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utilized at north and south approach to retain fill or support new bridge structure, and/or to 
minimize the project footprint. 
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2.0 Purpose and Scope of Services 
 
The purpose of this geotechnical report is to present the results of geotechnical assessment, and 
to provide foundation recommendations for the proposed bridge replacement structure and 
retaining wall construction. The scope of the geotechnical work included: 
 

1) Review of existing subsurface information. 
2) Perform geotechnical assessment and analyses. 
3) Preparation of geotechnical engineering report provided herein, and presentation of 

subsurface conditions summary, engineering evaluation, and subsequent 
recommendations. 
 

As per MaineDOT policy, the design philosophy complies with the current MaineDOT Bridge 
Design Guide and AASHTO Load and Resistance Factor Design Bridge Design Specification. 
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Figure 2: Surface Geologic Map of Maine 

3.0 Subsurface Condition 
 
3.1 Surficial and Bedrock Geology  
 
The Gut Bridge crosses the water body known as the Gut which serves as a channel between the 
Darmiscotta River and John’s Bay. According to the available literature, surficial deposits 
consisting of marine clayey silt with sporadic sand layers are anticipated to overlie bedrock at the 
project site (Refer to Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to resources available from the USGS (Refer to Figure 3), bedrock in the area of the 
project can be mapped in two formations; the Cape Elizabeth formation (Oce) and the Bucksport 
formation (SOb).   
 
From the USGS bedrock unit description, the Cape Elizabeth formation consists of an 
assemblage of mostly thin-bedded, light-gray, siliceous and sericitic slates; heavier beds consist 
of graywacke slate, schist, and quartzite containing, at short intervals, thin layers or laminae of 
black, micaceous phyllite and light-bluish calcareous schist or slate.  The Bucksport formation 



Page 5 of 18 
 

Figure 3: Bedrock Geology Map  

consists of thin-banded limey quartzite-uniform bands of light-greenish and dark-gray to purple 
bands. Lighter bands are quartz rich, and original calcareous minerals have been recrystallized to 
form lime silicates, mostly diopside; darker bands are quartz and biotite rich, and purple tints are 
due to finely divided biotite. The site has numerous mapped faults that likely contributed to the 
formation of many of the local geologic features including the Gut itself.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Existing Geotechnical Information 
 
The following reports and/or geotechnical data were made available to us to assess the 
subsurface conditions and to perform geotechnical evaluations: 
 

• Soils Report 2001-31, Report on Proposed Bridge Replacement Route 129, South Bristol, 
Maine – Haley & Aldrich, Inc. dated July 2000 

 
• Soils Report 2005-07, Final Geotechnical Design Report for the replacement of Gut 

Bridge over the Gut State Route 129 South Bristol, Maine - Maine Department of 
Transportation dated May 2005. 
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• Soils Report 2012-02C, Final Geotechnical Evaluation Route 129 Bridge over the Gut 
Maine DOT PIN 16750.00 South Bristol, Maine- GZA GeoEnvironmental, Inc. dated 
January 2012 

 
• Soils Report 2012-17C, Supplemental Geotechnical Evaluation Route 129 Bridge over 

the Gut Maine DOT PIN 16750.00 South Bristol, Maine- GZA GeoEnvironmental, Inc. 
dated July 2012. 

 
• Soils Report 2013-30C, Supplemental Geotechnical Evaluation Route 129 Bridge over 

the Gut Maine DOT PIN 16750.00 South Bristol, Maine- GZA GeoEnvironmental, Inc. 
dated August 2013. 

 
According to the boring logs and subsurface information provided in the above mentioned 
reports and probe data, the surficial deposits overlying bedrock in the area of the project consist 
of manmade fills, nearshore deposits, and marine deposits. The manmade fills are encountered in 
all the land borings and a few water borings; the fill can be described as primarily loose to very 
dense sand and gravel with frequent cobbles and boulders. The Fill materials are anticipated to 
extend to the top of bedrock at the bridge approaches. The Nearshore deposits of around 0.5 to 4 
feet are encountered in most of water borings and they can be classified as loose to medium 
dense sand with trace to some silt and gravel. The Marine deposits of around 6.5 to 9 feet consist 
of stiff Silty Clay to Clayey Silts with little sand and occasional shells. Limited SPT N-values are 
available due to the frequency of sampling and the relatively shallow depths of the surficial 
deposits. The SPT N-values range from 1 to refusal with the majority being less than 15 for 
Nearshore/ Marine deposits and above 20 for manmade Fill material.  
 
According to the boring logs and probe data, bedrock was encountered at elevations ranging 
from elevation +1.3 to -19.5 feet. The rock slopes steeply towards the Gut on both the north and 
south ends of the bridge. On average, rock was encountered deeper on the north end. Rock varies 
from east to west as well, generally dipping from west to east on the south end of the bridge and 
from east to west on the north with localized portions much deeper. In general, the boring logs 
indicated that the RQD is above 50% with multiple borings indicating rock with RQD above 
80%. The rock is described in the logs as being either schist or pegmatitic granite. Classification 
of schist is consistent with the USGS description of the Cape Elizabeth formation. Classification 
of pegmatitic granite is likely quartzite as described in the USGS description of both the Cape 
Elizabeth and Bucksport formations. 
 
According to the laboratory test results of rock samples, the unconfined compressive strength 
ranges between 2,800 psi and 15,100 psi, the Young’s modulus values ranges between 540 ksi 
and 3,330 ksi, and the point load ranges between 100 and 730 psi. 
 
Refer to appendix A for Core Boring and Rock probe data. 
 
3.3 Groundwater 
 
The depths of the groundwater are expected to vary under the influence of tidal effects, as such 
the groundwater levels can be expected to vary throughout the day as well.  
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4.0 Retaining Wall and Foundation Design and Recommendations 

 
This section presents a discussion on the geotechnical evaluation performed and 
recommendations for the construction of the proposed retaining walls and replacement bridge 
structure. 
 
4.1 Retaining Walls Type Selection 
 

North Approach 
 
The grade along the north approach will be raised several feet in some locations to protect the 
new bridge operating machinery, control house, and provide a parking area for local 
businesses. Due to navigation requirements and to eliminate the need for a skewed bridge, 
the northern edge of the hydraulic channel is being shifted to the south. This shift combined 
with the proposed fill work results in creating an unstable column of soil and boulders 
ranging from approximately 13 to 31 feet in height and necessitates the construction of a new 
retaining wall.  
 
South Approach 
 
The existing retaining structure on the south approach is a structurally obsolete timber crib 
that cannot be reused as the bascule leaf span toe support. Due to navigation requirements 
and to eliminate the need for a skewed bridge, the southern edge of the hydraulic channel is 
being shifted to the south. The shift to the south and the requirements for a structural 
foundation require the construction of a new retaining wall. 

 
As summarized in Section 3.0 of this report, competent bedrock along the alignment of the 
retaining walls is generally shallow with probe locations indicating rock within 10feet of the 
existing surface and/or channel mudline, except for those taken within the timber crib on the 
south approach where it is approximately 18 feet from the existing surface and/or channel 
mudline. The elevation varies with the deepest rock being found on the eastern limits of the 
south wall and the center section of the north wall.   
 
Based on the anticipated depth of competent rock, its favorable engineering characteristics, and 
in consideration of the challenge mitigating construction impacts, both cast in place walls and 
non-gravity walls supported in bedrock were determined to be feasible options.  The construction 
cost of cast in place wall is anticipated to be expensive with a significant impact on scheduling 
and little to no maintenance during service period, whereas the construction cost of a non-gravity 
wall is anticipated to be less expensive and more amenable to the proposed project staging with a 
requirement for periodic maintenance during the service life. Based on the decision of the 
selection committee, a non-gravity wall consisting of soldier piles socketed into the bedrock with 
precast concrete lagging was considered for further analysis.  
 
In general, the lateral active pressure acting on the non-gravity wall is resisted by the passive 
resistance of the wall elements. When the height of the wall or the retained soil/boulder mass 
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exceeds 15feet as in this project, it becomes necessary to use a non-gravity wall with additional 
support (referred to as an anchored wall). The anchored wall derives its support from the passive 
pressure on the front of the embedded portion of the wall and the anchor tiebacks connected to 
the wall. The anchored wall can have a single or multiple levels (rows) of tiebacks to resist 
lateral active pressure. 
 
According to the Soils Report 2005-07 and the Preliminary Design Report provided, during the 
100 year scour event, the Nearshore/ Marine deposits are anticipated to erode completely 
resulting in a wall height of approximately 31 feet at the north approach. Preliminary analyses 
indicated the need for multiple levels of tiebacks to withstand the anticipated lateral active earth 
pressure. The retaining walls are subject to a tidal swing of nearly 10 feet twice per day. The 
large variation in tides makes installing a multiple levels of tiebacks extremely difficult due to 
the inability to work underwater and the limited working periods afforded between tides. The 
repeated wetting and drying of the tieback anchorages presented additional concerns with regards 
to maintenance, inspection, and durability. Therefore, the anchored wall had to be designed with 
only one row of tiebacks. 
 
4.2 Retaining Wall Analyses and Recommendations 
 
The retaining walls were designed in consideration of the latest AASHTO LRFD Bridge Design 
Standards and MaineDOT Bridge Design Guidelines using the Ensoft Inc. program PY-Wall. 
The PY-Wall program considers the soil-structure-interaction and estimates the performance of 
cantilever or anchored retaining wall using p-y method. The p-y method of analysis estimates the 
deflection of laterally loaded piles and is a modification of Terzaghi’s subgrade reaction 
methods. The p-y curves used in PY-Wall program are the same curves used in the FHWA 
recommended program L-Pile, also from Ensoft Inc. The p-y curve method has the ability to 
capture more realistic soil-structure-interactions compared to the traditional limit equilibrium 
analysis and it results in a rational design/construction recommendation. 
 
Engineering analysis showed that the wall would be subject to undesirable deflections and stress 
with only one row of tiebacks without some other measures to reduce the active pressures it 
would be subject to. Subsequent analysis indicated a need to add a layer of tremie concrete with 
an unconfined compressive strength of 3000 psi at the base of the wall extending from 
approximately the existing ground surface or mudline to the top of the competent bedrock. The 
tremie concrete needs to extend far enough behind and in front of the wall to shorten the 
effective height of the wall to a maximum of 23.5 feet (Refer to Table 1 for tremie concrete 
recommendations). The reduction in effective height reduces the maximum deflection and 
reduces the stress on the soldier piles allowing for a lighter weight section to be used with one 
row of tiebacks. The tremie concrete also addresses two additional concerns, lagging interface 
and scour. The preferred soldier pile wall uses precast concrete panels for lagging and it requires 
a level seat to prevent the panels from being misaligned and potentially damaged. The tremie 
concrete serves as a leveling pad to provide a flat surface at the lagging/ground interface. The 
previous geotechnical reports provided determined that scour could be a concern in the channel 
during the lifetime of the structure. The tremie concrete eliminates the possibility that the soldier 
pile wall will be undermined by protecting the toe of the wall down to rock.  
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The top of tremie concrete has been selected to coincide, as close as possible, with the existing 
surface elevations and provide a minimum of six (6) feet of clearance in the channel as measured 
from mean low tide. The six foot clearance corresponds to the depth of the channel maintained 
by the United States Army Corps of Engineers (USACE). At this time there are no plans to 
dredge the channel; but in the future if dredging were to occur, the top of the concrete protecting 
the base of the wall will not be an obstruction.  
 
The revised analyses indicate a solider pile wall with one level of tiebacks is a feasible option 
with consideration given to the Table 1 recommendations. Based on the results of our analysis, 
we recommend soldier piles be formed of two W24x103 sections laced together with welded 
plates to form one composite unit. Use of a welded composite unit facilitates easy access for wall 
maintenance anticipated during service period. The spacing of solider piles and tieback locations 
is 10 feet center to center. At a few locations along the wing walls it is not possible to provide 
tiebacks to anchor the wall. In these locations the walls will need to be cantilevered. The 
subsequent analyses indicate solider piles spaced at 5 feet center to center are adequate to 
withstand anticipated loading since live load surcharges are not anticipated to occur in the 
cantilever sections.  
 
The anchored soldier piles require a minimum socket of 12 feet into competent rock and the 
cantilever soldier piles require a minimum of 14 feet of socket into competent rock. The 
minimum socket lengths represent the minimum embedment required for fixity and lateral 
stability of the soldier piles. The analyses show that the tiebacks, where required for the 
anchored wall sections, shall have a design load of 160 kips and require a minimum of 15 feet in 
the bonded length and 15 feet in the free length. The tieback elevations and angles are 
coordinated to minimize conflicts with the superstructure, wall cap, and other tiebacks. In areas 
where a tieback is not possible due to conflicts with the substructure for the bridge, a tie strut 
will be used to anchor the wall to the substructure. Refer to Table 2 for a summary of design and 
construction recommendations for wall construction. Refer to appendix B for additional 
information. 
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Table 1: Tremie Concrete Recommendation 
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Abutment
Pile 

Number

TGL vs 
Station At 
Center of 

Pile

Offset To 
Center Of 
Pile From 

TGL

Pile Top 
Elevation

Estimated 
Pile Tip 

Elevation

Estimated 
Pile Length

Soldier Pile 
Section

Minimum 
Diameter 

of Hole

Minimum 
Socket 
Length

Anchor 
Level One 
Elevation

Required 
Factored 
Pullout 

Resistance

Minimum 
Free Length

Anchor 
Inclination

Axial Load

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (kips) (ft) (DEG) (kips)
1 116+91.45 85.66 +7.0 -27.0 34 2 - W24x103 3 12 +5.5 160 15 30 N/A
2 116+82.08 82.19 +7.0 -27.0 34 2 - W24x103 3 12 +5.5 160 15 25 N/A
3 116+72.70 78.72 +7.0 -27.0 34 2 - W24x103 3 12 +5.5 160 15 20 N/A
4 116+63.32 75.25 +7.0 -27.0 34 2 - W24x103 3 12 +5.5 160 15 20 N/A
5 116+54.81 70.69 +9.0 -27.0 36 2 - W24x103 3 12 +5.5 160 15 27 N/A
6 116+51.28 61.34 +11.0 -27.0 38 2 - W24x103 3 12 +6.0 160 15 30 N/A
7 116+47.74 51.99 +11.0 -27.0 38 2 - W24x103 3 12 +6.0 160 15 30 N/A
8 116+44.20 42.63 +11.0 -29.0 40 2 - W24x103 3 12 +6.0 160 15 30 N/A
9 116+40.66 33.28 +11.0 -32.0 43 2 - W24x103 3 12 +6.0 160 15 25 N/A
10 116+37.18 24.11 +11.0 -32.0 43 2 - W24x103 3 12 N/A N/A N/A N/A N/A
11 116+37.18 14.09 +9.0 -32.0 41 2 - W24x103 3 12 N/A N/A N/A N/A N/A
12 116+37.18 4.11 +9.0 -31.0 40 2 - W24x103 3 12 +6.0 160 15 30 N/A
13 116+37.18 -5.89 +9.0 -28.0 37 2 - W24x103 3 12 +6.0 160 15 30 N/A
14 116+37.18 -15.89 +9.0 -28.0 37 2 - W24x103 3 14 N/A N/A N/A N/A N/A
15 116+37.18 -25.89 +11.0 -26.0 37 2 - W24x103 3 14 N/A N/A N/A N/A N/A
16 116+37.68 -30.81 +11.0 -25.0 36 2 - W24x103 3 14 N/A N/A N/A N/A N/A
17 116+38.18 -35.73 +11.0 -24.0 35 2 - W24x103 3 14 N/A N/A N/A N/A N/A
18 115+58.79 17.29 +11.0 -27.0 38 2 - W24x103 3 14 N/A N/A N/A N/A N/A
19 115+64.25 17.78 +11.0 -25.0 36 2 - W24x103 3 12 +6.0 160 15 30 N/A
20 115+74.77 18.48 +11.0 -24.0 35 2 - W24x103 3 12 +6.0 160 15 25 N/A
21 115+85.33 18.88 +11.0 -23.0 34 2 - W24x103 3 12 +6.0 160 15 30 N/A
22 115+95.78 18.99 +11.0 -25.0 36 2 - W24x103 3 12 +5.0 160 15 30 N/A
23 116+05.22 18.87 +8.0 -26.0 34 2 - W24x103 3 12 +5.0 160 15 30 317
24 116+05.45 9.19 +8.0 -20.0 28 2 - W24x103 3 12 +5.0 160 15 20 317
25 116+05.45 -0.81 +8.0 -20.0 28 2 - W24x103 3 12 +5.0 160 15 20 317
26 116+05.45 -10.81 +8.0 -20.0 28 2 - W24x103 3 12 +5.0 160 15 20 317
27 116+05.45 -20.81 +8.0 -20.0 28 2 - W24x103 3 12 +5.0 160 15 20 317
28 116+05.45 -30.81 +11.0 -19.0 30 2 - W24x103 3 12 +5.5 160 15 30 N/A
29 115+99.68 -38.56 +11.0 -18.0 29 2 - W24x103 3 12 +5.5 160 15 24 N/A
30 115+93.44 -46.28 +11.0 -18.0 29 2 - W24x103 3 12 +5.5 160 15 30 N/A
31 115+86.63 -48.22 +11.0 -18.0 29 2 - W24x103 3 12 +6.0 160 15 30 N/A

North

South

Table 2 - Non-Gravity wall (Soldier Pile with/without Tiebacks) Schedule 
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4.3 Bridge Foundation Design and Recommendations 
 
Heel of the Bascule Leaf 
 
The substructure elements at the heel of the Bascule leaf consist of two bascule pier boxes with 
fully sealed machinery enclosures. The bascule pier box is anticipated to experience torsional 
uplift from the leaf reaction in open and closed positions (accounting for the varying position of 
leaf reaction). Therefore, micropiles are recommended to support the heel of the Bascule leaf. 
 
The foundation analyses have been performed with a formal non-linear, P-Delta analysis using 
the Bridge Software Institute (BSI) program FB-Pier. The loads applied to the foundation are in 
accordance with AASHTO recommendations. The FB-Pier analysis models are used to 
determine configuration of micropile groups and to determine axial compression and uplift 
design forces. The FB-Pier analyses consider a micropile size of 9-5/8 inch OD cased section and 
8-inch dia. uncased section with 2-1/4 inch thread bar. According to the FB-Pier analyses results, 
eight (8) micropiles per bascule pier and three (3) micropiles per machinery enclosure socketed 
into bedrock provide sufficient resistance to compressive and uplift forces. Also, the 
recommended arrangements of micropiles are anticipated to provide adequate lateral support to 
the retaining wall sections that are tied to substructure of the bridge. 
  
The engineering analyses indicate that the piles will be subject to a maximum factored axial 
compression load of 250 kips and a maximum factored axial uplift load of 50 kips. With 
consideration of the site variability, a resistance factor of 0.5 was used in determining the 
nominal resistance of the micropiles. Therefore, the micropiles for the bridge foundation are 
designed for a required nominal compression resistance of 500 kips and a nominal uplift 
resistance of 100 kips. Our analyses indicate a socket length of 15 feet will be required to yield 
the desired pile resistances. 
 
Toe of the Bascule Leaf 
 
As mentioned in Section 5.0, the toe of the bascule leaf span will be supported on a section of the 
south approach retaining walls. Per structural analyses input, only vertical loads (317kips at 
strength limit state and 243kips at service limit state) are anticipated to be transmitted to the rest 
pier/retaining wall from bascule leaf. The ability of the recommended retaining wall beam to 
withstand anticipated vertical load was evaluated from structural aspects as they are founded on 
bedrock and it was concluded that the factored structural resistance of the recommended solider 
pile beams (two W24x103 sections) is greater than 317 kips.  
 
Refer to appendix C for additional information. 
 
4.4 Operator House  
 
The proposed operator house is recommended to be supported on micropiles to mitigate transfer 
of load from the operator house to the retaining walls. This is important because the location of 
the operator house coincides with the location of the deepest recorded bedrock within the project 
alignment which results in the greatest unsupported lengths of soldier piles on the project. The 
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lateral capacity of the micropiles in this location is greatly reduced due to the long unsupported 
length and the inability of the retaining wall to withstand load from operator house or to generate 
lateral passive resistance of micropile. Therefore when considering configuration of micropile 
groups, the required vertical and lateral support shall be derived from the bond zone. A bond 
length of 10 feet in competent bedrock is recommended to provide required pile resistances.  
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5.0 Construction Recommendations 
 
The bascule pier foundations and retaining wall systems are anticipated to be constructed in the 
wet and shall be staged to accommodate construction and operation of the temporary bypass as 
well as the general construction sequence of the bascule pier foundations.  
 
The following are the bascule pier foundation construction recommendations:  
 

1. Geotechnical inspector with five years of experience relevant to the proposed work shall 
inspect the foundation construction operation. 

2. Placement of tremie concrete may be done in wet or dry conditions. 
3. Select construction Means and Methods, as needed to prevent damage to the existing 

structures. 
4. Contractor shall exercise caution to avoid undermining existing structures. 
5. Foundation excavation may require temporary shoring and/or bracing to be designed by 

the contractor.  
6. The excavation support system shall be designed in compliance with MaineDOT, 

AASHTO and OSHA guidelines. 
7. Avoid collection and drainage of surface water at or adjacent to the bridge site. 
8. Consider nature of heterogeneous fill material during selection of elements for excavation 

support system. 
9. A working platform or other temporary access may be required for the installation of the 

micropiles for the bascule pier and machinery enclosure locations.  
10. The rock quality in the micropile bond zone shall be determined by the Resident. 

 
The following are the retaining wall construction recommendations: 
 

1. Geotechnical inspector with five years of experience relevant to proposed work shall 
inspect the retaining wall construction operation.  

2. The rock quality in the tieback bond zone and solider pile socket zone shall be 
determined by the Resident. 

3. All tieback performance tests shall be observed by the Resident. 
4. Temporary excavation support and/or bracing may be required. The excavation support 

system shall be designed in compliance with MaineDOT, AASHTO and OSHA 
guidelines. 

5. Select construction Means and Methods, as needed to prevent damage to the existing 
structures. 

6. Contractor shall exercise caution to avoid undermining existing structures. 
7. Excavate overburden material (including soil, stones, boulders, previous construction 

remnants, debris, etc.) above the bedrock to ensure good bond between tremie concrete 
and bedrock. 

8. Soldier piles can be installed prior to or after over burden material excavation. 
9. A minimum of 50 percent of the base of each hole (for the placement of solider pile) shall 

have less than ½ inch of sediment at the time of placement of the concrete. The maximum 
depth of sediment or any debris at any place on the base of the hole shall not exceed 1.5 
inches. 
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10. Use temporary steel casings (part left in place) between existing ground surface/mean 
high water elevation and top of bedrock to prevent collapse of overburden, or to shut off 
seepage water into the predrilled hole for the placement of solider pile. 

11. Provide a minimum curing time of 7 days for the concrete in the predrilled hole to cure 
before placing any tremie pour concrete. 

12. Provide a minimum curing time of 7 days for tremie pour concrete to cure before placing 
lagging. 

13. Tremie concrete can be placed in either wet or dry conditions. The tremie concrete shall 
have a minimum unconfined compressive strength of 3000 psi for dry placement 
condition or 4000 psi for wet placement condition. 

14. Care should be taken to prevent damage to the soldier piles during excavation and 
concrete placement.  

15. Place panels and backfill with crushed stone in coordination with the general construction 
sequence.  

16. Heavy construction equipment should not be used within 10 feet of the soldier pile wall 
to prevent damage from excessive surcharge.  

17. Upon reaching Elevation +6 feet with the backfill, install tiebacks prior to continuing fill 
operations.  

18. After installing and testing the tiebacks, place separation geotextile and continue to fill 
with granular borrow material until final grade is achieved.  
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7.0 Limitations 
 
This report has been prepared on behalf of and for the exclusive use of the Client, the State of 
Maine, for the design and construction of the project, Replacement of the Gut Bridge Over the 
Gut on State Route 129 in the town of South Bristol, Maine, as described herein. If this report is 
provided to prospective contractors, the Client should make it clear that the information is 
provided for factual data only and not as a warranty of subsurface conditions included in this 
report. 
 
Hardesty & Hanover, LLC has attempted to conduct the services reported herein in a manner 
consistent with the level of care and skill ordinarily exercised by members of the profession 
currently practicing in the same locality and under similar conditions as this project. The 
recommendations and conclusions contained in this report are professional opinions. No other 
representation, expressed or implied, and no warranty or guarantee is included or intended in this 
document. 
 
The conclusions and recommendations given in this report are based on interpretation of 
subsurface exploration data provided by Others and Hardesty & Hanover’s experience. The 
Client must recognize that variations may occur from conditions observed in the borings, 
particularly within existing fills or previously developed areas.  Design recommendations are 
based on data from borings, sampling, and related procedures. Actual subsurface conditions may 
vary from those encountered in the borings. Therefore, design recommendations, particularly 
estimated pile tip elevations and tiebacks details, are subject to adjustment in the field, based on 
subsurface conditions encountered during construction.  Hardesty & Hanover, LLC is not 
responsible for the conclusions, opinions or recommendations made by Others based on these 
data. 
 
The analyses, conclusions and recommendations contained in this report are based on the data 
obtained from the subsurface exploration performed by Others. The field exploration methods 
used indicate subsurface conditions only at specific locations where samples were obtained, only 
at the time they were obtained, and only to the depths penetrated. Discrete sampling cannot be 
relied on to accurately reflect natural variations in stratigraphy that may exist between sample 
locations. The recommendations included in this report have been based in part on assumptions 
about natural variations in site stratigraphy that may only be completely evaluated during 
earthwork and foundation construction. Unanticipated soil or rock conditions may require that 
additional expense be incurred to attain a properly constructed project. 
 
The conclusions or recommendations in this report should not be used if the nature, design or 
location of the facilities is changed between the submittal of this report and the start of work at 
the site.  If changes are contemplated, Hardesty & Hanover, LLC must review them to assess 
their impact on this report’s findings, conclusions, and/or design recommendations. Hardesty & 
Hanover, LLC will not be responsible for any claims, damages, or liability associated with any 
other party’s interpretations of this report’s subsurface data or reuse of this report’s subsurface 
data or engineering analyses. 
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The scope of our geotechnical services for this phase of the project did not include any 
environmental assessment or investigation for the presence or absence of wetlands or hazardous 
or toxic material in the soil, surface water, groundwater or air, on or below or around this site.  
Any statement in this geotechnical report or on the boring logs regarding odors noted or unusual 
or suspicious items or conditions observed are strictly for the information of our Client. 
 
 
Prepared by: 
Hardesty & Hanover, LLC 
 
 
         
Raymond R. Mankbadi, P.E.  
Principal Associate 
Director of Geotechnical Engineering 
 
Reviewed by: 
Hardesty & Hanover, LLC 
 
 
        
Andrew C. Coates, P.E. 
Partner 
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������~QZ��TQW �(� �1�!*X%$� '! ��T�sVZR[]��V_� ����
 ��\TQ]}~��~W �3��TQsVRQW X$(�8 %! ~sV��W �-��		 �s���TQW �2+�*�2%% rR\\T�]Y�W 8$�.X($% �Z\]���TW 1$(�+�$<�8��� �s��TQ]�V_��s��W ������3~sVT]�VsQV��Z[Z��W ����	��������	��� ~QZ��Z[\]�TV�R�W �$�0���2� ����<%$� �RQT]YsQQT�W ���YRQZ[\]rRUsVZR[W �������"8�����
� �s�Z[\]}~��~W �3��3 �sVTQ]rT�T��W 1��(+�s��TQ]���ZUZT[U�]�sUVRQW��
 �s��TQ]���TW -�*%�(*�. �)�$(�+�. �%2��<(*;�(����bobnbao�� eh�heafghual�h̀m kc� ¡̀h�h|o�bn¡h¢b�c£h¤mo�h̀¥�mlh̀nl�oqn¥h¦k��§ ¡̀¦cm̈§h�hpm̈h¤mo�h̀¥�mlh̀nl�oqn¥h¦k��§�h�h̀kcbnh̀kaaoh̀m kc� `̀ yh�h̀acb£h̀n� hy¡q�l v©h�hªafg�nhval©mo�h̀¥�mlh̀nl�oqn¥h¦k��§ «uh�h¬mn�lhfaon�onhk�lf�onx�h�hto�¡ff����¡ch̀kcbnh̀kaaoh̀m kc�hmnn� kn ®̀ yh�h®acca¬h̀n� hy¡q�l k̄h�htofao�bo�£hua kl���b©�h̀nl�oqn¥h¦g��§ pph�hpb̄¡b£hpb bnth�hv¥boh«mcchv¡̈�h̀m kc� euh�heacc�lhuao� {°¡ofall�fn�£h�hem¬h�b�c£h̀ªvh{°©mc¡� ªph�hªcm�nbfhpb bnxth�hto�¡ff����¡chv¥boh«mcchv¡̈�h̀m kc�hmnn� kn «w®h�h¬�bq¥nha�h±²³c̈́h¥m  �l ®m  �lhi��bfb�ofµh¢mfnalh�hyoo¡mchumcb̈lmnbaoh¤mc¡� ª|h�hªcm�nbfbnµh|o£�j¤h�h|o�bn¡h¤mo�h̀¥�mlhv��n «weh�h¬�bq¥nha�hla£� {¶³h�h̀ªvh{°¡ofall�fn�£hfall�fn�£h�alh¥m  �lh���bfb�ofµ ·h�h·lmboh̀b̧�hyomcµ�b�x¤h�hto�¡ff����¡ch|o�bn¡h¤mo�h̀¥�mlhv��nhmnn� kn «w±ªh�h«�bq¥nha�hao�hk�l�ao {¶³h�h¦®m  �lhi��bfb�ofµh¢mfnald¶³¹§º{°¡ofall�fn�£ uh�huao�acb£mnbaohv��n�T�sQ»�W����:,$%�*%2%,#$��'���.5*%���+� ��61%2%,�%.5(*�
��:#�+%&��.5�7��1�+�0��&�$$�(�� '!*(5� ,$%�*%2%,.(!� '�����:*%2%,.(!� '*%#$��'���.5�������  �$#($$�+��� %*+%.5� *%&�$�+� �#($$�+"(++%&� ''$�(*�$*;( 
�� .;�!%,$�.%0�$)"�?*$($�.%0�$)+�,*� ;%+�,$%�2$�0�%�!$� ���X%$� '+%.(*�% ( ��+�0(*�% ($�(22$%?��(*�( �&�$��!*��(*��#(!��% ;( ���(!�$��� *!,$%��?�!*� '!�*�,�(*�$�!�ǹlmnb�bfmnbaohcbo��hl�kl���onhmkklajb mn�ḧa¡o£mlb��ḧ�n¬��oh�abchnµk��¼hnlmo�bnbao�h mµḧ�hqlm£¡mćºh«mn�lhc�©�chl�m£boq�h¥m©�ḧ��oh m£�hmnhnb ��hmo£h¡o£�lhfao£bnbao�h�nmn�£́hh·la¡o£¬mn�lh�c¡fn¡mnbao�h mµhaff¡lh£¡�hnahfao£bnbao�han¥�lhn¥mohn¥a��kl���onhmnhn¥�hnb �h �m�¡l� �on�h¬�l�h m£�́ YRQZ[\]̂R_WXX�/�������kn¥h¦�ń§ m̀ kc�h{á �s���T]}[�RQ�sVZR[ª�óde�f́h¦bó§ m̀ kc�h��kn¥ ¦�ń§ ½ca¬�h¦d¶hbó§ ¥̀�ml ǹl�oqn¥ ¦k��§ alhe¾�h¦¹§ {°¡ofall�fn�£ { ¶³ um�boqh ½ca¬� ic�©mnbao ¦�ń§ ·lmk¥bfhpaq ¤b�¡mch���flbknbaohmo£he� mlg� pm̈almnalµv��nboqhe��¡cn�dyỳ ®vwhmo£htob�b�£hucm��́Ps\T]¿]R�]À
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RR�%*����R	[ighi] ]ahi]\jĉ]j�¡cg�fg�¡�jichffg\e]¤hi�c¬\¥j§hg]�¡c¬�i°��jc¡\]̂ci¹f�¡Âcighj¡]i]\j¡c¤h¹c¬�clgh§¥ḩ̂¾c̄hi�gĉ��̂cg�h§]jl¡c©h�c¬��jc¤h§�chici]¤�¡chj§c¥j§�gca\j§]i]\j¡c¡ihi�§̧cc»g\¥j§°hi�gc ̂¥ai¥hi]\j¡c¤h¹c\aa¥gc§¥�ci\ca\j§]i]\j¡c\i©�gci©hjci©\¡�fg�¡�jichici©�ci]¤�c¤�h¡¥g�¤�ji¡c°�g�c¤h§�̧ TKJUVWXYKZPRR�%*�������fi©cª i̧« [h¤f̂�cw\̧ �n��|MXyV�KJ�nOUKV®�j̧_̀�a̧cª]j̧« [h¤f̂�c��fi© ª i̧« Ã̂\°¡cª_ºc]j̧« [©�hg [ig�jli© ªf¡ « \gc̀Ä�cª½« ẃ¥ja\gg�ai�§ w º· qh¡]jlc Ã̂\°¡ d̂�hi]\j ª i̧« »ghf©]ack\l ]̈¡¥ĥc��¡ag]fi]\jchj§c̀�¤hgb¡ kh¬\ghi\g¹r�¡i]jlc�̀¡¥̂i¡_uu[²rschj§cpj] ]�§cq̂h¡¡̧InWMXÅXK�XÅ
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Appendix B 

 

Retaining Wall Plans  

and  

Design Soil Parameters 

  







Section 1Section 2Section 3Section 4

Section 1Section 2Section 3Section 4

1. AASHTO LRFD Bridge Design Specification For Service And Strength Limit 

States.

2.Post Tensioning Institute "Recommendations For Prestressed Rock And Soil 

Anchors" Latest Edition.

1. Latest Edition Of MaineDOT Standard Specification For Road And Bridge 

Construction, As Modified By The Special Provisions.

2.Post Tensioning Institute "Recommendations For Prestressed Rock And Soil 

Anchors" Latest Edition.

CONSTRUCTION SPECIFICATIONS:

DESIGN SPECIFICATIONS: NOTES:

Anchor #12

Performance Test

Performance Test Anchor #6

Anchor #21

Performance Test 

Anchor #26

Performance Test
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The Soldier Pile Lacing.

Soldier Pile Walers Will Be Notched As Necessary To Accomodate3.

Of The Soldier Pile And A Minimum Of 3" Of Cover At The Top.

Soldier Pile Wall Pile Cap Requires A Minimum 6" Embedment2.

Refer To Sheet 34 For Wall Section Limit Stations.1.
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Anchored Wall Section Cantilever Wall Section

19 ft 21 ft
10 ft 5 ft
1.5 ft 1.5 ft
6 ft 6 ft

16 ft 16 ft
240 psf 0 psf

Soils - Anchored

Sand Unit Weight (pcf)
Friction Angle 

(deg)
k (pci)

Top 135 38 225
Bottom 125 34 125

Rock Unit Weight (pcf)
Uniaxial 

Compressive 
Strength (psi)

Top 150 2500
Bottom 150 4500

Soils - Cantilever

Sand Unit Weight (pcf)
Friction Angle 

(deg)
k (pci)

Top 135 38 225
Bottom 125 32 60

Rock1 Unit Weight (pcf)
Uniaxial 

Compressive 
Strength (psi)

Top 150 3000
Bottom 150 3000

Rock2 Unit Weight (pcf)
Uniaxial 

Compressive 
Strength (psi)

Top 150 2500
Bottom 150 4500

Design Assumptions:

31-100

Depth Range (ft)

0-19

Depth Range (ft)

19-100

Depth Range (ft)

0-23.5

Depth To Water Table Front:
Depth To Water Table Back:

Depth Range (ft)

23.5-31

Depth Range (ft)

1) Use tremie concrete at the base of the wall to reduce active earth pressure and to generate required passive resistance.
2) Use applicable concrete placement method to ensure formation of one solid mass with the underlying competent bedrock.
3) Conduct periodic field inspection of the wall during service life and retrofit as needed.

Surcharge Load:

Computations For
Soil Parameters for use in the Soldier Pile
Wall Design

Surcharge Load:

Height:
Width for Active Calc.:

Width for P-Y Resistance:
Depth To Water Table Front:
Depth To Water Table Back:

Height:
Width for Active Calc.:

Width for P-Y Resistance:



 

 

 

 

 

Appendix C 

 

Micropile Calculations  

and  

Soldier Pile Structural Capacity Calculations 
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Definitions

AASHTO 10.9.3.5.1-1 AASHTO 10.9.3.5.2-1

AASHTO 10.9.3.5.1-2

AASHTO 10.9.3.5.1-3

RR = Factored resistance of a micropile db = Diameter of micropile drill hole through

Rp = Nominal tip resistance (kips) bonded length (ft)

Rs = Nominal skin resistance (kips) αb = nominal micropile grout to ground bond

ϕp = Resistance factor for tip resistance strength (ksf)

ϕs = Resistance factor for skin resistance Lb = micropile bonded length

qp = Unit tip resistance (ksf)

qs = Unit grout to ground bond resistance (ksf)

Ap = Area of micropile tip (ft^2)

As = Area of grout to ground bond surface (ft^2)

Assumptions

db = 0.67 ft

αb = 16 ksf AASHTO Table C10.9.3.5.2-1

Lb = 15 ft

qp = 0 ksf (limited mobilization of tip resistance expected)

ϕp = 0.50 dim

ϕs = 0.55 dim

Ap = 0.53 sf

Calculations

Rs = 505 kips

Rp = 0 kips

RR = 278 kips

Geotechnical Capacity of Micropiles

for use in the bascule foundations

Computations For

�� = ����� + �����
�� = 	�
�
�� = 	�
�

�� = ����
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Definitions

AASHTO (4.5.7.3, 17th ed. 2002)

Q = Axial Resistance of the W Section. (kips)
Fy = Yield Stress of the Steel (ksi)
As = Area of the Steel (in^2) Note: Ignore loss due to the corrosion since W-sections are encased in concrete.

Assumptions

Fy = 50 ksi
As = 60.6 in^2 Note: As W24x103 = 30.3 in^2, Soldier piles are 2 each W24x103.

Calculations

Q = 757.5 kips

317 kips

757.5kips > 317kips -- Therefore the pile is good

Maximum Demand per pile =

Computations For
Structural Resistance of Soldier Piles

Note: The QA / QC Process used warrants the use 
of ASD methods rather than LRFD. 𝑄 = 0.25 × 𝐹𝑦𝐴𝑠 



jbade
Polygonal Line
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