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December 22, 2017
Mr. Sean Mangano
Amherst-Pelham Finance Director
Amherst-Pelham Regional School District
170 Chestnut Street
Amherst, MA 01002
Re:

30% Schematic Design Submission
Roof Replacement and Associated Work at the
Fort River Elementary School
70 South East Street
Amherst, MA 01002
Gale JN 833180 P2 T1

Dear Mr. Mangano:
In accordance with our contract, Gale Associates Inc. (Gale) has prepared a brief schematic design
submission for the Amherst-Pelham Regional School District (APRSD). This submission relates to the roof
replacement and associated work at the Fort River Elementary School (School), located at 70 South East
Street in Amherst, Massachusetts. Within this submission, we summarized our evaluation of the existing
conditions and outlined various recommendations and options for the replacement of the three (3) roof
areas and associated components at the School. This report is augmented with photographic
documentation and 30% schematic design drawings found in the appendix of this letter.
As you are aware, the intent of this project is to remove and replace the existing roof components to provide
a watertight roof system. Several roof systems were considered; however, it is Gale’s understanding that
APRSD would prefer a thermoplastic single-ply roof system with a 20-30-year system warranty. As such,
Gale performed a visual evaluation of the existing roof, steel framed structure, and associated components
on the designated roof areas to determine the condition of the roof system. Roof test cuts were performed
by Titan Roofing, Inc. of Springfield, MA for verification of the existing roof system, to observe as-built
construction of the roof assembly, securement methods, and conditions of the various roof system
components. However, these test cuts allow Gale to visually observe less than one (1) percent of the roof
system, and therefore, unforeseen conditions may exist at this time, and some additional investigation may
be required as the design progresses. Locations of test cuts are shown on the attached roof area plan.
It is Gale’s understanding that the existing roof system was installed circa 1993 and the original school
building was built in the late 1960s or into early 1970s, which included a gravel surfaced built-up roof. Based
on our understanding of the existing building conditions and reports from APRSD staff, there are multiple
locations where water infiltration has been observed in the past. It was reported by APRSD staff that several
repairs have been performed to mitigate moisture infiltration throughout the various roof areas in the form
of silicone sealant. Gale observed several of these repairs during the overall review of the roof system.
Gale performed a leak audit of the interior spaces below the various roof areas to attempt to determine
the cause of the moisture infiltration. Gale also took this opportunity to observe any potentially
damaged/corroded sections of the structural roof deck and structural framing members as a result of the
moisture infiltration. It appears from the limited areas observed that the existing roof deck is in good
condition, however, in locations where stained suspended ceiling tiles were noted, small punctured holes
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in the steel deck were observed. Punctured holes were typically observed at the connections between
structural joists and steel decking and are likely to be related to failed puddle welds or improper installation
methods.
APRSD also requested that Gale review the existing roof related structural components to determine the
feasibility of installing a photovoltaic (PV) system on the various roof areas. Gale performed a preliminary
structural analysis based on the original roof framing members observed during the interior leak audit, as
well as the framing members shown in the existing structural drawings generated by Alderman & MacNeish
Architects, August 1969, provided by APRSD. Based on our preliminary analysis, it appears the existing
structural framing is made up of steel I-beams, steel bar joists, and a steel roof deck. After reviewing the
original drawings and a comparison to current code requirements, it is Gale’s opinion that the structural
steel roof decks and framing members in place do not provide sufficient support for the additional weight
of a typical PV system. Preliminary calculations indicate that the capacity of the existing roof structure is
already limited, and an additional dead load increase by a PV system will require significant augmentation
of the existing roof structure. However, with the consultation of a PV designer and the associated
augmentation of the existing roof structure by a licensed structural engineer, a PV system may be installed
appropriately onto the existing structure but will require additional engineering to review the potential
structural scope, which will be dependent on the type, configuration, and layout of a PV system supported
over the roof. Due to the configuration of the building, it is anticipated that the existing roof deck would
require complete removal in the areas where the PV system is to be installed to accommodate augmenting
the existing steel joists to distribute the loads. Alternatively, new steel stub columns could be continued
from the roof to the existing column system would require a review of the foundation system which is
beyond the limits of this review. Either option will likely not be cost effective and provide a payback return
if PV is considered on the roof system.
It is Gale’s understanding that the 9th Edition of the Massachusetts State Building Code (MSBC) will take full
effect as of January 1, 2018, and as such it is anticipated that the permitting phase of this project will happen
under the 9th Edition of the MSBC.
Gale’s code review analysis can be found in the Appendix of this letter. Please refer to this section for the
various codes that are expected to apply to this particular roof replacement project. As part of Gale’s code
review, wind uplift calculations were performed to determine the uplift force in pounds per square foot
that will be required of the new roof system per ASCE 7-10. Gale also performed a drainage capacity
analysis for the existing roof drains and it appears that each existing roof drain has sufficient diameter to
provide drainage required to meet 248 CMR 10 regulations. The slope of the horizontal drain leaders within
the building is unclear at this time. However, it is assumed that most leader pipes are installed at a 1/4"
per foot slope. Using this assumption, each drain leader pipe appears to meet the requirements of 248
CMR 10 regulations with the exception of ten (10) different sections of pipe. These sections of pipe service
several different sections of Roof Area A. The slopes of these pipes should be confirmed where possible,
to determine if larger diameter pipes should be installed to meet 248 CMR 10 regulations. At this time,
Gale does not anticipate further modifications to the plumbing components beyond extending the leader
lines and replacing the drain bowls. APRSD should consider performing additional review and potential
repairs to the plumbing components in the future.
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Recommended Scope of Work:

Figure 1 – Overall Roof Area Plan
The following recommendations are based on the conditions observed in the field and the engineering
parameters reviewed. The recommendations list the suggested scope of work to properly replace the roof
system and reduce future maintenance costs. Not every recommendation has been listed here. The
recommendations listed below are those which Gale believes will have the greatest impact on cost and
those which may have potentially been overlooked during the initial budget analysis performed by APRSD.
Please refer to Figure 1 for clarification of the Roof Areas and overall layout. The recommendations are as
follows:
1.

Remove the existing adhered thermoplastic roof membrane, insulation and associated components
down to the existing roof deck, and install an adhered thermoplastic roof membrane, adhered high
density coverboard, mechanically attached polyisocyanurate insulation, vapor retarder, and
baseboard. The thickness of the proposed new roof assembly is anticipated to increase by
approximately 3-inches to meet the minimum R-Value (R-30) requirements set by the MSBC.
As part of the evaluation process, Gale has performed localized preliminary hazardous-material
testing in an effort to identify existing roof materials that may contain lead or asbestos containing
materials (ACM). Gale submitted a total of five (5) samples of which one (1) tested positive for
asbestos. The hazardous material was extracted from an existing roof curb (Test Cut #5) supporting
mechanical equipment on Roof Area A. The material is likely residue from the previous roofing
system and is not expected to affect the new reroofing work at this time.

2.

The throughwall masonry flashing at the roof to wall transition on Roof Areas B and C are currently
low, and due to the anticipated thickness of the new insulation and drainage cricket configurations,
the existing roof flashing height at the base of the wall would be much less than the 8-inch
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recommended minimum industry design standard. Therefore, the existing throughwall flashing and
brick masonry would require removal and replacement. As an alternative, APRSD may consider
cladding the existing brick masonry rising walls with roof membrane or sheet metal wall panels to
potentially reduce the overall cost. Further discussion may be required prior to the design phase.
3.

On Roof Area A, the existing brick masonry chimney was noted with several individual cracked and
spalled brick masonry units, full height vertical cracking, and deteriorated mortar joints, but appears
to be in overall fair condition. Since APRSD reported that the chimney is no longer in use, Gale
recommends removing the chimney down below the roof deck and infilling the roof deck in this
location. Further review of the chimneys construction below the deck and written confirmation from
the APRSD indicating that the chimney is no longer in use will be required. Please note that the
existing chimney currently has lightning protection mounted to the chimney cap. If the chimney is
removed, the lightning protection will likely need to be re-located to the adjacent mechanical unit.
The assistance of a lightning protection consultant will be required should APRSD decide to upgrade
their lightning protection systems for the entire building beyond just this one location.
Should APRSD consider keeping the chimney in-place and due to the overall height of the chimney,
further review of the chimney’s structure prior to the design phase would be recommended. In
addition, Gale recommends rebuilding 100% of the outer wythe of the brick. The cost to repair the
chimney would be approximately $45,000 - $60,000.

4.

The new roof system will provide code required upgrades on insulation thickness. Gale observed low
roof-to-wall sill flashing heights that the existing windows on the South elevation of Roof Area B. In
addition to the low flashing height, Gale also observed rusted window frame fasteners and crazed
perimeter and failed sealants along the opening. Due to the existing condition of the windows and
limited flashing heights required for proper roof membrane termination, the removal and
replacement of the existing units would need to be performed. If APRSD choses to proceed with
cladding the existing masonry walls, throughwall flashing installation above the window openings
will not be required.

5.

The majority of the existing cast iron drain bowls currently have copper sleeve inserts installed within
the bowl and into the leader pipe. It appears these sleeves may have been installed with the new
drains during the previous roof replacement as a substitute to extending the cast iron drain leaders.
However, these configurations do not meet code and it is likely that the drain leaders will need to be
extended with a no-hub connection below the roof deck. This will require the contractor to have
interior access to the underside of each drain bowl. In addition, it is recommended that the existing
roof drain bowls, clamping rings, hardware, and dome strainers are replaced. Drain bowl collar
extensions will be provided to accommodate the required minimum thickness of insulation.
Gale observed drain inserts with flat strainer domes located on Roof Area A, which have likely been
installed during a previous retrofit of the roof system. Gale recommends the removal and
replacement of the drain inserts and replace dissimilar materials with code compliant components.
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During the field evaluation, Gale also observed several uninsulated, vertical and horizontal leader
pipes extending underneath the metal roof deck. Gale recommends installing pipe insulation on the
vertical leader lines and extending approximately six (6) feet beyond the first pipe elbow.
6.

It is recommended that any sections of the structural steel deck which appear to be loose or poorly
connected to the structural framing be re-secured as part of this roof replacement project. Since the
potential extent of unsecured decking is unknown at this time, it is recommended that the perimeters
and corners of the roof be re-secured as part of the contract documents, and any missing
fasteners/welds in the field of the roof will likely be covered by a unit cost, should this unforeseen
condition be discovered during construction.

7.

As the overall thickness of the insulation and roof assembly are increased, the height of the perimeter
wood blocking and sheet metal edge fascia will also need to be increased. Gale recommends
installing additional wood blocking to match the maximum height of insulation and installing new
sheet metal edge fascia to terminate the perimeter of the roof. Note that the new sheet metal fascia
may incorporate a 2 or 3-piece fascia system, which will change the aesthetics of the existing edge
profile.

8.

Remove and replace the existing roof access hatches located on Roof Areas A and C. Additional curb
mounted guardrails are recommended to be installed during the replacement process. The interior
roof access ladder will need to be extended to meet the new height of the roof hatch curb.

9.

Gale observed the existing louver perimeter sealant and termination sealant at the throughwall
flashing are crazed and deteriorated. To reduce the potential of moisture infiltration through the
wall at the deficient sealant locations, Gale recommends the removal and replacement at these
designated areas. Preliminary hazardous material testing results indicated that these sealants were
not ACM.

10.

The existing diverters located at the sloped roof locations adjacent to the courtyards on Roof Area A
shall be removed and replaced with raised wood blocking as part of the roof replacement design. It
appears that the intent of the existing diverters were to reduce rain water, snow, and debris from
entering the courtyards from the upper roof area.

11.

Remove and replace existing sheet metal gutter and downspout at the North Elevation of Roof Area
B, and provide a concrete splash block on a walkway pad.

12.

Gale observed the Southwest rising wall corner of Roof Area C is bulging at approximately mid-wallheight. To reduce the potential of further damage to the brick masonry and creating additional
cavities for moisture to infiltrate and potentially damage the proposed roof system, Gale
recommends removing the displaced/bulged brick masonry units and rebuild the brick masonry
corner.

13.

Remove and replace the roof access ladder on Roof Areas C in order to meet the required clearances
with the new thickness of the proposed roof assembly. Since Roof Area B currently does not have
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roof top mechanical units, requiring maintenance, the installation of a new roof access ladder may
not be required. However, removal of the existing ladder may be necessary to install the new roof
system and associated insulation thickness at the roof.
14.

Perform temporary disconnection/reconnection as required to raise the existing mechanical units set
on curbs to properly flash and/or provide an 8-inch minimum flashing height to achieve the
recommended industry design standards.

15.

The roof top mechanical unit located on the Southeast corner of Roof Area A has a reduced clearance
between the horizontal conduit and the existing roof surface. Due to the increased insulation
thickness of the new roof system, the conduit would need to be raised accordingly. Further
discussion will be required during the design phase.

16.

Provide perimeter guardrails along roof access points and around mechanical units within 15-feet of
any roof edge or fall hazard. It is also recommended that perimeter rails be installed around each of
the courtyards to keep personnel requiring roof access, away from these areas.

The recommended construction budget to complete the items presented above is suggested to be
approximately $1,937,000.00, which is approximately $23/SF. This budget also includes a fifteen (15)
percent contingency in the event that unforeseen conditions are encountered as part of the design or
construction services. Note that these estimates are preliminary as the actual construction schedule, scope
of work, and construction details have not been fully defined. This estimate is intended to provide APRSD
an indication as to what construction costs may be given the existing conditions and Gale’s
recommendations. Gale does not recommend using this estimate for sensitive budgeting. Refer to the list
below for each additional cost mentioned in the recommended scope of work. Please note, each of these
breakdowns include added percentages for general conditions, mobilization, bonds, and insurance. Refer
to the cost estimate located in the appendix of this report for the full cost summary.
General Conditions: Dumpsters/Cleanup/Temp. Protection/Chimney Demo/Etc. ............... $160,124.00
Remove and Replace Roof System ...................................................................................... $1,342,507.00
Remove and Replace Drains / Extend Leader Pipes / Extend Vent Pipes .............................. $104,400.00
Install New Throughwall Flashings & Repair Defected Brick Masonry .................................... $39,542.00
Provide Perimeter Guardrails at Courtyard ............................................................................. $21,000.00
Provide Perimeter Guardrails at Roof Equipment within 15-feet of Roof Edge ...................... $14,000.00
Window Replacement ................................................................................................................ $9,005.00
Re-secure, Clean and/or Metal Deck Infill ................................................................................. $2,400.00
Subtotal ............................................................................................................................... $1,683,972.00
15% Contingency .................................................................................................................... $252,595.00
Total Recommended Construction Budget ................................................................... $1,937,000.00
Please be reminded that these are preliminary estimates and are subject to change based on the bid
climate, material and worker availability, and potential site restrictions with working at the School. The
estimates are based on working during normal business hours, and do not include soft costs associated with
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working with APRSD, interior renovations beyond that which is normal for roof renovations, APRSD’s
administration of the project, or additional engineering costs should additional design options be
considered.
Once APRSD has had the opportunity to review and select a proposed roof replacement option, and
authorizes the project to proceed to the next phase, Gale will initiate the development of the Construction
Documents based on the approved system. Please advise if you would like to have a conference call, or
meet to discuss the proposed options.
Thank you for your attention. Should you have any questions or comments, please do not hesitate to
contact us at this office.
Very truly yours,
GALE ASSOCIATES, INC.

Sarah-Marie Frankenberger

Christopher Musorofiti

Sarah-Marie Frankenberger
Staff Engineer

Christopher Musorofiti, RRC
Associate

Attachments
cc:

John Coty – APRSD
Samuel Moores, RRC – Gale
Cole McCarthy – Gale

I:\833180\01 Evaluation\report\833180 ARPS Fort River Elementary School 30% Report 2017 1222.docx
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Photographic Documentation:

Photo 1: Partial view looking East onto Roof Area A (arrow
pointing down), Roof Area B (arrow pointing right) and Roof Area
C (arrow pointing left).

Photo 2: Partial view looking West onto Roof Area A (arrow
pointing down), Roof Area B (arrow pointing right) and Roof
Area C (arrow pointing left).

Photo 3: Partial view of main Courtyard surrounded by Roof
Area A.

Photo 4: A total of seven (7) smaller courtyards with diverters
(arrows) were observed within Roof Area A. The couryards
were typically observed to be unocupied.
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Photo 5: View of the South elevation of the brick masonry rising
wall to Roof Area C. The interior space underneath Roof Area C
is typically used as a gymnasium.

Photo 6: Roof Area C (arrow down) is accessible via metal
ladder fastened to the existing masonry rising wall. Two (2)
louvers (arrow pointing left) were observed with failed
perimeter sealanta at the rising wall.

Photo 7: Partial view of two (2) existing aluminum framed
windows were observed at the rising wall below Roof Area B.

Photo 8: Typical view of failed termination sealant located
along the rising walls of Roof Area A. Note the differing
flashing height and transitions at the South and West
elevation on Roof Area A.
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Photo 9: Typical view of the sheet metal downspout and gutter
observed along the North elevation of Roof Area B. Gale
observed that the splash block for the existing downspout was
moved approximately eight (8) feet away.

Photo 10: Roof Area B can be accessed with a metal ladder
fastened to the rising wall at the East elevation.

Photo 11: Gale observed several pourable sealer flashing
pockets for the mechanical equipment on Roof Area A.

Photo 12: Typical view of a roof drain bowl located on Roof
Area A, which appears to have a no-hub connection.
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Photo 13: Typical view of a roof drain insert observed on Roof
Area A. These types of inserts are typically installed when
damaged drain bowls or leader lines are encountered.

Photo 14: Typical interior view of Roof Area A roof drain. Gale
observed evidence of corrosion around the drain bowls and
vertical leader piping (arrow). Note the disimilar pipe
materials, which will need to be replaced.

Photo 15: Partial view of the existing roof hatch located on the
Roof Area A. Roof areas are typically accessed via the above
depicted hatch.

Photo 16: Gale observed a brick masonry chimney on the
Roof Area A. APRSD indicated to Gale while onsite that the
chimney has been abandoned and was not in use at the time.
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Photo 17: Gale observed several locations with punctured holes
through the metal roof decking (arrow).

Photo 18: Partial view of the existing mechanical unit located
on Roof Area A. Gale observed limited clearance between the
horizontal conduit (arrow) and existing roof surface.

Photo 19: Gale observed spalled (arrow pointing right) and
cracked (arrow pointing left) brick masonry along the rising walls
on Roof Area A. The Southwest corner of the rising wall below
Roof Area C appears to be buldging at mid-height approximately
1/2” to 1”.

Photo 20: Several spalled brick units (arrow pointing down)
and deteriorated mortar joints (arrow pointing left) were
observed along the rising wall louver and window openings.
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Appendix A

Preliminary Cost Estimate

Date: December 22, 2017

PRELIMINARY BUDGET ESTIMATE

Project Title: Fort River Elementary School
Owner: Amherst-Pelham Regional School District

Gale JN: 833180
Estimated by: Gale Associates, Inc.
Status: Schematic Design for Study Submission

SUMMARY SHEET

Subtotal 1

(Subtotal x 7.5%)

Description
Division 2 - General Conditions
Temporary Interior and Overhead Protection, Disposal, Crane
Division 4 - Masonry
Associated Masonry Work
Division 7 - Roof Replacement
Roof Replacement and Associated Work
Division 8 - Aluminum Windows
Window Replacement and Associated Work
Division 22 - Plumbing
Associated Plumbing Work
Subtotal

Mobilization

(Subtotal x 5%)

Bonds and
Insurance

(Subtotal x 3%)

Overhead and Profit

Subtotal 2

Total

(Subtotal X 15%)

(Including General
Conditions, and
Overhead and Profit)

(Subtotal 2 with 15%
Contingency)

$122,700

$9,203

$6,135

$3,681

$18,405

$160,124

$184,500

$30,300

$2,273

$1,515

$909

$4,545

$39,542

$45,500

$1,057,400

$79,305

$52,870

$31,722

$158,610

$1,379,907

$6,900

$518

$345

$207

$1,035

$9,005

$10,500

$80,000

$6,000

$4,000

$2,400

$12,000

$104,400

$120,500

$1,290,400

$96,780

$64,520

$38,712

$193,560

Subtotal for Roof Replacement and Associated Work

$1,683,972

*Anticipated Construction Budget :

$1,587,000

MAIN SCOPE OF WORK

Engineering Estimate
General
Conditions

$1,937,000

$1,937,000.00

Note: The construction cost estimates have been compiled from various sources and may be greater or less than actual construction costs. The estimated costs are considered preliminary budget figures only. The actual costs of construction could vary
significantly based on the final selection of the scope of work and duration of the project. These estimates are intended to give APRSD an indication as to what construction costs may be, given the existing conditions and Gale’s recommendations. Gale
does not recommend utilizing these estimates for sensitive budgeting.

001_833180 Fort Rivers Elementary School preliminary CE_2017 1205.xlsx

Appendix B
Code Review

ROOF REPLACEMENT AND ASSOCIATED WORK
AT THE FORT RIVER ELEMTARY SCHOOL
Amherst Regional School District
Amherst, MA
GALE JN 833180 P2 T1
GENERAL DESIGN CONSIDERATIONS
This section relates to specific design considerations with respect to the removal and replacement of
the roof systems and associated components that may be affected by the proposed installations at the
Fort River Elementary School (School).
BUILDING CODE ASSESSMENT
New construction, as well as repair and alteration of existing buildings in Massachusetts, is regulated
by 780 CMR, the Massachusetts State Building Code (MSBC), and 521 CMR, the Architectural Access
Board (AAB).
The 9th Edition of the MSBC will take full effect as of January 1, 2018. Therefore, it is anticipated that
the permitting phase of this project will happen under the 9th Edition of the MSBC. The following code
review is based upon the following:
•
•
•
•
•
•

2015 International Building Code (IBC),
2015 International Existing Building Code (IEBC),
2015 International Energy Conservation Code (IECC),
2015 International Mechanical Code (IMC),
CMR 248 Massachusetts Uniform State Plumbing Code,
Massachusetts Amendments.

Applicable portions of these pertinent codes are as follows:
780 CMR Massachusetts State Building Code
Under the 9th edition of the MSBC, Chapter 34 Existing Building and Structures refers to the
International Existing Building Code 2015 (IEBC) as modified by the Massachusetts Amendments. This
section of the code applies when there are repairs, alterations, additions or a change in use to existing
buildings and generally refers to other sections of 780 CMR for specific requirements. Alterations to
existing buildings, including the removal and replacement of building elements with a continuation of
the same use group (as is the case for the roof replacement at the PPB), are governed by Chapter 3 –
Provisions for All Compliance Methods, and Chapter 7, Alterations – Level 1.
Chapter 3 (IEBC) – Provisions for All Compliance Methods
The 9th Edition Amendments include changes to Chapter 3 of the IEBC. The following requirements
have been added and address structural requirements for unreinforced masonry parapets:
1

General Design Considerations/
Code Review

Section 302.7.1: Structural Requirements Pertaining to Roof Work, Seismic – This section requires
that parapets of unreinforced masonry be analyzed for bracing (403.5 and 707.3.1) where the
building is assigned to Seismic Design Category D, E or F. The School is in Seismic Design Category
B and does not have parapets, therefore this section does not apply to this project.
Section 302.7.2: Structural Requirements Pertaining to Roof Work, Wind – This section requires
that parapets of unreinforced masonry be analyzed for bracing (403.8 and 707.3.2) where the
ultimate design wind speed is greater than 150 mph and the building is occupancy category IV per
Table 1604.5 of the IBC. As the ultimate design wind speed for Amherst, MA is 125 mph (Table
1604.11), this section does not apply.
Chapter 7 (IEBC) – Alterations Level 1
Section 702: Building Elements and Materials – Generally, existing buildings must be modified in a
manner that does not decrease safety. Existing items may remain, but all new materials to be used
shall be compliant with code for new construction.
Section 703: Fire Protection – This section of the code defines requirements for fire resistant
materials. Generally, for an existing building, the building layout and fire resistance may be
presumed to have met the codes in effect at the time of construction per the IEBC. New work
must conform to the building code for new construction, but upgrade of the existing building
components to remain is not required. If during construction, existing fire resistant materials to
remain are damaged or removed, they must be replaced to meet the requirements for new
construction. The IBC, Chapter 15, Section 1505 - Fire Classification requirements were also
reviewed.
Based on Gale’s evaluation, the building construction throughout the School appears to be
consistent. Based on the classifications in the MSBC, this facility houses classrooms and a
gymnasium and is considered to be Use Groups E (Educational), and A (Assembly) occupancy.
Generally, Gale has found that the building is Type 2B construction. Therefore, the roof coverings
shall be classified in accordance with the IBC when tested in accordance with ASTM E108.
Based on information provided in the MSBC, it appears that Class C fire rated roof assemblies, as
tested and approved by Underwriter’s Laboratories (U.L.) are acceptable for this project. As the
existing roof slope is 1-inch per foot, there are minimal roof systems which can exceed a class “c”
assembly, but where practical, the system will include components which will provide better fire
resistance. Each of the low slope roof systems and components recommended will typically meet
or exceed U.L. requirements.
Egress and Accessibility
Section 704: Means of Egress – Any alterations shall be done in a manner that maintains the level
of protection of the means of egress. The project scope includes the removal and replacement of
the existing roof assembly; therefore, Gale anticipates no modifications to egress components as
part of this project.
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Section 705: Accessibility – A facility that is altered shall comply with 521 CMR Massachusetts
Architectural Access Board (MAAB) as well as provisions of the International Existing Building Code
(IEBC). The IEBC requires where an alteration affects a space containing a primary function, then
the route to the space should be made accessible including restrooms and drinking fountains
serving the primary space. If the school currently does not meet the code required accessibility
provisions, updates may be required during the roof replacement project. The requirement for
providing alterations is capped at 20% of the cost of the alteration. Gale recommends further
accessibility review of the existing conditions within the school space.
Reroofing Components
Section 706: Reroofing – This section of the code outlines requirements where reroofing is
required, including drainage of low-sloped roofs, structural and construction activity load
requirements, and flashing requirements.
Roof Areas indicate a structural slope of 1-inch-per-foot. As such, ponding water is not
anticipated on the roof areas with the exception of potentially in the valley locations.
Additional tapered crickets will b provided to reduce the potential a ponding instability.
Structural Review
Section 707: Structural – This section of the code outlines requirements where alterations of work
include replacement of equipment that is supported by the building or where a reroofing permit
is required.
As part of the evaluation of the existing roofing system, Gale completed a code load review of the
existing building’s roof framing in accordance with the IEBC.
707.2 Addition or replacement of roofing or replacement of equipment – This section of the
code outlines requirements for vertical loading on structural elements from roof recovers and
replacements. The code states that if the proposed roof system increases the force in the
supporting structural element by more than 5%, those structural elements shall be
strengthened, supplemented, replaced, or altered to carry the increased load if the elements
are found to have insufficient capacity. As such, dead and live roof gravity loads, using weights
of the proposed materials versus original roof systems, were reviewed to verify load capacity.
It appears that the proposed system will not exceed the five (5) percent threshold with respect
to the original roof system. Note that the additional weight for the proposed photovoltaic
system was not considered in the above reference dead load comparison.
707.3.1: Bracing for unreinforced masonry bearing wall parapets - Where a permit is issued for
reroofing the entire roof diaphragm of a building assigned to Seismic Design Category D, E, or
F that has unreinforced masonry parapets which exceed a 2.5 height-to-thickness ratio, the
work shall include the installation of bracing to resist the reduced IBC level seismic forces
unless an engineering evaluation demonstrates compliance of the existing parapet assembly.
However, the School does not have any masonry wall parapets and therefore, this section of
the code does not apply.
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707.3.2: Roof diaphragms resisting wind loads in high-wind regions - Where a permit is issued
for reroofing the entire roof diaphragm of a building located where the ultimate design wind
speed (Vult) is greater than 150 mph and the building is categorized as Risk Category IV,
evaluation of the roof diaphragms and connections that are part of the main wind-force
resisting system is required. Because the ultimate wind speed for the Town of Amherst is 125
mph, and the building appears to be classified as Risk Category III, this section of the code does
not apply for this project.
In addition to Section 707 of the IEBC, Chapter 15 and Chapter 16 of the IBC provides structural
requirements which were reviewed as part of this project.
Chapter 15: Roof Assemblies and Rooftop Structures – This section relates to wind resistance
requirements for roof assemblies.
Section 1504.1 Wind resistance of roofs – Wind uplift requirements for low-slope roof areas
should be performed in conformance with both the MSBC, which references the American
Society of Civil Engineers (ASCE) design standard ASCE 7-10, and the Factory Mutual (FM)
Global Method, as noted within Data Sheet 1-28, “Wind Design.” Increased attachment
methods are typically provided at the perimeter and corners of each roof area replaced to
withstand the increased uplift pressures for these specific areas. Refer to the Chapter 16
commentary for further structural requirements regarding wind uplift.
Chapter 16: Structural Design – This section states the requirements for structural loads on the
roof, wall, and window systems, including dead, live, snow, wind, and seismic loads. A structural
wind analysis has been performed, including wind uplift analysis of the roof areas, and is described
below.
Section 1608 Snow Loads – Gale reviewed the snow load requirements for the low-slope roof
areas, based on the structural drawings provided to Gale, in conformance with the MSBC,
which references the American Society of Civil Engineers (ASCE) design standard ASCE 7-10,
Chapter 7. Refer to the live load analysis below for a summary of the snow load analysis. The
calculations are provided in the appendix sections of this report for additional information.
Wind Uplift (IBC Chapter 16, Section 1609 as referenced in MSBC Chapter 15, Section 1504.3) Gale reviewed the wind uplift requirements of the typical low-slope roof areas in conformance
with the MSBC, 9th Edition, which references the American Society of Civil Engineers (ASCE)
design standard ASCE 7-10, and the Factory Mutual (FM) Global Method, as noted within Data
Sheet 1-28 Wind Loads to Roof Systems and Roof Deck Securement.
Our calculations indicate that the roof areas should be capable of withstanding the following
minimum uplift pressures. The requirements for the roof system wind uplift resistance are:
Low-slope Roof systems:
• Roof Area C: -38 pounds per square foot in the field of the roof or FM Class 1-90.
Increased attachment methods will be provided at the perimeter and corners of each roof area
replaced to withstand the increased uplift pressures for these specific areas. It will be the
4
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intent of the specifications to install the proposed roof system in accordance with the FM Class
1-90 uplift requirements. Refer to the calculation sheets in the appendix of this report for
additional information.
Gravity Load Analysis
Description of Roof System/ Building
The Roof Areas A, B and C typically feature only one (1) type of roofing systems throughout the
structure. The original building drawings, dated February 11, 1969, indicate that the main roof framing
consists of a 1-1/2- inch corrugated metal decking with the exception of the North roof section of Roof
Area C. Original drawings indicate that 3-inch acoustical metal decking was instead to span the
increased clearance of the space below. The metal decking is typically supported by a steel subframe
system comprised of steel beams and joist system. Roof Area A is characterized by a saw-toothed gable
roof system. The structural roof slope is created via support joists and beams that bear on 12- or 15feet long, wide flange columns. Roof Area B features a mono-slope roof system. Original drawings
indicate that the structural slope is about 1-inch per foot. The framing plan for the gym roof (Roof Area
C) indicates a troughed roof type with structural slope provided by structural sub-frame system. The
size and length of the steel members vary throughout the roof framing plan of both building structures.
Original drawings indicate that the metal deck sheets are typically fastened to the steel beams and
joists via staggered welds along the bearing surfaces. Steel wide flange columns typically provide
vertical support for the horizontal beam and joist members.
Dead Loads:
The existing building plans from the year 1969 indicate that the original roof system for the roof areas
consisted of tar and gravel built-up roofing and approximately 2-inches of polyisocyanurate insulation.
In total the original roof system weighs approximately 5.5 pounds per square foot (psf). The existing
roof system, which was observed on the roof areas during Gale’s evaluation appeared to be comprised
of a thermoplastic membrane covering approximately 3-inches of polyisocyanurate insulation and a
plastic vapor retarder. The existing and current roof systems for all roof areas weighs approximately
2.2 pounds per square foot (psf). For the purposes of the code required review, the roof system
weights are in addition to the ventilation hoods and roof top units installed over portions of the roof,
the structural roof components, and any items suspended from the roof structure including, but not
limited to, electrical, mechanical, and plumbing components. The proposed replacement
thermoplastic roof system, which incorporates continuous insulation above the roof deck, weighs
approximately 5.5 psf. Based on the code required preliminary calculations the existing dead load
from the roofing does not increase by more than 5.0% and additional structural analysis and review of
the existing structural roof framing with compliance of current codes is not required. Gale’s preliminary
calculations were performed with the assumption that all structural components below the metal deck
will remain in place.
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Live Loads:
The ground snow load value for Amherst, Massachusetts is 40.0 psf. Utilizing the roof snow load
evaluation procedures of ASCE 7-10 as specified by the MSBC 9th Edition, the calculated minimum flat
roof snow load for the facility is 35.0 psf. The original drawings indicate that the roof structure was
designed to support a 30.0 psf roof live load. In Gale’s experience, buildings designed prior to 1978
did not account for loading due to snow drift since it had not been adopted into the building code at
that time. Since the original building was constructed approximately in 1969, Gale performed a snow
drift analysis on the current structural framing components. Roof framing members below Roof Area
A were analyzed under the calculated drifting snow loads and found to beyond the original design
capacity. Snow drift loads are based upon the length and type of the roof, and as such the volume of
snow that has the potential to drift against a rising wall or accumulate within a roof area. ASCE 7-10
requires that the drift loads be applied in addition to the flat roof snow loads and provides drift
limitations based upon the geometry of the projection. The greatest loads which Roof Area A is
exposed to is located at the rising wall to Roof Area C. Drifting snow within the troughed rising wall
area, has the potential to increase the design drift load of 96.3 psf. However, the proposed roof system
load does not trigger the 5.0% threshold and load analysis based on current building code standards
are not required. Original drawings indicate that that the design load for the existing metal decking
and steel joists is 45.0 and 55.0 psf respectively. As roof area A is characterized by a multiple sloped,
or saw-toothed roof system, most of the snow load would typically accumulate within the valley areas.
Unbalanced snow loads within that location can increase up to 68.0 psf. Even though most of the
weight typically bears as line load directly on wide-flange beams, some of the load will be distributed
onto the deck and joist system as the snow accumulation increases. Therefore, it is Gale’s
interpretation of the building code that upgrades to the existing decking and structural framing system
are not required as the building was constructed in accordance with the building code at the time.
However, APRSD may wish to consider augmentation of the deck in these areas to support the
additional snow loads, or anticipate that some snow removal may be required when snow drifting
heights exceed two (2) feet above the roof in the valley and rising wall locations.
Photovoltaic Systems:
At the time of this report, a specific photovoltaic system or a consultant for solar structures has not
been selected by APRSD. Based on our preliminary calculations with current code requirements, the
capacity of the existing roof system is very limited. Therefore, a significant amount of structural
augmentation is to be considered within the roof framing to support ballasted photovoltaic units or a
photovoltaic array on the roof structure. At this time, it is not anticipated that the rate of return and
schedule implications for the installation of a photovoltaic system on this building will be cost effective
during the roof renovations. If APRSD wishes to continue with the PV installation, a more detailed
engineering evaluation, load transfer down to the foundation and structural augmentation of the roof
framing system is recommended, which is beyond the limits of this evaluation.
Energy Efficiency
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Section 708: Energy Conservation – This section of the code dictates the requirements for thermal
insulation for all exterior envelope components such as roofs, exterior walls, windows, and exterior
doors. Gale reviewed the MSBC’s Chapter 13, Energy Efficiency, which dictates the requirements
for thermal insulation for all exterior envelope components, such as roofs and fenestrations, be
designed in accordance with the IECC 2015, with the Massachusetts Amendments. Because only
select areas of the building enclosure are being recommended for replacement, only the parts that
are affected by the design and governed by the code should be brought to meet minimum energy
requirements. These items may be limited to designated window(s) and roof renovations for this
project. Below is a table highlighting the energy conservation requirements for the MSBC 9 th
edition:

MSBC 9th Edition

Building System
Roof insulation entirely above the roof deck

R-30

Fixed Units

U-Value: 0.38

Windows- Operable Units

U-Value: 0.45

MSBC 9th Edition Maximum SHGC Values
(anticipated)

Wall Orientation
South Elevations

SHGC: 0.40 for PF<0.2

Definition of Terms
R = Thermal Resistance (h x ft^2 x ˚F/BTU)
U = Thermal Transmittance (BTU/h x ft^2 x ˚F)
SHGC = Solar Heat Gain Coefficient
PF = Projection Factor for overhangs; Consult IECC for cases where PF is ≥0.2

For roof renovations, it is Gale’s recommendation to meet the above listed MSBC
requirements which states that the roof insulation will be based on the R-30 thermal
resistance. For calculation purposes, the design criteria utilize rigid polyisocyanurate board
insulation having a long-term thermal transmission resistance (LTTR) R-value of 5 per inch.
Another design consideration relating to IBC Chapter 13 – Energy Efficiency which should be
considered by a prudent professional during subsequent project phases include a vapor
drive/condensation analysis. Prior to finalizing the roof assembly, the interior building
humidity and subsequent vapor drive is recommended to be analyzed for dew point or
condensation potential.
Additional Considerations:
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In addition to Gale’s review of the IEBC, several other code requirements were reviewed as they
pertain to the building envelope. The following code requirements are referenced in the IBC and the
proposed draft Massachusetts Amendments.
Means of Egress and Fall Protection
Chapter 10 (IBC): Section 1011.16 Ladders (International Mechanical Code (IMC) 2015, Chapter 3,
Section 306.5) – This section addresses the requirements for safe means to access and egress the
roof. The IBC 1011.16 requires permanent ladders to be installed for roof access, whereas 2015
IMC describes the requirements of construction for ladders. They include rung spacing of not more
than 12-inches, not less than 18-inches between rails, rungs shall be capable of withstanding a
300-lb load, and shall be permanently connected to the floor and assembly above.
Chapter 10 (IBC): Section 1015 Guards (International Mechanical Code (IMC) 2015, Chapter 3,
Section 304.11) – This section of the code dictates that where mechanical equipment (fans/vents)
and roof access/walkways are within 10-feet of the roof edge, guards must be installed, unless a
fall arrest/restraint anchorage system is installed and in compliance with ANSI/ASSE Z 359.1.
Additionally, the Occupational Safety and Health Administration’s (OSHA) requires the use of fall
protection or personal fall arrest equipment should maintenance staff need to access the roof area
or equipment within 15-feet of the perimeter and courtyards roof edges. Gale recommends
considering placing ballasted perimeter guards along the edges of the roof where mechanical
equipment (fans/vents) and roof access is within 15-feet of the roof edge. As such, Gale has
provided a budgetary cost to install sections of the temporary ballasted guard rails, which will rest
directly on the roof surface, around portions of designated roof areas. Note, the use of the
“temporary” rail system is to reduce potential significant costs of securing “permanent” rails into
the structural framing of the existing roof deck, as well as to reduce the number of penetrations
through the membrane, which could result in future leaks within the building. These rails are
typically not intended to wrap around the entire building; however, portions of the rails will be
visible from certain vantage points at the ground level.
Interior Environment
Chapter 12: Interior Environment – The portions of this section relevant to this project are Section
1203 and 1205. Section 1203 states that every room or space intended for human occupancy shall
be provided with natural or mechanical ventilation, which is defined in the International
Mechanical Code (IMC) and has not been included in this report’s code review. New windows are
to be installed within the existing masonry openings. However, it appears that the existing opening
dimensions allow for compliance with this mandate.
Section 1203.5.1 Ventilation area required – This section states, for non-mechanically
ventilated spaces, the minimum operational area to the outside shall be 4% minimum of the
floor area being ventilated.
Section 1205.2 Natural light – This section states that every room or space intended for human
occupancy shall have an exterior glazing area of not less than 8% of the floor area
Exterior Walls
8
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Chapter 14 (IBC): Exterior Walls – The brick masonry renovations which have been recommended
within this report will be performed in accordance with the MSBC installation requirements, as
well as the current design industry standards as established by the Brick Industry Association (BIA).
Drainage
Chapter 15 (IBC): Roof Assemblies and Rooftop Structures – This section relates to drainage
requirements for roof assemblies.
Section 1503.4 Roof Drainage – A review of the existing drainage capacity was performed for
the facility. The majority of the existing roof drains throughout the low-sloped roof areas
appear to be 4-inch diameter lead and oakum configurations. Gale reviewed the capacity of
the existing roof drainage system for compliance with the current Massachusetts State
Plumbing Code, 248 CMR 10.00 Uniform State Plumbing Code. Based on our calculations, the
vertical leader capacity for the individual roof areas using these dimensions appears to be
sufficient based on the Massachusetts State Plumbing Code requirements. However, the
horizontal leader capacity appears to be insufficient at ten (10) out of fifty (50) reviewed pipes.
Refer to the calculation sheets in the appendix of this report for additional information. As the
roof drain leaders currently have a 3-inch copper sleeve inserts which do not meet code
requirements, it is anticipated that these units were installed when the current drain bowls
were installed in order to bridge the gap between the bowl and the leader pipe. It is the intent
of this design to extend the existing vertical leaders and install new drain bowls with extension
collars to provide the required insulation height at the sump locations. Therefore, access to
the underside (below the roof deck) of each roof drain is anticipated to be required. The drain
bowls should however be cleaned prior to completion of the roof construction.
Window Glass
Chapter 24: Glass and Glazing – This section states the requirements considered when replacing
or installing new glass at fenestrations, including sloped glazing and skylights. Depending on the
location of the glass unit, the code dictates which types of glass are allowed.
Section 2406.3 Identification of safety glazing and 2406.4 Hazardous locations – These sections
state that safety glazing shall be installed in hazardous locations, and the definition of a
hazardous location. Hazardous locations are governed by the location of the glass with
relation to doors and walkways, and the size of the glass panes. The following locations will
require safety glazing:
•
•
•

Glazing in fixed and operable panels of swinging doors
Glazing adjacent to doors, within a 24-inch arc of the vertical edge of a door and where
the glazing is less than 60” above the walking surface.
Glazing in windows where the window is less than 18-inches above the floor, is greater
than 9 square feet, the top of the glazing is greater than 36-inches above the floor,
and is located within 36-inches of a walking surface.
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Appendix C

Engineering Calculations

001_833180 Fort River Drain Calc-248 CMR 10.xls

Gale Associates, Inc.
Drainage Calculation
Prepared For: Amherst-Pelham Reginal School District
Job Name: 3 Schools Roof/Boiler Project - Fort River Elementary School
833180
Date: December 22, 2017
Prepared/Checked: SMF
Capacity of Standard Vertical Leaders (In Square Feet of Roof Area) @ 4" per Hour
Leader Dia. (Inches)
Roof Area (Sq. Ft.)
Leader Dia. (Inches)
Roof Area (Sq. Ft.)
2
720
5
8650
3

2200

6

13500

4

4600

8

29000

Capacity of Standard Horizontal Leaders (In Square Feet of Roof Area) @ 4" per Hour
1/8 inch slope
1/4 inch slope
1/2 inch slope
Leader Dia. (Inches)
Roof Area (Sq. Ft.)
Roof Area (Sq. Ft.)
Roof Area (Sq. Ft.)
3
0
1160
1644
4
1880
2650
3760
5
3340
4720
6680
6
5350
7550
10700
8
11500
16300
23000
10
20700
29200
41400
12
33300
47000
66600
15
59500
84000
119000
Capacities based on 4 inches per hour rain storm as required by the 248 CMR 10.00: Uniform State Plumbing Code

Standard Roof Drainage Analysis (Capacities in Square Feet)
Drainage Area
Label

Roof Area
(In Sq. Ft.)

Vertical Leader
Capacity

Area A1

9,216

Area A2
Area A3
Area A4

Actual Drainage
Capacity
18,400

Pass/
Fail

18,400

Horizontal Leader
Capacity
n/a

16,450

32,200

n/a

32,200

Pass

20,191

32,200

n/a

32,200

Pass

32,200

n/a

32,200

Pass

27,600

Pass

17,727

Pass

Area A5

12,431

27,600

n/a

Area B
Area C

1232
5,655

No Drain
9,200

n/a

Drains Onto Roof Area A3

Pass

n/a

9,200

Pass

Total

81,670
Description of Drainage Areas

Drainage for Roof Area "A1 " is provided by (4) - 4" drain bowls.
Drainage for Roof Area "A2 " is provided by (7) - 4" drain bowls.
Drainage for Roof Area "A3 " is provided by (7) - 4" drain bowls. (Includes Roof Area B)
Drainage for Roof Area "A4 " is provided by (7) - 4" drain bowls.
Drainage for Roof Area "A5 " is provided by (6) - 4" drain bowls.
Drainage for Roof Area "B " is provided by a 6" gutter and downspout onto Roof Area "A3"
Drainage for Roof Area "C " is provided by (2) - 4" drain bowls.
Mass Building Code Section 1611.1 - Each portion of the roof shall be designed to sustain the load of rainwater
that will accumulate on it if the primary drainage system for that portion is blocked plus the uniform load caused
by water that rises above the inlet of the secondary drainage system at its design flow. This existing roof system
currently incorporates overflow scuppers. Additional scuppers will be provided should the new insulation system
obstruct this secondary drainage.
I:\833180\01 Evaluation\report\Appendix C - Engineering Calculations\Fort River\individual sections\001_833180 Fort River Drain Calc-248 CMR
10.xls

Gale Associates, Inc.
Drainage Calculation
Prepared For: Amherst-Pelham Reginal School District
Job Name: 3 Schools Roof/Boiler Project - Fort River Elementary School
Gale Job Number: 833180
Date: December 22, 2017
Prepared/Checked: SMF/
Capacity of Standard Horizontal Leaders (In Square Feet of Roof Area) @ 4" per Hour
1/8 Inch Slope
1/4 Inch Slope
1/2 Inch Slope
Leader Dia. (Inches)
Roof Area (Sq. Ft.)
Roof Area (Sq. Ft.)
Roof Area (Sq. Ft.)
3
0
1160
1644
4
1880
2650
3760
5
3340
4720
6680
6
5350
7550
10700
8
11500
16300
23000
10
20700
29200
41400
12
33300
47000
66600
15
59500
84000
119000
Capacities based on 4 inches per hour rain storm as required by the 248 CMR 10.00: Uniform State Plumbing Code

Pipe Number (For Reference)
(Bold Indicates Pipe Exits
Building)
1

Approximate Drainage Area
(Square Feet)

Pipe Diameter (inches).

Pass at 1/8"/ft. Slope?

Pass at 1/4"/ft. Slope?

Pass at 1/2"/ft. Slope?

PASS
PASS
PASS
FAIL
FAIL
PASS
FAIL
FAIL
FAIL
FAIL
PASS
FAIL
PASS
FAIL
FAIL
PASS
PASS
PASS
PASS
FAIL
FAIL
FAIL
FAIL
PASS
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
FAIL
PASS
FAIL
PASS
PASS
FAIL
FAIL
FAIL
FAIL
FAIL
PASS
PASS
FAIL
PASS
PASS
FAIL
FAIL
FAIL
FAIL
PASS

PASS
PASS
PASS
FAIL
PASS
PASS
FAIL
PASS
FAIL
PASS
PASS
PASS
PASS
FAIL
PASS
PASS
PASS
PASS
PASS
PASS
FAIL
PASS
FAIL
PASS
PASS
PASS
PASS
FAIL
FAIL
PASS
PASS
PASS
PASS
PASS
PASS
FAIL
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
FAIL
PASS

PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS

1900

5

2

2692

5

3 (12)

4592

6

4

3215

4

5

2111

4

6

1818

4

7

2977

4

8

1894

4

9 (8-7)

4871

5

10 (8-7-6)

6689

6

11 (8-7-6-5)

8800

8

12 (8-7-6-5-4)

12015

8

13

2473

5

14

2884

4

15

2170

4

16 (15-14)

5054

6

17 (15-14-13)

7527

10

18

2674

5

19

2408

5

20

2408

4

21

2665

4

22 (20-21)

5073

5

23 (20-21-18)

7747

6

24 (20-21-18-19)

10155

8

25

2573

4

26

2573

4

27

2573

4

28 (27-26)

5146

5

29 (27-26-25)

7719

6

30

2573

4

31

2573

4

32 (30-31)

5146

6

33

2413

4

34

1520

4

35

1560

4

36

2884

4

37

2413

4

38

2573

4

39 (33-34)
40 (35-36)

3933

5

4444

5

41 (33-34-35-36)

8377

8

42 (33-34-35-36-37)

10790

8

43 (33-34-34-35-36-37-38)

13363

10

44

2827

5

45

2827

5

46

2160

4

47

2408

4

48 (44-45)

5654

6

49 (44-45-46)

7814

6

50 (44-45-46-47)

10222
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Job Ref.

APRSD Fort River Elemntary School

833180

Section

Sheet no./rev.

163 Libbey Parkway

1

Weymouth, MA 02189
Calc. by

Date

SMF

12/5/2017

Chk'd by

Date

App'd by

Date

SNOW LOADING (ASCE7-10)
Tedds calculation version 1.0.05

Building details
Roof type;

Sawtooth

Width of roof 1 (LHS on left building);

b1 = 25.00 ft

Width of roof 2 (RHS on left building);

b2 = 25.00 ft

Slope of roof 1 (LHS of left building);

1 = 7.00 deg

Slope of roof (RHS of left building);

2 = 7.00 deg

Ground snow load
Ground snow load;

pg = 40.00 lb/ft2

Density of snow;

 = min(0.13  pg / 1ft + 14lb/ft3, 30lb/ft3) = 19.20 lb/ft3

Terrain type;

C

Exposure condition (Table 7-2);

Fully exposed

Exposure factor (Table 7-2);

Ce = 0.90

Thermal condition (Table 7-3);

Structures kept just above freezing

Thermal factor (Table 7-3);

Ct = 1.10

Importance category (Table 1-1);

III

Importance factor (Table 7-4);

Is = 1.10

Flat roof snow load (Sect 7.3);

pf = 0.7  Ce  Ct  Is  pg = 30.49 lb/ft2

Sawtooth roof loads
Balanced load;

ps_bal = pf = 30.49 lb/ft2

Unbalanced load at ridge;

ps_unbal_rdg = 0.5  pf = 15.25 lb/ft2

Unbalanced load at valley;

ps_unbal_val = 2  pf / Ce = 67.76 lb/ft2

Unbalanced snow height at ridge;

hs_unbal_rdg = ps_unbal_rdg /  = 0.79 ft

Max snow height at valley;

hs_max_val = hs_unbal_rdg + b1  tan(1) = 3.86 ft

Unbalanced snow height at valley;

hs_unbal_val = min(ps_unbal_val / , hs_max_val) = 3.53 ft

Balanced load

30.5 psf
67.8 psf

Unbalanced load

15.2 psf

67.8 psf
15.2 psf
7.0 0
25'

15.2 psf
7.0 0
25'

7.0 0
25'

Roof elevation
Drift calculations
Balanced snow load height;

hb = ps_bal /  = 1.59 ft

Length of upper roof;

lu = 80.00 ft

Length of lower roof;

ll = 20.00 ft

Height diff between uppper and lower roofs;

hdiff = 15.00 ft

Height from balance load to top of upper roof;

hc = hdiff - hb = 13.41 ft

7.0 0
25'

Gale Associates, Inc.

Project

Job Ref.

APRSD Fort River Elemntary School

833180

Section

Sheet no./rev.

163 Libbey Parkway

2

Weymouth, MA 02189
Calc. by

Date

SMF

12/5/2017

Chk'd by

Date

App'd by

Date

Drift height leeward drift;

hd_l = 0.43  (max(20 ft, lu)  1ft2)1/3  (pg / 1lb/ft2 + 10)1/4 - 1.5ft = 3.43 ft

Drift height windward drift;

hd_w = 0.75  (0.43  (max(20 ft, ll)  1ft2)1/3  (pg / 1lb/ft2 + 10)1/4 - 1.5ft) =

Maximum lw/ww drift height;

hd_max = max(hd_w, hd_l) = 3.43 ft

Drift height;

hd = min(hd_max, hc) = 3.43 ft

Drift width;

Wd = min(4  hd, 8  hc) = 13.71 ft

Drift surcharge load;

pd = hd   = 65.80 lb/ft2

1.20 ft

96.3 psf
30.5 psf
13' 8.5"

Elevation on snow drift

Gale Associates, Inc.
163 Libbey Parkway
Weymouth, MA 02189

Project

Job Ref.

APRSD Fort River Elementary School

833180

Section

Sheet no./rev.

Roof Area A

1

Calc. by

Date

SMF

12/20/2017

Chk'd by

Date

App'd by

Date

WIND LOADING (ASCE7-10)
In accordance with ASCE7-10 incorporating Errata No. 1 and Errata No. 2
Using the components and cladding design method

67 ft

14.6 ft

Tedds calculation version 2.0.15

240 ft
Plan

67 ft
Elevation

Building data
Type of roof;

Gable

Length of building;

b = 240.00 ft

Width of building;

d = 67.00 ft

Height to eaves;

H = 12.00 ft

Pitch of roof;

0 = 4.5 deg

Mean height;

h = 12.00 ft

General wind load requirements
Basic wind speed;

V = 125.0 mph

Risk category;

III

Velocity pressure exponent coeff (Table 26.6-1);

Kd = 0.85

Exposure category (cl.26.7.3);

C

Enclosure classification (cl.26.10);

Enclosed buildings

Internal pressure coef +ve (Table 26.11-1);

GCpi_p = 0.18

Internal pressure coef –ve (Table 26.11-1);

GCpi_n = -0.18

Gust effect factor;

Gf = 0.85

Topography
Topography factor not significant;

Kzt = 1.0

Velocity pressure
Velocity pressure coefficient (T.30.3-1);

Kz = 0.85

Velocity pressure;

qh = 0.00256  Kz  Kzt  Kd  V2  1psf/mph2 = 28.9 psf

Peak velocity pressure for internal pressure
Peak velocity pressure – internal (as roof press.);

qi = 28.90 psf

Equations used in tables
Net pressure;

p = qh  [GCp - GCpi];

Gale Associates, Inc.
163 Libbey Parkway

Job Ref.

APRSD Fort River Elementary School

833180

Section

Sheet no./rev.

Roof Area A

Weymouth, MA 02189

5

Project

4

2

Calc. by

Date

Chk'd by

SMF

12/20/2017

Date

App'd by

Date

5
4.8 ft

4.8 ft

57.4 ft
Elevation of gable wall
4

5
4.8 ft

230.4 ft
4.8 ft

12 ft

5

Elevation of side wall

Components and cladding pressures - Roof (Figure 30.4-2A)
Component

Zone

Length
(ft)

Width
(ft)

Eff. area
(ft2)

+GCp

-GCp

Pres (+ve)
(psf)

Pres (-ve)
(psf)

<10sf;

1;

-;

-;

10.0;

0.30;

-1.00;

13.9 #;

-34.1

25sf;

1;

-;

-;

25.0;

0.26;

-0.96;

#

-33.0

#

12.7 ;

50sf;

1;

-;

-;

50.0;

0.23;

-0.93;

11.9 ;

-32.1

>100sf;

1;

-;

-;

100.0;

0.20;

-0.90;

11.0 #;

-31.2

<10sf;

2;

-;

-;

10.0;

0.30;

-1.80;

13.9 #;

-57.2

25sf;
50sf;

2;
2;

-;
-;

-;
-;

25.0;
50.0;

0.26;
0.23;

-1.52;
-1.31;

#

-49.2

#

-43.1

#

12.7 ;
11.9 ;

>100sf;

2;

-;

-;

100.0;

0.20;

-1.10;

11.0 ;

-37.0

<10sf;

3;

-;

-;

10.0;

0.30;

-2.80;

13.9 #;

-86.1

25sf;

3;

-;

-;

25.0;

0.26;

-2.12;

12.7 #;

-66.6

50sf;
>100sf;

3;
3;

-;
-;

-;
-;

50.0;
100.0;

0.23;
0.20;

-1.61;
-1.10;

#

-51.8

#

-37.0

11.9 ;
11.0 ;

# The final net design wind pressure, including all permitted reductions, used in the design shall not be less than 16psf acting in
either direction

163 Libbey Parkway

APRSD Fort River Elementary School

833180

Section

Sheet no./rev.

Roof Area A

3

Calc. by

Date

Chk'd by

SMF

12/20/2017

4.8 ft

Weymouth, MA 02189

Job Ref.

Date

App'd by

4.8 ft

Gale Associates, Inc.

Project

230.4 ft
2

3

28.7 ft

2

1

2

2

1

2

3

2

3

Plan on roof

4.8 ft

230.4 ft
4.8 ft

4.8 ft

3

28.7 ft

4.8 ft

Date

Gale Associates, Inc.
163 Libbey Parkway

Project

Job Ref.

APRSD Fort River Elementary School

833180

Section

Sheet no./rev.

Roof Area C

Weymouth, MA 02189

1

Calc. by

Date

SMF

12/20/2017

Chk'd by

Date

App'd by

Date

WIND LOADING (ASCE7-10)
In accordance with ASCE7-10 incorporating Errata No. 1 and Errata No. 2
Using the components and cladding design method

28 ft

77 ft

Tedds calculation version 2.0.15

72 ft

77 ft

Plan

Elevation

Building data
Type of roof;

Gable

Length of building;

b = 72.00 ft

Width of building;

d = 77.00 ft

Height to eaves;

H = 25.00 ft

Pitch of roof;

0 = 4.5 deg

Mean height;

h = 25.00 ft

General wind load requirements
Basic wind speed;

V = 125.0 mph

Risk category;

III

Velocity pressure exponent coeff (Table 26.6-1);

Kd = 0.85

Exposure category (cl.26.7.3);

C

Enclosure classification (cl.26.10);

Enclosed buildings

Internal pressure coef +ve (Table 26.11-1);

GCpi_p = 0.18

Internal pressure coef –ve (Table 26.11-1);

GCpi_n = -0.18

Gust effect factor;

Gf = 0.85

Topography
Topography factor not significant;

Kzt = 1.0

Velocity pressure
Velocity pressure coefficient (T.30.3-1);

Kz = 0.94

Velocity pressure;

qh = 0.00256  Kz  Kzt  Kd  V2  1psf/mph2 = 32.0 psf

Peak velocity pressure for internal pressure
Peak velocity pressure – internal (as roof press.);

qi = 31.96 psf

Gale Associates, Inc.
163 Libbey Parkway

Project

Job Ref.

APRSD Fort River Elementary School

833180

Section

Sheet no./rev.

Roof Area C

Weymouth, MA 02189

2

Calc. by

Date

Chk'd by

SMF

12/20/2017

Date

App'd by

Date

Equations used in tables
p = qh  [GCp - GCpi];

4

7.2 ft

62.6 ft

5

7.2 ft

5

Elevation of gable wall

4

57.6 ft

5

7.2 ft

5

7.2 ft

25 ft

Net pressure;

Elevation of side wall

Components and cladding pressures - Roof (Figure 30.4-2A)
Component

Zone

Length
(ft)

Width
(ft)

Eff. area
(ft2)

+GCp

-GCp

Pres (+ve)
(psf)

Pres (-ve)
(psf)

<10sf;

1;

-;

-;

10.0;

0.30;

-1.00;

15.3 #;

-37.7

25sf;

1;

-;

-;

25.0;

0.26;

-0.96;

14.1 #;

-36.4

50sf;

1;

-;

-;

50.0;

0.23;

-0.93;

13.1 #;

-35.5

>100sf;
<10sf;

1;
2;

-;
-;

-;
-;

100.0;
10.0;

0.20;
0.30;

-0.90;
-1.80;

#

-34.5

#

-63.3

#

12.1 ;
15.3 ;

25sf;

2;

-;

-;

25.0;

0.26;

-1.52;

14.1 ;

-54.4

50sf;

2;

-;

-;

50.0;

0.23;

-1.31;

13.1 #;

-47.6

>100sf;

2;

-;

-;

100.0;

0.20;

-1.10;

12.1 #;

-40.9

<10sf;

3;

-;

-;

10.0;

0.30;

-2.80;

#

-95.2

#

15.3 ;

25sf;

3;

-;

-;

25.0;

0.26;

-2.12;

14.1 ;

-73.6

50sf;

3;

-;

-;

50.0;

0.23;

-1.61;

13.1 #;

-57.3

>100sf;

3;

-;

-;

100.0;

0.20;

-1.10;

12.1 #;

-40.9

# The final net design wind pressure, including all permitted reductions, used in the design shall not be less than 16psf acting in
either direction

Gale Associates, Inc.
163 Libbey Parkway

Project

Job Ref.

APRSD Fort River Elementary School

833180

Section

Sheet no./rev.

Roof Area C

3

7.2 ft

12/20/2017

57.6 ft

7.2 ft

3

2

3

2

1

2

2

1

2

7.2 ft

3

2

3

57.6 ft
Plan on roof

7.2 ft

SMF

Date

7.2 ft

Chk'd by

7.2 ft

Date

31.3 ft

Calc. by

31.3 ft

Weymouth, MA 02189

App'd by

Date

Appendix D

Hazardous Material Testing

EMSL Order: 131705323

EMSL Analytical, Inc.

Customer ID: GALA25
Customer PO: 1511198191

5 Constitution Way, Unit A Woburn, MA 01801

Tel/Fax: (781) 933-8411 / (781) 933-8412

Project ID:

http://www.EMSL.com / bostonlab@emsl.com

Attention: Sarah-Marie Frankenberger

Gale Associates, Inc.

Phone:

(781) 335-6465

Fax:

(781) 335-6467

163 Libbey Industrial Parkway

Received Date: 11/22/2017 9:10 AM

Weymouth, MA 02189

Analysis Date:

11/24/2017

Collected Date:

11/15/2017

Project: 833180

Test Report: Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using Polarized
Light Microscopy
Non-Asbestos
Description

Appearance

1

TW of Rising Wall
(Computer Room) Cont. Sealant

Gray
Non-Fibrous
Homogeneous

100% Non-fibrous (Other)

None Detected

On Metal Deck @ TC
#5 - Asphaltic Matl.

Black
Non-Fibrous
Homogeneous

90% Non-fibrous (Other)

10% Chrysotile

RTU Dunnage Roof
Penetration - Flashing
Sealant

Gray
Non-Fibrous
Homogeneous

100% Non-fibrous (Other)

None Detected

Drain Leader (Interior)
- Pipe Insulation

Tan/Silver/Yellow
Fibrous
Homogeneous

30% Non-fibrous (Other)

None Detected

Rising Wall Window Perimeter Sealant

Brown
Non-Fibrous
Homogeneous

98% Non-fibrous (Other)

None Detected

131705323-0001

2
131705323-0002

3
131705323-0003

4
131705323-0004

5
131705323-0005

% Fibrous

Asbestos

Sample

10% Cellulose
60% Glass
2% Glass

% Non-Fibrous

% Type

Analyst(s)

Elizabeth Stutts (5)

Steve Grise, Laboratory Manager
or Other Approved Signatory

EMSL maintains liability limited to cost of analysis . This report relates only to the samples reported and may not be reproduced, except in full, without written approval by EMSL. EMSL bears no
responsibility for sample collection activities or analytical method limitations. Interpretation and use of test results are the responsibility of the client. This report must not be used by the client to claim
product certification, approval, or endorsement by NVLAP, NIST or any agency of the federal government . Non-friable organically bound materials present a problem matrix and therefore EMSL
recommends gravimetric reduction prior to analysis. Samples received in good condition unless otherwise noted. Estimated accuracy, precision and uncertainty data available upon request. Unless
requested by the client, building materials manufactured with multiple layers (i.e. linoleum, wallboard, etc.) are reported as a single sample. Reporting limit is 1%
Samples analyzed by EMSL Analytical, Inc. Woburn, MA NVLAP Lab Code 101147-0, CT PH-0315, MA AA000188, RI AAL-139, VT AL998919, Maine Bulk Asbestos LB-0039

Initial report from: 11/24/2017 15:28:42
ASB_PLM_0008_0001 - 1.78 Printed: 11/24/2017 3:28 PM
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Appendix E

Reduced Drawings

ROOF REPLACEMENT AND ASSOCIATED WORK AT THE
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AMHERST, MA 01002
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