
    www.haleyaldrich.com

MEMORANDUM 
 
 
30 July 2015  
File No. 41821‐000 
 
 
TO:    Becker Structural Engineers, Inc. 
    Jack Burgess, P.E. 
 
C:    Maine Department of Transportation 
    Laura Krusinski, P.E. 
 
FROM:    Haley & Aldrich, Inc. 
    Bryan C. Steinert, P.E., Wayne A. Chadbourne, P.E. 
 
SUBJECT:  Final Geotechnical Design Memorandum 
    Interstate 395 over Webster Avenue 
    MaineDOT WIN 19311.00 
    Bangor, Maine 
 
 
This memorandum presents the results of final geotechnical evaluations and also provides 
geotechnical design recommendations that were completed and developed by Haley & Aldrich, Inc. 
(Haley & Aldrich) in support of Becker Structural Engineers, Inc. (Becker) submission of the 100 
percent plans, specifications and engineer’s estimate (PSE) package to the Maine Department of 
Transportation (MaineDOT).   
 
This work has been completed based on our mutually agreed upon work scope and in accordance 
with our proposal, dated 4 March 2015, and your subsequent authorization. 
 
Please recall that Haley & Aldrich previously completed subsurface investigation and laboratory 
testing programs and feasibility‐level geotechnical evaluations, which were summarized in our 
Preliminary Geotechnical Design Report (PGDR), dated 20 December 2012.  A Supplemental 
Geotechnical Design Memorandum (SGDM), dated 3 November 2014, which provided preliminary 
design recommendations for multiple foundation type alternatives, was also prepared.  
 

Background 
 
The primary objective of the preliminary geotechnical work scope completed and summarized in the 
SGDM was to identify technically feasible “tunnel” foundation support alternatives that are cost 
effective, have negligible impact on the existing bridge structure (while it remains in service) and 
utilities and minimizes risk to MaineDOT relative to post‐construction settlement. 
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Based on our discussions with you we understand that upon completion of the preliminary design 
phase MaineDOT selected the mat foundation as the preferred foundation type alternative, which 
was subsequently recommended by Becker in the Preliminary Design Report (PDR). 
 
MaineDOT currently plans to deliver (bid) this project using detailed‐build procurement method, 
which provides prospective contractors with specific performance and/or design requirements and 
allows them the ability to design select “non‐critical” elements of the project.  As a result of the 
preferred project delivery method, it is our understanding that the “tunnel” structure could consist 
of any number of structures types, as determined by the prospective contractors, such as precast 
concrete units designed and manufactured by Contech or the “Bridge‐in‐a‐Backpack”, which is 
designed and manufactured by Advanced Infrastructure Technologies.  Regardless of the structure‐
type proposed by the prospective contractors, the foundation used to support the structure and 
potentially other project items will be designed and detailed by MaineDOT and/or their consultants 
(i.e., Becker, Haley & Aldrich) and will consist of a mat foundation. 
 
Based on our discussions with MaineDOT and Becker, we understand that the project will be 
constructed in a phased approach in an effort to limit impacts to vehicular traffic on Interstate 395 
(I‐395) as described below. 
 
 Phase I – mat foundation and structure construction, partial backfill placement and utility work 

beneath the existing bridge while I‐395 remains open to traffic.  
 Phase II/III – demolition of existing bridge, completion of backfill placement and paving while I‐

395 is closed and vehicular traffic is detoured around the project site. 
 

Geotechnical Evaluations and Design Recommendations 
 
Geotechnical design recommendations for the subject project, as discussed and provided herein, 
were developed in accordance with the following documents: 
 
 AASHTO  Load  and  Resistance  Factor  Design  (LRFD)  Bridge Design  Specifications,  Seventh 

Edition, 2014 with Interim Revisions through 2015, referred to herein as AASHTO LRFD, 
 MaineDOT Bridge Design Guide (BDG), August 2003, with Interim Revisions through August 

2008, referred to herein as Bridge Design Guide. 
 MaineDOT Standard Specifications, November 2014 Edition, referred to herein as Standard 

Specifications. 
 
The recommendations provided herein are intended to supplement requirements included in the 
Contract Documents (plans, specifications and special provisions).  Where differences exist between 
information contained in this memorandum, in the PGDR and in the SGDM and shown in the 
Contract Documents, the information shown in the Contract Documents shall take precedence. 
 
Engineering calculations that support the recommendations outlined in this memorandum are 
provided for reference in the attachment. 
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 MAT FOUNDATION DESIGN RECOMMENDATIONS 
 
This foundation alternative consists of supporting the proposed tunnel on a mat foundation bearing 
on gravel borrow placed and compacted after the over‐excavation of existing fill soils.  The mat 
foundation will be constructed between the existing bridge piers.   
 
Coefficient of Subgrade Reaction 
 
The coefficient of subgrade reaction (kv) relates foundation contact pressure to immediate (elastic) 
settlement and is typically used in soil‐structure interaction models.  In general and as reported by 
DeSimone and Gould (1972), the design of mat foundations requires estimates not only of 
differential settlement resulting from long‐term consolidation, but also the relatively rapid 
displacement due to load concentrations on the subgrade surface.  This rapid displacement can 
produce large moments within the mat as compared to consolidation settlements and often 
controls the mat design.  The coefficient of subgrade reaction is dependent on many factors, 
including the material properties and thickness of subgrade and foundation materials, geometry of 
the loaded area and the stiffness and configuration of the structure.  Please note that long term 
settlement (consolidation) is not considered by the coefficient of subgrade reaction. 
 
The recommended value of coefficient of subgrade reaction for use in Becker’s preliminary analysis 
of the mat foundation bearing on systematically placed and compacted gravel borrow overlying 
undisturbed naturally‐deposited marine clay is 50 pounds per cubic inch (pci).   
 
Settlement 
 
Using the recommended design value of coefficient of subgrade reaction, Becker completed the mat 
foundation design.  The results, consisting of contact pressures and corresponding elastic 
deformations across a 28.5‐ft wide by 154‐ft long, 2‐ft thick mat, were provided to Haley & Aldrich 
to complete an independent check of the elastic deformations (and recalculation of the coefficient 
of subgrade reaction), and calculation of consolidation settlement.  In general, the results of 
Becker’s preliminary mat foundation analysis are as follows: 
 
 Contact pressures ranging from approximately 1.0 to 3.4 ksf 
 Elastic compression up to approximately 0.5 in. 
 
The contact pressures along the base of the mat were modeled along with the subsurface soil 
conditions encountered in the historic and preliminary phase test borings and the 
compressibility/stress history characteristics of the marine clay summarized in the PGDR.  Detailed 
settlement evaluations were conducted using the computer program Settle 3D.  Estimates of 
settlement (elastic and consolidation) were computed at various locations within and along the 
exterior of the mat foundation.  Estimates of the magnitude of ground surface settlement using 
normal weight earthfill to backfill around and above the tunnel structure are summarized below. 
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Range in Estimated Settlement (in.) 
Location 

Elastic  Consolidation Total 

up to ¼  1¼ to 1½     1¼  to 1 ¾   Westerly Edge of Tunnel 

up to ¼  ¾ to 1½    ¾ to 1¾   Centerline of Tunnel 

up to ¼  1¼ to 1½    1¼  to 1¾   Easterly Edge of Tunnel 

 
Based on the contact pressures provided by Becker and the range in elastic settlement summarized 
above, the coefficient of subgrade reaction was re‐calculated and estimated to be greater than 50 
pci (preliminary estimate).  Therefore, it is our opinion that a coefficient of subgrade reaction equal 
to 50 pci be used to determine the structural design requirements (e.g. thickness, reinforcing) for 
the mat foundation.  It is our understanding that final design thickness of the mat foundation is 2 ft. 

 
Based on the size of the mat, the thickness and stress history of the marine clay deposit beneath the 
mat and the combination of existing vertical effective stress and estimated stress increase within the 
marine clay layer (exceeding the maximum past pressure within some portions of the deposit) we 
anticipate the settlement estimates summarized above will occur as elastic compression and 
consolidation settlement. We anticipate that the elastic compression and the majority of the 
consolidation settlement will occur during construction, as the structure is built and earthfill is 
placed and compacted adjacent to and above the tunnel.  The remaining amount of consolidation 
settlement expected to occur sometime after project completion and paving (i.e., post‐construction) 
is anticipated to be negligible (i.e., < 1 in.).  The actual magnitude and time‐rate of post‐construction 
consolidation settlement may vary.  Based on our discussions with MaineDOT we understand that 
this potential magnitude of post‐construction settlement is acceptable. 
 
In addition, based on conversations with Becker, it is our understanding that if the existing bridge is 
removed, the bridge substructures (pile‐supported abutments and piers) will remain in place.  
Although most of the settlement is anticipated to occur during construction, it is our opinion that 
there is some potential for “hard spots” to develop at the existing bridge substructure locations 
after construction has been completed, particularly between the two bridge pier locations where 
maximum raises in grade are anticipated. 
 
In addition, because existing and proposed utilities will be located at or near the top of the 
compressible soils at the site (marine clay), the magnitudes of ground surface settlement 
summarized above also represent the magnitudes of vertical movement that the proposed utilities 
will likely experience.  We recommend that the information summarized above be provided to 
Gorrill Palmer (project traffic and site civil engineer) for their use in determining whether the 
anticipated magnitudes of settlement/movement are acceptable or if modifications to the utility 
design (such as utility material selection, invert elevation or providing flexible connections at “hard” 
point locations, etc.) need to be made so that the vertical movement can be tolerated without the 
utility becoming inoperable or damaged.   
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WINGWALL FOUNDATION DESIGN RECOMMENDATIONS 
 
Based on our discussions with you we understand that foundations needed to support the tunnel 
return walls will be designed by the Contractor based on the following: 
 
 The wall type selected by the Contractor, which is limited to those shown on the 

MaineDOT’s Qualified Products List, 
 Project‐specific special provisions included in the Contract Documents, 
 MaineDOT BDG and AASHTO LRFD design requirements, and 
 The geotechnical design recommendations summarized herein. 

 
Wingwall foundation design recommendations are as follows: 
 
 Wingwalls foundations should be supported on undisturbed, naturally‐deposited marine 

clay. 
 
 Wingwall foundations should bear a minimum of 5.5 ft below the lowest adjacent ground 

surface exposed to freezing.   
 
 Wingwalls should be designed as monolithic with the headwalls or be separated with an 

expansion joint and designed to be free‐standing in accordance with AASHTO LRFD Section 
11.6.1.4. 
 

 Wingwalls should be designed to accommodate french drains and filter protected weep 
holes as shown in the Contract Documents. 
 

 Wingwalls should be designed based on the load combinations and load factors specified in 
AASHTO LRFD Section 3.4.1.  
 

 Bearing Resistance: 
 
 Foundations should be sized/designed at the Service Limit State not to exceed a 

presumptive bearing resistance equal to 3 kips per square foot (ksf) in accordance with 
AASHTO LRFD Table C10.6.2.6.1‐1. 

 
 Factored Strength Limit State bearing resistance should not exceed the maximum 

nominal values shown in the attachment multiplied by the applicable resistance factor 
based on the wall type selected by the Contractor.  The resistance factors applicable to 
various wall types are provided for reference below. 
   

– MSE Walls: f = 0.65 (AASHTO LRFD Table 11.5.7.1) 
– Gravity and Semi‐gravity Walls: f = 0.55 (AASHTO LRFD Table 11.5.7.1) 
– Cast‐in‐place or Prefabricated Modular Walls: f = 0.50 (AASHTO LRFD Table 

10.5.5.2.2‐1) 
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Please note that the nominal bearing resistance values shown in the attachment are 
provided as a function of effective footing width for multiple length wingwalls.  We 
recommend that the wingwall designer confirm bearing pressures for the actual 
wingwall type and foundation width (including eccentricity) for each applicable load 
combination are equal to or less than the range in factored bearing resistance values. 

 
 Sliding Resistance:  

 
 Failure by sliding should be evaluated at the Strength and Extreme Event Limit States in 

accordance with AASHTO LRFD Sections 10.6.3.4 or 11.6.3.6 with the resistance factors 
specified in Tables 10.5.5.2.2‐1 (0.85 for cast‐in‐place concrete or prefabricated 
(precast) modular walls) and 11.5.7.1 (1.0 for MSE, gravity and semi‐gravity walls). 

 
 Sliding resistance between the base of the shallow foundation and marine clay subgrade 

should be evaluated using a coefficient of sliding friction equal to 0.30 (interface friction 

angle, , of 17 degrees). 
 

 Passive resistance should be neglected since the foundation will not bear or extend 
below the maximum anticipated frost depth (5.5 ft) in accordance with AASHTO LRFD 
Section 11.6.3.5. 

 
 Eccentricity: 

 
 Eccentric load limitations, if applicable, should be evaluated in accordance with AASHTO 

LRFD Sections 10.6.3.3 and 11.6.3.3. 
 

 Overall (Global) Stability: 
 
 Overall (global) stability was evaluated by Haley & Aldrich during the preliminary design 

phase.  The results of the evaluations are summarized in the PGDR. 
 

FROST PENETRATION 
 
The MaineDOT BDG requires that foundations bear at or below the maximum depth of frost 
penetration to “provide adequate frost protection and to minimize the potential for freeze/thaw 
movements.”  Based on our discussions with you we understand that it is necessary for the 
proposed mat foundation to bear above the maximum anticipated frost depth in order to maintain 
existing grades along Webster Avenue and to avoid conflicts with existing and/or proposed utilities 
located beneath the mat. 
 
The following sections of this memorandum present several factors that are necessary for frost 
induced movements (heave) to occur, assesses the overall potential for heave to occur at the site 
and provides recommendations to be incorporated into the mat foundation design to substantially 
reduce the potential for heave. 
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General 
 
Three basic requirements must be met simultaneously in order for frost‐induced movements 
(heave) to occur: 1) the soil must meet certain grain size requirements in order to be considered 
frost susceptible, 2) freezing temperatures must penetrate into the ground and 3) a source of water 
must be present (e.g., groundwater, surface water infiltration, capillary rise).  A summary of the 
subsurface conditions at the site as they relate to these requirements is provided below. 

 
Soil Types 

 
Laboratory grain size analyses were conducted on man‐placed fill soil samples recovered during the 
subsurface exploration programs in part to assess the frost susceptibility of the soil.  Based on the 
laboratory test results, a frost susceptibility classification was assigned to each of the soil types 
anticipated to be present beneath the mat foundation.  Frost susceptibility classifications were 
determined based on MaineDOT frost susceptibility criteria that were developed, in part, based on 
the Army Corps of Engineers method.  Frost ratings range from 0 (non‐frost susceptible) to IV (highly 
frost susceptible).  The frost susceptibility classifications for the man‐placed fill present at the site 
range from I to II.  As a result, we consider the man‐placed fill present at the site to have little frost 
susceptibility.  The naturally‐deposited marine clay present beneath the man‐placed fill has frost 
susceptibility classifications ranging from III to IV and is considered moderately to highly frost 
susceptible. 
 
Temperature 

 
Based on the State of Maine Design Freezing Index, the design freezing index for the Bangor, Maine 
area is approximately 1,750 freezing degree days (°F‐days).  Freezing temperatures must penetrate 
the subgrade soil down to the capillary zone (zone where water is present) because the phase 
change from water to ice is largely responsible for drawing additional water from the surrounding 
soil toward the growing ice mass. 

 
Water 
 
An uninterrupted source of water must be available to the zone of freezing. Typically, the source will 
be the underlying groundwater table, a perched water source, infiltration through overlying layers 
and/or by capillary rise.  The groundwater level in the observation well installed in test boring BB‐
BWA‐101 was measured approximately 5.2 ft below ground surface (BGS; El. 111.5).  In addition, soil 
samples were described as being “wet” below approximately El. 112.7 and El. 109.7 in test borings 
BB‐BWA‐101 and BB‐BWA‐102, respectively.  Natural water content laboratory tests indicate that 
there is between 2 and 13 percent (by weight) water present in the man‐placed fill soil and between 
27 and 33 percent in the underlying naturally‐deposited marine clay.  As a result, water may be 
drawn from the static groundwater level as well as from voids in the soil adjacent to the growing ice 
lens, resulting in potential heave. 
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Conclusions and Recommendations 
 
Based on the information summarized above, we evaluated the maximum depth of seasonal frost 
penetration into the ground in accordance with Section 5.2 of the BDG, which was developed using 
the Modified Berggren Equation.  The resulting maximum depth of seasonal frost penetration into 
the ground is estimated to be approximately 5.5 ft (roughly 2.5 ft below the proposed bottom of the 
mat foundation as provided by Becker). 
 
Although the proposed bottom of mat foundation is located above the maximum anticipated depth 
of seasonal frost penetration it is our opinion that the potential for frost‐induced movements 
(heave) to occur is relatively low considering the low frost susceptibility classifications (frost ratings 
ranging from I to II) of the in‐situ man‐placed fill soils and the relatively rigid nature of the mat (2‐ft 
thick reinforced concrete) that is supporting the “tunnel” structure and overlying earth fill. 
 
However, as an added measure to protect the structure against the slight potential for frost‐induced 
movements, we recommend the following: 
 
 Over‐excavation of the in‐situ man‐placed fill soil to a depth of 2 ft below the bottom of the 

mat foundation and replaced with 18 in. of non‐frost susceptible soil (gravel borrow) 
meeting the minimum requirements of MaineDOT Standard Specification Section 703.20 
overlying  6 in. of non‐frost susceptible soil (crushed stone ¾‐inch) meeting the minimum 
requirements of MaineDOT Standard Specification Section 703.13 wrapped in a separation 
geotextile meeting the minimum requirements of MaineDOT Standard Specification Section 
722.04.  We will provide detail sketches to Becker for inclusion in the PSE package. 
 

 Inclusion of a 6‐in. diameter underdrain (Type B) beneath the mat foundation to collect and 
direct any groundwater away from the subgrade soils. 
 

 Inclusion of two 4‐in. diameter underdrain above the top of the mat foundation and below 
the tunnel wearing surface/pavement section to collect and direct any surface water away 
from the pavement section. 
 

 Inclusion of french drains above the top of the mat foundation and outside (one on either 
side) of the “tunnel” structure to collect and direct any surface water that infiltrates from I‐
395 away from the structure walls and mat foundation. 
 

It is our opinion that incorporation of the above recommendations will reduce the potential for 
frost‐induced movements as the soil present beneath the mat foundation and above the maximum 
anticipated frost depth is not considered to be frost susceptible and the inclusion of a capillary break 
(6 in. crushed stone layer), underdrains and french drains will prevent water from accumulating 
beneath the mat and freezing.  Please recall the frost susceptible soils, freezing temperatures and a 
water source need to be present and occur simultaneously in order for frost heaving to occur. 
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We recommend that foundations supporting tunnel wingwalls bear on undisturbed, naturally‐
deposited marine clay a minimum of 5.5 ft below the proposed finish grade. 
 
STAGE I MAXIMUM FILL HEIGHT 
 
As discussed in previous sections of this memorandum, it is our understanding that the project will 
be constructed in multiple phases in an effort to limit impacts to vehicular traffic on I‐395.  We also 
understand that Phase I will generally include utility work, over‐excavation and replacement of soil 
below the mat foundation, mat and wingwall foundation construction, tunnel structure placement 
and partial tunnel structure backfilling. 
 
Considering that the existing bridge is required to remain in service throughout Phase I 
consideration must be given to potential impacts on this structure caused by placement of normal 
weight earthfill.  Please recall that the existing bridge abutments and piers are supported on 35‐ton 
design capacity, cast‐in‐place (CIP) concrete piles that likely bear in the underlying glacial till or 
bedrock (historic information provided by MaineDOT does not include design or as‐built pile length 
information or any other pile installation records).  As discussed above and in the SGDM, stress 
increases within the marine clay stratum will result in settlement.  Downdrag loading, caused when 
the soil adjacent to an installed pile moves downward relative to the pile (in this case, caused by 
settlement of marine clay under the weight of the proposed fill and structure), is generally mobilized 
when the magnitude of soil movement relative to the pile exceeds approximately 0.4 in.  
 
In order to limit the mobilization of downdrag forces on the existing piles the maximum stress 
increase in the marine clay resulting in approximately 0.4 in. of settlement was back‐calculated 
based on the thickness of marine clay present at the site and its stress history and compressibility 
characteristics.  The maximum stress increase was reduced by stress increases caused by the dead 
weight of the mat foundation (information provided by Becker) considering its vertical location 
relative to the existing ground surface and the tunnel structure to determine the maximum fill 
height that could be achieved during Phase I without mobilizing downdrag forces on the existing 
piles. 
 
Based on our evaluation we recommend that approximately 3 ft of fill (up to El. 117.5) can be placed 
between Sta. 12+25 and Sta. 13+00 and approximately 4 ft of fill (up to El. 120.5) can be placed 
between Sta. 13+00 and Sta. 13+75 during Phase I without mobilizing downdrag forces on the 
existing pier piles. 
 

Construction Considerations 
 
PREPARATION AND PROTECTION OF BEARING SURFACES 
 
Foundations supporting the Bridge Structure and retaining wall/wing‐wall systems shall bear on 
undisturbed, naturally‐deposited marine clay.  The following guidelines shall be used by the 
Contractor to protect foundation subgrade soils during construction: 
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1.  Make final excavations to the bearing subgrade level either by hand or by using smooth‐
bladed equipment to minimize disturbance.  Excavations within 12 in. of the design 
subgrade level must be performed with care. 

 
2.  The exposed subgrade surface shall be examined in the field by Resident or a representative 

of the Department to verify strength and bearing capacity.  Additional excavation may be 
necessary to remove localized areas of weak, disturbed or otherwise unacceptable soils. 

 
3.  Equipment and worker traffic should not be allowed on the exposed marine clay foundation 

bearing surface until the subgrade has been approved by the Resident. 
 
4.  Prevent water from accumulating on marine clay subgrade surfaces to reduce the possibility 

of soil softening.  Subgrade surfaces that become disturbed due to water infiltration should 
be carefully re‐excavated and stabilized. 

 
5.  If needed, place a thin layer of crushed stone over the approved subgrade to provide a 

stable working surface for workers and light equipment.  Crushed stone will aid in stabilizing 
the subgrade in preparation for the placement of foundation concrete. 

 
6.  The Contractor shall not excavate within 12 in. of the proposed subgrade level until they are 

ready to install the crushed stone stabilization layer, if the Contractor determines that it is 
required.  The stabilization layer should be installed on the same day that the final bearing 
level is exposed. 

 

Closure 
 
We trust this information meets your present needs.  Please do not hesitate to contact us if you 
have any questions or comments on the information provided herein. 
 
Attachments: 
Calculations 
 

G:\PROJECTS\41821 ‐ I395 over Webster Ave\Deliverables\2015_0713 ‐ Final Design Memo\2015_0730_HAI_19311 Final GT Design Memo_F.docx 
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OWNER: MaineDOT
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 OBJECTIVE:

CALCULATE SOIL BEARING RESISTANCE FOR POTENTIAL RETAINING WALL/WINGWALL SYSTEMS BEARING ON
UNDISTURBED, NATURALLY DEPOSITED MARINE CLAY IN ACCORDANCE WITH THE AASHTO LRFD BRIDGE DESIGN
SPECIFICATIONS.

 SOIL PROPERTIES AND INPUT PARAMETERS:

ϕf 0deg fricƟon angle of foundaƟon soil

c 1ksf cohesion, taken as undrained shear strength

γ 120pcf unit weight of soil above or below the bearing level of the shallow foundaƟon

Nc 5.14 cohesion term bearing capacity factor as specified in Table 10.6.3.1.2a‐1

Nq 1.0 surcharge term bearing capacity factor as specified in Table 10.6.3.1.2a‐1

Nγ 0.0 unit weight term bearing capacity factor as specified in Table 10.6.3.1.2a‐1

correcƟon factors to account for the locaƟon of the groundwater table as specified in Table 10.6.3.1.2a‐2

cwq 1.0 cwγ 0.5

 FOOTING DIMENSIONS:

L1 24ft length of NE and SW wingwall shallow foundaƟons

L2 16ft length of SE and NW wingwall shallow foundaƟons

Df 5.5ft wingwall shallow foundaƟon embedment depth (max. depth of frost penetraƟon)

B1

3

6

9

12

15

















ft assumed range in effecƟve wingwall shallow foundaƟon widths (including eccentricity)

 STRENGTH LIMIT STATE EVALUATION:

 Shearing Resistance CorrecƟon Factors:

dqtable
Df

B1
 dqtable

1.83

0.92

0.61

0.46

0.37

















 from Table 10.6.3.1.2a‐4.  However, assume backfill material above
the wingwall shallow foundaƟon is less competent than the bearing
material....

dq 1.0
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 FoundaƟon Shape CorrecƟon Factors:

sc1 1
B1

5 L1






 sc1

1.03

1.05

1.08

1.1

1.13

















 sc2 1
B1

5 L2






 sc2

1.04

1.08

1.11

1.15

1.19



















sq 1.0

sγ 1.0

 Bearing Capacity Factors:

Ncm1 Nc sc1 Ncm1

5.27

5.4

5.53

5.65

5.78

















 Ncm2 Nc sc2 Ncm2

5.33

5.53

5.72

5.91

6.1



















Nqm Nq sq dq Nqm 1

Nγm Nγ sγ Nγm 0

 Nominal Bearing Resistance:

qn1 c Ncm1 γ Df Nqm cwq 0.5 γ B1 Nγm cwγ qn1

5.93

6.06

6.19

6.31

6.44

















ksf

qn2 c Ncm2 γ Df Nqm cwq 0.5 γ B1 Nγm cwγ qn2

5.99

6.19

6.38

6.57

6.76

















ksf
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MEMORANDUM 
 
 
3 November 2014  
File No. 38751-010 
 
 
TO:  Maine Department of Transportation 
  Laura Krusinski, P.E. 
 
C:  Becker Structural Engineers, Inc. 
  Bryson Welch, P.E., Jack Burgess, P.E. 
 
FROM:  Haley & Aldrich, Inc. 
  Bryan C. Steinert, P.E., Wayne A. Chadbourne, P.E. 
 
SUBJECT: Supplemental Geotechnical Design Memorandum 
  Interstate 395 over Webster Avenue 
  MaineDOT WIN 19311.00 
  Bangor, Maine 
 
 
This memorandum presents the results of supplemental geotechnical evaluations that were completed by 
Haley & Aldrich, Inc. (Haley & Aldrich) in support of Becker Structural Engineers, Inc. (Becker) 
submission of a preliminary design report (PDR) to the Maine Department of Transportation 
(MaineDOT).  Please recall that Haley & Aldrich previously completed subsurface investigation and 
laboratory testing programs and feasibility level geotechnical evaluations, which were summarized in 
our Preliminary Geotechnical Design Report (PGDR) dated 20 December 2012.  The evaluations and 
recommendations provided herein supersede those included in the PGDR. 
 
This work has been completed based on our mutually agreed upon work scope and in accordance with 
the provisions of our General Consultant Agreement (GCA) with MaineDOT, No. 
CT20110614000000006492, and with our project-specific assignment letter dated 4 May 2012. 
 
ELEVATION DATUM 
 
Elevations referenced herein are in feet and reference the North American Vertical Datum of 1988 
(NAVD 88). 
 
 
 
 
 
 

Haley & Aldrich, Inc.
75 Washington Avenue

Suite 203
Portland, ME  04101

Tel: 207.482.4600
Fax: 207.775.7666

HaleyAldrich.com



Maine Department of Transportation 
3 November 2014  
Page 2 
 
 
PROJECT UNDERSTANDING 
 
The subject project consists of the removal (demolition) of the existing Interstate 395 (I-395) bridge that 
crosses over Webster Avenue and replacement with earthfill.  We understand that pedestrian and 
bicycle access along Webster Avenue and below the limits of I-395 will be maintained by a new 
“tunnel”.  Based on discussions with you, it is our understanding that Becker has been retained by 
MaineDOT to evaluate bridge removal and tunnel design/construction alternatives and to prepare a 
preliminary design report (PDR) summarizing the results of their study and the recommended 
alternative.   
 
MaineDOT currently plans to deliver (bid) this project using detailed-build methodology, which 
provides prospective contractors with specific performance and/or design requirements and allows them 
the ability to design select elements of the project.  As a result of the preferred project delivery method, 
it is our understanding that the “tunnel” structure could consist of any number of structures types, as 
determined by the prospective contractors, such as precast concrete units designed and manufactured by 
Contech or the Bridge-in-a-Backpack, which is designed and manufactured by Advanced Infrastructure 
Technologies.  Regardless of the structure-type proposed by the prospective contractors, the foundation 
used to support the structure and potentially other project items will be designed and detailed by 
MaineDOT and/or their consultants (i.e., Becker, Haley & Aldrich). 
 
Based on our discussions with MaineDOT and Becker, we understand that the project will be 
constructed in a phased approach in an effort to limit impacts to vehicular traffic on I-395 as described 
below. 
 
 Phase I – “tunnel” foundation and structure construction, partial backfill placement (if feasible) and 

utility work in low headroom conditions while the I-395 bridge remains open to traffic.  
 Phase II – demolition of existing I-395 bridge, completion of backfill placement and paving while 

the I-395 bridge is closed and vehicular traffic is detoured around the project site. 
 

The primary objective of the preliminary geotechnical work scope completed and summarized herein is 
to identify technically feasible “tunnel” foundation support alternatives that are cost effective, have 
negligible impact on the existing bridge structure (while it remains in service) and utilities and 
minimizes risk to MaineDOT relative to post-construction settlement. 
 
FOUNDATION SUPPORT ALTERNATIVES 
 
Based on our knowledge of the subsurface conditions present at the site and our understanding of the 
project it is our opinion that both shallow foundations bearing on naturally-deposited marine clay or 
deep foundations, which transfer loads through the marine clay stratum to the more competent bedrock 
layer, are considered technically feasible foundation support alternatives. 
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As a result, several different foundation alternatives were considered.  Factors including, but not 
limited to technical feasibility, post-construction settlement, impacts to the existing structure, low 
headroom work area restrictions, future access to or relocation/replacement of existing utilities and cost 
were considered in developing potential foundation support alternatives.  Specifically, the following 
alternatives were evaluated and are discussed herein: 
 
 Spread Footings 
 Mat Foundation 
 Existing Pile Reuse 
 Micropiles 

 
Supplemental geotechnical design evaluations for each foundation support alternative, as summarized 
herein, were developed in accordance with the following documents: 
 
 AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications, Sixth Edition, 

2012 with 2013 interim revisions. 
 MaineDOT Bridge Design Guide (BDG), August 2003 with Interim Revisions through August 

2008. 
 
Furthermore, the supplemental design recommendations are based, in part, on the subsurface conditions 
encountered in the historic and preliminary phase test borings referenced herein, and summarized in our 
20 December 2012 PGDR.  It should be noted that the test borings were drilled at discrete locations and 
variations in subsurface conditions are likely to exist between exploration locations. 
 
Each of the foundation stabilization alternatives is discussed in the following subsections of this 
memorandum. 
 
Alternative No. 1 – Spread Footings 
 
This foundation alternative consists of supporting the proposed tunnel on spread footings bearing on 
undisturbed naturally-deposited marine clay, and constructed between the existing the existing bridge 
piers.  A conceptual detail of this alternative, developed by Becker, is shown in Figure 2. 
 
Foundation loads representative of the final site condition and resulting spread footing contact pressures 
were calculated by Becker and provided to Haley & Aldrich.  In general, footing contact pressures 
ranged from approximately 5 to 6 kips per square foot (ksf) and exceeded the bearing resistance of the 
marine clay foundation soil.  Based on site constraints, namely the location and presence of the existing 
pier pile caps, as well as the preference to make the tunnel opening as large as possible, analyses 
(completed by Becker and Haley & Aldrich) indicated that increasing the footing width was ineffective 
in lowering contact pressures such that the bearing resistance of the foundation soil (marine clay) was 
not exceeded when normal weight earthfill was used as backfill adjacent to and above the tunnel.   
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As a result, the use of lightweight fill (geofoam) was investigated as a possible means of reducing 
footing contact pressures.  Based on Becker’s discussions with tunnel structure designers, it is our 
understanding that placement of lightweight fill, specifically geofoam, directly adjacent to the tunnel 
structure and within the structures “critical backfill zone” is not desirable as the material does provide 
sufficient lateral resistance needed for acceptable structure performance.  In addition, it is our 
understanding that the use of lightweight fill would only be effective in reducing spread footing contact 
pressures if it is placed above the tunnel structure, which is not feasible given the construction 
sequencing and duration of the closure of I-395.  As a result, the use of spread footing foundations 
bearing on undisturbed naturally-deposited marine clay was removed from consideration as a potential 
tunnel foundation support alternative. 
 
Alternative No. 2 – Mat Foundation 
 
This foundation alternative consists of supporting the proposed tunnel on a mat foundation, bearing on 
undisturbed naturally-deposited marine clay or granular fill placed after the over excavation of existing 
fill soils, and constructed between the existing the existing bridge piers.  A conceptual detail of this 
alternative, developed by Becker, is shown in Figure 3. 
 
A. Coefficient of Subgrade Reaction 
 
The coefficient of subgrade reaction (kv) relates foundation contact pressure to immediate (elastic) 
settlement and is typically used in soil-structure interaction models.  In general and as reported by 
DeSimone and Gould (1972), the design of mat foundations requires estimates not only of differential 
settlement resulting from long-term consolidation, but also the relatively rapid displacement due to load 
concentrations on the subgrade surface.  This rapid displacement can produce large moments within the 
mat as compared to consolidation settlements and often controls the mat design.  The coefficient of 
subgrade reaction is dependent on many factors, including the material properties and thickness of 
subgrade and foundation materials, geometry of the loaded area and the stiffness and configuration of 
the structure.  Please note that long term settlement (consolidation) is not considered by the coefficient 
of subgrade reaction. 
 
The recommended value of coefficient of subgrade reaction for use in Becker’s preliminary analysis of 
the mat foundation bearing on undisturbed naturally-deposited marine clay is 50 pounds per cubic inch 
(pci).  We recommend that the coefficient of subgrade reaction and mat design be re-evaluated during 
final design. 
 
B. Evaluation 
 
Using the recommended value of coefficient of subgrade reaction, Becker completed a preliminary mat 
foundation design.  The results, consisting of contact pressures and corresponding elastic deformations 
across a 34-ft wide by 100-ft long, 2-ft thick mat, were provided to Haley & Aldrich to complete an 
independent check of the elastic deformations (and recalculation of the coefficient of subgrade reaction), 
and calculation of consolidation settlement.  In general, the results of Becker’s preliminary mat 
foundation analysis are as follows: 
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 Contact pressures ranging from approximately 1.2 to 3.5 ksf 
 Elastic compression up to approximately 0.5 in. 
 
The contact pressures along the base of the mat were modeled along with the subsurface soil conditions 
encountered in the historic and preliminary phase test borings and the compressibility and stress history 
characteristics of the marine clay summarized in our 20 December 2012 PGDR.  Detailed settlement 
evaluations were conducted using the computer program Settle 3D.  Estimates of settlement (elastic and 
consolidation) were computed at various locations within and along the exterior of the mat.  Estimates 
of the magnitude of ground surface settlement using normal weight earthfill are summarized below. 
 

Range in Estimated Settlement (in.)
Location 

Elastic Consolidation Total 
¼ - ¾  1¼ - 2¼   1½ - 3  Westerly Edge of Tunnel 
¼ - ¾ 1¼ - 2½   1½ - 3¼ Centerline of Tunnel 
¼ - ¾  1¼ - 2¼   1½ - 3 Easterly Edge of Tunnel 

 
Based on the preliminary contact pressures provided by Becker and the range in elastic settlement 
summarized above, the coefficient of subgrade reaction was re-calculated (30 pci) and provided to 
Becker to check their preliminary mat design (24-in. thick mat).  It is our understanding that this 
resulted in minor adjustments to the mat reinforcing but no appreciable changes to the mat thickness. 

 
Based on the size of the mat, the thickness and stress history of the marine clay deposit beneath the mat 
and the combination of existing vertical effective stress and estimated stress increase within the marine 
clay layer (exceeding the maximum past pressure within some portions of the deposit) we anticipate the 
settlement estimates summarized above will occur as elastic compression and consolidation settlement. 
We anticipate that the elastic compression and a portion of the consolidation settlement will occur 
during construction, as the structure is built and earthfill is placed and compacted.  The remaining 
amount of consolidation settlement (1 to 2 in.) is expected to occur sometime after project completion 
and paving (i.e., post construction).  Based on our experience, we anticipate that the full magnitude of 
the anticipated post-construction consolidation settlement will occur within 5 years (approximate) as 
measured from the start of fill placement.  The actual magnitude and time-rate of post-construction 
consolidation settlement may vary and will be somewhat dependent on the amount of fill that can be 
placed during Phase I without mobilizing downdrag forces on the existing piles while the bridge 
remains open to traffic.  The actual amount of fill that can be placed during Phase I as well as a refined 
estimate of post-construction settlement will be evaluated during final design.  We anticipate that the 
Phase I fill height will be dependent on previous site grades (prior to existing bridge construction), the 
stress history and compressibility characteristics of the marine clay and physical site constraints (where 
fill can feasibly be placed and compacted given the presence of the existing bridge and new tunnel 
structure). 
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In addition, based on conversations with Becker, it is our understanding that if the existing bridge is 
removed, the bridge substructures (pile supported abutments and piers) will remain in place.  Although 
some of the settlement is anticipated to occur during construction, it is our opinion that there is some 
potential for “hard spots” to develop at the existing bridge substructure locations after construction has 
been completed, particularly between the two bridge pier locations where maximum raises in grade are 
anticipated. 
 
We recommend that the estimated magnitudes of settlement (total and differential) summarized above 
be forwarded to Becker and other members of the design team for use in evaluating potential impacts to 
the structure and I-395.  We also recommend that MaineDOT consider the estimated range of post-
construction settlement (approximately 1 to 2 in.) and determine whether this is acceptable.  We 
anticipate that the ability of the “tunnel” structure and foundation to accommodate the total and 
differential movement as well as MaineDOT’s decision regarding post-construction settlement 
tolerances will ultimately determine whether the mat foundation alternative is selected as the preferred 
alternative moving into final design.  We also suggest that consideration be given to future maintenance 
and overall accessibility of the existing utilities present beneath Webster Avenue, which will be 
impacted by the presence of the mat foundation. 
 
Based on our discussions with Becker we understand that in order to maintain grades along Webster 
Avenue as well as the invert elevations of existing utilities the bottom of the approximate 2-ft thick mat 
foundation may be located within the seasonal frost zone (i.e., within approximately 5 ft of finished site 
grades).  In order to limit the potential impacts of frost on the performance of the foundation and 
structure, we recommend that consideration be given to over-excavation of naturally deposited frost 
susceptible soil with non-frost susceptible granular fill, the inclusion of underdrains to remove water 
from beneath the mat and the use of rigid insulation to limit the depth of freezing temperatures.  We 
recommend that these items be considered further during final design. 
 
Alternative No. 3 - Micropiles and Existing Pile Reuse 
 
This foundation alternative consists of supporting the proposed tunnel on both the existing piles and 
new micropiles.  A conceptual detail of this alternative, developed by Becker, is shown in Figure 4. 
 
A. Existing Pile and Structure Details 
 
Based on our review of historic bridge drawings provided by MaineDOT, it is our understanding that 
the existing bridge abutments and piers are supported on 35-ton design capacity, cast-in-place (CIP) 
concrete piles.  Select piles at abutment locations and pier locations are battered at 1H:4V.  No 
additional information was provided on the drawings or in MaineDOT’s archived project files relative 
to diameter, steel casing/shell thickness or yield strength, concrete strength or pile lengths (tip 
elevations).   
 
 
 
 



Maine Department of Transportation 
3 November 2014  
Page 7 
 
 
B. Evaluation 
 
Considering the limited amount of available information on the existing piles, static pile resistance 
calculations could not be performed.  This evaluation would have been completed and the result 
compared to the design capacity shown on the drawings and a judgment made regarding whether the 
existing piles had a design capacity greater than or less than what was shown on the drawings (35 tons). 
As a result of not completing the static pile resistance calculations, it is our opinion that there is not 
sufficient justification for using anything but a design capacity equal to 35 tons for the basis of 
evaluating existing pile reuse. 
 
Becker completed preliminary level calculations to estimate the magnitude of load on the existing piles 
from the existing structure, which was necessary to determine whether the existing piles had excess 
(reserve) resistance that was not being utilized, and to estimate the resistance and total number of 
micropiles needed to make up the difference between the demand and the resistance that the existing 
piles could provide.  Based on Becker’s calculations it was determined that the demand on the existing 
piles was at/near the design capacity shown on the historic bridge plans (35 tons).  As a result, 
micropiles, as discussed in the following section of this memorandum, will be required to supplement 
the existing piles to adequately support the proposed tunnel structure and backfill.  We recommend that 
Becker utilize the recommended factored micropile resistance as outlined below (i.e., 250 kips) to 
estimate the number of micropiles needed. 
 
Alternative No. 4 – Micropiles 
 
This foundation alternative consists of supporting the proposed tunnel on a deep foundation system 
(micropiles) that is independent of the existing bridge.  A conceptual detail of this alternative, 
developed by Becker, is shown in Figure 5. 
 
Several deep foundation support alternatives were evaluated considering impacts to the existing 
structure, the ability to install the elements in low headroom conditions while the existing bridge 
remains in service and the ability of the elements to provide sufficient axial resistance.  Based on these 
criteria, it is our opinion that drilled micropiles are the most technically feasible, deep foundation 
alternative that can be used to support the proposed tunnel given the constructability constraints. 
 
A micropile is a small-diameter (typically less than approximately 12 in.), drilled and grouted concrete 
element that is typically reinforced with a centralized steel bar and permanent steel casing.  Micropiles 
are constructed by drilling a borehole to a predetermined depth, placing reinforcement and tremie 
grouting the hole.  Micropiles gain their load resistance through side friction between the grout and the 
adjacent soil or bedrock (grout-soil or grout-bedrock bond).  Due to the relatively small pile diameter 
and due to the differences in vertical micropile deformation needed to mobilize side friction and end 
bearing resistance (i.e., sufficient vertical deformation must occur such that side frictional resistance is 
overcome and end bearing resistance is mobilized) the contribution of end-bearing resistance is typically 
neglected as discussed in AASHTO LRFD Section 10.9.3.5.1.  Since the overburden soils at the site 
are of limited thickness, we anticipate that rock sockets will be needed in order to transfer load to the 
bedrock.   
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A. Preliminary Design 
 
Becker completed a preliminary micropile layout assuming a 250-kip factored resistance so that the 
micropiles could be designed and the information could be provided to contractors for development of 
preliminary pricing.  Preliminary micropile design was completed by Haley & Aldrich in accordance 
with AASHTO LRFD Section 10.9, the resistance factors provided in Table 10.5.5.2.5-1 and a 
assumed grout-to-ground bond stress equal to 17 kips per square foot (ksf), which is representative of 
the low to mid-range values provided in Table C10.9.3.5.2-1 and recommendations provided by the 
Post Tensioning Institute (PTI) for the type and quality of bedrock present at the site.  Please note that 
if micropiles are selected as the preferred foundation support alternative, laboratory testing on samples 
of bedrock collected during the preliminary phase subsurface exploration program will be required to 
confirm the assumed nominal grout-to-ground bond stress.  Details of the preliminary micropile design 
are summarized below. 
 
 92 micropiles (52 low headroom and 40 non-low headroom; 54 battered at 1H:8V and 38 plumb) 
 Total Length =   20-30 ft (including 10-ft long rock socket) 
 Outside Diameter =   9.625 in. 
 Steel Casing Thickness =   0.545 in. (Fy = 60 ksi) 
 Rock Socket Diameter =  8 in. 
 Rock Socket Length =  10 ft 
 Reinforcement Diameter =  No. 11 bar (Fy = 75 ksi) 
 Grout Compressive Strength = 4,000 psi 
 
For preliminary level design, we recommend that one static tension load test be performed on a 
sacrificial micropile installed at a non-production location prior to the start of work to confirm the 
design grout-to-ground bond stress and bond length (rock socket length) in accordance with AASHTO 
LRFD Section 10.9.3.5.4. 
 
Based on our discussions with Becker, it is our opinion that the return walls, which are located outside 
the limits of the existing bridge, could potentially be supported by spread footings bearing on 
undisturbed, naturally-deposited marine clay since any post-construction settlement of these walls would 
occur outside the limits of I-395.  In this case, the total number of micropiles would be reduced by 22 
(12 battered at 1H:8V and 10 plumb; 70 total). 
 
B. Preliminary Pricing 
 
Based on preliminary micropile design summarized above, costs were obtained from four specialty 
geotechnical contractors for comparison to other technically feasible foundation support alternatives; the 
average of the costs are summarized below. 
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 Mobilization/Demobilization = $44,250 (lump sum) 
 Low Headroom Micropiles = $5,500 (ea.) 
 Non-Low Headroom Micropiles = $5,150 (ea.) 
 Tension Load Test =  $22,600 (lump sum) 
 Approximate Total Cost =  $560,000 (including wingwall support) 

$447,000 (excluding wingwall support) 
 
The preliminary costs summarized above excludes excavation, obstruction drilling and drill spoil 
disposal and also assumes that two micropile drill rigs are mobilized to the site and low headroom and 
non-low headroom micropiles are installed simultaneously.  Based on this assumption and our 
discussions with specialty geotechnical contractors we anticipate that micropile installation could be 
completed in approximately 4 to 8 weeks depending on the actual number of micropiles installed. 
 
CLOSURE 
 
We trust this information meets your present needs.  Please do not hesitate to contact us if you have any 
questions or comments on the information provided herein. 
 
Attachments: 
Figure 1 – Project Locus 
Figure 2 – Conceptual Spread Footing Alternative 
Figure 3 – Conceptual Mat Foundation Alternative 
Figure 4 – Conceptual Existing Pile Reuse Alternative 
Figure 5 – Conceptual Micropile Alternative 
Calculations 
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9.625 cased outside diameter 10.75 cased outside diameter 11.875 cased outside diameter

0.545 casing wall thickness 0.545 casing wall thickness 0.582 casing wall thickness

8.535 cased inside diameter 9.66 cased inside diameter 10.711 cased inside diameter

8.000 rock socket diameter 9.500 rock socket diameter 10.500 rock socket diameter

2.093 square feet per linear foot of rock socket (8‐in. dia.) 2.486 square feet per linear foot of rock socket (8‐in. dia.) 2.748 square feet per linear foot of rock socket (8‐in. dia.)

17 kip per square foot (assumed grout‐to‐ground bond stress) 17 kip per square foot (assumed grout‐to‐ground bond stress) 17 kip per square foot (assumed grout‐to‐ground bond stress)

35.6 nominal resistance per linear foot of rock socket 42.3 nominal resistance per linear foot of rock socket 46.7 nominal resistance per linear foot of rock socket

24.9 factored resistance per linear foot of rock socket 29.6 factored resistance per linear foot of rock socket 32.7 factored resistance per linear foot of rock socket

socket nominal factored socket nominal factored socket nominal factored

length resistance resistance length resistance resistance length resistance resistance

(ft) (kips) (kips) (ft) (kips) (kips) (ft) (kips) (kips)

0 0 0 0 0 0 0 0 0

1 36 25 1 42 30 1 47 33

2 71 50 2 85 59 2 93 65

3 107 75 3 127 89 3 140 98

4 142 100 4 169 118 4 187 131

5 178 125 5 211 148 5 234 163

6 214 149 6 254 177 6 280 196

7 249 174 7 296 207 7 327 229

8 285 199 8 338 237 8 374 262

9 320 224 9 380 266 9 420 294

10 356 249 10 423 296 10 467 327

11 391 274 11 465 325 11 514 360

12 427 299 12 507 355 12 560 392

13 463 324 13 549 385 13 607 425

14 498 349 14 592 414 14 654 458

15 534 374 15 634 444 15 701 490

16 569 399 16 676 473 16 747 523

17 605 423 17 718 503 17 794 556

18 641 448 18 761 532 18 841 589

19 676 473 19 803 562 19 887 621

20 712 498 20 845 592 20 934 654

9‐5/8 in. OD micropile w/ 8 in. diameter rock socket 10‐3/4 in. OD micropile w/ 9.5 in. diameter rock socket 11‐7/8 in. OD micropile w/10.5 in. diameter rock socket

Haley Aldrich, Inc.
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