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GZA GeoEnvironmental, Inc. (GZA) is pleased to provide this design memorandum to T. Y. Lin 

International (TYLin, Client) summarizing the exploration program, laboratory testing and 

geotechnical design of mast arms for the subject project. The work was completed in 

accordance with GZA’s subconsultant agreement with TYLin dated April 15, 2026 and the 

change order dated May 26, 2026. Calculations included herein are in accordance with AASHTO 

LRFD 10th Edition.  This memorandum is subject to the limitations attached in Appendix A. 

 

The project is composed of an approximately 600-foot-long section of Elm Street (Route 1) 

which includes the intersections with Lincoln Street to the south and Diamond Street/Upper 

Falls Road to the north (the Site). Four mast arm foundations are proposed, with three at the 

Diamond Street/Upper Falls intersection and one at the Lincoln Street intersection. 

 

SUBSURFACE EXPLORATIONS 

GZA visited the Site on April 27, 2026, to mark proposed boring locations for utility clearance. 

Proposed boring locations were adjusted to reduce potential conflicts with overhead utilities 

and previously marked underground utilities. Our drilling subcontractor, Seaboard Drilling, LLC 

of Bangor, Maine (Seaboard), then submitted a DigSafe ticket at least three business days prior 

to drilling and hired a private utility locator. 

Seaboard mobilized to the Site on May 4, 2026, along with their vacuum excavator 

subcontractor to pre-excavate the four (4) test borings, HB-BES-101 to HB-BES-104, using 

vacuum excavation methods. The vacuum excavations extended to a desired depth of about 4 

to 5 feet below ground surface (bgs) which encountered frequent angular gravel and cobbles 

(apparent blast rock fill). The vacuum excavations were backfilled with the spoils upon 

completion. 

Seaboard drilled the test borings between May 4 and May 5, 2026, at the locations shown in 

Figures 1 and 2. The test borings were drilled using a Diedrich D-50 ATV rig to depths ranging 
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from approximately 16.5 to 21.5 feet bgs. GZA observed and logged the vacuum excavation and drilling and prepared logs 

of the test borings which are included in Appendix B.   

The borings were drilled using a combination of hollow stem augers and 4-inch driven casing and drive and wash drilling 

techniques.  Standard penetration testing (SPT) and split-spoon sampling were performed nearly continuously in the upper 

12 feet, then at typical 5-foot intervals thereafter.  Sampling was completed using a 24-inch-long, 1-3/8-inch inside-

diameter sampler.  SPTs were conducted using automatic hammer Seaboard SN 202102 which had a rated hammer energy 

transfer ratio of 1.009 at the time of drilling.  

In three borings, approximately 5 feet of rock core was taken using NQ (2.0-inch diameter) coring equipment. A 

photographic log of recovered rock cores is provided in Appendix C. Test boring HB-BES-102 was terminated after 

encountering top of weathered rock at 16.5 feet bgs. At the completion of drilling, the borings were backfilled with cuttings 

and sand, then cold patched. 

 
LABORATORY TESTING 

GZA retained Thielsch Engineering’s Geotechnical Laboratory in Cranston, Rhode Island to complete laboratory testing to 

assess the gradation and index properties of the soil, as well as two rock core compressive strength tests.  The testing 

program is summarized in the table below:  

COMPLETED LABORATORY TESTS 

Laboratory Test ASTM Standard Number of Tests 

Grain Size Analysis D6913 11 

Atterberg Limits D4318 2 

Moisture Content D2216 5 

Organic Content D2974 4 

Compressive Strength of Rock D7012 2 

 

Results of the testing were used to review soil descriptions in the boring logs and to develop engineering properties for 

soil and bedrock and are included in Appendix D. 

SUBSURFACE CONDITIONS 

In general, two typical subsurface profiles were identified for use in engineering evaluations, which are summarized below. 

Profile 1 (HB-BES-101 and -102): About 16 to 17 feet of primarily loose to medium dense granular soil overlying bedrock. 

The overburden had energy corrected SPT values (N60 values) ranging from 3 to 72 blows per foot (bpf), with increasing 

density with depth in HB-BES-101 and generally a loose consistency throughout in HB-BES-102. The overburden profile 

consisted of about 5 to 8 feet of fill (fine to coarse SAND, little to some gravel, trace silt, with angular cobbles), overlying 

1 to 2 feet of relic topsoil with organics (silty fine to medium SAND, trace gravel, with organics), overlying approximately 

2 to 7 feet of alluvium (very loose to medium dense SILT to fine SAND), overlying marine sand in HB-BES-102 only (very 

dense, sandy GRAVEL to gravelly SAND, little to some silt). Test boring HB-BES-102 encountered top of weathered rock at 

16.5 feet bgs with no rock coring performed. Test boring HB-BES-101 encountered Phyllite bedrock at 16.3 feet bgs and 

collected one rock core which had a Rock Quality Designation (RQD) of 55 percent. 
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Profile 2 (HB-BES-103 and -104): About 11 to 14 feet of soil consisting mostly of granular fill overlying bedrock. The 

overburden consisted of about 10 feet of granular fill with all refusal N-values (less than 2 to 3 inches for 50 blows) and 

varied from SAND to GRAVEL. The material was difficult to sample with a split spoon due to the angular cobbles and 

boulders encountered, which were likely blasted rock fragments used as fill.  Therefore, the N-values may not be 

representative of the density of the sandy soils in between the rock fragments. Test boring HB-BES-103 encountered 

weathered rock underlying fill, while test boring HB-BES-104 encountered 2 feet of relic topsoil and 1 foot of marine sand 

between fill and weathered rock. Both borings encountered approximately 1 foot of weathered rock, followed by Phyllite 

bedrock which was cored in both borings with RQDs between 33 and 47 percent. 

For both profiles, water level readings taken immediately upon completion of drilling with no stabilization time ranged 

from 8 to 10 feet bgs. Groundwater observations have been made at the times and under the conditions stated in the test 

borings logs. Groundwater measurements made during drilling may not represent stabilized groundwater conditions.  

Fluctuations in groundwater levels will occur due to variations in seasonal influences, precipitation amounts, and other 

factors different from those existing at the time the observations were made.   

MAST ARM DESIGN 

Each subsurface profile was developed into a model and analyzed using the design software FB-MultiPier software (by 

BSI) to assess the lateral performance of drilled shaft foundations. TYLin calculated three load cases for each mast arm 

which included axial, shear, moment and torsional forces applied at the top of drilled shaft. Therefore, six load cases were 

used for each model. GZA evaluated a range of shaft diameters and required embedment depths as needed based on a 

maximum lateral movement of 0.5 inches for the unfactored Service loads at the top of the drilled shaft along with 

confirmation that the lengths were not marginal relative to potential excessive deformation. 

Profile 1 was modeled entirely as loose sand, assuming that bedrock would not be encountered.  Profile 2 was modeled 

as dense sand overlying bedrock assuming that a rock socket would be needed. The overburden soils were modeled as 

“Reese Sand” with strength properties including stiffness coefficient (k), friction angle, and shear modulus calculated 

based on empirical correlations with N60 values. Visual descriptions and lab gradations of soil were used to estimate 

effective unit weight and Poisson’s ratio. Ultimate unit skin friction in sand was calculated using the beta method, which 

is a function of vertical effective stress and the interface friction angle.  Additional details of our assumptions and inputs 

are included in Appendix E.  

For bedrock properties, the effective unit weight and Poisson’s ratio were taken directly from laboratory test results on 

the two intact rock samples. The initial modulus of rock mass and shear modulus input into the model are both based off 

of the design basis equivalent rock modulus; The design modulus is calculated in accordance with AASHTO LRFD Section 

10.4.6.4 which utilizes elastic secant modulus of intact rock (from lab testing) and rock quality of cores using the geologic 

strength index (GSI). Although the laboratory results show a higher unconfined compressive strength (UCS) of intact rock, 

the UCS input was limited to 2,000 psi due to the calibration of the “weak rock” p-y curve model used.  Ultimate unit skin 

friction in rock was calculated in accordance with empirical correlations presented in AASHTO Section 10.8.3.5.  Additional 

details of our assumptions and inputs are included in Appendix E. 

The calculations and proposed drilled shaft properties have been included in Appendix E. A drilled shaft diameter of 3 feet 

was selected for all four drilled shafts. TYLin Mast Arms #1, #3 and #4 will have a minimum overburden embedment of 15 

feet with no rock socket required. Mast Arm #2 will have an overburden embedment of 13 feet or less, with a 2.5-foot-

diameter rock socket embedded at least 2 feet into bedrock.  Reinforcement requirements developed from our 

calculations are presented on the drilled shaft foundation design plans, Figures 1 and 2.  A summary of the results of the 

FB-MultiPier analyses is presented in the following table. 
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SUMMARY OF FB-MULTIPIER RESULTS 

Parameter Profile 1 Result Profile 2 Result 

Maximum Lateral Displacement, Service 0.1 inch 0.02 in 

Maximum Moment, Strength 70 kip-ft 27 kip-ft 

Demand/Capacity Ratio, Strength 0.09 0.03 

Maximum Moment, Extreme 136 kip-ft 64 kip-ft 

Demand/Capacity Ratio, Extreme 0.18 0.08 

 

CLOSING 

 

We trust this provides the information you need at this time.  Please contact Jason Keohane at 207-358-5125 if you have 

any questions. 

 

Attachments: Figures 1 and 2 – Foundation Design Plans (by TYLin) 

Appendix A – Limitations 

Appendix B – Test Boring Logs 

Appendix C – Rock Core Photographic Log 

Appendix D – Laboratory Test Results  

Appendix E – Mast Arm Design Calculations 

 
j:\09\09 jobs\0026300s\09.0026331.00 - tylin - elm street biddeford mast arm\deliverables\design memo\final_26331.00_biddeford mast arm design_082126.docx 
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Figures 1 and 2 – Foundation Design Plans (by TYLin) 
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USE OF REPORT 

1. GZA GeoEnvironmental, Inc. (GZA) prepared this report on behalf of, and for the exclusive use of our Client for the stated 

purpose(s) and location(s) identified in the Proposal for Services and/or Report. Use of this report, in whole or in part, at 

other locations, or for other purposes, may lead to inappropriate conclusions; and we do not accept any responsibility for 

the consequences of such use(s). Further, reliance by any party not expressly identified in the contract documents, for any 

use, without our prior written permission, shall be at that party’s sole risk, and without any liability to GZA. 

STANDARD OF CARE 

2. GZA’s findings and conclusions are based on the work conducted as part of the Scope of Services set forth in Proposal for 

Services and/or Report, and reflect our professional judgment. These findings and conclusions must be considered 

not as scientific or engineering certainties, but rather as our professional opinions concerning the limited data 

gathered during the course of our work. If conditions other than those described in this report are found at the subject 

location(s), or the design has been altered in any way, GZA shall be so notified and afforded the opportunity to revise 

the report,as appropriate, to reflect the unanticipated changed conditions .   

3. GZA’s services were performed using the degree of skill and care ordinarily exercised by qualified professionals 

performing the same type of services, at the same time, under similar conditions, at the same or a similar property. 

No warranty, expressed or implied, is made.   

4. In conducting our work, GZA relied upon certain information made available by public agencies, Client and/or others.  

GZA did not attempt to independently verify the accuracy or completeness of that information.  Inconsistencies in this 

information which we have noted, if any, are discussed in the Report.    

SUBSURFACE CONDITIONS 

5. The generalized soil profile(s) provided in our Report are based on widely-spaced subsurface explorations and are 

intended only to convey trends in subsurface conditions. The boundaries between strata are approximate and idealized, 

and were based on our assessment of subsurface conditions.  The composition of strata, and the transitions between 

strata, may be more variable and more complex than indicated. For more specific information on soil conditions at a 

specific location refer to the exploration logs.  The nature and extent of variations between these explorations may 

not become evident until further exploration or construction.  If variations or other latent conditions then become 

evident, it will be necessary to reevaluate the conclusions and recommendations of this report. 

6. In preparing this report, GZA relied on certain information provided by the Client, state and local officials, and other 

parties referenced therein which were made available to GZA at the time of our evaluation.  GZA did not attempt to 

independently verify the accuracy or completeness of all information reviewed or received during the course of this 

evaluation. 

7. Water level readings have been made in test holes (as described in this Report) and monitoring wells at the specified 

times and under the stated conditions.  These data have been reviewed and interpretations have been made in this 

Report.  Fluctuations in the level of the groundwater however occur due to temporal or spatial variations in areal 

recharge rates, soil heterogeneities, the presence of subsurface utilities, and/or natural or artificially induced 

perturbations. The  water table encountered  in the course of the work may differ from  that indicated in the Report. 

8. GZA’s services did not include an assessment of the presence of oil or hazardous materials at the property. 

Consequently, we did not consider the potential impacts (if any) that contaminants in soil or groundwater may have on 

construction activities, or the use of structures on the property. 
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9. Recommendations for foundation drainage, waterproofing, and moisture control address the conventional geotechnical 

engineering aspects of seepage control. These recommendations may not preclude an environment that allows the 

infestation of mold or other biological pollutants.  

COMPLIANCE WITH CODES AND REGULATIONS 

10. We used reasonable care in identifying and interpreting applicable codes and regulations. These codes and regulations 

are subject to various, and possibly contradictory, interpretations.  Compliance with codes and regulations by other 

parties is beyond our control.   

COST ESTIMATES 

11. Unless otherwise stated, our cost estimates are only for comparative and general planning purposes.  These estimates 

may involve approximate quantity evaluations.  Note that these quantity estimates are not intended to be sufficiently 

accurate to develop construction bids, or to predict the actual cost of work addressed in this Report. Further, since we 

have no control over either when the work will take place or the labor and material costs required to plan and execute 

the anticipated work, our cost estimates were made by relying on our experience, the experience of others, and other 

sources of readily available information.  Actual costs may vary over time and could be significantly more, or less, than 

stated in the Report.   

ADDITIONAL SERVICES 

12. GZA recommends that we be retained to provide services during any future: site observations, design, implementation 

activities, construction and/or property development/redevelopment.  This will allow us the opportunity to: i) observe 

conditions and compliance with our design concepts and opinions; ii) allow for changes in the event that conditions 

are other than anticipated; iii) provide modifications to our design; and iv) assess the consequences of changes in 

technologies and/or regulations.  
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Appendix B – Test Boring Logs 

  



0

5

10

15

20

25

1D

2D

3D

4D

R1

24/12

24/18

24/13

16/16

60/60

5.0 - 7.0

7.0 - 9.0

10.0 - 12.0

15.0 - 16.3

16.5 - 21.5

3-2-1-2

8-6-5-7

14-22-20-21

15-44-50/4"

RQD = 55%

3

11

42

R

  5

 19

 72

VAC

HSA

NQ

65.1

60.0

58.0

55.2

49.1

43.9

4" Pavement.
0.3

Brown, moist, fine to coarse SAND, some gravel, trace
silt, (Fill).

1D (Top 5"): Brown, moist, loose, fine to coarse SAND,
some gravel, trace silt, (Fill).

5.4
1D (Bottom 7"): Dark brown, loose, fine to medium
SAND, some silt, trace gravel, with organics, (Relic
Topsoil).
2D (Top 5"): Brown, moist, medium dense, fine to coarse
SAND, trace gravel, (Relic Topsoil).

7.4
2D (Bottom 13"): Grey, moist, medium dense, SILT,
some sand, trace gravel, (Alluvium).

3D (Top 2"): Organic fibers.
10.2

3D (Bottom 11"): Grey, wet, very dense, Sandy
GRAVEL, some silt, (Marine Sand).

Grey, wet, very dense, Gravelly fine to coarse SAND,
little silt, (Marine Sand).
Fractured rock in spoon tip.

16.3
R1: Very hard, fresh, fine grained, grey, PHYLLITE.
Joints are close to moderately spaced, low angle to
moderately dipping, planar to stepped, smooth, fresh,
tight to open.
Rock Core Times (min:sec): 16.5-17.5' (3:27), 17.5-18.5'
(13:28), 18.5-19.5' (4:52), 19.5-20.5' (4:56), 20.5-21.5'
(5:09)

21.5
Bottom of Exploration at 21.5 feet below ground

surface.

G#26-S-1720
A-1-b (SP-SM)

WC= 10.8
G#26-S-1721
A-2-4(0) (SM)
ORG = 16.4

G#26-S-1722
A-4(0) (ML)

ORG = 8.6
WC = 48.1

G#26-S-1723
A-1-b (GM)

G#26-S-1724
A-1-a (SP-SM)

qp = 457 ksf.

Maine Department of Transportation Project: Elm Street Mast Arms Boring No.: HB-BES-101

Soil/Rock Exploration Log
Location: Biddeford, Maine

US CUSTOMARY UNITS WIN: 28114.00

Driller: Seaboard Drilling Elevation (ft.) 65.4 Auger ID/OD: 2.25/4.25"

Operator: J. Woodruff Datum: NAVD88 Sampler: Splitspoon

Logged By: S. Miller Rig Type: Diedrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/4/2026 - 5/4/2026 Drilling Method: HSA Core Barrel: NQ

Boring Location: N241703.8, E962529.5 Casing ID/OD: N/A Water Level*: 9.4'

Hammer Efficiency Factor: 1.022 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:
1. Automatic hammer Seaboard Drilling #367, energy transfer ratio = 1.022.
2. Used vacuum excavation techniques to advance the borehole from ground surface to approximately 5 feet below ground surface (bgs) on May 4, 2026. Upon completion of the vacuum excavation, the borehole was backfilled with sand then
drilling resumed on May 6, 2026.
3. Fine grained soil descriptions on this log are based on plasticity estimated using visual classification techniques or laboratory Atterberg Limit Test if available,  rather than the MaineDOT standard based percentages passing specific grain sizes.
4. Water level measured with augers in place immediately after boring completion.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other Boring No.: HB-BES-101
than those present at the time measurements were made.
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0

5

10

15

20

25

GS-1

1D

2D

3D

4D

24/14

24/15

24/19

22/22

0.4 - 1.2

5.0 - 7.0

7.0 - 9.0

10.0 - 12.0

15.0 - 16.8

4-4-3-4

4-2-1-3

3-2-2-2

2-1-1-50/4"

7

3

4

2

 12

  5

  7

  3

VAC

HSA

56.5

49.0

47.4

40.4
40.1

5" Pavement
0.4

GS-1: Fine to coarse SAND, some gravel, little silt, (Fill).
1.2-5': Fine to coarse SAND with angular cobbles
(probable blast rock), asphalt fragments and wood debris,
(Fill).

Brown, moist, medium dense, fine to medium SAND,
little gravel, trace silt, (Fill).

2D (Top 11"): Brown, wet, loose, fine to coarse SAND,
trace gravel, trace silt, (Fill).

7.9
2D (Bottom 4"): Brown, moist, Silty fine to medium
SAND, trace gravel,  with organics, (Relic Topsoil).

9.5

3D (Top 3"): Brown, wet, loose, medium to coarse
SAND, some gravel, trace silt, (Alluvium).
3D (Bottom 16"): Brown, wet, loose, fine SAND, trace
silt, (Alluvium).

4D (Top 6"): Brown, wet, very loose, fine to coarse
SAND, trace gravel, trace silt, (Alluvium).
4D (6-19"): Dark brown, very loose, Silty fine to medium
SAND, trace gravel, (Alluvium).

16.5
4D (19-22"): Grey, wet, GRAVEL, trace sand, trace silt,
(Weathered Rock).

16.8
Bottom of Exploration at 16.8 feet below ground

surface.

G#26-S-1725
A-1-b (SP-SM)

G#26-S-1726
A-4(0) (SM)
ORG = 11.4
WC = 53.4

G#26-S-1727
A-3 (SP-SM)

G#26-S-1728
A-4(0) (SM)
ORG = 2.9
WC = 39.4

Maine Department of Transportation Project: Elm Street Mast Arms Boring No.: HB-BES-102

Soil/Rock Exploration Log
Location: Biddeford, Maine

US CUSTOMARY UNITS WIN: 25653.00

Driller: Seaboard Drilling Elevation (ft.) 56.9 Auger ID/OD: 2.25/4.25"

Operator: J. Woodruff Datum: NAVD88 Sampler: Splitspoon

Logged By: S. Miller Rig Type: Diedrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/4/2026 - 5/5/2026 Drilling Method: HSA Core Barrel: N/A

Boring Location: N241981.2, E962857.3 Casing ID/OD: N/A Water Level*: 9.8'

Hammer Efficiency Factor: 1.022 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:
1. Automatic hammer Seaboard Drilling #367, energy transfer ratio = 1.022.
2. Used vacuum excavation techniques to advance the borehole from ground surface to approximately 4 feet below ground surface (bgs) on May 4, 2026. Refer to grab samples (GS) for soil descriptions. Upon completion of the vacuum excavation,
the borehole was backfilled with sand.
3. Fine grained soil descriptions on this log are based on plasticity estimated using visual classification techniques or laboratory Atterberg Limit Test if available, rather than the MaineDOT standard based percentages passing specific grain sizes.
4. Water level measured with augers in place immediately after boring completion.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other Boring No.: HB-BES-102
than those present at the time measurements were made.
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0

5

10

15

20

25

1D

2D

3D

4D

R1

15/9

2/2

3/1

2/2

60/60

5.0 - 6.3

7.0 - 7.2

9.0 - 9.3

10.0 - 10.2

11.5 - 16.5

4-22-50/3"

50/2"

50/3"

50/2"

RQD = 47%

R

R

R

R

VAC

HSA

NQ

58.0

48.3

47.3

41.8

4" Pavement.
0.3

Brown, moist, fine to coarse SAND, with angular cobbles
(probable blast rock) and brick debris, (Fill).

Increase in resistance during auger advancement
indicates probable cobbles and/or boulders from 4 to 5'.
Brown, moist, very dense, GRAVEL, some sand, little
silt, (Fill).

Grey, dry, very dense, fine to coarse SAND, some gravel,
trace silt, (Fill).

Grey, wet, very dense, GRAVEL, some sand, trace silt,
(Fill).

10.0
Grey, wet, very dense, GRAVEL, trace  sand, trace silt,
(Weathered Rock).

11.0
Increase in resistance during roller cone advancement
indicates probable bedrock at 11.0'.
R1: Very hard, slightly weathered, fine grained, grey,
PHYLLITE. Joints are close to moderately spaced, low
angle to moderately dipping, planar to stepped,
discolored, very tight to open.
Rock Core Times (min:sec): 11.5-12.5' (5:19), 12.5-13.5'
(5:35), 13.5-14.5' (5:55), 14.4-15.5' (4:57), 15.5-16.5'
(6:39)

16.5
Bottom of Exploration at 16.5 feet below ground

surface.

G#26-S-1729
A-1-a (GM)

qp = 719 ksf

Maine Department of Transportation Project: Elm Street Mast Arms Boring No.: HB-BES-103

Soil/Rock Exploration Log
Location: Biddeford, Maine

US CUSTOMARY UNITS WIN: 25653.00

Driller: Seaboard Drilling Elevation (ft.) 58.3 Auger ID/OD: 2.25/4.25"

Operator: J. Woodruff Datum: NAVD88 Sampler: Splitspoon

Logged By: S. Miller Rig Type: Diedrich D-50 Hammer Wt./Fall: 140#/30"

Date Start/Finish: 5/4/2026 - 5/4/2026 Drilling Method: HSA Core Barrel: NQ

Boring Location: N242064.0, E962846.8 Casing ID/OD: N/A Water Level*: 8.3'

Hammer Efficiency Factor: 1.022 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:
1. Automatic hammer Seaboard Drilling #367, energy transfer ratio = 1.022.
2. Used vacuum excavation techniques to advance the borehole from ground surface to approximately 4 feet below ground surface (bgs) on May 4, 2026. Upon completion of the vacuum excavation,  the borehole was resumed using augers.
3. Fine grained soil descriptions on this log are based on plasticity estimated using visual classification techniques or laboratory Atterberg Limit Test if available,  rather than the MaineDOT standard based percentages passing specific grain sizes.
4. Blow counts and density determination were likely influenced by the presence of oversize material.
5. Water level measured with augers in place immediately after boring completion.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other Boring No.: HB-BES-103
than those present at the time measurements were made.
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0

5

10

15

20

25

GS-1

R1

1D

R2

48/16

17/6

60/60

0.3 - 3.0

4.5 - 8.5

13.0 - 14.4

14.0 - 19.0

21-49-50/5"

RQD = 33%

R

VAC

SPIN

NQ

RC

20

20

55

200

NQ

57.3

54.6

47.6

45.6

44.4

43.6

38.6

4" Pavement.
0.3

GS-1: Dark brown, fine to coarse SAND, little gravel,
little silt, (Fill).

3.0
Angular cobbles from 3-4' indicate probable blast rock,
(Fill-Cobble/Boulder).

R1: Gravel pieces ranging from 0.25" to 3", probable
blast rock, (Fill-Cobble/Boulder).
Rock Core Times (min:sec): 4.5-5.5' (2:46), 5.5-6.5'
(1:18), 6.5-7.5' (1:09), 7.5-8.5' (1:20)

10.0
Wood observed in wash from 10.0-11.0', (Relic Topsoil).

12.0
Gravel in wash 12.0-13.0', (Marine Sand).

1D (Top 2"): Grey, wet, dense, Gravelly fine SAND,
(Marine Sand).

13.2
1D (Bottom 4"): Grey, wet, dense, GRAVEL, little sand,
trace silt, (Weathered Rock).

14.0
Practical casing refusal at 14.0' indicates top of probable
bedrock.
R2 (14.0-15.1'): Fine grained PHYLLITE fractured into
gravel pieces.
R2 (15.1-19.0'): Fine grained, grey, PHYLLITE. Joints
are very close to moderately spaced, moderately dipping
to high angle, planar to stepped, fresh to slightly
discolored very tight to moderately wide.
Rock Core Times (min:sec): 14.0-15.0' (2:45), 15.0-16.0'
(6:24), 16.0-17.0' (6:33), 17.0-18.0' (4:11), 18.0-19.0'
(5:04)

19.0
Bottom of Exploration at 19.0 feet below ground

surface.

G#26-S-1730
A-1-b (SW-

SM)

Maine Department of Transportation Project: Elm Street Mast Arms Boring No.: HB-BES-104

Soil/Rock Exploration Log
Location: Biddeford, Maine

US CUSTOMARY UNITS WIN: 25653.00

Driller: Seaboard Drilling Elevation (ft.) 57.6 Auger ID/OD: N/A

Operator: J. Woodruff Datum: NAVD88 Sampler: Splitspoon

Logged By: S. Miller Rig Type: Diedrich D-50 Hammer Wt./Fall:  140#/30"

Date Start/Finish: 5/4/2026 - 5/5/2026 Drilling Method: Spin and Wash/Drive and Wash Core Barrel: NQ

Boring Location: N242010.0, E962890.5 Casing ID/OD: 4/4.5" Water Level*: Not encountered

Hammer Efficiency Factor: 1.022 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:
1. Automatic hammer Seaboard Drilling #367, energy transfer ratio = 1.022.
2. Used vacuum excavation techniques to advance the borehole from ground surface to approximately 4 feet below ground surface (bgs) on May 4, 2026. Refer to grab samples (GS) for soil descriptions. Upon completion of the vacuum excavation,
the borehole was backfilled with sand then drilling resumed on May 5, 2026.
3. Fine grained soil descriptions on this log are based on plasticity estimated using visual classification techniques or laboratory Atterberg Limit Test if available, rather than the MaineDOT standard based percentages passing specific grain sizes.
4. Water level measured with casing in place immediately after boring completion.

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.

* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other Boring No.: HB-BES-104
than those present at the time measurements were made.
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Appendix C – Rock Core Photographic Log 

  



Elm Street Mast Arms 

MaineDOT WIN 25653.00 

Biddeford, ME 

Rock Core Photographic Log 

 
 

 Page 1 of 1 
 

Boring No. Run Depth (ft) Recovery (in) Recovery (%) RQD (in) RQD (%) Rock Type Box Row 

HB-BES-103 R1 11.5 - 16.8 60 100 28 47 PHYLLITE 1 

HB-BES-104 R1 4.5 - 8.5 16 33 N/A N/A BOULDER (Fill) 2 

HB-BES-104 R2   14.0       - 19.0 60 100 20 33 PHYLLITE 3 

HB-BES-101 R1   16.5 - 21.5 60 100 33 55 PHYLLITE 4 

 

 

 
 

 
 

Notes: 1. Box row corresponds to the core box section in which the rock core sample is contained; Row 1=Top, Row 4=Bottom. 

2. Top photo is dry, bottom photo is wet. 
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Appendix D – Laboratory Test Results 

  



Permeability
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Dark Brown Organic f-m SAND, 

some Silt, trace fine Gravel

HB-BES-101 2D (Bottom 13") 7.4-9.0' 26-S-1722 1.3 24.2 74.5
Grey SILT, some fine Sand, trace 

fine Gravel

HB-BES-101 3D (Bottom 11") 10.2-12.0' 26-S-1723 38.8 38.0 23.2
Grey f-c GRAVEL and f-c SAND, 
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* (no specification provided)

05-22-26

S-1725

Thielsch Engineering Inc.

Cranston, RI
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Project No. Client: Remarks:

Project:

Source of Sample:  Test Boring Depth: 7.9-9.0'
Sample Number: HB-BES-102, 2D B 4"

Thielsch Engineering Inc.

Cranston, RI Figure

Brown f-m Organic SAND and SILT, trace fine Gravel NV NP NP 69.1 37.1 SM

09.0026331.00 Task 3 GZA GeoEnvironmental, Inc.

S-1726

Elm Street Biddeford Mast Arms

Biddeford, ME
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Particle Size Distribution Report
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SIEVE SIZE PERCENT SPEC.* PASS?

OR DIAMETER FINER PERCENT (X=NO)

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample:  Test Boring Depth: 7.9-9.0'
Sample Number: HB-BES-102, 2D B 4" Date:

Client:

Project:

Project No: Figure

Brown f-m Organic SAND and SILT, trace fine Gravel
3/8"
#4

#10
#20
#40
#60

#100
#200

100.0
94.6
90.3
80.9
69.1
57.8
48.1
37.1

NP NV NP

1.9193 1.1683 0.2777
0.1666

SM A-4(0)

GZA GeoEnvironmental, Inc.

Elm Street Biddeford Mast Arms
Biddeford, ME

09.0026331.00 Task 3

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

* (no specification provided)

05-27-26

S-1726

Thielsch Engineering Inc.

Cranston, RI
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Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample:  Test Boring Depth: 10.3-12.0'
Sample Number: HB-BES-102, 3D B 16" Date:

Client:

Project:

Project No: Figure

Brown fine SAND, trace Silt
#4

#10
#20
#40
#60

#100
#200

100.0
99.7
98.4
93.9
46.6
16.0

5.5

NP NV NP

0.3887 0.3641 0.2879
0.2606 0.1970 0.1460
0.1176 2.45 1.15

SP-SM A-3

GZA GeoEnvironmental, Inc.

Elm Street Biddeford Mast Arms
Biddeford, ME

09.0026331.00 Task 3

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

* (no specification provided)

05-22-26

S-1727

Thielsch Engineering Inc.

Cranston, RI
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Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample:  Test Boring Depth: 15.5-16.5'
Sample Number: HB-BES-102, 4D 6-19" Date:

Client:

Project:

Project No: Figure

Dark Brown f-m SAND and Clayey SILT, trace fine Gravel
1/2"
3/8"
#4

#10
#20
#40
#60

#100
#200

100.0
99.5
96.8
94.3
91.2
86.9
73.5
63.5
40.5

NP NV NP

0.6076 0.3858 0.1328
0.0985

SM A-4(0)

Sample visually classified as plastic. Sample rolled to 1/4".

GZA GeoEnvironmental, Inc.

Elm Street Biddeford Mast Arms
Biddeford, ME

09.0026331.00 Task 3

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

* (no specification provided)

05-22-26

S-1728

Thielsch Engineering Inc.

Cranston, RI
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Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample:  Test Boring Depth: 5.0-6.3'
Sample Number: HB-BES-103, 1D Date:

Client:

Project:

Project No: Figure

Brown f-c GRAVEl, some f-c Sand, little Silt
1"

3/4"
1/2"
3/8"
#4

#10
#20
#40
#60

#100
#200

100.0
82.6
67.4
60.4
46.3
35.9
29.3
25.7
21.0
17.0
12.7

NP NV NP

21.6851 19.9370 9.3566
5.8516 0.9401 0.1097

GM A-1-a

GZA GeoEnvironmental, Inc.

Elm Street Biddeford Mast Arms
Biddeford, ME

09.0026331.00 Task 3

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

* (no specification provided)

05-22-26

S-1729

Thielsch Engineering Inc.

Cranston, RI
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Tested By: AB/BR/MS Checked By: Andrew Vanasse
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OR DIAMETER FINER PERCENT (X=NO)

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample:  Test Boring Depth: 0.3-3.0'
Sample Number: HB-BES-104, GS-1 Date:

Client:

Project:

Project No: Figure

Dark Brown f-c SAND, little fine Gravel, little Silt
1/2"
3/8"
#4

#10
#20
#40
#60

#100
#200

100.0
94.2
82.8
67.9
53.1
37.4
25.8
18.3
11.8

NP NV NP

7.4433 5.4258 1.2429
0.7335 0.3073 0.1084

SW-SM A-1-b

GZA GeoEnvironmental, Inc.

Elm Street Biddeford Mast Arms
Biddeford, ME

09.0026331.00 Task 3

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

* (no specification provided)

05-22-26

S-1730

Thielsch Engineering Inc.

Cranston, RI
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Hard-

ness

Length 
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(1) Unit 

Weight 

(PCF)

Bulk 

Gs

(3)       

Other 

Tests

(4) 

Strength 

PSI

(5)   

Strain %

(6) E sec 

PSI 

EE+06

(7) 

Poisson's 

Ratio 

st      

PSI

Is50                   

PSI

(8)        

sc      

PSI

HB-BES-

101
R1

20.0-

20.6'
26-S-1732 4.456 169.3 3174 0.079 3.60E+06 0.18 Grey Metasandstone

HB-BES-

103
R1

15.4-

16.2'
26-S-1733 4.436 173.0 4992 0.170 5.88E+06 0.79 Grey Metasandstone

6/2/2026

(8) Estimated UCS from Table 1 of ASTM D5731 for NX cores (Is x 24)

N
o

te
s

N
o

te
s

Rock Formation or 

Description or Remarks

Specimen Data

(2) Wet 

Density 

(PCF)

Date Reviewed:5/18/2026 Reviewed By:

(1) Volume Determined By Measuring Dimensions

(4) Taken at Peak Deviator Stress

(2) Determined by Measuring Dimensions and PLA= Point Load (Axial)  ST= Splitting Tensile 

Date Received:

(3) PLD=Point Load (diametrical),

Weight of Saturated Sample  U= Unconfined Compressive Strength (7) Represents Secant Poisson's Ratio at 50% of Total Failure Stress

Project Information:

Cranston RI, 02910

Fax: (401)-467-2398

thielsch.com

GZA GeoEnvironmental, Inc. Elm Street Biddeford Mast Arms
Phone: (401)-467-6454 Portland, ME Biddeford, ME

195 Frances Avenue Client Information:

Jason Keohane

Sample 

No.
Depth

(5) Strain at Peak Deviator Stress

(6) Represents Secant Modulus at 50% of Total Failure Stress

1.975

Compressive Strength Tests

Laboratory 

No.

Fresh Break

Break partially along weathered plane

1.992

Material 

Source / 

Boring 

No.

Diameter 

(in)

Project Contact:
Let's Build a Solid Foundation

Project Number: 09.0026331.00 Task 3
Summary Page: 1 of 1

Report Date: 6/2/2026

(207) 879-9190

LABORATORY TESTING DATA SHEET, Report No.: 26E176

S. MillerCollected By: 

This report only relates to items inspect and/or tested. No warranty, expressed or implied, is made.

This report shall not be reproduced, except in full, without prior written approval from the Agency, as defined in ASTM E329.

http://www.thielsch.com/
http://www.thielsch.com/
http://www.thielsch.com/
http://www.thielsch.com/
http://www.thielsch.com/
http://www.thielsch.com/


Project Manager: Jason Keohane Project Number: 09.0026331.00 Task 3

Assigned by: Jason Keohane Technician: BR

Collected by: S. Miller Report Date: 5/29/2026

Boring ID: HB-BES-101 Unit Weight (pcf): 169.3

Sample #: R1 Failure Stress (psi): 3,174

Depth (ft): 20.0-20.6 Failure Mode: Fresh Break

Tested Depth (ft): 20.06-20.43 Time to Failure (min) 2.15

Rock Type:

Features:

Diameter, D (in): 1.975 Poisson's Ratio @ 50%: 0.18

Length, L (in): 4.456 Strain %: 0.079

L:D Ratio: 2.26 E sec PSI @ 50%: 3.60E+06

Testing Notes:

Fresh Break

Test Specimen Information

Grey Metasandstone

Elastic Moduli Test Information

Project Information:

Elm Street Biddeford Mast Arms

Biddeford, ME

Sample Information Compressive Test Information

ASTM D7012 Compressive Strength and Elastic Moduli of Intact Rock Core Specimens 

Fax: (401) 467-2398

www.thielsch.com

Let's Build a Solid Foundation

Client Information:

GZA GeoEnvironmental

S. Portland, ME

195 Frances Avenue

Cranston, Rhode Island 02910

Phone: (401) 467-6454
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Project Manager: Jason Keohane Project Number: 09.0026331.00 Task 3

Assigned by: Jason Keohane Technician: BR

Collected by: S. Miller Report Date: 5/29/2026

Boring ID: HB-BES-103 Unit Weight (pcf): 173.0

Sample #: R1 Failure Stress (psi): 4,992

Depth (ft): 15.4-16.2 Failure Mode: Weathered plane

Tested Depth (ft): 15.70-16.07 Time to Failure (min) 3.28

Rock Type:

Features:

Diameter, D (in): 1.992 Poisson's Ratio @ 50%: 0.79

Length, L (in): 4.436 Strain %: 0.170

L:D Ratio: 2.23 E sec PSI @ 50%: 5.88E+06

Testing Notes:

195 Frances Avenue

Cranston, Rhode Island 02910

Phone: (401) 467-6454

Project Information:

Elm Street Biddeford Mast Arms

Biddeford, ME

Sample Information Compressive Test Information

ASTM D7012 Compressive Strength and Elastic Moduli of Intact Rock Core Specimens 

Fax: (401) 467-2398

www.thielsch.com

Let's Build a Solid Foundation

Client Information:

GZA GeoEnvironmental

Biddeford, ME

Break partially along weathered plane.

Initial break at approx. 2570 psi (8000 lbs force)

Test Specimen Information

Grey Metasandstone

Elastic Moduli Test Information
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Appendix E – Mast Arm Design Calculations 

 



                      GZA  GeoEnvironmental, Inc

                      707 Sable Oaks Drive, Suite 150

                      South Portland, Maine 04106

                      207-879-9190

                      Fax  207-879-0099

                      http://www.gza.com

Engineers and

Scientists

JOB:   09.0026331.00  Biddeford Mast Arms

SUBJECT:  Drilled Shaft Design  

SHEET:                      1 OF 3                    

CALCULATED BY   N. Williams/E.Tome 

07/29/2026

REVIEWED BY  A.Blaisdell 07/31/2026

Objec�ve 
Design of the proposed Mast Arm drilled sha= founda>ons based on load cases provided by TYLin. GZA evaluated and

developed generalized subsurface profiles for each founda>on loca>on based on the borings performed by Seaboard

and observed by GZA. GZA evaluated a range of drilled sha= diameters and sha= lengths. GZA evaluated the sha=

diameter and required embedment depths and rock socket lengths as needed based on a maximum lateral movement of

0.5 inches for the unfactored Service loads at the top of the drilled sha= along with confirma>on that the lengths were

not marginal rela>ve to poten>al excessive deforma>on (i. e. sha= ">pping").

Methodology 

1. Develop an>cipated subsurface profiles and parameters for each mast arm loca>on.

2. Complete lateral pile analyses based on the loading provided by TYLin. 

1. Soil Proper�es
GZA developed soil parameters for two subsurface profiles which are presented on Page 4 based on measured field data and

laboratory results. The profiles were based on borings HB-BES-101 through -104.  The soil parameters were used to develop soil

property inputs for FBPier to conduct the lateral pile analyses. The soil layer eleva>ons are based on the closest boring(s).  

The general basis for each profile is presented below: 

Loose Soil Profile

Profile 1 was developed based on borings HB-BES-101 and -102. Soil proper>es were averaged for each boring and modeled·

as a loose sand soil profile overlying weak rock.

Shallow Rock Profile

Profile 2 was developed based on borings HB-BES-103 and -104. Soil proper>es were averaged for each boring and modeled·

as medium dense sand overlying weak rock. 

Biddeford Mast Arm CalcSummary7.29.2026.xmcd 1 OF 3



                      GZA  GeoEnvironmental, Inc

                      707 Sable Oaks Drive, Suite 150

                      South Portland, Maine 04106

                      207-879-9190

                      Fax  207-879-0099

                      http://www.gza.com

Engineers and

Scientists

JOB:   09.0026331.00  Biddeford Mast Arms

SUBJECT:  Drilled Shaft Design  

SHEET:                      2 OF 3                    

CALCULATED BY   N. Williams/E.Tome 

07/29/2026

REVIEWED BY  A.Blaisdell 07/31/2026

2. Loading Configura�on(s) Provided by TYLin
GZA applied the load cases shown below to the top of the drilled sha= for the mast arm drilled sha= founda>ons using the

FBPier so=ware. Updated loading provided by TYLin on August 11, 2026.

Biddeford Mast Arm CalcSummary7.29.2026.xmcd 2 OF 3
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07/29/2026

REVIEWED BY  A.Blaisdell 07/31/2026

3. Results
GZA considered a range of drilled sha= diameters (3 to 5 feet) and

lengths based on sha= toe stability and a maximum lateral displacement

of 0.5 inches for the unfactored Service loads and the soil proper>es and

depths for Soil Profiles 1 and 2. Depending on depth to rock, sockets were

required to limit the displacement at the top and to prevent the drilled

sha= from >pping. Based on the loading provided, see the table below

summarizing the minimum sha= dimensions and reinforcement. 

Xob Xrs Lob Lrs R1 R2 S1 D1 (in) D2 (in) D3 (in)

Location

Diameter 

Overburden 

(feet)

Diameter Rock 

Socket (feet)

Length 

Overburden 

(feet)

Length Rock 

Socket (feet)

Longitudinal Rebars 

Quantity 

Longitudinal 

Rebars Size

Spiral Rebars 

Size 0 to 3 ft 3 ft to 2L/3 ft 2L/3 ft to tip

1 Route 1 NB/Elm Street at Upper Falls Road 3.0 N/A 15.0 N/A 12 #9 #5 4 4 12

2 Upper Falls Road at Route 1/Elm Street 3.0 2.5 Less than 13 2.0 12 #9 #5 4 4 12

4 Route 1 SB & Diamond Street at Upper Falls Road 3.0 N/A 15.0 N/A 12 #9 #5 4 4 12

Xob Xrs Lob Lrs R1 R2 S1 D1 (in) D2 (in) D3 (in)

Location

Diameter 

Overburden 

(feet)

Diameter Rock 

Socket (feet)

Length 

Overburden 

(feet)

Length Rock 

Socket (feet)

Longitudinal Rebars 

Quantity 

Longitudinal 

Rebars Size

Spiral Rebars 

Size 0 to 3 ft 3 ft to 2L/3 ft 2L/3 ft to tip

3 Route 1 SB & NB and Lincoln Street at Lincoln Street 3.0 N/A 15.0 N/A 12 #9 #5 4 4 12

TYLin Mast 

Arm #

TYLin Mast 

Arm #

Drilled Shaft Dimensions Reinforcing Steel Spiral Bar Spacing

Drilled Shaft Dimensions Reinforcing Steel Spiral Bar Spacing

4. A0achments
The aKachments are described as follows:

Bedrock Parameters & Axial Resistance·

Mast Arm Lateral Pile Parameters·

Mast Arm Drilled Sha5 Calcula�ons: ·

FBPier Results - 3.0' Sha5 with no rock socket - Profile 1 (Interesc�ons of Route 1 Northbound/Elm Street at Upper Falls

Road and of Upper Falls Road at Route 1/Elm Street)

                FBPier Results - 3.0' Sha5 with 2.5' rock socket - Profile 2 (Interesc�ons of Route 1 Southbound & Northbound and Lincoln

Street at Lincoln Steet and of Route 1 Southbound & Diamond Street at Upper Falls Road.
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Project: Elm Street Mast Arm Foundations Project No.: 09.0026331.00

Location: Biddeford, ME

Calculated By: Date: 7/29/2026

Checked By: Date: 7/31/2026

Objective:

Inputs:

Approach:

2. Develop LPILE/FBPier inputs for Weak Rock model based on bedrock structure characterization and 

laboratory test results.  See red text on page 2. Choose initial modulus of rock mass as 1/100th of the 

equivalent rock mass based on research by KSDOT.

Drilled Shaft Design Parameters in Bedrock

E. Tome

N. Williams / A. Blaisdell

Develop foundation design parameters for drilled shafts in bedrock using AASHTO methodology for support 

of the mast arms.

Rock core data from borings HB-BES-101 through 104, including rock type and RQD, and laboratory test data 

including unit weight, unconfined compressive strength, secant modulus of elasticity and Poisson's ratio for 

specimens, were assessed as follows:

1.  Rock was primarily classified as Phyllite across the site. 

2. Design Unconfined Compressive Strength, RQD, Secant Modulus, and Poisson's Ratio values for competent 

Phyllite bedrock were averaged from laboratory test results.

1. Evaluate Geologic Strength Index (GSI), rock mass parameters, and equivalent rock mass modulus in 

accordance with AASHTO LRFD Article 10.4.6. 

Biddeford_Parameters&Axial Capacity.xlsx
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Elm Street Mast Arm Foundations Calculated by E. Tome Date: 7/29/2026

Biddeford, ME Checked by N. Williams / A. Blaisdell Date: 7/31/2026

09.0026331.00

References:  1) AASHTO LRFD Bridge Design Specifications, 10th Ed. (2024)

Parameter Description Parameter Symbol Design Values Reference

Rock Type Phyllite Rock ID per boring logs/geologic mapping

Comparable Rock Type/Texture Phyllite AASHTO Table 10.4.6.4-1

Unconfined compressive strength of intact rock qu (psi) 4,083 Average of samples

Elastic Secant Modulus of Intact Rock Ei (ksi) 4,740 Average of samples

Poisson's Ratio of Intact Rock ν 0.49 Average of samples

LPILE Input Unconfined compressive strength qu-LPILE (psi) 2,000 Limit UCS to 2,000 psi for LPILE

Design Strain Factor krm 0.0005 Use krm value from Lpile manual

Rock Total Unit Weight γ' (psf) 171 Average value from lab UCS tests

Rock Effective Unit Weight γ' (psf) 108.6

Geological Strength Index GSI 60 AASHTO FIG 10.4.6.4-1

Hoek - Brown 2002 D 0 Hoek - Brown 2002

Rock Quality Designation RQD (%) 45 Average RQD

Empirically determined rock mass parameter s 0.011749 AASHTO Eq. 10.4.6.4-2

Empirically determined rock mass parameter a 0.503 AASHTO Eq. 10.4.6.4-3

Rock group constant mi 7 AASHTO Table 10.4.6.4-1

Empirically determined rock mass parameter mb 1.68 AASHTO Eq. 10.4.6.4-4

Equivalent Rock Mass Modulus, Hoek & Brown Em1 (ksi) 1,368 AASHTO Table 10.4.6.5-1 - eq. from table

Equivalent Rock Mass Modulus, Yang Em2 (ksi) 753 AASHTO Table 10.4.6.5-1 - eq. from table

Design Basis Equivalent Rock Modulus Em (ksi) 1,061 Calculated as the average of Em1 and Em2 above

Kir (ksi) 10.61

Shear Modulus G (ksi) 355.9

Notes:

1. Yellow cell is user input, white is calculated.

2. Red text are input values for LPILE/FBPier Weak Rock model.

Calculation: Rock Socket Lateral Parameters - Typical Rock

Initial Modulus of Rock Mass, Lpile K ir Value
Calculated as 1/100th of the calculated Design basis equivalent Rock Modulus, based on 

the KSDOT research.

Calculated as G=Em/(2*(1+v))

3. A reduced modulus for use in LPILE was based on research by Kansas Department of Transportation (KSDOT) presented in a paper entitled " Lateral Capacity of Rock Sockets in Limestone 

Under Cyclic and Repeated Loading" dated August 2010.
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Elm Street Mast Arm Foundations Calculated by E. Tome Date: 7/29/2026

Biddeford, ME Checked by N. Williams / A. Blaisdell Date: 7/31/2026

09.0026331.00

Calculation: Drilled Shaft Side Resistance in Rock

References:  1) AASHTO LRFD Bridge Design Specifications, 10th Ed. (2024)

Parameter Description Reference

Unconfined compressive strength of intact rock qu (psi) 4,000 Maximum value is concrete unconfined compressive strength

Regression Coefficient C 1

Nominal Unit Side Resistance (Method 1) qs1 (ksf) 34.9

Joint Modification Factor aE 0.600

Nominal Unit Side Resistance (Method 2) qs2 (ksf) 13.6

Nominal Side Resistance qs (ksf) 24.3

Side Resistance Design Parameters
Average of Methods 1 and 2 (Conservative, sidewalls expected to stand in 

excavations)

AASHTO 10.8.3.5.4b

AASHTO Eq. 10.8.3.5.4b-1

Method 2: O'Neill and Reese 1999, Brown et al 2010 (Temporary casing required for socket support during installation)

AASHTO 10.8.3.5.4b, based on RQD

AASHTO Eq. 10.8.3.5.4b-2

Method 1: Kulhawy et al 2005 (Rock w/o caving)

Parameter Symbol Values

Biddeford_Parameters&Axial Capacity.xlsx
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Elm Street Mast Arm Foundations Calculated by Date: 7/29/2026

Biddeford, ME Checked by N. Williams / A. Blaisdell Date: 7/31/2026

09.0026331.00

E. Tome

From Hoek et al., 2002

No Blasting, No Disturbance
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Best Estimate

Structure: Blocky

Surface Conditions: Very good 

to Good

Select GSI=60

Biddeford_Parameters&Axial Capacity.xlsx
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Phyllite,

use mean value
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FB Pier Input Parameters for Mast Arm Drilled Shaft Foundations GZA FILE NO. 09.0026331.00

Elm Street Improvements CALCULATED BY E. Tome

Biddeford, Maine CHECKED BY N.Williams/A.Blaisdell

Objective:

Methods

Given Information:

Fine to Coarse Sand Reese Sand 57 48 30 120 1.20 5 0.3 0.73 648 648

Fine to Coarse Sand* Reese Sand 48 35 30 57.6 1.20 5 0.3 0.73 890 890

Rock Weak Rock, Reduced E 41 -- -- 108.6 -- -- 0.49 10.6 24300 24300

Fine to Coarse Sand Reese Sand 58 164 36 130 1.20 47 0.3 3.33 624 624

Fine to Coarse Sand* Reese Sand 50 97 36 67.6 1.20 47 0.3 3.33 746 746

Rock Weak Rock, Reduced E 47 -- -- 108.6 -- -- 0.49 10.6 24300 24300

Notes:  

2. * indicates the top of layer is the approximate ground water elevation based on the boring logs. 

3. Weak Rock Input Parameters: 

Unit Weight = 171 pcf, Unconfined Compressive Strength =2,000 psi (maximum reccomended for lateral analysis), RQD = 45%, krm = 0.0005 (Lpile Manual 2022), Shear Strength = 1,000 psi (half of UCS)

4.  Elevations are in feet and reference the North American Vertical Datum of 1988 (NAVD 88).

6.  Representative N60 values based average SPT-N values from boring logs.

7. Ultimate unit end bearing is assumed to be zero based on the assumptions made for shaft design for consideration of strain compatibility.

8.  Ultimate unit skin friction and torsional shear resistance for rock corresponds to nominal side friction resistance values given for similar rock types. 

9.  Equations:

1. pci = pounds per cubic inch, deg = degrees, psi =pounds per square inch, γe  = effective unit weight, pcf = pounds per square foot.

5.  Lateral model parameters for soil, axial model parameters for soil and rock, and torsional model parameters for soil and rock interpolated from default inputs for BSI "Parameters of Soil Models for Studying Soil-Pile Interaction 

Analysis Using FB-MultiPier", dated May 2011.

Design Profile 2 (Dense, Shallow Rock)

Stratum Soil Model
Top of Layer Elevation 

(NAVD88 ft)
k (pci) / E50

φ' (deg)/            

Su (psf)
γe (pcf) β

Representative SPT 

N60-value
6 Poisson's Ratio, n

Shear 

Modulus, G (ksi)
9

Ultimate Unit Skin 

Friction
8,9 

(psf)

Torsional Shear 

Stress
8,9 

(psf)

To estimate the horizontal modulus of subgrade reaction (k) or E50 of subsurface strata for use in lateral analyses.  K values are 

estimated using strata internal friction angles (φ') or shear strength. 

Correlations between the horizontal modulus of subgrade reaction and the soil internal friction angle of a given stratum are based on 

Figure 3-34 presented in the 2022 LPile Technical Manual.  

Masst arm locations and design loading provided by TYLin. 

Soil Model
Top of Layer Elevation 

(NAVD88 ft)
k (pci) / E50

φ' (deg)/            

Su (psf)

Design Profile 1 (Loose)

Poisson's Ratio, n
Shear 

Modulus, G (ksi)
9Stratum

 Representative SPT 

N60-value
6

Ultimate Unit Skin 

Friction
8,9 

(psf)
γe (pcf)

Torsional Shear 

Stress
8,9 

(psf)
β

Shear Modulus, Sand (BSI FBPier Parameters, May 2011): �� ��� � 35 ∗ 	
60

0.68

Torsional Shear Stress, Sand: (using same as Ultimate Skin Friction)

Torsional Shear Stress in rock taken as the same as Ultimate Unit Skin Friction in rock. 

Shear Mass Modulus taken as 1/100th of the design values presented in the BSI properties table based on KSDOT research. 

Ultimate unit skin friction in sand estimated using the β method (BSI FBPier Axial Soil Resistance): � = 1.5 - 0.135(z)0.5, 0.25 � � � 1.2



Drilled Shaft Reinforcement Plan Sections 1, 2, and 3



Drilled Shaft Reinforcement Plan
Section 3 (Rock Socket as needed)



Sections 1 and 2 Transverse Reinforcement

Section 3 Transverse Reinforcement



PROFILE 1

Load Case 4 -
Controlling
Service Case

Load Case 6 -
Controlling
Extreme Case

Load Case 5 -
Controlling
Strength Case
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Load Case 4 - Controlling Service Case

Displacement
at Top of
Shaft = 0.1 in



Load Case 5 - Controlling Strength Case



Load Case 6 - Controlling Extreme Case



PROFILE 2

Load Case 3 -
Controlling
Exreme Case

Load Case 1 -
Controlling
Service Case

Load Case 2 -
Controlling
Strength Case



Soil Inputs, Page 1 of 3



Soil Inputs, Page 2 of 3



Soil Inputs, Page 3 of 3



Load Case 1 - Controlling Service Case

Displacement
at Top of
Shaft = 0.02 in



Load Case 2 - Controlling Strength Case



Load Case 3 - Controlling Extreme Case


