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Project Number: 151011301
Project: Copley Parcel H
Location: Northborough, MA
Calculated by: A. Blomeke Date: 6/19/2020
Reviewed by: C. Patterson Date: 6/22/2020

Objective:
Evaluate the impact of the Parcel H development to the underlying aqueduct
structure, and provide recommendations for aqueduct crossing design.

References:
1. Topographic information obtained from a plan entitled "Existing Conditions"
prepared by Allen & Major Associates, Inc. (A&M) dated 24 December 2019.

2. Site plan information obtained from a plan entitled "Layout & Materials Plan"
prepared by A&M dated 24 December 2020.

3. Earthen berm cross-section obtained from a plan entitled "MWRA Crossing Profile
Plan" prepared by A&M dated 16 June 2020.

4. Hager-Richter Geoscience, Inc. (HRGS) geophysical survey conducted on 21
February 2020.

5. Wachusett Aqueduct Crossing Evaluation report prepared by Langan dated 13
April 2020.

Existing Conditions: 
Top of aqueduct below existing earthen berm:

13.5 +/-1 feet to 14.5 +/-1 feet
Top of aqueduct within recessed cut (either side of earthen berm):

5 +/-1 feet to 6 +/-1 feet
Estimated aqueduct diameter:

8 feet
Soil conditions:

Earthen berm fill: 130 pcf
Groundwater: 15 feet below grade

Existing Soil Loads Over Aqueduct:
Existing earthen berm = unit weight of soil * height of existing soil

= 130 pcf * 13.5 feet *conservative
= 1755 psf

Proposed Loading:
1. Static and transient temporary construction loads (i.e., heavy equipment and fully
loaded concrete trucks)

2. Static and transient development design loads (i.e., tractor trailer trucks and fire
emergency vehicles)
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Concrete Truck

Fire Truck

Note: static point loads induce a greater load distribution with depth and transient
dynamic loads are surficial, as such, our analysis below is for the worst case: point
load applied at the top of the aqueduct. The worst case is observed during
construction prior to  placement of the heavy duty asphalt pavement section.

Our analysis was performed using a computer-based program, Zee-Stress, to
compute vertical stress increases with depth due to applied surface loads. The load
output is summarized in Graph 1.

As outlined in Graph 1, the highest loads are observed about 6 feet below grade and
the load increase observed at the top of the aqueduct ranges from about 225 to 250
psf.

Load increase from concrete truck:
P(delta) = 225
or an ~13% increase in stress from the existing soil loads

Load increase from fire truck:
P(delta) = 250
or an ~15% increase in stress from the existing soil loads
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Recommendations for Proposed Redevelopment:
Remove existing fill within earthen berm and replace soil with lightweight fill over
the aqueduct alignment.

Typical Lightweight Fill Properties: 
EPS Geofoam Blocks

Length 4 feet
Width 8 feet
Height 3 feet

Unit Weight 2 pcf Typical EPS 22 or 29 block

AeroAggregates UL-FGA G15 Ultra-Lightweight Foam Glass Aggregate
Unit Weight 15 pcf

Graph 1: Stress Increase Due to Point Load 
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Net Reduction Due To EPS Geofoam Blocks:
Assume one layer of EPS 22 or 29 block, or ~3 feet of replacement

= 130pcf * 10.5 ft + 2pcf * 3 feet
= 1371 psf

or an ~22% decrease in stress from the existing soil loads

Net Reduction Due To Ultra-Lightweight Fill:
Assume 4-feet of replacement

= 130pcf * 9.5 ft + 15pcf * 4 feet
= 1295 psf

or an ~26% decrease in stress from the existing soil loads

Summary:
Our analysis is for the worst case scenario: static point load acting at the top of the
aqueduct.
We recommend a removal and replacement program consisting of lightweight fill
over the aqueduct alignment to create a net reduction in existing loading conditions
to accommodate anticipated development traffic loading.
Anticipated traffic loading will increase the stress at the top of the aqueduct by
about 15%.
Replacing about 3 feet of existing soil with EPS Geofoam Blocks or about 4 feet of
existing soil with Ultra-Lightweight Fill will reduce the existing loads on the aqueduct
by about 20 to 25%.
EPS Geofoam Blocks are structurally adequate and appropriate for the on-site soil
conditions.
The proposed replacement program will off-set the anticipated traffic load increase.

Calculated by: A. Blomeke
Seal:
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