5

Credit

Building-Level Water Metering
Outdoor Water Use Reduction

Required

2

2

5

6

Credit

Indoor Water Use Reduction

6

Credit

Cooling Tower Water Use

2

Credit

Water Metering

1

1

18 0

0 Energy and Atmosphere

0

0

0

2

0 Innovation

6

Credit

Innovation

5

Credit

LEED Accredited Professional

1

0 Regional Priority

4

Credit

Regional Priority: Specific Credit

1

33

Credit

Regional Priority: Specific Credit

1

Y

Prereq

Fundamental Commissioning and Verification

Required

Credit

Regional Priority: Specific Credit

1

Y

Prereq

Minimum Energy Performance

Required

Credit

Regional Priority: Specific Credit

1

Y

Prereq

Building-Level Energy Metering

Required

Y

Prereq

Fundamental Refrigerant Management

Required

Credit

Enhanced Commissioning

6

Credit

Optimize Energy Performance

18

Credit

Advanced Energy Metering

1

Credit

Demand Response

2

Credit

Renewable Energy Production

3

Credit

Enhanced Refrigerant Management

1

Credit

Green Power and Carbon Offsets

2

18

51

0

0 TOTALS

Possible Points:

Certified: 40 to 49 points, Silver: 50 to 59 points, Gold: 60 to 79 points, Platinum: 80 to 110

110
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Design Introduction

Transportation Addendum

Prestige World Worldwide’s transportation team was faced with the task of redesigning a
turnaround that is located in the limits of a proposed STEM Building located at Middlesex
Community College. Analysis of the existing conditions determined that that current style and
vehicle flow was adequate and would be included in the proposed. With two way vehicle traffic
meeting an opposing one way traffic the turnaround prevents vehicles from proceeding up the
one way in the wrong direction. Additional conditions that were important to preserve included
a designated vehicle delivery location, appropriate sidewalks and curbing and a center circle area
for a tree and florals. Specific design details are important quantities that will be addressed.
After analyzing the flow of the existing turnaround, it became apparent that the current
flow strategy would be most efficient given the location. In the proposed turnaround, just like
the current, a two way roadway flows to and from the turnaround perpendicular to Henderson
Hall and is turned away, using the turnaround, from an impeding one way maintenance street. I
10’ wide delivery area will be included in the proposed design as well which increases vehicle
maneuverability through the first half of the turnaround. Emergency vehicles will be able to
travel through the first half of the turn around and continue up the maintenance street in the case
of an emergency. The second half of the design will be drivable then by smaller vehicle traffic.

Geometric Calculations
The location and the size of the turnaround were important focuses that needed to be
addressed before any other details and calculations could be established. The location was
within 8’ of the proposed foundation of the Stem Building. This leaves enough room for a
proposed 5’ wide sidewalk around the building side of the turnaround. Once this point was
established turning widths and radiuses could then be determined.
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Sample minimum turning radius templates were used out of the AASHTO Green Book
(2004). The specific two templates that were used in the geometric design of the proposed
turnaround were the Passenger Car (P) and Large School Bus (S-Bus-12). Each turning template
was recreated in CAD and used as a direct overlay that allowed for direct analysis of proper
turning radiuses throughout the turnaround. Given the limited space of the project site the first
half of the turnaround will be wide enough and turning accessible for vehicles as large as
Bedford’s largest first truck (Ladder 1). Communication with the Bedford Fire Departments
gave the project a ruling of a minimum turning radius of 36’ for emergency vehicles. The Large
School Bus (S-Bus_12) has a minimum turning outside wheel turning radius of 40’ which
reflects most closely to the figure (36’) that was given by the fire department. A positive to this
template is the extra range of space and width, from the 10’ wide delivery space in the final
design. The second half of the design then has a smaller radius of turning the more reflects that
of the Passenger Car (P). Throughout the turning route there is a maximum radius (1st half) of
45’ and a minimum radius (2nd half) of 38’. Once these numbers of the design were established
30’ radius curves were used to combine intersecting tangents from the turnaround curves and the
existing roadways that need to combine with them (2 way street / maintenance 1-way). These
radiuses work due to the wide roadway conditions for large vehicles to maneuvers, like discussed
before. Finally the center island was designed to the bare minimum turning radius of the inner
wheels of the Passenger Car (P), assuming no one would be making a turn this sharp with the
extra lane space ranging around 12’.
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Additional Design

Transportation Addendum

Once all line work was established increased design detail way established. First a new

center line leading into the turnaround was established protecting two way traffic. Where
curbing is concerned, 6” curb is added throughout the turnaround. All this curbing is able
to be removed and replaced from existing conditions to the final design. Like mentioned

before 5’ wide sidewalk will be placed on the building side of the turnaround and feeding

into existing conditions. A wheel chair ramp is included in the design for handicap access
as well as delivery access. An additional “Stop” Sign is added to the opposite face of an
existing “Do Not Enter” sign at the base of the one way. Finally guardrail is added to
protect utility pipes exposed perpendicular to the once way and turnaround.

Parking Analysis
It was brought to Prestige Worldwide’s attention that parking at Middlesex Community
College in Bedford, MA was limited. With this information, it was decided that a study should
be run to first figure out if there were adequate number of parking spaces on campus and how
many parking spaces, if any, would need to be added. Research was done to figure out how many
parking spaces would be required on a college campus. The Bedford Town Zoning Bi-Laws
were considered in the design, even though the college was not held to the standards.
Information was also taken from Parking Generation, 4th Edition, written by the Institute of
Engineers to find how many parking spaces were required. From this, it was found that an
“average parking supply ratio: 0.2 spaces per total number of students, faculty and employees”
were needed. The amount of students (13,267), full-time faculty (125) and part-time faculty
(460) was taken from the Middlesex Community College website for a total of 13,852. Due to
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the fact that Middlesex Community College has two campuses, it was assumed that the number
of students and faculty would need to be divided in half (6,926) in order to give a close
representation of the total faculty and students using the Bedford campus. From this, the total
number of parking spaces that is required is 1,386. The number of parking spaces on campus,
including the overflow lot that is accessible by shuttle is 1,600. This means that the campus is
exceeding the number of parking spaces that is required, due to their current number of students
enrolled and faculty members.

ADA Parking Requirements
To meet ADA requirements, for a parking lot that amount to “1,001 and over there should be 20,
plus 1 for each 100, or fraction thereof, over 1,000.” With the number of parking spaces on
campus being 1,600, the campus needs 26. The Bedford campus currently has 27 which are
exceeding the requirement.

Figure 1: Bedford Campus Map

Parking Lot Repairs

6

Transportation Addendum

Although the college is meeting the required number of parking spaces on campus, not all of the
parking lots are in good repair. This causes them to become underutilized. One parking lot in
particular is lot “M”. In its current state, it is made of dirt and is subject to flooding which
causes the lot to become mud-covered. Below is a picture of the lot at the end of March. The
water that is seen in the photo occurred due to the melting snow that was in and around the
parking lot.

Figure 2: Take by PWW on
3/31/2015

This makes parking in this lot inconvenient, and so students and faculty choose not to use it
unless necessary. Prestige World Wide proposes to repave this parking lot with a new pavement
known as TrueGrid. This pavement is a good alternative to the current dirt lot because it allows
for better drainage.

Figure 3: Lot M Repave

The parking lot will have 56 spots. They will be 9 feet in width and 19 feet in depth. The aisles
will be 24 feet wide in order to allow for 2 way motor vehicle operations. These numbers were
taken from the Town of Bedford Zoning Bi-Laws. Even though Middlesex Community College
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does not have to abide by them, they were used as a guideline. Also, the college parking lots are
already laid out in this manner. The parking lot will be made slightly larger in area in order to
use the space in the most effective and efficient way.
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Geometric Design
Figure 1 – Turning Templates

Parking Analysis
Figure 1 – Town of Bedford Zoning Bi-Laws
Figure 2 – Land Use: 540 by Parking Generation
Figure 3- Americans with Disability Act

Pavement Design
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Objective of this Report
The objective of this report is to present the permeable pavement and typical pavement design
used for the construction of the proposed parking facility and turnaround on the Bedford campus
of Middlesex Community College (MCC). The report will include the current project conditions,
description of work, and proposed design considerations.

Background of Existing Facility
The first location that Prestige Worldwide Consulting & Design will be focusing on at MCC for
this project is the turnaround located in between Henderson Hall and The Bedford House. On the
eastside of the turnaround there is currently a one-way access road that leads into the one-way
turnaround. On the opposite, west side, there is an existing two way street, with one direction
leading into the turnaround and the other being the exit of the turnaround. There is a cross walk
that connects parking lot B to the campus quad across the two way street. The entrance to
parking lot B is located on the west side of the turnaround. There is a single white paint line
marking on the road dividing the entrance and exit of the turnaround. In the turnaround there are
multiple white paint markings for three parking spots and a drop off zone. An island is located in
the middle of the turnaround that has a small tree in the island. Traditional pavement is used for
this turnaround and granite curbing is used for the island and sidewalk location designations. The
sidewalks are composed of typical concrete. Refer to appendix A-8 for an existing and proposed
plan view of the turnaround.
The other location that Prestige Worldwide Consulting & Design will be focusing on is parking
lot M located between North and South Academic. Parking lot M is currently undeveloped land
that is being used for parking necessities. The parking lot consists of packed dirt and grass. The
space has no definite assigned usage besides overflow parking. The entrance of parking lot M
connects to the Main Street that traverses around campus. There are some parking spaces along
Main Street. Refer to appendix A-7 for a plan view of existing conditions and proposed design.

Proposed Work
The pavement design engineers at Prestige Worldwide Consulting and Design will be focusing
on the following proposed work plans.
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Analysis of Current Conditions

Prestige Worldwide Consulting & Design will explore the current site conditions by visiting the
proposed site location on campus. The site location will consist of parking lot M and the
turnaround. A survey will be done to assure that specifications and regulations are met according
to zoning regulations and possible environmental intrusions. Documentation of existing
structures and site elements will be done to assess quality control of the entire project. This will
be done via photos, surveys, and visual inspections. Prestige Worldwide Consulting & Design is
going to design the pavement based on current site conditions.

Materials Needed

The following construction vehicles and construction equipment will be required throughout the
duration of the project:









Small Backhoe – excavation, clearing, and preparation of installation of curbing
Smooth Steel-Wheel Roller - compaction
Motor Grader – fine grading
Medium Sized Dump Truck – transport materials
Water Truck – moisture conditioning and compaction
Plate Vibrator – installation of TrueGrid Permeable Paving System
Shovels – spreading of materials
Electric Handsaw – Cutting TrueGrid Permeable Pavers when necessary

The following construction workers will be needed throughout the duration of the project:






Heavy Equipment Operator
o Will operate water truck, small backhoe, smooth steel-wheel roller, and motor
grader.
Class A Commercial Drivers License Operator
o Will transport heavy equipment vehicles and dump truck used for transportation
of materials.
4 General Construction Workers
o Spread Materials
o Assist with curbing installation
o Installation of TrueGrid Permeable Paving System
o Quality control
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TrueGrid recommends using a sub base of ½” – 1-½” diameter clean/washed, angular gravel.
No. 57 stone with a 1-½” diameter will be used for the sub base layer. 10,000 cubic feet of this
fill will be required to sufficiently cover the project area. The next material that will be required
is the TrueGrid Permeable Pavers, which will be purchased from TrueGrid. 27 pallets of
TrueGrid Permeable Pavers will be ordered for parking lot M. Extra pavers will be ordered for
multiple purposes such as the need to trim some sections to fit specific dimensions in the project
area and maintenance needs to replace sections that may get damaged with age. For proper
parking designation, we will be installing custom-made colored caps that fit right into the
TrueGrid Permeable Pavers. 2,700 of these caps will be ordered for the project construction and
any extra will be used for replacement if needed. The fill material that will be required is No. 57
clean stone with a ½” diameter. 3,000 cubic feet of this fill will be required to sufficiently cover
the project area. For the perimeter of the parking lot, 6” wide and 20” deep sawn top vertical
granite curbing will be used to designate the boundaries of parking lot dimensions. 600 feet of
special ordered curbing specific to the project will be ordered. To minimize construction material
costs, existing granite curbing will be reused into the project.

Execution of Work

The following execution of work steps will be done by the contractors:
1. Preparation of Subgrade – Refer to Section 31 20 00 Earthwork (10-06M) in Appendix
A-1.
2. Installation of Granite Curbing – The specified granite curbing described earlier in the
materials section shall be placed 6 inches above the TrueGrid Permeable Pavers and 2
inches above the surrounding exterior soil and grass. Refer to Appendix A-2 for a typical
cross-section drawing of the granite curbing.
3. Sub-base material – Use sub-base material as described prior in the Materials section.
Install sub-base material shown on drawings in Appendix A-3. Refer to Section 3.4
Filling and Backfilling in Section 31 20 00 Earthwork in Appendix A-1.
4. Installation of TrueGrid Permeable Paving System – Install TrueGrid Permeable Paver
units by placing cells face up. Sheets come preassembled in 4’x4’ sheets and connect
with friction fit interlocking connectors. No tooling required to connect or disconnect
TrueGrid units. Units can be cut around curves and organic shapes around jobsite with
any electrical handsaw. Use a plate vibrator to ensure that the TrueGrid Permeable
Paving System is level. The installation of the TrueGrid surface will be done with 4
General Construction Workers. This will take approximately 4 – 6 hours.
5. Fill material – Use fill material as described prior in the Materials section. Ensure that fill
is spread evenly and does not exceed the top of the TrueGrid Paver cells.
6. Quality Assurance
5

Considerations
There are other factors that need to be considered post construction and installation. Snow
plowing and harsh winter weather needs to be considered. Refer to the following documents in
the Appendix:



Snow Plowing a TrueGrid Surface – Appendix A-4
Porous Pavement Performance in Cold Climates – Appendix A-5

Very little to no maintenance is required for the TrueGrid surface. Occasional raking of gravel
back over exposed cell tops may be required when the fill aggregate migrates.
The TrueGrid Permeable Paving System has a warranty period of 5 years following the date of
shipment. This entails that all products furnished will be free from defects in material and/or
workmanship. All defective materials shall be refurnished under the warranty at no charge,
excluding re-installation costs. The expected lifespan of the TrueGrid surface is 25 years in
sunlight and up to 50 years in constant shade or indoors.

Pavement Structures Design
Refer to the Manufacturer’s Product Specification Sheet in Appendix A-6 for details on the
TrueGrid Permeable Paving System. Prestige Worldwide Consulting & Design will be installing
custom-made colored caps that fit right into the TrueGrid Permeable Pavers for parking
designation. For the typical pavement design refer to Appendix A-9.

The area of the proposed parking lot will be 20,000 square feet. This will allow 56 additional
parking spaces to be created for the campus. Refer to the plan view in Appendix A-7 for the
specific location of the parking lot.

The thicknesses of each of layers required are as follows:
Sub-Base:




No. 57 clean stone with a 1-½” diameter
6 inches deep of stone
10,000 cubic feet of stone required

TrueGrid Permeable Pavers:



Refer to the Manufacturer’s Product Specification Sheet in Appendix A-6 for the
dimensions of a single TrueGrid Paver.
27 pallets of TrueGrid Pavers will need to be ordered
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Fill Material:




No. 57 clean stone with a ½” diameter
1.8 inches deep of stone required
3,000 cubic feet of stone required

Refer to Section 31 20 00 Earthwork (10-06M) in Appendix A-1 for a visual of the different
thicknesses of each layer that will be required.
For the perimeter of the parking lot, 6” wide and 20” deep sawn top vertical granite curbing will
be used. 600 feet of this curbing will be required to fully encompass the perimeter. Refer to
Appendix A-2 for a typical cross-section drawing of the granite curbing.

Pavement Drainage Analysis
The TrueGrid system is designed to infiltrate storm water runoff instead of shedding it off the
surface. TrueGrid has a porosity of 90% which includes the fill material. TrueGrid will reduce
the amount of runoff by allowing water to pass through surfaces that would otherwise be
impervious. The storm water passes through the load bearing surface and aggregate sub base.
Runoff is then stored in the stone aggregate sub base layer, and is allowed to infiltrate into the
surrounding soil, acting like an infiltration basin. Therefore with the TrueGrid system there will
be no need to add any catch basins for potential runoff. A TrueGrid surface has very high initial
infiltration rates and can immediately infiltrate and store rainfall runoff or accumulating snow.
The surface infiltration rates for these pavements will in most cases exceed 200-250 inches/hour.
Direct runoff is completely eliminated during high intensity rainstorms and will accelerate the
melting of snow during snowstorms. The aggregate sub base in TrueGrid will serve as a
temporary reservoir and will store the water until it is discharged to the sub grade through
infiltration or released to surface discharge through a sub drain system.
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Environmentally Friendly
The TrueGrid Permeable Paving system is made from recycled high-density polyethylene (100%
post-consumer). This system is designed to provide design professionals with an eco-friendly
alternative to concrete and asphalt and other impervious surfaces. It is made in the USA and it
can handle any load that concrete can handle, while being nearly 100% permeable. It is an
environmentally friendly system due to its low impact development properties, its storm water
maintenance/high permeability qualities, long life expectancy and no high-maintenance
requirements need to be performed. It is nontoxic, harmless to plants, animals, and
microorganisms. In an area with many pathways, parking lots, driveways, and roofs such as the
MCC campus can become a “hot spot”. TrueGrid reduces this heat island effect as it reduces the
absorbability of solar rays and thus helps steady and cool the natural environment. For this
caliber project, TrueGrid will add LEED Credits in the following categories:






Construction Activity: Pollution Prevention
Storm water Design: Quality Control
Storm water Design: Quantity Control
Heat Island Effect: Non-Roof
Recycled Material Content

Conclusion
This report has presented the permeable pavement and typical pavement design used for the
construction of the proposed parking facility and turnaround on the Bedford campus of
Middlesex Community College. Typical pavement will be used on the proposed turnaround and
TrueGrid Permeable Paving System will be used for the resurfacing of parking lot M.
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APPENDIX
A-1: Section 31 20 00 Earthwork
SECTION 31 20 00
EARTHWORK
PART 1 - GENERAL
1.1 DESCRIPTION OF WORK:
A. This section specifies the requirements for furnishing all equipment,
materials, labor, tools, and techniques for earthwork including, but
not limited to, the following:
1. Site preparation.
2. Excavation.
3. Filling and backfilling.
4. Grading.
5. Soil Disposal.
6. Clean Up.
1.2 DEFINITIONS:
A. Unsuitable Materials:
1. Fills: Topsoil; frozen materials; construction materials and
materials subject to decomposition; clods of clay and stones larger
than 75 mm (3 inches); organic material, including silts, which are
unstable; and inorganic materials, including silts, too wet to be
stable and any material with a liquid limit and plasticity index
exceeding 40 and 15 respectively.

Unsatisfactory soils also include

satisfactory soils not maintained within 2 percent of optimum
moisture content at time of compaction, as defined by ASTM D698.
2. Existing Subgrade (Except Footing Subgrade): Same materials as
1.2.A.1, that are not capable of direct support of slabs, pavement,
and similar items with possible exception of improvement by
compaction, proofrolling, or similar methods.
B. Building Earthwork: Earthwork operations required in area enclosed by a
line located 1500 mm (5 feet) outside of principal building perimeter.
It also includes earthwork required for auxiliary structures and
buildings.
C. Trench Earthwork: Trenchwork required for curbing.
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D. Site Earthwork: Earthwork operations required in area outside of a line
located 1500 mm (5 feet) outside of principal building perimeter and
within new construction area with exceptions noted above.
E. Degree of compaction: Degree of compaction is expressed as a percentage
of maximum density obtained by laboratory test procedure. This
percentage of maximum density is obtained through use of data provided
from results of field test procedures presented in ASTM D1556, ASTM
D2167, and ASTM D6938.
F. Fill: Satisfactory soil materials used to raise existing grades. In the
Construction Documents, the term “fill” means fill or backfill as
appropriate.
G. Backfill: Soil materials or controlled low strength material used to
fill an excavation.
H. Unauthorized excavation: Removal of materials beyond indicated subgrade elevations or indicated lines and dimensions without written
authorization by the Resident Engineer. No payment will be made for
unauthorized excavation or remedial work required to correct
unauthorized excavation.
I. Authorized additional excavation: Removal of additional material
authorized by the Resident Engineer based on the determination by the
Government’s soils testing agency that unsuitable bearing materials are
encountered at required sub-grade elevations. Removal of unsuitable
material and its replacement as directed will be paid on basis of
Conditions of the Contract relative to changes in work.
J. Subgrade: The undisturbed earth or the compacted soil layer immediately
below granular sub-base, drainage fill, or topsoil materials.
K. Structure: Buildings, foundations, slabs, tanks, curbs, mechanical and
electrical appurtenances, or other man-made stationary features
constructed above or below the ground surface.
L. Borrow: Satisfactory soil imported from off-site for use as fill or
backfill.
M. Drainage course: Layer supporting slab-on-grade used to minimize
capillary flow of pore water.
N. Bedding course: Layer placed over the excavated sub-grade in a trench
before laying pipe.

Bedding course shall extend up to the springline

of the pipe.
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O. Sub-base Course: Layer placed between the sub-grade and base course for
asphalt paving or layer placed between the sub-grade and a concrete
pavement or walk.
P. Utilities include on-site underground pipes, conduits, ducts, and
cables as well as underground services within buildings.
Q. Debris: Debris includes all materials located within the designated
work area not covered in the other definitions and shall include but
not be limited to items like vehicles, equipment, appliances, building
materials or remains thereof, tires, any solid or liquid chemicals or
products stored or found in containers or spilled on the ground.
R. Contaminated soils:

Soil that contains contaminates as defined and

determined by the Resident Engineer or the Government’s testing agency.
1.3 RELATED WORK:
A. Materials testing and inspection during construction: Section 01 45 29,
TESTING LABORATORY SERVICES.
B. Safety requirements: Section 00 72 00, GENERAL CONDITIONS, Article,
ACCIDENT PREVENTION.
C. Protection of existing utilities, fire protection services, existing
equipment, roads, and pavements: Section 01 00 00, GENERAL
REQUIREMENTS.
D. Subsurface Investigation: Section 01 00 00, GENERAL REQUIREMENTS,
Article, PHYSICAL DATA.
E. Erosion Control: Section 01 57 19, TEMPORARY ENVIRONMENTAL CONTROLS,
and Section 32 90 00, PLANTING.
F. Site preparation: Section 31 23 19, DEWATERING, and Section 02 41 00,
DEMOLITION.
G. Paving sub-grade requirements: Section 32 12 16, ASPHALT PAVING.
1.4 CLASSIFICATION OF EXCAVATION:
A. Unclassified Excavation: Removal and disposal of pavements and other
man-made obstructions visible on surface; utilities, and other items
including underground structures indicated to be demolished and
removed; together with any type of materials regardless of character of
material and obstructions encountered.
B. Rock Excavation:
1. Trenches and Pits: Removal and disposal of solid, homogenous,
interlocking crystalline material with firmly cemented, laminated,
or foliated masses or conglomerate deposits that cannot be excavated
with a late-model, track-mounted hydraulic excavator; equipped with
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a 1050 mm (42 inch) wide, short-tip-radius rock bucket; rated at not
less than 103 kW (138 hp) flywheel power with bucket-curling force
of not less than 125 kN (28,090 lbf) and stick-crowd force of not
less than 84.5 kN (19,000 lbf); measured according to SAE J-1179.
Trenches in excess of 3000 mm (10 feet) wide and pits in excess of
9000 mm (30 feet) in either length or width are classified as open
excavation.
2. Open Excavation: Removal and disposal of solid, homogenous,
interlocking crystalline material firmly cemented, laminated, or
foliated masses or conglomerate deposits that cannot be dislodged
and excavated with a late-model, track-mounted loader; rated at not
less than 157 kW (210 hp) flywheel power and developing a minimum of
216 kN (48,510 lbf) breakout force; measured according to SAE J-732.
3. Other types of materials classified as rock are unstratified masses,
conglomerated deposits and boulders of rock material exceeding 0.76
m3 (1 cubic yard) for open excavation, or 0.57 m3 (3/4 cubic yard)
for footing and trench excavation that cannot be removed by rock
excavating equipment equivalent to the above in size and performance
ratings, without systematic drilling, ram hammering, ripping, or
blasting, when permitted.
4. Definitions of rock and guidelines for equipment are presented for
general information purposes only.

The Contractor is expected to

use the information presented in the Geotechnical Engineering Report
to evaluate the extent and competency of the rock and to determine
both quantity estimations and removal equipment and efforts.
1.5 MEASUREMENT AND PAYMENT FOR EXCAVATION:
A. Measurement: The unit of measurement for excavation and borrow will be
the cubic yard, computed by the average end area method from cross
sections taken before and after the excavation and borrow operations,
including the excavation for ditches, gutters, and channel changes,
when the material is acceptably utilized or disposed of as herein
specified.

Quantities should be computed by a Registered Professional

Land Surveyor or Registered Civil Engineer, specified in Section 01 00
00, GENERAL REQUIREMENTS. The measurement will include authorized
excavation for rock, authorized excavation of satisfactory subgrade
soil, and the volume of loose, scattered rocks and boulders collected
within the limits of the work; allowance will be made on the same basis
for selected backfill ordered as replacement.
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The measurement will not

include the volume of subgrade material or other material used for
purposes other than directed.

The volume of overburden stripped from

borrow pits and the volume of excavation for ditches to drain borrow
its, unless used as borrow material, will not be measured for payment.
The measurement will not include the volume of any excavation performed
prior to taking of elevations and measurements of the undisturbed
grade.
1.6 SUBMITTALS:
A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT
DATA, AND SAMPLES.
B. Rock Excavation Report:
1. Certification of rock quantities excavated.
2. Excavation method.
3. Labor.
4. Equipment.
5. Land Surveyor's or Civil Engineer's name and official registration
stamp.
6. Plot plan showing elevation.
C. Furnish to Resident Engineer:
1. Contactor shall furnish resumes with all personnel involved in the
project including Project Manager, Superintendent, and on-site
Engineer.

Project Manager and Superintendent should have at least 3

years of experience on projects of similar size.
2. Soil samples.
a. Classification in accordance with ASTM D2487 for each on-site or
borrow soil material proposed for fill, backfill, engineered
fill, or structural fill.
b. Laboratory compaction curve in accordance with ASTM D698 for each
on site or borrow soil material proposed for fill, backfill,
engineered fill, or structural fill.
c. Test reports for compliance with ASTM D2940 requirements for
subbase material.
d. Pre-excavation photographs and videotape in the vicinity of the
existing structures to document existing site features, including
surfaces finishes, cracks, or other structural blemishes that
might be misconstrued as damage caused by earthwork operations.
e. The Contractor shall submit a scale plan daily that defines the
location, limits, and depths of the area excavated.
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3. Contractor shall submit procedure and location for disposal of
unused satisfactory material. Proposed source of borrow material.
Notification of encountering rock in the project.

Advance notice on

the opening of excavation or borrow areas. Advance notice on
shoulder construction for rigid pavements.
1.7 APPLICABLE PUBLICATIONS:
A. Publications listed below form a part of this specification to extent
referenced. Publications are referenced in text by basic designation
only.
B. American Society for Testing and Materials (ASTM):
D698-07e1...............Standard Test Method for Laboratory Compaction
Characteristics of Soil Using Standard Effort
(12,400 ft. lbf/ft3 (600 kN m/m3))
D1556-07................Standard Test Method for Density and Unit
Weight of Soil in Place by the Sand Cone Method
D2167-08................Standard Test Method for Density and Unit
Weight
PART 2 - PRODUCTS
2.1 MATERIALS:
A. General:

Provide borrow soil material when sufficient satisfactory

soil materials are not available from excavations.
B. Fills: Material in compliance with ASTM D2487 Soil Classification
Groups GW, GP, GM, SW, SP, SM, SC, and ML, or any combination of these
groups; free of rock or gravel larger than 75 mm (3 inches) in any
dimension, debris, waste, frozen materials, vegetation, and other
deleterious matter.

Material approved from on site or off site sources

having a minimum dry density of 1760 kg/m3 (110 pcf), a maximum
Plasticity Index of 15, and a maximum Liquid Limit of 40.
C. Engineered Fill: Naturally or artificially graded mixture of compliance
with ASTM D2487 Soil Classification Groups GW, GP, GM, SW, SP, SM, SC,
and ML, or any combination of these groups, or as approved by the
Engineer or material with at least 90 percent passing a 37.5-mm (1 1/2inch) sieve and not more than 12 percent passing a 75-µm (No. 200)
sieve, per ASTM D2940;.
D. Bedding: Naturally or artificially graded mixture of natural or crushed
gravel, crushed stone, and natural or crushed sand; ASTM D2940; except
with 100 percent passing a 25 mm (1 inch) sieve and not more than 8
percent passing a 75-μm (No. 200) sieve.
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E. Drainage Fill: Washed, narrowly graded mixture of crushed stone, or
crushed or uncrushed gravel; ASTM D448; coarse-aggregate grading Size
57; with 100 percent passing a 37.5 mm (1 1/2-inch) sieve and 0 to 5
percent passing a 2.36 mm (No. 8) sieve.
F. Granular Fill:
1. Under concrete slab, - granular fill shall consist of clean, poorly
graded crushed rock, crushed gravel, or uncrushed gravel placed
beneath a building slab with or without a vapor barrier to cut off
the capillary flow of pore water to the area immediately below.
Fine aggregate grading shall conform to ASTM C 33 with a maximum of
3 percent by weight passing ASTM D 1140, 37.5 mm (1-1/2 inches).
2. Bedding for sanitary and storm sewer pipe, crushed stone or gravel
graded from 13 mm (1/2 inch) to 4.75 mm (No 4), per ASTM D2940.
G. Requirements for Offsite Soils: Offsite soils brought in for use as
backfill shall be tested for TPH, BTEX and full TCLP including
ignitability, corrosivity and reactivity. Backfill shall contain less
than 100 parts per million (ppm) of total hydrocarbons (TPH) and less
than 10 ppm of the sum of Benzene, Toleune, Ethyl Benzene, and Xylene
(BTEX) and shall not fail the TCLP test.

TPH concentrations shall be

determined by using EPA 600/4-79/020 Method 418.1.

BTEX concentrations

shall be determined by using EPA SW-846.3-3a Method 5030/8020.

TCLP

shall be performed in accordance with EPA SW-846.3-3a Method 1311.
Provide Borrow Site Testing for TPH, BTEX and TCLP from a composite
sample of material from the borrow site, with at least one test from
each borrow site.
PART 3 - EXECUTION
3.1 SITE PREPARATION:
A. Clearing: Clear within limits of earthwork operations as shown. Work
includes removal of trees, shrubs, fences, foundations, incidental
structures, paving, debris, trash, and other obstructions.
B. Grubbing: Remove stumps and roots 75 mm (3 inch) and larger diameter.
Undisturbed sound stumps, roots up to 75 mm (3 inch) diameter, and
nonperishable solid objects a minimum of 900 mm (3 feet) below subgrade
or finished embankment may be left.
C. Trees and Shrubs: Trees and shrubs, not shown for removal, may be
removed from areas within 4500 mm (15 feet) of new construction and
2250 mm (7.5 feet) of utility lines when removal is approved in advance
by Resident Engineer. Trees and shrubs, shown to be transplanted, shall
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be dug with a ball of earth and burlapped in accordance with latest
issue of, "American Standard for Nursery Stock" of the American
Association of Nurserymen, Inc. Transplant trees and shrubs to a
permanent or temporary position within two hours after digging.
Maintain trees and shrubs held in temporary locations by watering as
necessary and feeding semiannually with liquid fertilizer with a
minimum analysis of 5 percent nitrogen, 10 percent phosphorus, and 5
percent potash. Maintain plants moved to permanent positions as
specified for plants in temporary locations until conclusion of
contract. Box, and otherwise protect from damage, existing trees and
shrubs which are not shown to be removed in construction area.
Immediately repair damage to existing trees and shrubs by trimming,
cleaning and painting damaged areas, including roots, in accordance
with standard industry horticultural practice for the geographic area
and plant species. Do not store building materials closer to trees and
shrubs, that are to remain, than farthest extension of their limbs.
D. Stripping Topsoil: Strip topsoil from within limits of earthwork
operations as specified. Topsoil shall be a fertile, friable, natural
topsoil of loamy character and characteristic of locality. Topsoil
shall be capable of growing healthy horticultural crops of grasses.
Stockpile topsoil and protect as directed by Resident Engineer.
Eliminate foreign materials, such as weeds, roots, stones, subsoil,
frozen clods, and similar foreign materials larger than 0.014 m3 (1/2
cubic foot) in volume, from soil as it is stockpiled. Retain topsoil on
station. Remove foreign materials larger than 50 mm (2 inches) in any
dimension from topsoil used in final grading. Topsoil work, such as
stripping, stockpiling, and similar topsoil work shall not, under any
circumstances, be carried out when soil is wet so that the composition
of the soil will be destroyed. E. Concrete Slabs and Paving: Score
deeply or saw cut to insure a neat, straight cut, sections of existing
concrete slabs and paving to be removed where excavation or trenching
occurs. Extend pavement section to be removed a minimum of 300 mm (12
inches) on each side of widest part of trench excavation and insure
final score lines are approximately parallel unless otherwise
indicated. F. Lines and Grades: Registered Professional Land Surveyor
or Registered Civil Engineer, specified in Section 01 00 00, GENERAL
REQUIREMENTS, shall establish lines and grades.
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1. Grades shall conform to elevations indicated on plans within the
tolerances herein specified. Generally grades shall be established
to provide a smooth surface, free from irregular surface changes.
Grading shall comply with compaction requirements and grade cross
sections, lines, and elevations indicated. Where spot grades are
indicated the grade shall be established based on interpolation of
the elevations between the spot grades while maintaining appropriate
transition at structures and paving and uninterrupted drainage flow
into inlets.
2. Locations of existing and proposed elevations indicated on plans,
except spot elevations, are approximate from a site survey that
measured spot elevations and subsequently generated existing
contours and spot elevations. Proposed spot elevations and contour
lines have been developed utilizing the existing conditions survey
and developed contour lines and may be approximate. Contractor is
responsible to notify Resident Engineer of any differences between
existing elevations shown on plans and those encountered on site by
Surveyor/Engineer described above. Notify Resident Engineer of any
differences between existing or constructed grades, as compared to
those shown on the plans.
3. Subsequent to establishment of lines and grades, Contractor will be
responsible for any additional cut and/or fill required to ensure
that site is graded to conform to elevations indicated on plans.
4. Finish grading is specified in Section 32 90 00, PLANTING.
G. Disposal: All materials removed from the property shall be disposed of
at a legally approved site, for the specific materials, and all
removals shall be in accordance with all applicable Federal, State and
local regulations. No burning of materials is permitted onsite.
3.2 EXCAVATION:
A. Shoring, Sheeting and Bracing: Shore, brace, or slope, its angle of
repose or to an angle considered acceptable by the Resident Engineer,
banks of excavations to protect workmen, banks, adjacent paving,
structures, and utilities.
1. Design of the temporary support of excavation system is the
responsibility of the Contractor. The Contractor shall submit a
Shoring and Sheeting plan for approval 15 days prior to starting
work.

Submit drawings and calculations, certified by a registered

professional engineer, describing the methods for shoring and
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sheeting of excavations.

Shoring, including sheet piling, shall be

furnished and installed as necessary to protect workmen, banks,
adjacent paving, structures, and utilities.

Shoring, bracing, and

sheeting shall be removed as excavations are backfilled, in a manner
to prevent caving.
2. Construction of the support of excavation system shall not interfere
with the permanent structure and may begin only after a review by
the Resident Engineer.
3. Extend shoring and bracing to a minimum of 1500 mm (5 feet) below
the bottom of excavation. Shore excavations that are carried below
elevations of adjacent existing foundations.
4. The Contractor is required to hire a Professional Geotechnical
Engineer to provide inspection of excavations and soil/groundwater
conditions throughout construction.

The Geotechnical Engineer shall

be responsible for performing pre-construction and periodic site
visits throughout construction to assess site conditions.

The

Geotechnical Engineer shall update the excavation, sheeting and
dewatering plans as construction progresses to reflect changing
conditions and shall submit an updated plan if necessary.

A written

report shall be submitted, at least monthly, informing the
Contractor and Resident Engineer of the status of the plan and an
accounting of the Contractor's adherence to the plan addressing any
present or potential problems.

The Geotechnical Engineer shall be

available to meet with the Resident Engineer at any time throughout
the contract duration.
B. Subgrade Protection: Protect subgrades from softening, undermining,
washout, or damage by rain or water accumulation.

Reroute surface

water runoff from excavated areas and not allow water to accumulate in
excavations.
ditches.

Do not use excavated trenches as temporary drainage

When subgrade for foundations has been disturbed by water,

remove disturbed material to firm undisturbed material after water is
brought under control. Replace disturbed subgrade in trenches with
concrete or material approved by the Resident Engineer.
C. Proofrolling:
1. After rough grade has been established in cut areas and prior to
placement of fill in fill areas under building and pavements,
proofroll exposed subgrade with a fully loaded dump truck to check
for pockets of soft material.
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F. Building Earthwork:
1. Excavation shall be accomplished as required by drawings and
specifications.
2. Excavate foundation excavations to solid undisturbed subgrade.
3. Remove loose or soft materials to a solid bottom.
4. Fill excess cut under footings or foundations with 25 MPa (3000 psi)
concrete poured separately from the footings.
5. Do not tamp earth for backfilling in footing bottoms, except as
specified.
6. Slope grades to direct water away from excavations and to prevent
ponding.
7. Capillary water barrier (granular fill) under concrete floor and
area-way slabs on grade shall be placed directly on the subgrade and
shall be compacted with a minimum of two passes of a hand-operated
plate-type vibratory compactor.
8. Ensure that footing subgrades have been inspected and approved by
the Resident Engineer prior to concrete placement.

Excavate to

bottom of pile cap prior to placing or driving piles, unless
authorized otherwise by the Resident Engineer.

Backfill and compact

over excavations and changes in grade due to pile driving operations
to 95 percent of ASTM D698 maximum density.
G. Trench Earthwork:
1. Utility trenches (except sanitary and storm sewer):
a. Excavate to a width as necessary for sheeting and bracing and
proper performance of the work.
b. Grade bottom of trenches with bell holes scooped out to provide a
uniform bearing.
c. Support piping on suitable undisturbed earth unless a mechanical
support is shown. Unstable material removed from the bottom of
the trench or excavation shall be replaced with select granular
material placed in layers not exceeding 150 mm (6 inches) loose
thickness.
d. Length of open trench in advance of piping laying shall not be
greater than is authorized by Resident Engineer.
e. Provide buried utility lines with utility identification tape.
Bury tape 300 mm (12 inches) below finished grade; under
pavements and slabs, bury tape 150 mm (6 inches) below top of
subgrade
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f. Bury detection wire directly above non-metallic piping at a
distance not to exceed 300 mm (12 inches) above the top of pipe.
The wire shall extend continuously and unbroken, from manhole to
manhole.

The ends of the wire shall terminate inside the

manholes at each end of the pipe, with a minimum of 0.9 m (3
feet) of wire, coiled, remaining accessible in each manhole.
wire shall remain insulated over it's entire length.

The

The wire

shall enter manholes between the top of the corbel and the frame,
and extend up through the chimney seal between the frame and the
chimney seal.

For force mains, the wire shall terminate in the

valve pit at the pump station end of the pipe.
H. Site Earthwork: Earth excavation includes excavating pavements and
obstructions visible on surface; underground structures, utilities, and
other items indicated to be removed; together with soil, boulders, and
other materials not classified as rock or unauthorized excavation.
Excavation shall be accomplished as required by drawings and
specifications. Excavate to indicated elevations and dimensions within
a tolerance of plus or minus 25 mm (1 inch). Extend excavations a
sufficient distance from structures for placing and removing concrete
formwork, for installing services and other construction, complying
with OSHA requirements, and for inspections. Remove subgrade materials
that are determined by Resident Engineer as unsuitable, and replace
with acceptable material. If there is a question as to whether material
is unsuitable or not, the contractor shall obtain samples of the
material, under the direction of the Resident Engineer, and the
materials shall be examined by an independent testing laboratory for
soil classification to determine whether it is unsuitable or not.
Testing of the soil shall be performed by the VA Testing Laboratory.
When unsuitable material is encountered and removed, contract price and
time will be adjusted in accordance with Articles, DIFFERING SITE
CONDITIONS, CHANGES and CHANGES-SUPPLEMENT of the GENERAL CONDITIONS as
applicable. Adjustments to be based on volume in cut section only.
1. Site Grading:
a. Provide a smooth transition between adjacent existing grades and
new grades.
b. Cut out soft spots, fill low spots, and trim high spots to comply
with required surface tolerances.
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c. Slope grades to direct water away from buildings and to prevent
ponds from forming where not designed. Finish subgrades to
required elevations within the following tolerances:
1) Lawn or Unpaved Areas: Plus or minus 25 mm (1 inch).
2) Walks: Plus or minus 25 mm (1 inch).
3) Pavements: Plus or minus 13 mm (1 inch).
d. Grading Inside Building Lines: Finish subgrade to a tolerance of
13 mm (1/2 inch) when tested with a 3000 mm (10 foot)
straightedge.
3.4 FILLING AND BACKFILLING:
A. General: Do not fill or backfill until all debris, water,
unsatisfactory soil materials, obstructions, and deleterious materials
have been removed from excavation. For fill and backfill, use excavated
materials and borrow meeting the criteria specified herein, as
applicable. Borrow will be supplied at no additional cost to the
Government. Do not use unsuitable excavated materials. Do not backfill
until foundation walls have been completed above grade and adequately
braced, waterproofing or dampproofing applied, foundation drainage, and
pipes coming in contact with backfill have been installed and work
inspected and approved by Resident Engineer.
B. Placing: Place materials in horizontal layers not exceeding 200 mm (8
inches) in loose depth for material compacted by heavy compaction
equipment, and not more than 100 mm (4 inches) in loose depth for
material compacted by hand-operated tampers and then compacted. Place
backfill and fill materials evenly on all sides of structures to
required elevations, and uniformly along the full length of each
structure. Place no material on surfaces that are muddy, frozen, or
contain frost.
C. Compaction: Compact with approved tamping rollers, sheepsfoot rollers,
pneumatic tired rollers, steel wheeled rollers, vibrator compactors, or
other approved equipment (hand or mechanized) well suited to soil being
compacted. Do not operate mechanized vibratory compaction equipment
within 3000 mm (10 feet) of new or existing building walls without
prior approval of Resident Engineer. Moisten or aerate material as
necessary to provide moisture content that will readily facilitate
obtaining specified compaction with equipment used. Backfill adjacent
to any and all types of structures shall be placed and compacted to at
least 90 percent laboratory maximum density for cohesive materials or
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95 percent laboratory maximum density for cohesionless materials to
prevent wedging action or eccentric loading upon or against the
structure. Compact soil to not less than the following percentages of
maximum dry density, according to ASTM D698 or ASTM D1557 as specified
below:
1. Fills, Embankments, and Backfill
a. Under proposed structures, building slabs, steps, and paved
areas, scarify and recompact top 300 mm (12 inches) of existing
subgrade and each layer of backfill or fill material in
accordance with ASTM D698.
b. Curbs, curbs and gutters, ASTM D698.
c. Under Sidewalks, scarify and recompact top 150 mm (6 inches)
below subgrade and compact each layer of backfill or fill
material in accordance with ASTM D698.
d. Landscaped areas, top 400 mm (16 inches), ASTM D698.
e. Landscaped areas, below 400 mm (16 inches) of finished grade,
ASTM D698.
2. Natural Ground (Cut or Existing)
a. Under building slabs, steps and paved areas, top 150 mm (6
inches), ASTM D698.
b. Curbs, curbs and gutters, top 150 mm (6 inches), ASTM D698.
c. Under sidewalks, top 150 mm (6 inches), ASTM D698.
3.5 GRADING:
A. General: Uniformly grade the areas within the limits of this section,
including adjacent transition areas. Smooth the finished surface within
specified tolerance. Provide uniform levels or slopes between points
where elevations are indicated, or between such points and existing
finished grades. Provide a smooth transition between abrupt changes in
slope.
B. Cut rough or sloping rock to level beds for foundations. In pipe spaces
or other unfinished areas, fill low spots and level off with coarse
sand or fine gravel.
C. Slope backfill outside building away from building walls for a minimum
distance of 1800 mm (6 feet).
D. Finish grade earth floors in pipe basements as shown to a level,
uniform slope and leave clean.
E. Finished grade shall be at least 150 mm (6 inches) below bottom line of
window or other building wall openings unless greater depth is shown.
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F. Place crushed stone or gravel fill under concrete slabs on grade,
tamped, and leveled. Thickness of fill shall be 150 mm (6 inches)
unless otherwise shown.
G. Finish subgrade in a condition acceptable to Resident Engineer at least
one day in advance of paving operations. Maintain finished subgrade in
a smooth and compacted condition until succeeding operation has been
accomplished. Scarify, compact, and grade subgrade prior to further
construction when approved compacted subgrade is disturbed by
Contractor's subsequent operations or adverse weather.
H. Grading for Paved Areas: Provide final grades for both subgrade and
base course to +/- 6 mm (0.25 inches) of indicated grades.
3.6 DISPOSAL OF UNSUITABLE AND EXCESS EXCAVATED MATERIAL:
A. Disposal: Remove surplus satisfactory soil and waste material,
including unsatisfactory soil, trash, and debris.
B. Place excess excavated materials suitable for fill and/or backfill on
site where directed.
C. Remove from site and dispose of any excess excavated materials after
all fill and backfill operations have been completed.
D. Segregate all excavated contaminated soil designated by the Resident
Engineer from all other excavated soils, and stockpile on site on two
0.15 mm (6 mil) polyethylene sheets with a polyethylene cover. A
designated area shall be selected for this purpose. Dispose of
excavated contaminated material in accordance with State and Local
requirements.
3.7 CLEAN UP:
Upon completion of earthwork operations, clean areas within contract
limits, remove tools, and equipment. Provide site clear, clean, free of
debris, and suitable for subsequent construction operations. Remove all
debris and rubbish.
----- E N D -----
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A-2: Granite Curbing Installation: Cross Section Drawing
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A-3: TrueGrid Gravel Fill Installation: Cross Section Drawing
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A-4: Snow Plowing a TrueGrid Surface
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A-5: Porous Pavement Performance in Cold Climates
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A-6: Manufacturer’s Product Specification Sheet
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A-7: Existing and Proposed Design for Parking Lot M
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A-8: Existing and Proposed Plan View of Turnaround

Existing Conditions

Proposed Design

31

A-9: Typical Pavement Design

32

33

General Civil Appendices

Complete Project schedule
Complete Construction Cost Estimate

Schedule
Subtask Name
Design Three-story STEM Academic Building
Permitting
Client College Approvals
Conservation Commision
Planning Board
Completion of final plans and specifications
Procurement & Approval
Request for bid
Bid opening
Review of bids
Award bid
Award /Notice to Proceed
Submit bond and insurance documents / Permits
Prepare and submit project schedule
Preconstruction meeting
Install erosion control
Mobilize on Site
Submit shop drawings
Ground breaking day
Install temporary power
Install temporary water service
Set up site office
Set line and grade benchmarks
Prepare site- lay down yard and temporary fencing
Clear and grub site
Site Grading and Utilities
Rough grade site (cut and fill)
Form and pour spread and strip foundations
Form and pour basement walls
Set reinforcing and anchor bolts
Erect steel columns, beams and joist
Install miscellaneous iron and bracing
Touch-up paint on steel
Install rebar and in-floor utilities
Install roof
Install electrical and plumbing underground
Form and pour first floor
Form and pour second and third floor
Cure floor slabs and strip forms
Carpentry Work
Install exterior sheathing and metal studs
Plumbing at toilets and masonry walls

Start
Projected Finish Duration
1/6/2015
5/4/2015
85
5/4/2015
7/24/2015
60
5/4/2015
7/31/2015
65
5/4/2015
7/31/2015
65
5/4/2015
7/31/2015
65
7/1/2015
9/30/2015
66
9/30/2015
10/20/2015
15
10/20/2015
12/31/2015
53
10/20/2015
10/20/2015
1
12/1/2015
12/31/2015
23
1/1/2016
1/1/2016
1
1/4/2016
1/4/2016
1
1/5/2016
1/18/2016
10
1/19/2016
2/1/2016
10
2/2/2016
2/2/2016
1
2/2/2016
2/3/2016
2
2/2/2016
2/24/2016
17
2/2/2016
10/10/2016
180
2/8/2016
2/8/2016
1
2/9/2016
2/10/2016
2
2/11/2016
2/12/2016
2
2/15/2016
2/19/2016
5
2/22/2016
2/26/2016
5
2/29/2016
3/4/2016
5
3/7/2016
3/9/2016
3
3/9/2016
4/19/2016
30
4/13/2016
4/19/2016
5
4/20/2016
5/3/2016
10
5/4/2016
5/17/2016
10
6/1/2016
6/6/2016
4
6/7/2016
8/29/2016
60
8/30/2016
10/24/2016
40
10/24/2016
10
10/11/2016
10/25/2016
11/21/2016
20
10/31/2016
11/11/2016
10
10/31/2016
11/11/2016
10
11/14/2016
11/18/2016
5
11/21/2016
12/2/2016
10
12/5/2016
12/16/2016
10
12/19/2016
1/6/2017
15
1/9/2017
1/27/2017
15
1/30/2017
2/24/2017
20

Lay masonry at core, mechanical, and toilets
Install roof drains
Install tile in toilet rooms
Install exterior masonry work
Clean masonry
Clean toilet tile
Install window wall aluminum and glass
Exterior sod and plantings
Install interior stud walls and drywall
Install and plant rain garden
Install true grid, pave, curb, and stripe
Exterior Building Finishes
Install interior doors and hardware
Electric, plumbing, sewer and water
Install millwork and wood trim
Paint walls and woodwork
Install conduit at ceiling plenum space
Install duct in ceiling plenum space
Install building carpet
Install hallway tile
Clean hard tile floors
Remove debris from building and do a final clean-up
Interior Building Finishes
Install hardware and accessories
Final Clean-Up and Occupancy
Demobilization
Substantial completion date

2/27/2017
3/27/2017
3/27/2017
3/27/2017
4/10/2017
4/10/2017
4/10/2017
4/24/2017
4/24/2017
4/24/2017
4/24/2017
4/24/2017
5/15/2017
5/18/2017
5/29/2017
6/19/2017
7/3/2017
7/3/2017
7/24/2017
7/24/2017
7/31/2017
8/7/2017
8/7/2017
9/18/2017
12/27/2017
1/10/2018
1/24/2018

3/24/2017
3/28/2017
4/7/2017
4/28/2017
4/14/2017
4/14/2017
4/21/2017
5/5/2017
5/12/2017
5/19/2017
7/14/2017
9/1/2017
5/26/2017
5/31/2017
6/16/2017
6/30/2017
7/21/2017
7/21/2017
7/28/2017
7/28/2017
8/4/2017
9/15/2017
12/22/2017
10/6/2017
1/23/2018
1/23/2018
1/24/2018

20
2
10
25
5
5
10
10
15
20
60
95
10
10
15
10
15
15
5
5
5
30
100
15
20
10
1

Prestige WorldWide Consulting & Design
Conceptual Cost Estimate
Item Description
ENVIRONMENTAL
Bicycle Rack
Seeding
Hay Bales
Silt Sack
Silt Fence
Catch Basin
Manhole
Ductile Iron Pipe (6")
Ductile Iron Pipe (8")
PVC Pipe (4")
Reinforced Concrete Pipe (15")
Green Roof
Rain Garden
Light Posts
Recycling Barrels
Rain Barrels
TRANSPORTATION
Old Pavement Excavation
Gravel Borrow
Superpave Surface Course (9.5)
Superpave Intermediate Course (12.5)
Warm Mix Asphalt Pavement
TrueGrid Permeable Pavers
TrueGrid Caps
Gravel For Surfacing
Curb Removed and Reset
Traffic Signs
6" Reflectorized White Line
8" Reflectorized White Line
12" Reflectorized White Line
Cement Concrete Sidewalk
Individual Tree Protection
Steel Guardrail
Steel Guardrail Posts
GEOTECHNICAL
Excavation
Concrete
#4 Reinforcement
GENERAL CIVIL
Mobilization
Cleanup & Demobilization
Demolition

Units

Unit Price

Quantity

Total Price

EA
SY
EA
EA
FT
EA
EA
FT
FT
FT
FT
SY
EA
EA
EA
EA

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

1,000.00
1.50
13.00
150.00
3.25
2,500.00
2,700.00
70.00
80.00
15.00
60.00
180.00
100.00
700.00
300.00
100.00

2
300
170
1
500
1
2
60
60
100
180
1509
2
6
4
2

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

2,000.00
450.00
2,210.00
150.00
1,625.00
2,500.00
5,400.00
4,200.00
4,800.00
1,500.00
10,800.00
271,620.00
200.00
4,200.00
1,200.00
200.00

SY
CY
TON
TON
TON
SF
PS
CY
FT
EA
FT
FT
FT
SY
EA
FT
EA

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

15.00
30.00
100.00
95.00
2.50
2.10
32.00
45.00
20.00
1,100.00
0.50
0.75
1.00
50.00
200.00
20.00
60.00

2250
400
250
300
550
21000
56
120
330
1
55
175
10
500
1
27
5

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

33,750.00
12,000.00
25,000.00
28,500.00
1,375.00
44,100.00
1,792.00
5,400.00
6,600.00
1,100.00
27.50
131.25
10.00
25,000.00
200.00
540.00
300.00

CY
CY
FT

$
$
$

18.00
135.00
0.68

500
292
650

$
$
$

9,000.00
39,420.00
442.00

LS
LS
LS

$
$
$

5,000.00
3,000.00
8,000.00

1
1
1

$
$
$

5,000.00
3,000.00
8,000.00

Temporary Fence
ALTERNATE 1 - SKY WALK
Rubber Membrane
Corrugated Steel
Rigid Insulation
W16x37
W16x100
W18x71
W21x44
W24x76
Reinforced Concrete
ALTERNATE 2 - BASKETBALL COURT
Basketball Court

FT

$

10.00

500

$

5,000.00

SF
SF
SF
FT
FT
FT
FT
FT
CY

$
$
$
$
$
$
$
$
$

6.00
12.00
2.00
36.00
110.00
90.00
60.00
120.00
160.00

280
560
280
38
35
40
570
30
1260

$
$
$
$
$
$
$
$
$

1,680.00
6,720.00
560.00
1,368.00
3,850.00
3,600.00
34,200.00
3,600.00
201,600.00

LS

$

12,000.00

1

$

12,000.00

$
$
$
$
$
$
$
$
$

568,742.75
18,924,000.00
1,949,274.28
2,144,201.70
1,886,897.50
5,000.00
257,178.00
12,000.00
25,747,294.23

Material Cost
STEM Facility Cost
Engineering Design Fees
Construction Services
Contingencies
Permitting
Alt. 1 - Sky Walk
Alt. 2 - Basketball Court
TOTAL COST

MIDDLESEX COMMUNITY COLLEGE
PROPOSED STEM BUILDING
BEDFORD, MA
APRIL 24, 2015

ABBREVIATIONS
MCC - MIDDLESEX COMMUNITY COLLEGE
STEM - SCIENCE TECHNOLOGY ENGINEERING & MATHEMATICS
R&R - REMOVE AND REPLACE
R&D - REMOVE AND DISPOSE
BIT - BITUMINOUS CONCRETE
TYP - TYPICAL
E.O.P - EDGE OF PAVEMENT
D.W. - DOMESTIC WATER
F.P. - FIRE PROTECTION
CB - CATCH BASIN
AD- AREA DRAIN
PSMH - PROPOSED SEWER MANHOLE
DI - DUCTILE IRON
PVC - POLYVINYL CHLORIDE
DEMO - DEMOLISH
EXT. - EXISTING
S - SEWER
W - WATER

LEGEND
DRAINAGE MANHOLE
CATCH BASIN
AREA DRAIN
SILT SACK
OUTFALL

GUARDRAIL

TRUEGRID

PROPOSED SEWER MANHOLE

LINE TYPES
WATER MAIN
SEWER MAIN

W

W

W

W

W

W

W

S

S

S

S

S

S

E

E

E

E

E

E

DRAINAGE W/
DIRECTION

ELECTRIC
FENCE LINE
SILT FENCE
TREE LINE
HAY BALE
UNDERGROUND DUCT

NOTES
1.
2.
3.
4.
5.
6.
7.

EXISTING UTILITIES HAVE BEEN PLOTTED FROM BEST AVAILABLE DATA AND ARE APPROXIMATE ONLY. THE CONTRACTOR SHALL VERIFY LOCATION OF ALL EXISTING UTILITIES AND NOTIFY THE APPROPRIATE UTILITY
AUTHORITY OR COMPANY. EXTREME CAUTION SHALL BE USED WHEN WORKING IN THE VICINITY OF EXISTING UTILITIES.
BEFORE PROCEEDING WITH CONSTRUCTION OPERATIONS, THE CONTRACTOR SHALL NOTIFY THE STATE OF MASSACHUSETTS - UTILITIES UNDERGROUND PLANT DAMAGE PREVENTION SYSTEM (DIG SAFE) AT (888)-344-7233.
THE CONTRACTOR SHALL CONFINE HIS OPERATIONS AND ACTIVITIES FOR CONSTRUCTION PURPOSES TO WITHIN STREET LINES, EASEMENTS AND RIGHT-OF-WAY ACROSS PRIVATE PROPERTY.
ALL GRASSED AREAS DISTURBED BY THE CONTRACTOR SHALL BE LOAMED AND SEEDED AND RETURNED TO THEIR ORIGINAL CONDITON.
ALL CURBING, SIDEWALK AND OTHER PAVEMENT DISTURBED BY CONSTRUCTION OPERATIONS SHALL BE REPLACED AND RESTORED AT NO ADDITIONAL EXPENSE TO THE OWNER.
ALL PAVEMENT DISTURBED SHALL BE IMMEDIATELY REPARED WITH TEMPORARY PAVEMENT.
WHERE EXISTING MATERIALS ARE ENCOUNTERED WHICH, IN THE OPINION OF THE OWNER, ARE UNSUITABLE FOR BEDDING OR OTHER INTENDED USE, SUCH MATERIALS SHALL BE REMOVED AND REPLACED WITH
SUITABLE MATERIAL, AS SPECIFIED OR AS OTHERWISE DIRECTED.
REFER TO UTILITY PROFILE DRAWINGS FOR PROFILES OF PROPOSED SANITARY SEWERS AND FORCE MAINS AS SHOWN ON THE SITE UTILITY PLANS.

8.
9.
10. WATER MAINS SHALL BE LOCATED AT LEAST TEN (10) FEET HORIZONTALLY AWAY FROM EXISTING OR PROPOSED SEWER PIPES. SEWERS SHALL BE LOCATED AT LEAST TEN (10) FEET HORIZONTALLY AWAY FROM EXISTING
OR PROPOSED WATER MAINS.
11. WATER MAINS CROSSING SEWERS ABOVE OR BELOW THE SEWER SHALL BE LAID TO PROVIDE A MINIMUM VERTICAL DISTANCE OF 18 INCHES BETWEEN THE OUTSIDE OF THE WATER MAIN AND THE OUTSIDE OF THE SEWER.
WHEN POSSIBLE, ONE FULL LENGTH OF WATER PIPE SHALL BE LOCATED SUCH THAT BOTH JOINTS WILL BE AS FAR FROM THE SEWER AS POSSIBLE. IN EACH CASE, THE SEWER LINE SHALL BE FULLY ENCASED IN CONCRETE
12.
DIRECTED.
13.
14.
NEW BUILDING SERVICES CANNOT BE MADE AT THE TIME OF THE NEW SERVICE LATERAL CONSTRUCTION (BOTH D.W. & F.P.), THE CONTRACTOR SHALL CAP AND RESTRAIN THE SERVICE PIPING OF FITTINGS REQUIRED FOR
CONNECTION TO THE BUILDING SERVICES AT THAT SAME LOCATION.
15. CONTRACTOR TO VERIFY INVERT ELEVATIONS OF EXISTING SANITARY BUILDING SERVICE TIE- IN LOCATIONS SO AS TO FIELD DETERMINE ACTUAL SCOPE (MIN. 2%) OF NEW SANITARY SEWER CONECTIONS.
16. CONTRACTOR SHALL NOTIFY THE TOWNS OF BEDFORD AND BILLERICA WATER DEPARTMENTS (AS APPLICABLE) OF ANY DESIRED VALVE OPERATIONS REQUIRED FOR THE WORK OF THIS CONTRACT. THIS DIRECTIVE
SHALL INCLUDE THE COORDINATION OF ALL EXISTING WATER SYSTEM SHUTDOWNS (IF REQUIRED) WITH RESPECTIVE WATER DEPARTMENTSFOR PURPOSES OF PERFORMING CONNECTIONS FOR THE NEW WORK. SAID
SHUTDOWNS WILL BE PERFORMED IN A MANNER AND AT A TIME ACCEPTABLE TO THE TOWNS OF BEDFORD AND BILLERICA, MASSACHUSETTS.
17.
CUT-INS, REMOVAL, PLUGGING AND ABANDONMENT SHALL BE PERFORMED AFTER COMPLETION OF THE NEW WATER MAIN SYSTEM CONSTRUCTION OR AT A TIME AND MANNER ACCEPTABLE TO THE OWNER AND LOCAL
WATER AUTHORITY.
18. WHERE DESIGNATED, CONTRACTOR SHALL REMOVE EXISTING FIRE HYDRANTS. INCLUDING VALVING AND APPURTENANT PIPING AS REQUIRED TO FACILITATE CONSTRUCTION OF THE NEW WATER MAIN(S) AND NEW FIRE
HYDRANT ASSEMBLIES. CONTRATOR SHALL CAP AND/OR PLUG THE EXISTING HYDRANTS REMAINING BRANCH PIPING OR TEE FITTING AS REQUIRED AT THE EXISTING WATER PIPING SYSTEM TO BE ABANDONED IN PLACE
(SEE ALSO NOTE 15).
19.
20.
21. ALL SANITARY SEWER PIPING SHALL BE PVC, ASTM-D3034, SDR 35, UNLESS OTHERWISE NOTED.
22. ALL SANITARY SEWER MAINS SHALL BE PVC, ASTM-D2241, SDR 21, UNLESS OTHERWISE NOTED.
23. CONTINUOUS DUST CONTROL USING AN APPROVED METHOD BY THE OWNER, SHALL BE PROVIDED FOR ALL EARTH STOCKPILES, EARTH PILED ALONG EXCAVATIONS, AND SURFACES OF BACKFILLED TRENCHES, AS
DIRECTED AND SPECIFIED.
24. TRAFFIC CONTROL SHALL BE PROVIDED AS REQUIRED BY THE CONTRACTOR.

NOTES:
S

1.

CONDITIONS ARE BASED ON MAP OF MCC'S BEDFORD CAMPUS
PROVIDED BY MCC.
A FULL SURVEY SHOULD BE DONE BY A PROFESSIONAL SURVEYOR.
CONDITION OF CURRENT PIPES IS UNKNOWN AND PRECAUTIONS
SHOULD BE TAKEN.

S

2.
3.
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NOTES:
1.
2.
3.

24'-0"

24'-0"

19'-0"
9'-0"

CONDITIONS ARE BASED ON MAP OF MCC'S BEDFORD CAMPUS
PROVIDED BY MCC.
A FULL SURVEY SHOULD BE DONE BY A PROFESSIONAL SURVEYOR.
CONTRACTOR IS TO BUILD IN ACCORDANCE WITH THE SCHEDULE
UNLESS OTHERWISE INFORMED BY THE OWNER.
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NOTES:
1.
2.
3.

BASKETBALL COURT TO BE INSTALLED BY CONTRACTOR.
WILL BE INSTALL IN ACCORDANCE WITH MANUFACTURER'S SPECIFICATIONS.
BUILDING OF THE BASKETBALL COURT SHALL FOLLOW THE
RECONSTRUCTION OF PARKING LOT M.
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DEPTH OF COVER FOR 8" FIRE LINE 5'-6" TO TOP OF PIPE.
DEPTH OF COVER FOR 6" DOMESTIC LINE 4'-6" TO TOP OF PIPE.
DEPTH OF COVER FOR 4" SEWER LINE 4'-0" TO TOP OF PIPE.
REFER TO CONSTRUCTION DETAILS
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NOTES:
1.
2.
3.

DRAINAGE DESIGN BASED ON INFORMATION GIVEN BY MCC.
DEPTH OF COVER FOR 12" DRAIN LINE 5'-6" TO TOP OF PIPE.
REFER TO CONSTRUCTION DETAILS

NOTES:
1.
2.
3.
4.
5.
6.

CONTRACTOR SHALL REMOVE AND REPLACE ALL CALLOUTS.
CONTRACTOR SHALL REMOVE AND DISPOSE ALL CALLOUTS.
CONTRACTOR SHALL TAKE PROPER PRECAUTIONS DURING SAW CUTTING AND REMOVAL
OF PAVEMENT, SIDEWALK, ETC.
PROPOSED PAINT MARKS AND SIGNAGE SHALL MATCH THAT OF MCC CAMPUS.
CONTRACTOR SHALL REPLACE EXISTING SIGNAGE IF DAMAGED DURING CONSTRUCTION,
UPON THE CONTRACTORS OWN EXPENSE.
REFER TO CONSTRUCTION DETAILS

NOTES:
1.
2.
3.
4.
5.

24'-0"

19'-0"
9'-0"
24'-0"

PROPOSED PARKING LOT TO HAVE TYPICAL SPACING.
PARKING LOT M WILL HAVE A CAPACITY OF 56 PARKING SPACES.
TrueGrid WILL BE IMPLEMENTED IN DESIGNATED AREAS.
PROPOSED SIDEWALK WILL MATCH THE EXISTING SIDEWALK.
REFER TO TRANSPORTATION DETAILS.

NOTES:
1.

CONTRACTOR SHALL FOLLOW ALL DETAILS UNLESS OTHERWISE SPECIFIED BY THE OWNER.

NOTES:
1.

CONTRACTOR SHALL FOLLOW ALL DETAILS UNLESS OTHERWISE SPECIFIED BY THE OWNER.

A

13'-4"

41'-7"

13'-4"

13'-7"

13'-7"

A

NOTES:
1.
2.

CONTRACTOR SHALL FOLLOW ALL DETAILS UNLESS OTHERWISE SPECIFIED BY THE OWNER.
CONTRACTOR SHALL NOTIFY OWNER BEFORE CONNECTING TO HENDERSON HALL.

41'-7"

NOTES:
1.
2.

CONTRACTOR SHALL FOLLOW ALL DETAILS UNLESS OTHERWISE SPECIFIED BY THE OWNER.
CONTRACTOR SHALL NOTIFY OWNER BEFORE CONNECTING TO HENDERSON HALL.
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NOTES:

4.
5.
6.

S

CONTRACTOR SHALL FIRST MOBILIZE SITE, INCLUDING ALL SPECIFIED FENCES
& EROSION CONTROL.
PROCEEDING, CONTRACTOR SHALL LOCATE, CUT & CAP SPECIFIED UTILITIES.
CONTRACTOR SHALL DEMO. CURRENT BEDFORD HOUSE, PREPARE SITE &
COMPLETE CONSTRUCTION FOLLOWING DETAILED SCHEDULE.
UPON COMPLETION CONTRACTOR SHALL REINSTALL UTILITIES.
CONTRACTOR SHALL NOTIFY OWNER OF PROGRESS RESPECTIVELY.
UNWARRANTED WORK WILL BE AT THE CONTRACTORS OWN EXPENSE.
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N.T.S.
5'-6" MIN. COVER

4'-6" MIN. COVER

N.T.S.
N.T.S.

N.T.S.

4'-0" MIN. COVER

5'-6" MIN. COVER

NOTES:

1. THE CONTRACTOR IS RESPONSIBLE FOR INSTALLING EROSION CONTROL NEEDED DURING CONSTRUCTION.
2. BALES AND SILT FENCES SHALL BE PLACED AT THE TOP OF SLOPE OR ON THE CONTOUR AND IN A ROW WITH ENDS
TIGHTLY ABUTTING THE ADJACENT BALES.
3.
4. BALES SHALL BE SECURELY ANCHORED IN PLACE BY THE SILT FENCE. STAKES SHALL BE DRIVEN FLUSH WITH THE
BALE.
5. SILT SACKS SHALL BE PLACED IN ALL POTENTIALLY AFFECTED CATCH BASINS.
6. SILT SACKS SHALL BE INSTALLED ACCORDING TO DETAIL.
7. INSPECTION SHALL BE FREQUENT AND REPAIR REPLACEMENT SHALL BE MADE PROMPTLY AS NEEDED.
8. EROSION CONTROL SHALL BE REMOVED WHEN THEY HAVE SERVED THEIR USEFULNESS SO AS NOT TO BLOCK OR
IMPEDE STORM FLOW OR DRAINAGE.
9. THE CONTRACTOR IS RESPONSIBLE FOR INSTALLING CHAIN LINK FENCE.
10. THE CHAIN LINK FENCE SHALL BE USED AROUND THE CONSTRUCTION SITE AS SPECIFIED IN CONSTRUCTION PLANS.
11. THE CONTRACTOR IS RESPONSIBLE FOR INSPECTING AND ENSURING THAT THE CHAIN LINK FENCE WILL BE
INSTALLED A SAFE DISTANCE FROM CONSTRUCTION TO ENSURE STUDENT SAFETY.

