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Executive Summary 

Jacobs Engineering Group Inc. (Jacobs) is performing geotechnical engineering services for the Maine Department 

of Transportation (MaineDOT) as part of the design and construction of a breakwater structure in Johnson Bay, 

Lubec, Maine. The proposed breakwater will offer local fisherman improved marine infrastructure to facilitate their 

vessels and fishing economy. The breakwater will be made from two types of structures: a rubble-mound 

breakwater and a pile-supported platform with a precast concrete wave screen. The project also includes 

construction of pile guided floats that will be used for berthing the fishing vessels, and a ramp for placement and 

removal of the fishing vessels. 

Two geotechnical investigations were performed to explore the subsurface soil conditions on-site and determine 

the nature and competency of the subsurface materials to support the breakwater structures. A preliminary 

investigation was performed in July 2023 for the initial breakwater layout and a supplemental investigation was 

performed in February 2024 after the breakwater layout was finalized. In total, fourteen (14) water borings and 

nine (9) onshore test pits were conducted in conjunction with geotechnical laboratory testing on representative 

soil and rock samples. Data collected from the two investigations were combined with data documented in the 

Haley and Aldrich (H&A) Geotechnical Design Memorandum from a subsurface investigation that was performed 

in September of 2020. Geotechnical evaluations were completed by assessing the subsurface soil conditions at the 

site for the purpose of developing foundation support for the proposed breakwater systems.  

This report includes detailed information related to the subsurface geotechnical investigations conducted on site. 

The subsurface investigations consisted of drilling borings using a drill rig atop a floating barge and collection of 

soil and rock samples.  Field data such as SPT N-values, soil and rock sample collection/description along with 

laboratory test data gathered from field investigation, were used to determine the engineering properties of the 

overburden soil and bedrock to discern the most feasible breakwater rubble-mound geometry and pile rock socket 

lengths. 

Subsurface conditions at the project site consisted of very soft Organic Silt, underlain by very soft to very stiff Clay 

and Silt with varying amounts of sand and gravel. Below the Clay and Silt layer is a loose to very dense Glacial Till 

layer composed mostly of sand with varying amounts of gravel, clay, and silt. The natural overburden is underlain 

with Quoddy Formation siliceous shale, sandstone, and tuff. The bedrock is defined as moderately hard, extremely 

close to moderately fractured, and completely weathered to fresh rock. 

This report also includes geotechnical evaluations performed by Jacobs to provide recommendations for the 

rubble-mound breakwater and pile-supported platform structures. Evaluations of the rubble mound breakwater 

include global stability analyses performed using the software Slide (developed by Rocscience) and settlement 

analyses performed using the software Settle3 (developed by Rocscience). It was determined that the proposed 

geometry of the rubble mound breakwater is stable against slope stability for both static and seismic loading 

conditions. Settlements of the rubble mound were predicted to be between 18 and 25 inches. These large 

settlements are mainly due to the presence of compressible, fine-grained material at seabed under the breakwater. 

Although these settlements are consolidation settlements, it is anticipated that they will mostly occur during the 

construction of the breakwater due to the rock displacing the soft sediment, and can be corrected by placement of 

additional armor stone.  

Axial and lateral capacity analyses were performed for piles supporting the wave screen platform portion of the 

breakwater.  Rock socketed steel pipe piles are required because the subsurface investigations indicated soft 

overburden soils overlying shallow bedrock. Based on unconfined compression strength data collected on the rock 

core samples and loads provided from Jacobs’ Structural engineering team, rock socket lengths were determined 

to range from 8 ft to 25 ft. Pile lateral resistance was estimated using LPILE by Ensoft and presented in terms of a 

point of fixity for the structural team to accurately model the pile end conditions in STAAD. 
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Construction recommendations including onshore subgrade preparation, excavating, and backfilling, as well as 

pile driving and rock socket construction recommendations are also included in this report.
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1. Introduction 

The State of Maine Department of Transportation (MaineDOT) has retained Jacobs Engineering Group Inc. (Jacobs) 

for engineering services associated with the construction of the Lubec Breakwater. The Lubec Breakwater will be a 

new breakwater located in Johnson Bay, within the Town of Lubec, Washington County, Maine. As part of the scope 

of the project, Jacobs conducted two geotechnical investigation campaigns, in July of 2023 and in February of 

2024, to support providing geotechnical design and construction recommendations for the proposed breakwater 

design.  

This Subsurface Geotechnical Investigation Report summarizes the findings from the subsurface geotechnical 

investigations and geotechnical related recommendations for the design and construction of the Lubec 

Breakwater. The subsurface investigations included two separate field investigations: a preliminary phase 

conducted at the beginning of the project in early stages of design, and a final phase conducted once the final 

breakwater layout was determined. Field explorations included advancing fourteen (14) on-water soil test borings 

and nine (9) on-shore test pits.  The results of these investigations will be combined with pile probe information 

collected as part of a Haley and Aldrich plan-level geotechnical investigation. Laboratory testing was also 

conducted on the soil and rock samples collected from the 14 on-water borings. Specific objectives of the 

geotechnical investigations include: 

• Confirm and profile the types and depths of subsurface soils at the site; 

• Characterize the encountered soils on the basis of the Burmister Classification System, Unified Soil 

Classification System (USCS), and the Munsell Color System, and determine the soils’ index properties, 

including particle size distribution and plasticity; 

• Define the top of rock elevation and estimate the bedrock properties for breakwater design; 

• Provide design and engineering recommendations; and 

• Provide construction recommendations. 

The purpose of this report is to provide evaluations and recommendations based on the results of the geotechnical 

investigations performed at the site.   
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2. Site Description 

The proposed Lubec Breakwater is located in the town of Lubec, Washington County, Maine. The site is west of the 

Main Street and South Street intersection, and southwest of Allen Lane. Lubec is known for its fishing industry 

which has been heavily impacted by environmental factors such as strong winds, a large tidal differential, and 

currents. As such, the town is in need of breakwater infrastructure to allow fisherman safe launching, mooring, and 

berthing of vessels. 

The site surface elevations range from about 47 ft to 9 ft (NAVD 88) along the shore towards Johnson Bay. All 

elevations in this report refer to NAVD 88 Datum. The location of the project site is shown in Figure 2-1.  

 

Figure 2-1. Lubec Breakwater Site Location 

This geotechnical investigation was undertaken at locations highlighted in support of the Project described below 

in Section 3. 
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3. Project Description 

The project consists of the construction of a new breakwater structure extending out into Johnson Bay, west of the 

Lubec shoreline. The breakwater will be designed to provide a safe harbor for launching, recovering, and tie up of 

35 vessels, up to 40 ft in length. The proposed breakwater structure is approximately 925 ft in length with a top 

elevation of 23 ft above the North American Vertical Datum of 1988 (NAVD88). The structure will extend 

approximately 600 ft from land before turning at a 45° angle heading towards the southwest direction. From there, 

the structure will extend an additional 325 ft.  

The first leg of the breakwater will be a rubble-mound embankment-type structure. The rubble-mound will be 

composed of three layers of rock armor stone. The structure is proposed to slope at 2H:1V towards the seaward 

side and 1.5H:1V towards the harbor side. The second leg of the breakwater will be a pile-supported platform with 

a precast concrete wave screen panel to protect the harbor from waves. The breakwater will be designed to have a 

2-way access road along the crest and platform. This road can be used for transporting catch as well as for 

recreation. The access road will be provided with a concrete parapet wall for protection, and a turning area. The 

designed crest level will be sufficient for pedestrians and vehicles to use the access road safely during 1-year return 

period storms. The access road will be safe from overtopping waves only for vehicles during a 100-year return 

period storm. 

In support of the final design of the Lubec Breakwater, Jacobs has conducted two geotechnical investigations, 

consisting of a total of fourteen (14) water borings located in Johnson Bay and nine (9) test pits on the adjacent 

shoreline. The geotechnical data collected during the investigation will provide information for the design of the 

breakwater structure. Laboratory testing was undertaken on representative soil and rock samples as part of the 

investigation. Boring locations for the geotechnical investigations are shown on Figure 3-1. 

A previous geotechnical investigation program was performed at the project site by Haley & Aldrich on September 

28th and 29th of 2020 as part of a planning level geotechnical design evaluation. The Haley & Aldrich investigation 

consisted of twenty-two (22) pile probes. The probes were located within the original footprint of proposed 

breakwater structure as well as within the toe of slope for the rubble-mound portion.  

A detailed boring location and test pit plan is included in Appendix A. 

 

Figure 3-1. Lubec Breakwater Boring Location Plan 
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4. Geotechnical Investigation 

4.1 Overview 

Two geotechnical investigations were conducted to support the Lubec Breakwater project. The first investigation 

was performed from July 10th to July 17th of 2023 during the preliminary stages of design. After numerous 

iterations of the breakwater were evaluated, and its layout was finalized; a second investigation was performed 

from February 22nd to March 6th of 2024 mainly to address the revised layout. Between the two investigations, a 

total of fourteen (14) water borings, identified as WB-1 to WB-6 (initial investigation) and WB-101 to WB-108  

(final investigation), were performed. Borings WB-1, WB-101, WB-2, WB-102 and WB-3 represent subsurface soil 

information beneath the rubble-mound embankment section of the breakwater. These borings were advanced to 

top of rock. Where rock was encountered, 5 ft of rock was cored. Borings WB-103, WB-104, WB-105, and WB-106 

represent the subsurface soil information beneath the pile-supported platform section of the breakwater. These 

borings were advanced to top of rock, wherein 30 ft of rock was cored thereafter. Borings WB-4, WB-5, and WB-6 

were advanced at locations for a previous iteration of the breakwater layout and were therefore given less 

consideration when conducting the final geotechnical evaluations.  These borings were also advanced to top of 

rock, wherein 30 ft of rock was cored thereafter. Boring WB-107 was advanced to represent the subsurface 

conditions at the floating docks and WB-108 was advanced to represent the subsurface conditions at the boat 

launch ramp. All borings were performed by New England Boring and logged by a Jacobs Geologist. 

In addition to the borings, nine test pits were excavated onshore adjacent to the breakwater. The test pits were 

conducted under the supervision of MaineDOT in support of environmental permitting needs for the Project. The 

data collected during the test pit investigation will be used to identify the top of bedrock and for the proposed 

parking lot design. This data will also assist in determining the quantity of overburden soil and bedrock required 

to be removed as part of the cut and fill operations. 

4.2 On-Water Boring Exploration 

Field activities associated with the geotechnical investigations were conducted with the general objective of 

defining the subsurface soil profile at the site, collecting disturbed/undisturbed samples and rock cores for 

laboratory testing, and identifying the depth from mudline to bedrock level. Actual borings depths are noted in 

Table 4-1.  
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Table 4-1. Boring Drilling Schedule  

Boring ID Proposed Structure 

Approx. Mudline 

Elev.  

(ft, NAVD 88) 

Approx. Bedrock 

Elev.  

(ft, NAVD 88) 

Total Borehole 

Depth (ft) 

WB-1 Rubble-Mound -12.5 -45.5 40.3 

WB-2 Rubble-Mound -17.0 -22.7 12 

WB-3 Rubble-Mound -24.4 -29.4 10 

WB-4 N/A -27.7 -38.5 44 

WB-5 N/A -28.1 -69.6 75 

WB-6 N/A -28.6 -99.5 105 

WB-101 Rubble-Mound -14.8 -31.8 21.6 

WB-102 Rubble-Mound -19.1 -25.1 11 

WB-103 Pile-Supported Platform -23.2 -29.7 37 

WB-104 Pile-Supported Platform -24.8 -34.3 39.5 

WB-105 Pile-Supported Platform -24.8 -34.8 41 

WB-106 Pile-Supported Platform -25.3 -39.3 44 

WB-107 Floating Docks -20.5 -39.0 48.5 

WB-108 Boat Launch Ramp -15.3 -44.3 34.5 

All borings were advanced using mud-rotary drilling techniques with a Gefco Stratastar 5 drill rig mounted with an 

automatic hammer mounted on a barge. Soil samples were obtained via a 24-inch long split-spoon sampler (2-

inch O.D., 1-3/8-inch I.D.), driven by a 140-pound automatic hammer free falling 30 inches. The number of blows 

required for penetration of the middle 12 inches of the sampler is the Standard Penetration Test (SPT) N-value 

(blows per foot). Soil samples were obtained by SPT testing in accordance with ASTM D1586, “Standard Test 

Method for Penetration Testing and Split-Barrel Sampling of Soils”. SPT testing was performed continuously to 

depths of approximately 12 feet and at 5-foot intervals thereafter until bedrock was encountered. Where soft 

cohesive soils were encountered, select undisturbed samples were acquired with a 3 in O.D. thin-walled Shelby 

Tube penetrating 24 inches in accordance with ASTM D1587, “Standard Practice for Thin-Walled Tube Sampling 

of Fine-Grained Soils for Geotechnical Purpose”. Rock coring started once refusal was encountered, and was 

performed in accordance ASTM D2113, “Standard Practice for Rock Core Drilling and Sampling of Rock for Site 

Exploration”. Rock coring was performed using an NX size double core barrel to collect rock core samples.  

All borings were advanced to the scheduled depths noted in Table 4-1. 

Soil samples were visually classified in the field at the time of sampling by Jacobs personnel and described on 

borings logs using the Burmister System of Soil Identification (Burmister 1949).  The Unified Soil Classification 

System symbols were also provided. Additionally, soil color was classified using the Munsell Color System notation 

to distinguish color chroma, value, and hue. Samples from the split-spoons were placed in appropriate jar 

containers for storage and transported to the laboratory for testing and detailed identification.  

The boring logs, presenting the subsurface soil descriptions, type of sampling used, and additional field data are 

presented in Appendix B. Additionally, subsurface profiles depicting the subsurface strata are included in Appendix 

C. 
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4.3 Test Pit Exploration 

Nine test pits, identified as TP-1 through TP-9, were excavated using a backhoe on land at the parking lot area 

adjacent to the proposed breakwater location. The depths of the test pits ranged from 5.5 feet to 10.5 feet below 

existing grade. The test pits were performed to support environmental permitting needs of the Project and also to 

identify the top of rock at the shoreline and assist the civil designers with the ideal cut and fill operations, and the 

required pavement section for the proposed parking lot. Table 4-2 below summarizes the test pits performed. The 

test pit locations are presented in Appendix A.  

Table 4-2. Test Pit Schedule 

Test Pit ID 

Existing Ground 

Surface Elev.  

(ft, NAVD 88) Approx. Bedrock Elev. 

Total Borehole 

Depth (ft) 

TP-1 47.78 Not Encountered 10.0 

TP-2 45.80 38.30 7.5 

TP-3 37.47 31.97 5.5 

TP-4 38.91 Not Encountered 10.5 

TP-5 37.21 27.21 10.0 

TP-6 31.97 21.97 10.0 

TP-7 29.64 21.64 8.0 

TP-8 26.03 16.53 9.5 

TP-9 29.66 23.66 6.0 

 

4.4 Haley & Aldrich Plan-Level Geotechnical Memorandum (Nov 2020) 

An initial subsurface investigation was conducted by Haley & Aldrich in September of 2020. The field investigation 

consisted of 22 pile probes, designated HA20-P1 through HA20-P22, that were used to collect subsurface 

information. 

The pile probes were completed by Prock Marine Company, Inc (Prock) of Rockland, Maine. Prock utilized a Link-

Belt LS-518 crawler crane and an H&M Model 3208T vibratory hammer placed on an approximate 50 ft by 120 ft 

spud barge. An HP12x53 steel H-pile approximately 55 ft long was used to probe each location. 

The pile probes were advanced using the vibratory hammer to depths ranging from approximately 1 to 30 ft below 

estimated mudline and were terminated into dense/hard soil or refusal. The presence and thickness of soil layers 

and apparent refusal surface were judged by Haley & Aldrich based on visual observation of pile probe 

advancement and rate of penetration. Pile probe location plan is presented in Figure 4-1. However, note that the 

layout investigated was the initial footprint of the breakwater, which has since been revised. Therefore, the 

collected information is more applicable to the rubble mound breakwater portion of the revised structure where 

the footprint still overlaps the probes. 

A separate Geotechnical Design Memorandum documenting the findings from the Haley & Aldrich investigation is 

provided in Appendix D. 
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Figure 4-1. Haley & Aldrich Pile Probe Location Plan (from Haley & Aldrich 2020) 
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5. Geology and Seismicity 

5.1 Area Geology 

The Lubec Breakwater site is located within the Silurian Period aged Quoddy Formation. The Quoddy Formation is 

composed primarily of dark gray to black, fine grained siliceous siltstone, argillite, and shale with laminated to very 

thinly bedded, steeply dipping to vertical bedding planes. Minor tuff deposits and diabase mafic intrusions are also 

present within the Quoddy Formation. The Quoddy shale is prominently exposed in outcrops across Johnson Bay 

on Campobello Island, New Brunswick, Canada. Glaciomarine sediment comprising of layered fines and glacial till 

moraine deposits overly bedrock, and multiple northeast trending faults cut through the project site and Johnson 

Bay. 

 

Figure 5-1. Quoddy Formation, Campobello Island, New Brunswick, Canada 

5.2 Seismic Data 

The subsurface soils encountered within the site are generally medium stiff to very stiff clays and loose to 

dense/very dense granular soils overlying bedrock of the Quoddy formation. Therefore, the site can be considered 

as Seismic Site Class D.  The following Seismic Parameters were derived for the site from ASCE 7-16:   

PGA – 0.126g for bedrock level 

Design PGA – 0.130g for ground surface 

 

Ss – 0.222g for bedrock level 

S1 – 0.062g for bedrock level 

Fpga – 1.548 

Fa – 1.6  

Fv – 2.4 

SDS – 0.236 for ground surface 

SD1 – 0.099 for ground surface 
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6. Subsurface Conditions 

6.1 General 

Detailed descriptions of the subsurface strata encountered in the borings are recorded on the individual boring 

logs included in Appendix B. The information includes sample depth, blow counts per 6-inches, and classification 

of individual samples in accordance with the Burmister Soil Classification Method. The Unified Soil Classification 

System (USCS) symbols are also provided. Colors were described in accordance with the Munsell Color System. 

Additionally, the encountered stratigraphy is provided on the boring logs.  

6.2 Subsurface Profile 

Four distinct layers were encountered and are described below in order of increasing depth. 

6.2.1 Stratum 1 – Organic Silt 

At the mudline, an Organic Silt layer is the prevalent surficial layer in all borings. The thickness of this layer ranges 

from 2 to 8 ft. The layer generally consisted of dark gray organic silt with varying amounts of sand. The SPT N-

values within this layer generally ranged from 0 to 6 blows per foot, indicating a consistency of very soft to medium 

stiff. Due to its presence on the mudline, shells are found intermixed with the soil. Atterberg Limits performed on 

the organic silt indicated cohesive material with a Liquid Limit ranging from of 27% to 38%, Plastic Limits of 18% 

to 26%, and a Plasticity Index ranging from 6% to 15%.  

6.2.2 Stratum 2 – Clay and Silt 

This stratum was encountered immediately beneath the Organic Silt in all borings except for WB-3. This Clay and 

Silt layer consists of dark gray glaciomarine clay with varying amounts of silt, sand, and gravel. The thickness of 

this layer ranges from 2 to 38 ft. The SPT N-values within this layer generally ranged from 0 to 25 blows per foot, 

indicating a consistency of very soft to very stiff cohesive soil. Atterberg Limits performed on the Clay and Silt layer 

indicated low-plasticity clay with a Liquid Limits ranging from of 14% to 42%, Plastic Limits of 10% to 22%, and a 

Plasticity index of 4% to 25%.  

6.2.3 Stratum 3 – Glacial Till 

The glacial till layer is found beneath the Clay layer in all borings except WB-5. The till layer generally consists of 

coarse to fine, rounded to subangular dark gray gravel with varying amounts of silt, clay, and sand. The thickness 

of the till layer ranges from not present to 31 ft. The SPT N-values within this layer ranged from 9 blow per 12 

inches to 100 blows over 6 inches indicating loose to very dense granular material. Particle Size Distribution tests 

performed on the till layer indicated a fines content ranging from 13.6% to 40.9% 

6.2.4 Stratum 4 – Bedrock 

Bedrock was encountered beneath the glacial till layer in all borings at depths ranging from 5 ft to 71.25 ft below 

mudline. The rock encountered at the site was predominantly medium gray to dark gray shale, sandstone, and tuff 

with calcite veining. The rock encountered at the rubble-mound breakwater was mostly shale, while the rock 

encountered at the revised pile-supported platform location is tuff.   

The shale bedrock is laminated to thinly bedded, fine-grained, sedimentary rock and the rock cores were described 

as moderately hard, extremely close to moderately fractured, and ranged from completely weathered to fresh rock. 
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Vertical to highly steep bedding was prominent in most rock cores samples. Rock core recoveries of shale samples 

varied from 66% to 100%, and the Rock Quality Designation (RQD) ranged from 0% to 93%.  

The tuff bedrock is massive, mafic intrusive rock and the rock cores were described as moderately hard, extremely 

to moderately fractured, and ranged from completely weathered to fresh rock. Shallow to steeply dipping joints 

with calcite veining were prominent in most rock cores samples. Rock core recoveries of tuff samples varied from 

94% to 100%, and the Rock Quality Designation (RQD) ranged from 0% to 100%.  

For rock cores classified as shale and sandstone, unconfined compressive strengths ranged from 828 psi to 9,043 

psi. For rock cores classified as tuff, unconfined compressive strengths ranged from 3,818 psi to 22,085 psi. 

6.3 Haley & Aldrich Subsurface Investigation Data 

As part of the Haley & Aldrich geotechnical investigation, layer thickness and relative density was classified based 

on field observation of probe pile advancement. The classification was split up into “soft/loose” soils and 

“hard/dense” soils. Table 6-1 summarizes the classifications based on the pile probe advancement. 

Table 6-1. Summary of the Haley & Aldrich Investigation 

Probe ID 

Approx 

Mudline Elev. 

(ft, NAVD 88) 

Approximate Strata Thickness (ft) 1 

Approximate 

Elev. Of 

Refusal (ft, 

NAVD 88)2 

Approximate 

Probe Depth 

Below 

Mudline (ft, 

NAVD 88) 

“Soft/Loose” 

Soil 

“Hard/Dense” 

Soil Total 

HA20-P1 -27.0 11.6 >21.0 >32.6 -- 32.6 

HA20-P2 -28.0 8.7 >18.0 >26.7 -- 26.7 

HA20-P3 -27.5 10.9 >15.0 >25.9 -- 25.9 

HA20-P4 -27.5 8.3 >16.0 >24.3 -- 24.3 

HA20-P5 -27.0 NE 11.2 12.8 -39.8 12.8 

HA20-P6 -26.0 NE 7.7 9.3 -35.3 9.3 

HA20-P7 -22.0 NE 9.2 8.1 -30.1 8.1 

HA20-P8 -19.0 NE 5.2 6.4 -25.4 6.4 

HA20-P9 -17.5 NE 2.5 1.6 -19.1 1.6 

HA20-P10 -15.5 NE 2.9 2.8 -18.3 2.8 

HA20-P11 -12.0 NE 20.5 22.6 -34.6 22.6 

HA20-P12 -27.5 6.4 24.0 31.8 -59.3 31.8 

HA20-P13 -27.0 7.5 12.5 21.9 -48.9 21.9 

HA20-P14 -30.0 8.0 9.5 17.5 -47.4 17.5 

HA20-P15 -19.0 1.1 0.0 1.6 -20.6 1.6 
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Probe ID 

Approx 

Mudline Elev. 

(ft, NAVD 88) 

Approximate Strata Thickness (ft) 1 

Approximate 

Elev. Of 

Refusal (ft, 

NAVD 88)2 

Approximate 

Probe Depth 

Below 

Mudline (ft, 

NAVD 88) 

“Soft/Loose” 

Soil 

“Hard/Dense” 

Soil Total 

HA20-P16 -25.0 6.0 1.5 6.1 -31.1 6.1 

HA20-P17 -11.5 4.0 4.5 11.0 -22.5 11.0 

HA20-P18 -17.0 6.0 6.5 12.2 -29.2 12.2 

HA20-P19 -14.0 3.7 11.0 15.4 -29.4 15.4 

HA20-P20 -5.0 0.5 11.5 12.9 -17.9 12.9 

HA20-P21 -7.0 1.5 13.6 17.0 -24.0 17.0 

HA20-P22 -7.5 1.5 10.0 14.9 -22.4 14.9 

Notes: 

1. NE indicates soil layer Not Encountered. 

2. Indicates probe not advanced deep enough to determine presence or thickness of stratum. 

When comparing Jacobs boring investigation with Haley & Aldrich Pile probe pile investigation, the approximated 

elevation of bedrock from Jacobs’ borings are relatively consistent with the elevation of refusal of Haley & Aldrich 

pile probes that are close in proximity to one another, especially when the bedrock was found to be relatively 

shallow. At locations where the bedrock is deep, the Haley & Aldrich probes were not very accurate due to the 

limitations of the method used for the investigation. Comparative bedrock elevations from both investigations are 

shown in Table 6-2. Borings WB-104 through WB-108 are not included in the table as no probes were conducted 

near those locations. 

Table 6-2. Comparative Bedrock Data from Jacobs and Haley & Aldrich Investigations  

Jacobs Boring 

Approx. Elevation of Top of 

Bedrock (ft, NAVD 88) 

Haley & Aldrich 

Probes 

Approx. Elevation 

of Refusal (ft, 

NAVD 88) 

WB-1 -45.5 

HA20-P11 -34.6 

HA20-P19 -29.4 

HA20-P20 -17.9 

HA20-P21 -24 

HA20-P22 -22.4 

WB-101 -31.8 
HA20-P18 -29.2 

HA20-P17 -22.5 

WB-2 -22.7 
HA20-P9 -19.1 

HA20-P10 -18.3 

WB-102 -25.1 

HA20-P7 -30.1 

HA20-P8 -25.4 

HA20-P15 -20.6 

WB-3 / WB-103 -29.4 HA20-P6 -35.3 

WB-4 -38.5 

HA20-P5 -39.8 

HA20-P13 -48.9 

HA20-P14 -47.5 

HA20-P16 -31.1 
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Jacobs Boring 

Approx. Elevation of Top of 

Bedrock (ft, NAVD 88) 

Haley & Aldrich 

Probes 

Approx. Elevation 

of Refusal (ft, 

NAVD 88) 

WB-5 -69.6 

HA20-P3 -- 

HA20-P4 -- 

HA20-P12 -59.3 

WB-6 -99.5 
HA20-P1 -- 

HA20-P2 -- 

 

6.4 Water Levels 

Water level data from NOAA station (Station 841040 – Eastport, ME) is presented in Table 6-3. 

Table 6-3. Tide levels at Eastport NOAA station No. 8410140 

Datum Description Elevation (ft, NAVD88) 

Highest Observed Tide Historic highest water level observed 

(04/10/2020 08:54) 

14.44 

MHHW Mean Higher-High Water 9.34 

MHW Mean High Water 8.86 

NAVD 88 North American Vertical Datum of 1988 0.00 

MSL Mean Sea Level -0.23 

MLW Mean Low Water -9.49 

MLLW Mean Lower-Low Water -9.93 

Lowest Observed Tide Historic Lowest water level observed 

(08/09/1972 00:00) 

-14.61 
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7. Laboratory Testing 

7.1 Overview 

The objective of the laboratory testing program was to obtain data for assessing the physical and mechanical 

properties of the site soils and rock encountered during drilling. The testing program was performed in general 

accordance with applicable ASTM standard test methods. The laboratories of Geotechnical Services, Inc. and 

Geotesting Express conducted testing on collected soil and rock samples. The tests and quantity of each test 

performed for the program are summarized in Table 7-1. 

Table 7-1. Schedule of Laboratory Testing Program 

Test ASTM Standard Number of Test 

Moisture Content ASTM D2216 35 

Atterberg Limits ASTM D4318 27 

Grain Size Analysis 

(Sieve Only) 
ASTM D6913 6 

Consolidation Test ASTM D2435 5 

Unconfined Compressive 

Strength (Soil) 
ASTM D2166 3 

Unconsolidated-Undrained 

Triaxial Compression 
ASTM D2850 5 

Unconfined Compressive 

Strength (Rock) 
ASTM D7012 19 

Samples chosen for testing were selected by Jacobs for the purpose of supporting the design recommendations 

of the Lubec Breakwater structure. The laboratory testing program was conducted to finalize the field classification 

of the soils encountered, and was based on soil gradation and index testing, as well as for developing shear strength 

and consolidation data of cohesive soils to support the geotechnical design of the proposed structures. 

Compressive strength data of the bedrock was also collected under the laboratory testing program.  

All laboratory test results on selected soil and rock samples are included in Appendix E. 
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8. Geotechnical Design Parameters 

Engineering design parameters of the encountered soil and rock were determined based on subsurface 

geotechnical investigation data, laboratory tests, and published correlations or based on engineering judgement. 

SPT-N values along with the soils’ physical properties, including gradation and index properties such as Liquid 

Limit, Plastic Limit, and moisture contents were used for correlation of engineering parameters. Rock core recovery, 

Rock Quality Designation (RQD), and rock core laboratory testing results were used to determine the on-site 

bedrock engineering properties. 

Table 8-1 below provides generalized engineering parameters for the soil and rock strata encountered at the site. 

It is to note that these parameters are best estimates for strata encountered and conditions may slightly vary at 

different locations. Therefore, this table may be used in conjunction with the information provided in Sections 6 

and 7 to establish the soil and rock parameters to be used in specific areas of the site. 

Table 8-1. Summary of Geotechnical Design Parameters 

Stratum 

Total Unit 

Weight  

(pcf) 

Effective Friction 

Angle, φ’ 

 (Degrees) 

Effective 

Cohesion, c’ 

(psf) 

Undrained Shear 

Strength, Su  

(psf) 

Unconfined 

Compressive 

Strength, qu  

(psi) 

Organic Silt 90 22 0 200 - 

Clay2 110 – 125 24 - 30 0 300 – 1,000 - 

Glacial Till 125 37 0 0 - 

Decomposed to 

Weathered Bedrock 

(0% RQD) 

145 45 0 0 - 

Bedrock – Shale3 150 - - - 800 – 9000 

Bedrock – Tuff3 170 - - - 4000 – 9000 

Notes: 

1. Undrained strength parameters are for short-term loading conditions. Effective strength parameters are for long-

term (drained) loading conditions. 

2. The clay layer varies across the site. Therefore, lower bound and upper bound engineering design parameters are 

provided. Individual boreholes and lab testing data shall be utilized when developing parameters for the clay 

layer at specific locations. 

3. The lower and upper bound unconfined compressive strengths are provided for the bedrock strata.   
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9. Geotechnical Evaluations and Design Recommendations 

The Lubec breakwater will be composed of two primary structures. The first leg of the breakwater, extending out 

perpendicular to the shoreline, will be a sloped rubble-mound embankment structure. The second leg of the 

breakwater will turn Southwest and be parallel with the shoreline and transition from the rubble-mound structure 

to a pile-supported platform with a precast wave screen panel. The proposed breakwater is depicted in Figure 9-1. 

In this section, a discussion is provided regarding the geotechnical design considerations and recommendations, 

which are based on the results from the subsurface investigation and subsequent analyses.  

 

Figure 9-1. Lubec Breakwater Plan 

9.1 Rubble-Mound Breakwater 

The first leg of the breakwater is a rubble-mound structure composed of three different layers of varying rock sizes. 

In general, the rubble-mound will be made up of an outer armor layer, followed by an underlayer, and finally an 

inner core layer. The rubble-mound section is proposed to be sloped at 1.5H:1V toward the harbor side, and at 

2H:1V toward the seaward side. A typical cross-section of the rubble-mound can be seen in Figure 9-2 below. 
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Figure 9-2. Typical Section of Rubble Mound Breakwater 

Geotechnical considerations for the breakwater include its global slope stability under static and seismic loading 

conditions and anticipated settlement during its design life. This is further discussed below. 

9.1.1 Rubble-Mound Global Slope Stability 

The breakwater must remain stable under various loading situations expected during service. To assess the stability 

of the breakwater, geotechnical slope stability analyses were performed using Slide2, a two-dimensional limit-

equilibrium slope stability software (Rocscience Inc., 2021). Three sections were analyzed in Slide since both the 

soil conditions and height of the breakwater vary along its alignment. The sections analyzed included the 

breakwater at STA 101+75 (mudline El. -12.5’), STA 103+00 (mudline El. -15), and STA 106+00 (mudline El. -

23), which will be noted as Section 1, Section 2 and Section 3, respectively. 

The analyses were conducted using non-circular slip surfaces evaluated with the Spencer method (which satisfies 

both force and moment equilibrium). The slope stability was analyzed for each section towards the harbor side and 

seaward side of the breakwater since the geometry of each side differs. The proposed concrete parapet walls and 

concrete roadway on top of the breakwater were modeled in the Slide as equivalent surcharges. Three load cases 

were analyzed for each section, which are as follows: 

• Static Case: This case consisted of analyzing design sections for static loading against both drained and 

undrained soil conditions. For the static case, a design surcharge of 250 psf was considered on top of the 

breakwater since there will be a pavement on top of the breakwater to support vehicular traffic. The water 

level was modeled at MLLW or EL. -9.93’ (NAVD 88). 

• 100-yr Storm Case: This case consisted of analyzing design sections under static loading against both 

drained and undrained soil conditions. For the 100-yr storm case, the water level was modeled at El. 

+16.57 and no vehicular surcharge was considered.  

• Seismic Case: This case consisted of analyzing design sections for one-half (1/2) of the design PGA applied 

as a horizontal seismic load. Undrained soil conditions were modeled and no vehicular surcharge was 

considered for the seismic load case. The water level was modeled at MLLW or EL. -9.93’ (NAVD 88). 

The minimum required factor of safety (FOS) values for static, 100-yr storm, and seismic loading conditions based 

on the limit-equilibrium analyses are 1.3, 1.1, and 1.0, respectively. For seismic loading, if the computed FOS is 

less than 1.0, Newmark Block seismic displacement analysis is to be used to estimate seismic-induced slope 

displacement. Slip surfaces less than 5 feet in depth were ignored as shallow surficial sloughing since they are 

unrealistic, and even if they would occur, would only require minor repairs. 
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It is to note that 2 to 4 feet of organic silt is present at the mudline. The geotechnical investigation indicated this 

material to be weight-of-hammer (WOH) material and therefore has very little strength. For the slope stability 

analyses of the rubble-mound breakwater, it was assumed that during construction of the breakwater, the armor 

stone will penetrate this layer and therefore increase its strength. For conservatism in the analyses, the organic silt 

below the rubble-mound breakwater was modeled with a friction angle of 32 degrees plus a small cohesion of 50 

psf. In reality, the parameters of this layer could be much higher. 

In summary, the rubble-mound breakwater shows acceptable factor of safety (FOS) against global failure for static, 

100-year storm, and seismic cases. The results of the slope stability analyses are summarized in Table 9-1 below 

and Slide outputs are included in Appendix F.  

Table 9-1. Rubble-Mound Breakwater Slope Stability Results 

Breakwater Section1 Case Slip Surface Direction 

Global Minimum 

Factor of Safety 

(Spencer Method)2 

Section 1 – Mudline Elevation at -

12.5’ 

(STA 101+75) 

Static - Undrained 

Towards the Harbor Side (Right to Left) 1.33 

Towards the Seaward Side (Left to Right) 1.37 

Static - Drained 

Towards the Harbor Side (Right to Left) 1.50 

Towards the Seaward Side (Left to Right) 1.83 

100-yr Storm - 

Undrained 

Towards the Harbor Side (Right to Left) 1.50 

Towards the Seaward Side (Left to Right) 1.75 

100-yr Storm - 

Drained 

Towards the Harbor Side (Right to Left) 1.50 

Towards the Seaward Side (Left to Right) 1.99 

Seismic 

Towards the Harbor Side (Right to Left) 1.20 

Towards the Seaward Side (Left to Right) 1.15 

Section 2 – Mudline Elevation at -15’ 

(STA 103+00) 

Static - Undrained 

Towards the Harbor Side (Right to Left) 1.32 

Towards the Seaward Side (Left to Right) 1.82 

Static - Drained 

Towards the Harbor Side (Right to Left) 1.42 

Towards the Seaward Side (Left to Right) 1.81 

100-yr Storm - 

Undrained 

Towards the Harbor Side (Right to Left) 1.51 

Towards the Seaward Side (Left to Right) 2.08 
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Breakwater Section1 Case Slip Surface Direction 

Global Minimum 

Factor of Safety 

(Spencer Method)2 

100-yr Storm - 

Drained 

Towards the Harbor Side (Right to Left) 1.52 

Towards the Seaward Side (Left to Right) 1.96 

Seismic 

Towards the Harbor Side (Right to Left) 1.16 

Towards the Seaward Side (Left to Right) 1.57 

Section 3 – Mudline Elevation at -23’ 

(STA 106+00) 

Static - Undrained 

Towards the Harbor Side (Right to Left) 1.45 

Towards the Seaward Side (Left to Right) 1.78 

Static - Drained 

Towards the Harbor Side (Right to Left) 1.44 

Towards the Seaward Side (Left to Right) 1.80 

100-yr Storm - 

Undrained 

Towards the Harbor Side (Right to Left) 1.51 

Towards the Seaward Side (Left to Right) 2.02 

100-yr Storm - 

Drained 

Towards the Harbor Side (Right to Left) 1.50 

Towards the Seaward Side (Left to Right) 1.96 

Seismic 

Towards the Harbor Side (Right to Left) 1.25 

Towards the Seaward Side (Left to Right) 1.49 

Notes: 

1. Multiple breakwater sections were analyzed due to the deepening mudline along the alignment of the breakwater and because 

the thickness of the clay stratum varies along the alignment of the breakwater. 

2. The global minimum factor of safety considers deep seated failures and non-circular slip surfaces. 

3. The water level in the SLIDE models was taken as El. -9.97’, NAVD 88 (MLLW) for the static and seismic load cases, and El. 

+16.57’, NAVD 88 for the 100-yr Storm load case. 

4. For the seismic loading condition, the horizontal seismic coefficient, kh = 0.5*PGAm = 0.065. No surcharge was considered. 

9.1.2 Rubble-Mound Settlement 

For a rubble-mound breakwater, settlement is largely an issue for the determination of the breakwater crest 

elevation. The expected settlement, especially the long-term settlement, is added to the design height of the 

structure as an over-build where necessary. From the subsurface investigation, it appears the rubble-mound 

breakwater will be placed on up to 20 ft of compressible soils, which will undergo long-term consolidation 

settlements. Settlement analyses was performed for the rubble-mound breakwater at three sections where specific 

borings were located along the breakwater: 

• WB-01, STA 101+75 (mudline at El. 12.5’) – profile includes 30 ft of compressible soils; 

• WB-101, STA 103+00 (mudline at El. 15’) – profile includes 8 ft of compressible soils; 
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• WB-102, STA 105+00 (mudline at El. 19’) – profile includes 6 ft of compressible soils. 

The software Settle3, by Rocscience Inc., was used for the analyses which accounts for varying subsurface 

conditions and modeling of the exact breakwater geometry. Settlement calculations were conducted to capture 

both the expected settlements within the organic silt layer, and long-term consolidation settlements within the 

clay and silt layer. However, it is proposed that during construction the rubble-mound breakwater rock is placed in 

the middle first and then placed outwards. Placement of the core material may create a “mud wave” of the very 

soft organic silt material, displacing the organic silt to the sides of the breakwater. Due to this phenomenon, the 

organic silt layer was modeled in Settle3 two different ways for each section to capture the possible range of 

settlements that may occur. The lower bound settlement was computed for the case that the rubble-mound rock 

completely displaces the organic silt when it is placed and therefore the organic silt layer was ignored in Settle3. 

The upper bound settlement was computed for the case that the rubble-mound rock is placed directly on the 

organic silt layer and no soil is displaced, therefore the organic silt layer was fully modeled in Settle3. Using this 

approach, the range of possible settlements can be fully captured. 

To compute the long-term settlements of the rubble-mound breakwater, certain assumptions were made about 

construction sequence of the breakwater. It was assumed that the construction of the entire breakwater will take 

24 months and the following sequence was used in Settle3 to estimate settlements: 

1. 0 – 6 months: Construct rubble-mound core and underlayer 

2. 6 – 9 months: Waiting period of 3 months for a significant portion of the settlement to be completed 

3. 9 – 12 months: Adjust grade with additional underlayer as necessary, and construct rubble-mound armor 

layer 

4. 12 – 18 months: Waiting a minimum period of 6 months 

5. 18 – 24 months: Construct breakwater roadway and finish construction 

The geotechnical design parameters used for the settlement analyses are summarized in Table 9-2. These 

parameters were determined based on subsurface information collected during the investigations including soil 

classifications and laboratory test results, and based on published correlations documented in NAVFAC DM 7.1 

(1982) and EPRI (1990). The results of the Settle3 analyses are summarized in Table 9-3 and included in Appendix 

G.  

Table 9-2. Geotechnical Parameters for Settle3 Model 

Stratum 

Total Unit 

Weight 

(pcf) 

Elastic 

Modulus 

(ksf) Cc Cr e0 OCR 

cv  

(in2/s) Cα 

Organic Silt 90 - 0.3 0.06 1.0 1 0.0001 0.01 

Upper Silt and Clay 125 - 0.16 0.035 0.73 3 0.00048 0.005 

Lower Clay and Silt2 115 - 0.25 0.05 0.73 1 0.0001 0.005 

Till 125 1000 - - - - - - 

Bedrock3 170 - - - - - - - 

Notes: 

1. Abbreviations: Cc = Soil compression Index; Cr = Soil recompression Index; e0 = Initial void ratio, OCR = Over-consolidation 

ratio; cv = Coefficient of consolidation, Cα = Secondary compression Index. 

2. In a few borings, the lower extent of the Clay and Silt Stratum shows very low blow counts. At these locations, the layer was split 

into two layers in the Settle3 models, and the lower Clay and Silt was modeled as normally consolidated (OCR = 1). 

3. Bedrock was included in the Settle3 models for presentation purposes only. This layer is not expected to settle and therefore, 

no parameters were modeled. 
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Table 9-3. Results of Settle3 Analyses 

Scenario Section 

Boring used 

in Analysis 

Estimated 

Settlement at 

end of 

Construction2   

(in) 

Estimated 

Post-

Construction 

Settlement 1 

year after 

Construction 

(in) 

Estimated 

Post-

Construction 

Settlement 5 

years after 

Construction 

(in) 

Estimated 

Post-

Construction 

Settlement 

50 years 

after 

Construction 

(in) 

Lower Bound 

Scenario – 

Organic Silt 

Completely 

Displaced 

STA 101+75 

(Mudline El. -12.5’) 
WB-01 17.5 0.62 1.06 1.61 

STA 103+00 

(Mudline El. -15’) 
WB-101 7.67 0.04 0.11 0.28 

STA 105+00 

(Mudline El. -19’) 
WB-102 3.84 0.02 0.05 0.12 

Upper Bound 

Scenario – 

Organic Silt 

Fully Present 

under 

Breakwater 

STA 101+75 

(Mudline El. -12.5’) 
WB-01 23.8 0.82 1.45 2.20 

STA 103+00 

(Mudline El. -15’) 
WB-101 17.8 0.11 0.28 0.70 

STA 105+00 

(Mudline El. -19’) 
WB-102 17.6 0.10 0.26 0.60 

Notes: 

1. Analyses were conducted assuming the water table is at MLLW or about El. -9’.  

2. Construction of rubble-mound breakwater was assumed to take 24 months. 

3. Settlements summarized above are maximum settlements which will occur at the center of the breakwater. 

Settlements will be much less toward the breakwater toe and can be seen in Appendix G. 

As summarized in Table 9-3, a large range of total settlements of the Rubble-Mound breakwater is expected due 

to the varying thicknesses of the clay strata. For the portion of the breakwater closest to the shoreline, settlements 

range from 19 to 26 inches. For the portion of the breakwater further out from the shoreline, settlements range 

from 4 to 18 inches. These ranges summarized are due to how the organic silt is treated in the Settle3 models. 

Assuming the organic silt is displaced by the breakwater rock, the settlements may be much smaller and come 

only from the lower clay strata. Assuming the organic silt is not displaced by the breakwater rock, the settlements 

could be much larger due to the presence of the very soft organic silt underneath the breakwater. Regardless of 

how the organic silt is treated in Settle3, the organic silt settlements will happen during construction of the 

breakwater when rock is placed. Therefore, long-term post-construction settlements, assuming construction of the 

breakwater takes 24 months, have a much smaller range, and are estimated to range from 0.3 to 2.2 inches.  

All settlements will be corrected by adding additional rock to the breakwater height during construction. To 

minimize anticipated repairs of the roadway due to settlement, it is recommended that the roadway be placed at 

least six months to 1 year after the rubble-mound breakwater is constructed, which is when consolidation 

settlements of the clay soils are estimated to be near complete. If the roadway is required to be constructed sooner, 

it will need to be designed with adequate reinforcement to withstand the estimated settlements and differential 

settlements of the breakwater. 

9.2 Pile-Supported Platform 

The second leg of the breakwater is a pile-supported platform structure with a precast concrete wave screen on 

the seaward side to protect the harbor from waves. The platform will be supported by bents of two plumb steel 

pipe piles with an intermediate battered steel pipe pile between each pile bent. The piles are proposed to be 36 

inch diameter with 1 inch thick walls. All piles are required to be driven through the overburden soil, penetrated 
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into the underlying bedrock and rock socketed thereafter.  A typical cross-section of pile-supported platform can 

be seen in Figure 9-3 below. 

 

Figure 9-3. Typical Section of Pile-Supported Platform Breakwater 

 

9.2.1 Axial Capacity of the Piles Supporting the Platform 

The ultimate axial capacity of the piles that support the breakwater platform was evaluated based on the 

subsurface conditions encountered during the geotechnical investigations. The platform piles will be 36-inch 

diameter steel pipe piles with 1-inch wall thickness. All piles are required to be driven to and socketed into the 

underlying bedrock layer. Due to the soft overburden soils and very shallow bedrock elevations at the pile-

supported platform, the axial capacity of the piles is derived from the drilled rocket sockets. The axial capacity 

analyses of the drilled rock sockets were performed using guidance from FHWA (2010). The analyses were based 

on the following assumptions: 
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• The steel pipe piles will be driven through the overburden soil, and to competent bedrock.  

• The skin friction contribution of the steel pipe piles in the overburden soil for the ultimate axial capacity 

of the piles was conservatively ignored. 

• The drilled rock sockets will have a diameter of 6 inches less the diameter of the steel pipe piles. The drilled 

rock sockets for the pile-supported platform piles are proposed to be 30 inches. 

• The compressive capacity for the foundation system was taken as the ultimate skin friction of the rock 

socket. While a combination of both skin resistance and tip resistance would provide additional capacity, 

more settlement is required to mobilize tip resistance than side resistance. Therefore, tip resistance of the 

socket was conservatively ignored. A factor of safety (FS) of 2.5 was used for the determination of 

allowable axial compressive capacities of the rock sockets.  

 

• The uplift loading capacity for the foundation systems was taken as the sum of the ultimate skin friction 

of the rock socket for each of the rock layers and the buoyant weight of the composite foundation system. 

A factor of safety (FS) of 3.0 was used for the determination of allowable axial tensile capacities of the rock 

sockets.  

Due to minimal overburden soil encountered at pile locations (5 to 15 ft), the rock socket design must also be 

checked against the rock mass conical failure mode. For this evaluation, the uplift capacity of the rock socket is 

typically assumed to be equivalent to the effective weight of a cone-shaped failure mechanism, while the shear 

strength of the rock is ignored. If the weight of the rock within the inverted cone is greater than the design uplift 

load (FS = 1.0), the socket length is considered adequate.  

The axial capacity evaluation is included in Appendix H. Table 9-4 provides the axial demand and capacity results 

for each of the pile types for the pile-supported platform. Table 9-4 also includes controlling unfactored working 

loads for each pile type.  

Table 9-4. Axial Pile/Socket Capacity Results and Recommended Socket Lengths  

Pile Type 

Unfactored Working 

Loads (kips) 

Minimum 

Socket Length 

for Uplift 

Loading (ft) 

Minimum Socket 

Length for 

Compressive 

Loading (ft) 

Minimum Socket 

Length for 

Conical Rock 

Mass Failure (ft) 

Recommended 

Rock Socket 

Length (ft) 

Seaside 

Plumb Pile 

Compression = 479  

Tension = 246 
10 15 25 25 

Seaside 

Battered Pile 

Compression = 428  

Tension = 276 
11 14 25 25 

Harbor Side 

Plumb Pile 

Compression = 212  

Tension = N/A 
- 7 - 101 

Notes: 

1. The recommended socket length determined for the harbor side plumb piles was increased from 7’ to 10’. 

The estimated 7’ socket length determined from the axial capacity analysis assumes the rock socket is drilled 

in competent bedrock. The top 3’ of the bedrock strata is highly weathered and was ignored in the analysis. 

Therefore, an additional 3’ was added to the socket length. 
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9.2.2 Lateral Resistance of the Pile Supporting the Platform 

The pile-supported platform portion of the breakwater will be subject to large wave pressures due to the tidal 

swing of the Johnson Bay. Therefore, the lateral resistance of the composite steel pipe pile-rock socket foundation 

system was evaluated. The lateral resistance of the piles will be used by project structural engineers to determine 

structural demands and movement of the platform under loading conditions. Analysis of the piles under lateral 

loading was performed using LPILE v2022 (Ensoft, 2022), where the lateral soil resistance of the piles was modeled 

using p-y springs. Pile group effects were included in LPILE based on the proposed pile spacing. The parameters 

used in the LPILE analyses can be seen in Table 9-5. 

Table 9-5. LPILE Parameters for Pile-Supported Platform Lateral Resistance Analyses 

Stratum 

Effective 

Unit Weight 

(pcf) Soil Model 

Effective 

Friction 

Angle, φ' 

(deg) 

Coeff. of 

Subgrade 

Reaction, k  

(pci) 

Undrained 

Shear 

Strength, Su  

(psf) 

Strain at 

50% 

Stress, ε50 

Unconfined 

Compressive 

Strength, 

qu  

(psf) 

Organic 

Silt 
31 

Soft Clay 

(Matlock) 
- - 200 0.020 - 

Clay and 

Silt 
56 

Soft Clay 

(Matlock) 
- - 800 0.010 - 

Till 61 Sand (Reese) 37 125 - - - 

Bedrock 96 
Vuggy 

Limestone 
- - - - 4000 

The lateral resistance estimate was presented in the form of a “point of fixity depth”, which establishes a theoretical 

moment-fixed point in the pile due to beam action.  To provide the “point of fixity", the pile response was analyzed 

under specified lateral displacements ranging from 0.5 to 6 inches. Using the deflections and computed shear in 

LPILE at the pile head, the pile length to the point of fixity was estimated by analyzing the pile as a beam with a 

fixed head. The upper and lower bound point of fixity recommended for structural modeling of the pile-supported 

platform is 5 ft to 8 ft below the top of bedrock, respectively . 

9.3 Floating Dock Guide Piles 

A system of floating docks with guide piles will be located within the protected harbor for vessels to dock in 

Johnson Bay. Two sizes of guide piles are proposed for the project: 24 inch diameter steel pipe pile with ½ inch 

wall thickness for the guide piles along the breakwater, and 36 inch diameter steel pipe pile with 1 inch wall 

thickness for the guide piles within the harbor. Similar to the pile-supported platform, guide piles are required to 

be driven through the overburden soil and rock socketed into the underlying bedrock. Guide piles will support 

lateral loads from fishing vessels as they berth along the floating docks. Jacobs recommends that the response of 

the piles to lateral loading be evaluated using the computer program LPILE, Version 2022 (Ensoft, 2022). The 

recommended soil parameters and layering presented in Table 9-6 should be used in the lateral capacity analyses. 

The horizontal spacing between the piles is great enough that pile group effects do not need to be considered in 

the analyses. It is to note that these piles will have minimal axial loads, so the rock socket lengths should be 

determined by the LPILE analyses at the point in which lateral fixity is achieved. 
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Table 9-6. Recommended Soil Layering and Parameters for Guide Pile LPILE Analyses 

Stratum 

Effective 

Unit 

Weight 

(pcf) Soil Model 

Effective 

Friction 

Angle, φ' 

(deg) 

Coeff. of 

Subgrade 

Reaction, k  

(pci) 

Undrained 

Shear 

Strength, Su  

(psf) 

Strain at 

50% 

Stress, 

ε50 

Unconfined 

Compressive 

Strength, 

qu  

(psf) 

Organic Silt 31 
Soft Clay 

(Matlock) 
- - 200 0.020 - 

Clay and Silt 56 
Soft Clay 

(Matlock) 
- - 800 0.010 - 

Till 61 Sand (Reese) 37 90 - - - 

Decomposed to 

Weathered 

Bedrock (0% 

RQD)1 

76 Sand (Reese) 45 125 - - - 

Bedrock 86 
Vuggy 

Limestone 
- - - - 4000 

Notes: 

1. It is recommended that the top 3’ of bedrock be modeled as decomposed to weathered bedrock. 



Lubec Breakwater  
Subsurface Geotechnical Investigation Report 

 

 

 25 

10. Construction Support Recommendations 

10.1 Onshore Earthwork 

10.1.1 Subgrade Preparation and Proof Rolling  

The subgrade should be prepared by exposing the existing soils as designated by the civil cut and filling, and the 

pavement design. A visual inspection of subgrade should be conducted by a Geotechnical Engineer to verify 

bearing capacity and the need for removal of any deleterious materials, organic, or unsuitable soil materials 

encountered within subgrade. Exposed subgrade should be proof rolled before placement of the Granular Fill and 

crushed stone base material. Proof rolling should consist of compacting in-situ subgrade soil with minimum of 12 

passes of a 10-ton smooth-drum vibratory roller, and successive passes should be overlapped minimum 20%.  Any 

remaining backfilling should be conducted with Granular Fill material and compaction is required. The replaced 

soil material shall be compacted to a minimum 95% of maximum dry density as determined by ASTM D1557, and 

the in-place density should be verified for each lift placed. The moisture content of Granular Fill material should 

be within +2% of optimum moisture content as provided by the Modified Proctor. 

10.1.2 Granular Fill Material Installation 

Granular Fill material for onshore earthwork should be a well graded, free draining material with no more than 

15% fines (material passing No. 200 sieve). Maximum particle size should not exceed 3 inches.  Granular Fill 

material should be installed by placing maximum 10-inch loose lifts then compacting with vibratory smooth drum 

roller or other suitable compaction equipment. Granular Fill material shall be compacted to minimum 95% of 

maximum dry density as determined by ASTM D1557, and in place density should be verified. The moisture 

content of the Granular Fill material should be within +2% of optimum moisture content as provided by the 

Modified Proctor to assure successful compaction. 

The natural soil may be allowed to be reused as Granular Fill if only the predominately granular soils are used 

(encountered cohesive soils should not be reused).  

Suggested gradation of the Granular Fill material can be seen in Table 10-1. 

Table 10-1. Suggested Gradation of Granular Fill 

Sieve Size  Percent Passing 

37.5 mm (1.5 inch) 100 

25 mm (1 inch) 100-90 

4.75 mm (No. 4) 65-30 

1.18 mm (No. 16) 40-20 

75 µm (No. 200) 15-0 

10.1.3 Common Fill Material Installation 

The use of Common Fill using excavated in-situ soil may be permitted where necessary, and should be used in non-

structural areas. However, organic and deleterious materials are not considered suitable materials and should not 

be used for backfilling. In addition, natural soils with excessive fines are also not recommended as Common Fill 

material. It is recommended that the Common Fill material be limited to 25% fines content. The maximum particle 

size should be limited to 6”. The natural soil can be allowed to be reused as Common Fill if only the predominately 

granular soils are used (encountered cohesive soils should not be reused).  The fill material should be installed in 

10-inch loose lifts and compacted to minimum 90% of ASTM D1557 using appropriate compaction equipment. 
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In-place density should be verified. The moisture content of Common Fill should be within +2% of optimum 

moisture content as provided by the Modified Proctor. 

10.1.4 Excavation 

Typically excavated side slopes should not be steeper than 1.5H:1V to maintain stability. All excavation benching 
and sloping on-site shall follow OSHA guidelines and open excavation side slopes shall be based on soil types as 
described in the OSHA manual. Generally, the following side slopes in Table 10-2 are considered acceptable. 
However, excavation slopes should be adjusted based on encountered soil materials and depths of the excavations 
or cuts. Any open excavation shall be protected from water intrusion to minimize stability issues where necessary.  
Water may be directed away from excavation to minimize standing water in excavated areas.   

Table 10-2. Suggested Excavation Side Slopes based on OSHA Requirements 

OSHA Soil Type Soil Description 

Compressive 

Strength Slope 

Type A 

Cohesive soils: clay, silty clay, sandy 

clay, clay loam and, in some cases, 

silty clay loam and sandy clay loam 

1.5 tsf 3/4:1 (53 deg.) 

Type B 

Granular cohesionless soils: angular 

gravel (similar to crushed rock), silt, 

silt loam, sandy loam and, in some 

cases, silty clay loam and sandy clay 

loam. 

0.5 to 1.5 tsf 1:1 (45 deg.) 

Type C 

Granular soils including gravel, 

sand, and loamy sand; or 

submerged soil or soil from which 

water is freely seeping; or 

submerged rock that is not stable, 

< 0.5 tsf 1.5:1 (34 deg.) 

10.1.5 Support of Excavation 

Temporary support of excavation (SOE) systems may be necessary if there is limited amount space for open sloped 

excavation. SOE systems such as soldier pile and lagging, sheet piling, or trench boxes may be used to support the 

excavation sides. If water is encountered within the excavation, then the water should be removed immediately by 

pumping to maintain dry conditions to 2’ below the bottom of the trench.  SOE system shall be designed for the 

active earth pressure based on the subsurface soils expected, and a construction surcharge for the equipment 

proposed at top of SOE system. If the SOE system is braced or trench boxed, then the design shall consider “braced 

excavation” earth pressures. The SOE designer should verify with the general contractor their planned locations for 

soil stockpiles, equipment staging, and areas where piles may be stored on site.  These conditions, as well as others, 

may dictate the construction surcharge design and minimum horizontal distance of construction activities from an 

open trench.   

10.1.6 Dewatering 

Where applicable, temporary dewatering may need to be maintained below the bottom of any excavation so that 

the bearing surface can be properly prepared. The contractor should be prepared to control groundwater levels in 

deep excavations and control runoff from precipitation by using a system of sump pits and pumps. 
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10.2 Rubble Mound Breakwater  

10.2.1 Material Specification 

The rubble mound breakwater is composed of three layers: an outer armor layer, an underlayer, and a core layer. 

Based on the proposed design criteria, armor stones of 1300-4200 lbs, underlayer stones of 130-660 lbs, and 

core stones of 10-200 lbs with standard gradation based on CIRIA 2007 guidelines are recommended for this 

project. These three layers were designed and sized by Jacobs’ Coastal Engineers and are discussed in the following 

subsections. More details regarding the design of the three layers are discussed in the “Lubec Breakwater 

Preliminary Concept Design Study Report” (Jacobs 2023) and have been further optimized through physical model 

testing. 

10.2.1.1  Rock Armor 

The specified rock shall be subject to petrological testing and comply with several physical property criteria, the 

minimum values of which are tabulated in Table 10-3. The armor layer designed in this study is composed of 

standard graded 1,300-4,200 lbs rocks. 

Table 10-3. Armor Rock Properties 

Description Value Source 

Particle density (lb/ft3) The average saturated surface-dry density shall be 

greater than 167.3 lb/ft3 with 90% of the stones 

having a density of at least 165.4 lb/ft3  

CIRIA/CUR, 2007  

Water Absorption The maximum water absorption shall not exceed 2% CIRIA/CUR, 2007  

Methylene Blue Absorption 0.7 (oz/100oz) CIRIA/CUR, 2007  

Block Integrity Drop Test ld<3% CIRIA/CUR, 2007  

Shape Index (L/d>2.0) <50% CIRIA/CUR, 2007  

Crush Resistance The force required to produce 10% of fines shall not 

be less than 22,481 lbf  

 

Magnesium Sulphate Soundness <8% BS 812: Part 121  

Los Angeles Abrasion <35% ASTM C-131  

Point Load Index >580 psi ISRM 1985  

Compressive Strength >7,252 psi ASTM D-7012  

10.2.1.2 Underlayer/Filter Rock and Core Material 

Any filter or underlayer materials shall be subject to similar physical property restrictions as the primary armor 

layer as specified in Table 10-3. Being a filler, the core material would not require the same physical properties as 

the underlayer and armor; however, it shall still be subject to gradation restrictions. The underlayer rocks used in 

the current proposed design are standard graded 130 – 660 lbs rocks whereas the rocks used in the core are 

standard graded 10 – 200 lbs rocks. 
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10.3 Pile-Supported Platform 

10.3.1 Pile Driving 

Piles should be installed using a driving system capable of driving each type of pile to the required penetration 

without overstressing or damaging the piles. Prior to the installation of piles, Jacobs recommends the Contractor 

perform and submit WEAP analyses for the proposed driving hammers to assess pile drivability. Soil parameters 

for the WEAP analyses should be derived based on information provided in the boring logs included in Appendix 

B. The proposed hammers should be capable of installing piles to the estimated pile tip elevations without 

overstressing the piles (i.e., stresses shall not exceed 90% of the yield strength during pile driving). 

Steel pipe piles shall be advanced to the required depth through the overburden soil and seated adequately into 

the top of competent bedrock. Methods used shall permit the pipe pile to be embedded a minimum of 2 feet into 

impervious material or bedrock to create a tight seal before drilling the rock socket to the required depth into 

competent bedrock.  

10.3.2 Rock Socket Construction 

The rock socket shall be drilled or broken using rock augers, down the hole hammers, or rotary core drills to the 

depths necessary to provide the required depth of socket in competent rock as recommended in this Report and 

shown on the drawings. The depth of competent rock will be defined as rock with RQD of 50% or larger. The 

Contractor shall remove all rock fragments, soil or other foreign material to provide a clean bearing surface at 

the bottom. Top of competent rock shall be determined at each socket installation by a licensed Professional 

Engineer with sufficient geotechnical expertise.  

Immediately prior to positioning the steel wide flange section and pouring concrete, rock socket side walls and 

bottom shall be thoroughly cleaned and inspected using a SID (Shaft Inspection Device). Side walls shall be 

roughened using a “back scratcher” roughing tool as deemed adequate by the resident engineer prior to final 

cleanout and inspection. Furthermore, it is required that the socket bottom be cleaned such that a minimum of 

50% of the base of each socket will have less than 0.5 inches of sediment and the maximum depth of sediment 

or other debris at any place on the base of the socket does not exceed 1.5 inches. 

Concrete shall be placed within 48 hours of completion of the socket excavation, within 8 hours of final 

inspection approval, and after the reinforcement has been installed in the pile. Concrete shall be placed through 

a tremie and placed continuously from the bottom to the required top elevation. 
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11. Limitations 

This report has been prepared by Jacobs for the exclusive use and application to the design and construction of 

structures for the Lubec Breakwater Project, in the Town of Lubec, ME. The report presents subsurface geotechnical 

data from the field and laboratory explorations of materials at specific locations, times and depths indicated, using 

methods described in this report and its appendices. No other representation is made. This data does not reflect 

variations that may exist between explored locations or the changes in strata and engineering properties that may 

occur with time. Subsurface conditions that may be interpreted from this report may not be construed as a 

guarantee or warranty of any subsurface condition. 
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Appendix A. Boring Location Plan 
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Subsurface Geotechnical Investigation Report 

 

 

 

Appendix B. Boring Logs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





1

2

S-1

S-2

S-3

U-1

S-4

S-5

S-6

S-7

S-8

S-9

7
  5
    1/12"

3
  3
    4
      6
3
  3
    3
      2

3
  5
    6
      7
3
  5
    6
      7

WOH
  WOH
    WOH
      4

15
  11
    13
      13

10
  18
    34
      45

65
  45
    30
      40

0 - 2

2 - 4

4 - 6

6 - 8

8 - 10

10 - 12

15 - 17

20 - 22

25 - 27

30 - 32

O
H

C
L

T
IL

L

6

7

6

10

11

0

24

52

75

2

18.5

33

24/4

24/6

24/8

24/24

24/24

24/24

24/24

24/11

24/3

24/8

S-1: Wet, medium stiff, 5Y 3/1 very dark gray, ORGANIC SILT, trace
fine to coarse Sand, trace Shells, strong organics odor (OH); Pocket
Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.0 kg/cm2
S-2: Wet, medium soft, 5Y 3/1 very dark gray, CLAY AND SILT, little
fine to coarse Sand, trace fine subangular to subrounded Gravel (CL);
PP: 0.0 kg/cm2; TV: 0.0 kg/cm2

S-3: Wet, medium soft, 2.5Y 5/1 gray, CLAY AND SILT, trace fine Sand
(CL); PP: 2.0 kg/cm2; TV: 0.15 kg/cm2

U-1: Wet 5Y 4/1 dark gray, CLAY AND SILT (CL)

S-4: Wet, stiff, CLAY AND SILT, trace fine Sand (fine sand lenses to 1
mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and
7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.4 kg/cm2

S-5A (Top 22"): Wet, stiff, CLAY AND SILT, trace fine Sand (fine sand
lenses to 1 mm thick), trace fine subangular to subrounded Gravel,
horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and 7.5YR 5/2
brown (CL); PP: > 4.5 kg/cm2; TV: 0.15 kg/cm2

S-5B (Bottom 2"): Wet, 5Y 4/1 dark gray, CLAY AND SILT, some fine to
coarse Sand, some fine subangular to subrounded Gravel (CL); Till-like

S-6: Wet, very soft, CLAY AND SILT, trace fine Sand (fine sand lenses
to 1 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and
7.5YR 5/2 brown, bottom 9" exclusively 5Y 3/1 very dark gray (CL); PP:
2.25 kg/cm2; TV: 0.2 kg/cm2

S-7: Wet, medium dense, 7.5YR 4/1 dark gray, fine to coarse
subangular to subrounded GRAVEL, some fine to coarse Sand, some
Silty Clay (GC)

S-8: Wet, very dense, 7.5YR 4/1 dark gray, fine to coarse subangular to
subrounded GRAVEL, some Silty Clay, some fine to coarse Sand (GC)

S-9: Wet, very dense, 7.5YR 4/1 dark gray, fine to coarse subangular to
subrounded GRAVEL, some Silty Clay, some fine to coarse Sand (GC)

Wash Boring w/Casing
Terminated

0.0
40.3

PID
(ppm)

L
A

Y
E

R
N

A
M

EPEN/REC
(in)/(in)

N-
VALUE

SAMPLE
NO.

SAMPLE
DATA

DEPTH
INTERVAL

(ft)

DEPTH
(ft)

ELEV.
(ft)

SOIL AND ROCK DESCRIPTION NOTES

GROUNDWATER READINGS
SPT HAMMER

1374716.91

140 lb Auto

Don Melcher

N

INSPECTOR
DATUM

-12.5

NAVD 88GefcoStratastar5

E

7/14/23

DRILL RIG

DATE START

Sam Cooley

DEPTH(ft) REMARKS

7/17/23

COORD

New England Boring

DATE END

DATE/TIME 437471.63

METHOD OF DRILLING

GRID

CONTRACTOR DRILLER ELEVATION

Lubec Breakwater

LOG OF TEST BORING

BORING
NO.

SHEET 1 OF 2E2X95900

Maine DOT

JOB NUMBER

NOTES

Johnson Bay
PROJECT

OWNER

LOCATION

Page 1: 0-35 feet. Each subsequent page displays 40 feet.
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1. 07/17/23, 1020: Water Column Depth measured at 18.1 feet; All sample depths feet below mudline
2. Top of Glacial Til at 18.50 ft; Clay and fine subangular to subrounded Gravel observed in return water



3S-10

S-11

54
  100//5"

100/4"

35 - 35.9

40 - 40.33

B
R

> 100

> 100 40.33

11/11

4/4

S-10: Wet, very dense, N3 dark gray, fine to coarse SAND, and CLAY
AND SILT, little fine to coarse subangular to subrounded Gravel (SC,
completely weathered Shale) [QUODDY FORMATION]

S-11: Wet, very dense, N3 dark gray, highly weathered SHALE, greater
than half of the rock is decomposed or disintegrated to a soil with
discernible rock fabric, fresh rock present at corestones [QUODDY
FORMATION]
Bottom of Borehole at 40.33 feet.

PID
(ppm)

L
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Y
E

R
N

A
M

EPEN/REC
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N-
VALUE

SAMPLE
NO.

SAMPLE
DATA

DEPTH
INTERVAL

(ft)

DEPTH
(ft)

ELEV.
(ft)

SOIL AND ROCK DESCRIPTION NOTES

Lubec Breakwater

LOG OF TEST BORING

3. Top of Weathered Bedrock at 33.0 feet below mudline

BORING
NO.

SHEET 2 OF 2E2X95900

Maine DOT

JOB NUMBER

NOTES

Johnson Bay
PROJECT

OWNER

LOCATION

Page 1: 0-35 feet. Each subsequent page displays 40 feet.
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-70

-75

-80

-85

40

45

50

55

60

65

70
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2

3

S-1

S-2

S-3

C-1

C-2

WOR
  WOR
    WOR
      WOR
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  3
    2
      7
1
  7
    30
      100/2"

RQD=0

RQD=11

0 - 2

2 - 4

4 - 5.7

7 - 8.7

8.7 - 12

O
H

C
L

T
L

B
R

0

5

37

2.33

3.92

5.7

12

24/20

24/24

20/9

20/20

40/40

S-1: Wet, very soft, 5Y 3/1 very dark gray, ORGANIC SILT, some Shells
(OH); Pocket Penetrometer: 0.0 kg/cm2; Torvane: 0.0 kg/cm2

S-2A (Top 4"): Wet, very soft, 5Y 3/1 very dark gray, ORGANIC SILT,
some Shells (OH); PP: 0.0 kg/cm2; TV: 0.0 kg/cm2

S-2B (Middle 18"): Wet, CLAY AND SILT, trace fine Sand (fine sand
lenses to 1 mm thick), horizons of 5Y dark gray, 5Y 3/1 very dark gray,
and 7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.1 kg/cm2

S-2C (Bottom 2"): Wet, 7.5YR 5/1 gray, fine to coarse subangular to
subrounded GRAVEL and SILTY CLAY, little fine to coarse Sand (GC)
S-3: Wet, 10YR 5/1 gray, fine to coarse subangular to subrounded
GRAVEL, some Silty Clay, some fine to coarse Sand (GC)
C-1: 7.0-8.7 ft, SHALE, N4 medium dark gray, silt to fine sand,
moderately hard, medium strong, slightly weathered, very thinly to thinly
bedded, moderately to steeply dipping bedding, steeply dipping to
vertical quartz and calcite veining to 9 mm; very closely to closely
spaced, steeply dipping bedding plane separations with patchy quartz
and calcite [QUODDY FORMATION]; Drilling Rate (min/ft): 8.5 - 4/8"
C-2: 8.7-12.0 ft, Siliceous SHALE, N4 medium dark gray, silt to fine
sand, moderately hard, medium strong, slightly weathered, very thinly to
thinly bedded, moderately to steeply dipping bedding, prominant
horizontal to vertical quartz veining to > 50 mm; extremely closely to
closely spaced, moderately to steeply dipping bedding plane separations
with patchy quartz, calcite, and pyrite, extremely to moderately fractured
[QUODDY FORMATION]; Drilling Rate (min/ft): 3/4" - 8 - 8 - 7
Bottom of Borehole at 12 feet.

Wash Boring w/Casing
NX Rock Core

Wash Boring - Open Hole

0.0
7.0
12.0

PID
(ppm)
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EPEN/REC
(in)/(in)

N-
VALUE

SAMPLE
NO.

SAMPLE
DATA

DEPTH
INTERVAL

(ft)

DEPTH
(ft)

ELEV.
(ft)

SOIL AND ROCK DESCRIPTION NOTES

GROUNDWATER READINGS
SPT HAMMER

1374488.6

140 lb Auto

Don Melcher

N

INSPECTOR
DATUM

-17

NAVD 88GefcoStratastar5

E

7/17/23

DRILL RIG

DATE START

Sam Cooley

DEPTH(ft) REMARKS

7/17/23

COORD

New England Boring

DATE END

DATE/TIME 437534.79

METHOD OF DRILLING

GRID

CONTRACTOR DRILLER ELEVATION

Lubec Breakwater

LOG OF TEST BORING

BORING
NO.

SHEET 1 OF 1E2X95900

Maine DOT

JOB NUMBER

NOTES

Johnson Bay
PROJECT

OWNER

LOCATION

Page 1: 0-35 feet. Each subsequent page displays 40 feet.
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1. All sample depths feet below mudline
2. Top of Bedrock at 5.7 feet below mudline
3. Core jammed likely due to high angle bedding plane separations
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    WOR
      WOR
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  7
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RQD=64
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H
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B
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> 100
2

5

10

24/10

12/12

35/31

25/25

S-1: Wet, very soft, 5Y 3/1 very dark gray, ORGANIC SILT, little Shells
(OH); Pocket Penetrometer: 0.0 kg/cm2; Torvane: 0.0 kg/cm2

S-2: Wet, hard, 2.5Y 4/1 dark gray, CLAY AND SILT, some fine
subangular to subrounded Gravel (CL)
3.0-5.0 ft: Angular fragments of gray and red rock

C-1: 5.0-7.9 ft, SANDSTONE, N5 medium gray, fine to medium sand,
moderately hard, strong, slightly weathered, massive, steeply dipping
bedding, horizontal to vertical quartz and calcite veining to 8 mm; closely
to moderately spaced, steeply dipping bedding plane separations with
patchy quartz and calcite, very closely to moderately spaced, shallow to
moderately dipping joints with patchy quartz and calcite [QUODDY
FORMATION]; Drilling Rate (min/ft): 6.5 - 6.5 - 8.5
C-2: 7.9-10.0 ft, SANDSTONE, N5 medium gray, fine to medium sand,
moderately hard, strong, slightly weathered, massive, steeply dipping
bedding, horizontal to vertical quartz and calcite veining to 10 mm,
steeply dipping contact with ARGILLITE at 9.6-10.0 ft; closely to
moderately spaced, steeply dipping bedding plane separations with
patchy quartz and calcite, closely spaced, shallow dipping joints with
patchy quartz and calcite [QUODDY FORMATION]; Drilling Rate
(min/ft): 9 - 8.5
Bottom of Borehole at 10 feet.

Wash Boring w/Casing
NX Rock Core

Terminated

0.0
5.0
10.0

PID
(ppm)
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R
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M

EPEN/REC
(in)/(in)

N-
VALUE

SAMPLE
NO.

SAMPLE
DATA

DEPTH
INTERVAL

(ft)

DEPTH
(ft)

ELEV.
(ft)

SOIL AND ROCK DESCRIPTION NOTES

GROUNDWATER READINGS
SPT HAMMER

1374278.7

140 lb Auto

Don Melcher

N

INSPECTOR
DATUM

-24.4

NAVD 88GefcoStratastar5

E

7/14/23

DRILL RIG

DATE START

Sam Cooley

DEPTH(ft) REMARKS

7/14/23

COORD

New England Boring

DATE END

DATE/TIME 437593.69

METHOD OF DRILLING

GRID

CONTRACTOR DRILLER ELEVATION

Lubec Breakwater

LOG OF TEST BORING

BORING
NO.

SHEET 1 OF 1E2X95900

Maine DOT

JOB NUMBER

NOTES

Johnson Bay
PROJECT

OWNER

LOCATION

Page 1: 0-35 feet. Each subsequent page displays 40 feet.
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1. 07/14/23, 0620: Water column depth measured at 23.75 feet; All samples depths feet below mudline.
2. Roller bit advancement
3. Top of bedrock at 5.0 ft below mudline
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10 - 10.75

13.5 - 18.5
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13

> 100
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24/22

24/24

12/3

24/24
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60/57

60/60

12/8

60/55.5

48/48

56/56

S-1: Wet, very soft, 5Y 3/1 very dark gray, ORGANIC SILT, some Shells
(OH); Pocket Penetrometer (PP): 1.5 kg/cm2; Torvane (TV): 0.0 kg/cm2

S-2: Wet, very soft, 2.5Y 3/1 very dark gray, CLAY AND SILT, little
Shells (CL); PP: 4.75 kg/cm2; TV: 0.15 kg/cm2

U-1: Wet, 2.5Y 3/1 very dark gray, CLAY AND SILT, little fine to coarse
rounded Shale Gravel (CL)
S-3A (Top 21"): Wet, 2.5Y 3/1 very dark gray, CLAY AND SILT, trace
fine rounded Gravel (CL); PP: > 4.5 kg/cm2; TV: 0.175 kg/cm2

S-3B (Bottom 3"): Wet, 10YR 4/1 dark gray, CLAY AND SILT, some fine
to coarse rounded Gravel, some fine to coarse Sand (CL)
S-4: Wet, very dense, 10YR 4/1 very dark gray, fine to coarse rounded
GRAVEL, some Clay and Silt, some fine to coarse Sand (GC)
10.75 - 13.5 ft: Angular fragments of gray rock [QUODDY FORMATION]

C-1: 13.5-18.25 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive,
moderately to steeply dipping calcite veining to 1 mm, irregular calcite
spherules to 5 mm; extremely closely to moderately spaced, moderately
to steeply dipping joints with patchy calcite to 0.15 mm and partial
epidote coatings to 0.1 mm thick [QUODDY FORMATION]; Drilling Rate
(min/ft): 11.5 - 5 - 5 - 3.75 - 6
18.25-18.5 ft, NO RECOVERY
C-2: 18.5-23.5 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive, shallow
to steeply dipping calcite veining to 7 mm, irregular calcite spherules to
6 mm; very closely to closely spaced, moderately to steeply dipping
joints with patchy calcite to 0.15 mm and partial epidote coatings to 0.1
mm thick [QUODDY FORMATION]; Drilling Rate (min/ft): 4.5 - 5 - 5 - 5 -
5

C-3: 23.5-24.15 ft, TUFF, N5 medium gray to 5B 7/1 light bluish gray,
coarse tuff to lapilli tuff, very soft to moderately hard, extremely weak to
medium strong, highly to slightly weathered, massive, moderately
dipping calcite veining to 3 mm; extremely closely to closely spaced,
moderately to steeply dipping joints with patchy calcite to 0.1 mm
[QUODDY FORMATION]; Drilling Rate (min/ft): 5
24.15-24.50 ft, NO RECOVERY
C-4: 24.5-29.1 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive, steeply
dipping calcite veining to 1 mm, irregular calcite spherules to 5 mm; very
closely to moderately spaced, moderately dipping joints with patchy
calcite to 2 mm and partial epidote coatings to 0.1 mm thick [QUODDY
ORMATION]; Drilling Rate (min/ft): 4.5 - 4.5 - 4.5 - 5 - 6
29.1-29.5 ft, NO RECOVERY
C-5: 29.5-33.5 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive, shallow
to steeply dipping calcite veining to 5 mm, irregular calcite spherules to
5 mm; very closely to closely spaced, moderately to steeply dipping
joints with patchy calcite to 0.1 mm [QUODDY FORMATION]; Drilling

Wash Boring w/Casing
NX Rock Core
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SOIL AND ROCK DESCRIPTION NOTES

GROUNDWATER READINGS
SPT HAMMER

1374141.57

140 lb Auto

Don Melcher

N

INSPECTOR
DATUM

-27.7

NAVD 88GefcoStratastar5

E

7/10/23

DRILL RIG

DATE START

Sam Cooley

DEPTH(ft) REMARKS

7/11/23

COORD

New England Boring Contractors

DATE END

DATE/TIME 437598.13

METHOD OF DRILLING

GRID

CONTRACTOR DRILLER ELEVATION

Lubec Breakwater

LOG OF TEST BORING

BORING
NO.

SHEET 1 OF 2E2X95900

Maine DOT

JOB NUMBER

NOTES
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PROJECT
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Page 1: 0-35 feet. Each subsequent page displays 40 feet.
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1. 07/10/23, 1740: Water column depth 36.9 feet, High Tide; All sample depths feet below mudline
2. Piston sampler did not fire/engage; 12" penetrated; 3" recovered and placed in jar for characterization
3. Top of BEDROCK at 10.75 feet below mudline
4. Roller bit advancement
5. Core jammed at 24.5 ft
6. Bottom 4 inches recovered in C-6 core run



C-7

C-8

RQD=63

RQD=84

RQD=92

38.2 -
41.95

41.95 -
43.95

43.95

45/45

24/24

Rate (min/ft): 3 - 4.25 - 5.75 - 6
C-6: 33.5-38.2 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive,
moderately dipping calcite veining to 6 mm, irregular calcite spherules to
4 mm; very closely to moderately spaced, moderately to steeply dipping
joints with patchy calcite to 0.1 mm [QUODDY FORMATION]; Drilling
Rate (min/ft): 5 - 25 - 5.5 - 6 - 6/8"
C-7: 38.2-41.95 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive,
moderately dipping quartz veining to 15 mm, irregular calcite spherules
to 5 mm; very closely to moderately spaced, steeply dipping to vertical
joints with calcite coatings to 3 mm thick [QUODDY FORMATION];
Drilling Rate (min/ft): 2.5 - 3.5 - 3.5 - 3.5 - 2.5
C-8: 41.95-43.95 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive,
moderately to steeply dipping calcite veining to 8 mm, steeply dippling
quartz veining to 15 mm; closely to moderately spaced, steeply dipping
joints with partial epidote coatings to 0.1 mm thick [QUODDY
FORMATION]; Drilling Rate (min/ft): 2.5 - 2.5
Bottom of Borehole at 43.95 feet.
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  WOH
    5

0 - 2

2 - 4

4 - 4.85

5 - 7

7 - 9
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24/24

S-1: Wet, very loose, 5Y 3/2 dark olive gray, ORGANIC SILT, some
Shells (OH); Pocket Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.0
kg/cm2
S-2A (Top 15"): Wet, 5Y 3/2 dark olive gray, ORGANIC CLAY, some
Shells (OH); PP: 0.0 kg/cm2; TV: 0.0 kg/cm2

S-2B (Bottom 7"): Wet, 10YR 5/2 grayish brown, CLAY AND SILT (CL);
PP: 4.5 kg/cm2; TV: 0.75 kg/cm2
U-1: Wet, 5Y 3/2 dark olive gray, CLAY AND SILT (CL); PP: > 4.5
kg/cm2; TV: 0.75 kg/cm2
S-3: Wet, very stiff, 10YR 5/2 grayish brown, CLAY AND SILT, trace
Shells (CL); PP: > 4.5 kg/cm2; TV: 0.35 kg/cm2
S-4: Wet, very stiff, 5Y 5/1 gray, CLAY AND SILT, trace fine Sand (fine
sand lenses to 0.1 mm thick) (CL); PP: > 4.5 kg/cm2; TV: 0.15 kg/cm2

S-5: Wet, very stiff, CLAY AND SILT, trace fine Sand (fine sand lenses
to 0.1 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray,
and 7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.15 kg/cm2

S-6: Wet, very stiff, CLAY AND SILT, trace fine Sand (fine sand lenses
to 1 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and
7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.75 kg/cm2

S-7: Wet, very stiff, CLAY AND SILT, trace fine Sand (fine sand lenses
to 1 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and
7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.30 kg/cm2

S-8: Wet, medium soft, CLAY AND SILT, horizons of 5Y 4/1 dark gray,
5Y 3/1 very dark gray, and 7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV:
0.1 kg/cm2

S-9: Wet, stiff, CLAY AND SILT, horizons of 5Y 4/1 dark gray, 5Y 3/1
very dark gray, and 7.5YR 5/2 brown (CL); PP: 4.5 kg/cm2; TV: 0.15
kg/cm2

S-10: Wet, medium stiff, CLAY AND SILT, trace fine Sand (fine sand
lenses to 1 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark
gray, and 7.5YR 5/2 brown (CL); PP: 4.5 kg/cm2; TV: 0.65 kg/cm2

S-11: Wet, medium soft, CLAY AND SILT, trace fine Sand (fine sand
lenses to 3 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark
gray, and 7.5YR 5/2 brown (CL); PP: 3.5 kg/cm2; TV: 0.2 kg/cm2
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NX Rock Core
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1. 07/11/23, 0925: Water column depth 30.1 feet; All sample depths feet below mudline
2. Insufficient volume for testing
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S-12: Wet, medium soft, CLAY AND SILT, little fine Sand (fine sand
lenses to 40 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark
gray, and 7.5YR 5/2 brown (CL); PP: 4.25 kg/cm2; TV: 0.25 kg/cm2

41.5 - 43.0 ft: Angular fragments of gray rock; Glacial Till or Bedrock

S-13: NO RECOVERY
43.25 - 45.0 ft: Angular fragments of gray rock [QUODDY FORMATION]

C-1: 45.0-47.0 ft, SHALE, N3 dark gray, clay to silt, laminated to very
thinly bedded, steeply dippling to vertical bedding, extremely to
moderately fractured [QUODDY FORMATION]; Drilling Rate (min/ft): 6.5
- 9.5
C-2: 47.0-48.0 ft, SHALE, N3 dark gray, clay to silt, laminated to very
thinly bedded, vertical bedding, extremely fractured [QUODDY
FORMATION]; Drilling Rate (min/ft): 7
C-3: 48.0-49.85 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, slightly weathered, very thinly bedded, steeply dipping
bedding, moderately dipping quartz and calcite veining to 1 mm;
extremely closely to closely spaced, steeply dipping bedding plane
separations with patchy quartz and calcite, closely spaced, moderately
dipping joints with patchy quartz and calcite [QUODDY FORMATION];
Drilling Rate (min/ft): 7 - 9/10"
C-4: 49.85-50.85 ft, SHALE, N3 dark gray, clay to silt, laminated, vertical
bedding, extremely fractured [QUODDY FORMATION]; Drilling Rate
(min/ft): 10
C-5: 50.85-51.85 ft, SHALE, N3 dark gray, clay to silt, laminated, vertical
bedding, extremely fractured [QUODDY FORMATION]; Drilling Rate
(min/ft): 8
C-6: 51.85-54.85 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, slightly weathered, very thinly bedded, steeply dipping
bedding, moderately dipping healed fractures with quartz and calcite
infilling to < 1 mm with bedding displacement to 2 mm; closely spaced,
steeply dipping bedding plane separations with patchy quartz and
calcite, closely spaced, moderately dipping joints with patchy quartz and
calcite, extremely fractured at 53.2-54.85 ft [QUODDY FORMATION];
Drilling Rate (min/ft): 6 - 6 - 5.5
C-7: 54.85-56.85 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, slightly weathered, laminated to very thinly bedded,
steeply dipping bedding, moderately dipping to vertical quartz veining to
30 mm, pyrite inclusions to 25 mm; closely to moderately spaced,
steeply dipping bedding plane separations with patchy quartz [QUODDY
FORMATION]; Drilling Rate (min/ft): 5.5 - 13
C-8: 56.85-58.85 ft, SHALE, N3 dark gray, clay to silt, laminated to vey
thinly bedded, steeply dipping to vertical bedding, extremely to
moderately fractured [QUODDY FORMATION]; Drilling Rate (min/ft):
7.25 - 12.5
C-9: 58.85-63.85 ft, SHALE, N3 dark gray, clay to silt, hard, strong,
fresh, laminated to very thinly bedded, steeply dipping bedding,
prominant quartz veining to > 50 mm throughout; extremely closely to
moderately spaced, steeply dipping bedding plane separations with
fresh surfaces [QUODDY FORMATION]; Drilling Rate (min/ft): 4.5 - 4.5 -
5.75 - 6.5 - 6.5
C-10: 63.85-68.4 ft, Siliceous SHALE, N3 dark gray, clay to silt, hard,
strong, fresh, laminated to very thinly bedded, steeply dipping bedding,
moderately dipping to vertical quartz veining to > 50 mm; very closely to
moderately spaced, moderately to steeply dipping bedding plane
separations with patchy quartz and calcite [QUODDY FORMATION];
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75 Drilling Rate (min/ft): 6 - 6 - 5.5 - 6.5 - 6.5
68.4-68.85 ft, NO RECOVERY
C-11: 66.85-70.85 ft, SHALE, N3 dark gray, clay to silt, laminated to
very thinly bedded, steeply dipping to vertical bedding, extremely to
moderately fractured [QUODDY FORMATION]; Drilling Rate (min/ft): 8 -
8
C-12: 70.85-72.85 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, fresh, laminated to very thinly bedded, steeply dipping
to vertical bedding; extremely closely to moderately spaced, steeply
dipping to vertical bedding plane separations with fresh surfaces,
extremely to moderately fractured [QUODDY FORMATION]; Drilling
Rate (min/ft): 8.25 - 8.5
C-13: 72.85-75.0 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, fresh, laminated to very thinly bedded, steeply dipping
to vertical bedding, horizontal to shallow dipping quartz veining to 1 mm;
closely spaced, steeply dipping bedding plane separations with fresh
surfaces, closely spaced, moderately dipping joints with patchy quartz
and calcite [QUODDY FORMATION]; Drilling Rate (min/ft): 9 - 9.5 - 2/2"
Bottom of Borehole at 75 feet.
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S-1: Wet, very loose, 5Y 3/2 dark olive gray, ORGANIC SILT (OH);
Pocket Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.05 kg/cm2

S-2A (Top 18"): Wet, 5Y 3/2 dark olive gray, some Shells, ORGANIC
SILT (OH); PP: 1.25 kg/cm2; TV: 0.05 kg/cm2

S-2B (Bottom 6"): Wet, 5Y gray, CLAY AND SILT (CL); PP: 4.25
kg/cm2; TV: 0.15 kg/cm2
U-1: Wet, 5Y 5/1 gray, CLAY AND SILT (CL)

S-3: Wet, medium soft, CLAY AND SILT, horizons of 5Y 4/1 dark gray,
5Y 3/1 very dark gray, and 7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV:
0.15 kg/cm2

S-4: Wet, stiff, CLAY AND SILT, little fine rounded Gravel, little Shells,
horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and 7.5YR 5/2
brown (CL); PP: > 4.5 kg/cm2; TV: 0.20 kg/cm2

S-5: Wet, medium soft, CLAY AND SILT, horizons of 5Y 4/1 dark gray,
5Y 3/1 very dark gray, and 7.5YR 5/2 brown (CL); PP: 3.75 kg/cm2; TV:
0.20 kg/cm2

S-6: Wet, medium soft, CLAY AND SILT, trace fine Sand (fine sand
lenses to 1 mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark
gray, and 7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.20 kg/cm2

S-7: Wet, medium soft, CLAY AND SILT, horizons of 5Y 4/1 dark gray,
5Y 3/1 very dark gray, and 7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV:
0.10 kg/cm2

S-8: Wet, stiff, CLAY AND SILT, horizons of 5Y 4/1 dark gray, 5Y 3/1
very dark gray, and 7.5YR 5/2 brown (CL); PP:  4.5 kg/cm2; TV: 0.175
kg/cm2

S-9: Wet, stiff, CLAY AND SILT, trace fine Sand (fine sand lenses to 1
mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and
7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.30 kg/cm2
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1. 07/12/23, 1328: Water column depth 19.7 feet, Low Tide; All sample depths feet below mudline
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S-10: Wet, stiff, CLAY AND SILT, little fine Sand (fine sand lenses to 20
mm thick), horizons of 5Y 4/1 dark gray, 5Y 3/1 very dark gray, and
7.5YR 5/2 brown (CL); PP: > 4.5 kg/cm2; TV: 0.25 kg/cm2

S-11A (Top 3"): Wet, 5Y 4/1 dark gray, CLAY AND SILT (CL)

S-11B (Bottom 7"): Wet, 5YR 5/1 gray, fine to coarse subangular to
rounded GRAVEL, some fine to coarse Sand, some Clay and Silt (GC)

S-12: Wet, dense, 5YR 5/1 gray, fine to coarse subangular to rounded
GRAVEL, some fine to coarse Sand, little Silty Clay (GC)

S-13: Wet, dense, 7.5YR 5/1 gray, fine to coarse subangular to rounded
GRAVEL, some fine to coarse Sand, some Silty Clay (GC)

S-14: NO RECOVERY

S-15: Wet, dense, 5YR 3/1 very dark gray, fine to coarse subangular to
subrounded GRAVEL, some Silty Clay, some fine to coarse Sand (GC)

S-16: Wet, loose, 5YR 3/1 very dark gray, fine to coarse subangular
GRAVEL, some fine to coarse Sand, some Silty Clay (GC)

S-17A (Top 3"): Wet, dense, 5YR 3/1 very dark gray, fine to coarse
subangular GRAVEL, some Silty Clay, some fine to coarse Sand (GC)

S-17B (Bottom 3"): SHALE, N1 black, highly weathered, discernible rock
fabric [QUODDY FORMATION]
C-1: 73.0-74.25 ft, SHALE, N3 dark gray, clay to silt, extremely to
moderately fractured, steeply dipping to vertical bedding plane
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2. Top of Glacial Till at 40.25 ft
3. Top of bedrock at 71.25 feet below mudline
4. Core jammed likely due to high angle bedding plane separations
4. Core jammed likely due to high angle bedding plane separations
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separations [QUODDY FORMATION]; Drilling Rate (min/ft): 5.5 - 4.5/9"
C-2: 74.25-76.15 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, slightly weathered, laminated to thinly bedded, steeply
dipping to vertical bedding, steeply dipping epidote veining to 0.1 mm;
very closely to closely spaced, steeply dipping to vertical bedding plane
separations with patchy epidote [QUODDY FORMATION]; Drilling Rate
(min/ft): 5/3" - 8 - 3/2"
C-3: 76.15-79.65 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, slightly weathered, laminated to very thinly bedded,
steeply dipping to vertical bedding, shallow to steeply dipping quartz and
calcite veining to 6 mm, steeply dipping epidote veining to 1 mm; very
closely to moderately spaced, steeply dipping to vertical bedding plane
separations with patchy quartz, calcite, and epidote, very closely to
closely spaced, moderately dipping joints with patchy quartz and calcite
[QUODDY FORMATION]; Drilling Rate (min/ft): 3.5/8" - 5 - 6 - 5
C-4: 79.65-84.0 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, fresh, laminated, moderately to steeply dipping bedding,
steeply dipping quartz and calcite veining to 3 mm; extremely closely to
moderately spaced, moderately to steeply dipping bedding plane
separations with fresh surfaces [QUODDY FORMATION]; Drilling Rate
(min/ft): 2/4" - 5 - 5 - 5 - 5
C-5: 84.0-89.0 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, fresh, laminated, moderately dipping to vertical bedding,
shallow to moderately dipping quartz and calcite veining to 1 mm;
closely to moderately spaced, moderately dipping to vertical bedding
plane separations with fresh surfaces [QUODDY FORMATION]; Drilling
Rate (min/ft): 6 - 6 - 6 - 6 - 6
C-6: 89.0-90.75 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, fresh, laminated, steeply dipping to vertical bedding,
steeply dipping quartz and calcite veining to 2 mm; extremely closely to
closely spaced, steeply dipping to vertical bedding plane separations
with fresh surfaces, closely spaced, moderately dipping joints with
patchy calcite [QUODDY FORMATION]; Drilling Rate (min/ft): 5.5 - 5/9"
C-7: 90.75-94.6 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, slightly weathered, laminated, steeply dipping to vertical
bedding, shallow dipping to vertical dipping quartz and calcite veining to
6 mm; extremely closely to widely spaced, steeply dipping to vertical
bedding plane separations with fresh surfaces, moderately spaced,
shallow to moderately dipping joints with iron oxide staining and patchy
calcite [QUODDY FORMATION]; Drilling Rate (min/ft): 3/3" - 7 - 7 - 7 -
6.75/7"
C-8: 94.6-97.5 ft, Siliceous SHALE, N3 dark gray, clay to fine sand,
hard, strong, slightly weathered, laminated to very thinly bedded, steeply
dipping to vertical bedding, horizontal to shallow dipping quartz, calcite,
and pyrite veining to 1 mm, prominant vertical quartz veining to > 50
mm; very closely to closely spaced, horizontal to shallow dripping joints
with partial calcite coatings to 0.1 mm thick, closely spaced, steeply
dipping to vertical bedding plane separations with patchy pyrite and
calcite, extremely fractured at 97.25-97.50 ft [QUODDY FORMATION];
Drilling Rate (min/ft): 2.25/5" - 7.25 - 5.25 - 4.5/6"
C-9: 97.5-100.0 ft, SHALE, N3 black, clay to silt, laminated, extremely to
moderately fractured, steeply dipping to vertical bedding plane
separations with fresh surfaces [QUODDY FORMATION]; Drilling Rate
(min/ft): 4.75/6" - 6.75 - 5
C-10: 100.0-102.0 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, fresh, laminated, vertical bedding, shallow dipping to
vertical quartz and calcite veining to 1 mm; extremely closely to
moderately spaced, vertical bedding plane separations with fresh
surfaces, very closely to closely spaced, shallow to moderately dipping
joints with patchy quartz and calcite [QUODDY FORMATION]; Drilling
Rate (min/ft):  6.75 - 15
C-11: 102.0-103.0 ft, SHALE, N3 dark gray, clay to silt, moderately hard,
medium strong, slightly weathered, laminated to very thinly bedded,
vertical bedding, shallow to moderately dipping quartz and calcite
veining to 1 mm; extremely closely to closely spaced, vertical bedding
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4. Core jammed likely due to high angle bedding plane separations
4. Core jammed likely due to high angle bedding plane separations
4. Core jammed likely due to high angle bedding plane separations
4. Core jammed likely due to high angle bedding plane separations
4. Core jammed likely due to high angle bedding plane separations
4. Core jammed likely due to high angle bedding plane separations
4. Core jammed likely due to high angle bedding plane separations
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plane separations with patchy calcite, very closely to closely spaced,
moderately dipping joints with patchy calcite and quartz [QUODDY
FORMATION]; Drilling Rate (min/ft):  9
C-12: 103.0-105.0 ft, SHALE, N3 dark gray, clay to fine sand,
moderately hard, medium strong, slightly weathered, laminated to very
thinly bedded, steeply dipping to vertical bedding, steeply dipping quartz,
calcite, and pyrite veining to 1 mm; closely to moderately spaced,
shallow to moderately dipping joints with patchy calcite, vertical bedding
plane separations with fresh surface at 104.15 ft [QUODDY
FORMATION]; Drilling Rate (min/ft):  8.25 - 8.25
Bottom of Borehole at 105 feet.
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S-1A (Top 13''): Wet, very soft, 5Y 3/1 dark gray, ORGANIC SILT, some
Shells (OH); Pocket Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.0
kg/cm2
S-1B (Bottom 2''): Wet, very soft, 5Y 3/2 dark olive, gray, CLAY AND
SILT (CL)
S-2A (Top 13''): Wet, 5Y 3/2 dark olive gray, CLAY AND SILT, trace fine
to coarse Sand (CL); Pocket Penetrometer (PP): 4.5 kg/cm2; Torvane
(TV): 0.05 kg/cm2
S-2B (Bottom 4''): Wet, 2.5Y 3/1 dark gray, fine to coarse subrounded
GRAVEL, some Clay and Silt, some fine to coarse Sand (GC)
S-3: Wet, loose, 5Y 3/2 dark grayish brown, fine to coarse SAND, some
fine to coarse subangular to subrounded Gravel, some Clay and Silt
(SC)
S-4: Wet, stiff, 2.5Y 4/2 dark grayish brown, SILT AND CLAY, little fine
to coarse subangular to subrounded Gravel, little fine to coarse Sand
(CL-ML)
S-5: Wet, medium dense, 2.5Y 4/2 dark grayish brown, fine to coarse
subangular to subrounded GRAVEL, some Silty Clay, some fine to
coarse Sand (GC)
S-6: Wet, medium dense, 2.5Y 4/2 dark grayish brown, fine to coarse
subangular to subrounded GRAVEL, some Silty Clay, some fine to
coarse Sand (GC)

S-7: Wet, very dense, 2.5Y 4/2 dark grayish brown and 2.5Y 3/1 dark
gray, fine to coarse subangular to subrounded GRAVEL, little Silty Clay,
little fine to coarse Sand (GC)
14.5 - 17.0 ft, weathered gray SHALE [QUODDY FORMATION]

C-1: 17.0-18.6 ft, SHALE, N3 dark gray, clay to very fine sand,
moderately hard, medium strong, slightly weathered, laminated to very
thinly bedded, steeply dipping bedding, plane separations with patchy
calcite and pyrite; closely spaced, shallow to moderately dipping joints
with patchy calcite and pyrite, extremely to moderately fractured
[QUODDY FORMATION]; Drilling Rate (min/ft): 4.5 - 3.5/7"
C-2: 18.6-20.0 ft, SHALE, N3 dark gray, clay to very fine sand,
moderately hard, medium strong, slightly weathered, laminated to very
thinly bedded, steeply dipping bedding, steeply dipping calcite fracture
infilling to 1 mm; closely spaced, steeply dipping bedding plane
separation with oxide staining, and patchy calcite; closely spaced
vertical joints with patchy calcite and pyrite, extremely to moderately
fractured [QUODDY FORMATION]; Drilling Rate (min/ft): 3/5'' - 4
C-3: 20.0-21.6 ft, SHALE, N3 dark gray, clay to very fine sand,
moderately hard, medium strong, slightly weathered, laminated to very
thinly bedded, steeply dipping bedding, very closely to closely spaced,
moderately dipping joints with patchy calcite, very closely spaced healed
fractures parallel to joint set, extremely fractured [QUODDY
FORMATION]; Drilling Rate (min/ft): 4.5 - 4/7''
Bottom of Borehole at 21.6 feet.

Wash Boring w/Casing
NX Rock Core

Terminated

0.0
17.0
21.6

PID
(ppm)

L
A

Y
E

R
N

A
M

EPEN/REC
(in)/(in)

N-
VALUE

SAMPLE
NO.

SAMPLE
DATA

DEPTH
INTERVAL

(ft)

DEPTH
(ft)

ELEV.
(ft)

SOIL AND ROCK DESCRIPTION NOTES

GROUNDWATER READINGS
SPT HAMMER

1374598.97

140 lb Auto

Don Melcher

N

INSPECTOR
DATUM

-14.8

NAVD 88GefcoStratastar5

E

2/22/24

DRILL RIG

DATE START

Sam Cooley

DEPTH(ft) REMARKS

2/22/24

COORD

New England Boring

DATE END

DATE/TIME 437502.87

METHOD OF DRILLING

GRID

CONTRACTOR DRILLER ELEVATION

Lubec Breakwater

LOG OF TEST BORING

BORING
NO.

SHEET 1 OF 1E2X95900

Maine DOT

JOB NUMBER

NOTES

Johnson Bay
PROJECT

OWNER

LOCATION

Page 1: 0-35 feet. Each subsequent page displays 40 feet.

WB-101

-15

-20

-25

-30

-35

-40

-45

5

10

15

20

25

30

35

1. 23' 2'' water column measured at 8:40 on 02/22/2024.
2. Angular fragments of gray weathered bedrock observed in return water.
3. Top of bedrock at 17.0 ft below mudline.
4. Core jammed likely due to high angle bedding.
5. Borehole total depth 21.6 ft.
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S-1: Wet, very soft, 5Y 3/1 dark gray, ORGANIC SILT, trace Shells
(OH); Pocket Penetrometer (PP): 1.0 kg/cm2; Torvane (TV): 0.05
kg/cm2
S-2: Wet, very soft, 5Y 3/1 dark gray, CLAY AND SILT (ML); Pocket
Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.0 kg/cm2

U-1: No recovery.

S-3A (Top 5''): Wet, 5Y 3/1  dark gray, CLAY AND SILT (CL); Pocket
Penetrometer (PP): 4.5 kg/cm2; Torvane (TV): 0.3 kg/cm2
S-3B (Bottom 5''): Wet, 5Y 3/1 dark gray, fine to coarse subangular to
subrounded GRAVEL, some Clay and Silt, little fine to coarse Sand
(GC)
5.91-6.0 ft, gray SHALE [QUODDY FORMATION]
C-1: 6-10.8 ft, SHALE, N5 medium gray, siliceous, silt to fine sand,
moderately hard to hard, medium strong to strong, fresh, laminated to
thinly bedded, steeply dipping to vertical bedding, steeply dipping to
vertical quartz veining to 10 mm parallel to bedding; closely to
mederately spaced, steeply dipping bedding plane separations with
patchy calcite, vertical bedding plane separation with patchy calcite at
10.2 ft, very closely to moderately spaced, shallow to moderately dipping
joints with patchy calcite and partial calcite coating to 0.1 mm, extremely
to moderately fractured [QUODDY FORMATION]; Drilling Rate (min/ft):
3-3.5-3.5-3.5-5.5
Bottom of Borehole at 11 feet.
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1. 11' 10'' water column measured at 15:20 on 02/22/2024.
2. Shelby Tube refusal at 5.1', Shelby Tube bent during advancement.
3. Angular fragments of gray bedrock observed in return water; top of bedrock at 5.8 ft below mudline.
4. 10.8-11.0 ft: No recovery. Borehole total depth 11.0 ft.
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S-1: Wet, very soft, 5Y 3/1 dark gray, ORGANIC SILT, little Shells (OH);
Pocket Penetrometer (PP): 0.5 kg/cm2; Torvane (TV): 0.0 kg/cm2

S-2A (Top 20''): Wet, 5Y 3/1 dark gray, SILT AND CLAY, little Shells
(CL-ML); Pocket Penetrometer (PP): 1.5 kg/cm2; Torvane (TV): 0.15
kg/cm2;
S-2B (Bottom 4''): Wet, 5Y 3/1 dark gray, CLAY AND SILT (CL)
U-1: Wet, 5Y 3/1 dark gray, CLAY AND SILT (CL)

S-3: Wet, very dense, 5Y 3/2 dark olive gray, fine to coarse angular
GRAVEL, some Silty Clay (GC)
5.7-6.5 ft: Weathered gray TUFF [QUODDY FORMATION]
C-1: 6.5-9.1 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff, hard to
moderately hard, medium strong, fresh, massive, shallow to vertical
quartz and calcite veining to 7 mm, very closely to closely spaced,
shallow to steeply dipping joints with partial calcite coatings to 0.5 mm
thick, extremely to moderately fractured [QUODDY FORMATION];
Drilling Rate (min/ft): 3.5-5-6/7''
C-2: 9.1-13.2 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to steeply
dipping quartz and calcite veining to 10 mm, very closely to moderately
spaced, shallow to steeply dipping joints with patchy calcite, extremely
to moderately fractured [QUODDY FORMATION]; Drilling Rate (min/ft):
2.5-3.5-3-3/13''
C-3: 13.2-18.2 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard to hard, medium strong to strong, slightly weathered,
massive, prominant steeply dipping to vertical quartz and calcite veining
to 30 mm, closely to widely spaced, moderately to steeply dipping joints
with patchy calcite, moderately fractured to sound [QUODDY
FORMATION]; Drilling Rate (min/ft): 1-3.5-4-3-3.5
C-4: 18.2-23.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to vertical
quartz and calcite veining to 10 mm, elongated calcite spherules ranging
5-10 mm in length, very closely to moderately spaced, shallow to
moderately dipping joints with calcite coating to 0.2 mm thick,
moderately to slightly fractured [QUODDY FORMATION]; Drilling Rate
(min/ft): 3-2.5-2.5-3.5-3

C-5: 23.0-28.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to vertical
quartz and calcite veining to 5 mm, elongated calcite spherules to 7 mm
in length, closely to moderately spaced, shallow to moderately dipping
joints with calcite coating to 0.1 mm thick [QUODDY FORMATION];
Drilling Rate (min/ft): 1.5-3-3-3-3

C-6: 28.0-33.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to vertical
quartz and calcite veining to 5 mm, extremely closely to moderately
spaced, shallow to steeply dipping joints with patchy calcite, extremely
to moderately fractured [QUODDY FORMATION]; Drilling Rate (min/ft):
2-2.5-2-3-3

C-7: 33.0-37.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to steeply
dipping quartz and calcite veining to 10 mm, very closely to moderately
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1. 23' 9'' water column measured at 9:05 on 02/26/2024.
2. Top of bedrock at 5.7 ft below mudline.
3. Angular fragments of gray rock observed in return water during rollerbit advancement.
4. 22.8-23.0 ft: No recovery.
5. 27.75-28.0 ft: No recovery.
6. Borehole terminated at 37.0 ft.
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spaced, shallow to moderately dipping joints with partial calcite coating
to 2 mm thick, extremely to moderately fractured [QUODDY
FORMATION]; Drilling Rate (min/ft): 2.5-2.5-2.5-2.5
Bottom of Borehole at 37 feet.
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S-1: Wet, very soft, 2.5Y 3/1 dark gray, ORGANIC SILT, little Shells
(OH); Pocket Penetrometer (PP): 1.25 kg/cm2; Torvane (TV): 0.05
kg/cm2
S-2A (Top 14''): Wet, 2.5Y 3/1 dark gray, ORGANIC SILT (OH); Pocket
Penetrometer (PP): 1.25 kg/cm2; Torvane (TV): 0.05 kg/cm2
S-2B (Bottom 5''): Wet, 2.5Y 3/1 dark gray, CLAYEY SILT, little fine to
coarse Sand, little fine to coarse rounded Gravel, little shells (CL-ML)
S-3: Wet, 10YR 4/1 dark gray, CLAY AND SILT, some fine to coarse
Sand, little fine rounded Gravel (CL)

S-4A (Top 5''): Wet, 10YR 4/1 dark gray, CLAY AND SILT and fine to
coarse subrounded GRAVEL, trace fine to coarse Sand (CL)
S-4B (Bottom 2''): Wet, gley 5/1 greenish gray, Weathered TUFF, rock
fabric discernible

C-1: 9.5-12.4 ft, TUFF, N6 medium light gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, highly weathered
at 11.8-11.9 ft, massive, shallow to vertical quartz and calcite veining to
3 mm, extremely closely to closely spaced, shallow to vertical joints with
partial calcite, extremely to moderately fractured [QUODDY
FORMATION]; Drilling Rate (min/ft): 3-3-3/10''
C-2: 12.4-14.5 ft, TUFF, N4 medium dark gray and 5G 6/1 greenish
gray, coarse tuff to lapilli tuff, moderately hard, medium strong, slightly
weathered, massive, vertical quartz and calcite veining to 20 mm,
irregular quartz and calcite spherules to 5 mm, very closely to
moderately spaced, steeply dipping joints with banded appearance
patchy calcite [QUODDY FORMATION]; Drilling Rate (min/ft): 1/2''-3-3.5
C-3: 14.5-19.5 ft, TUFF, N4 medium dark gray and 5G 6/1 greenish
gray, coarse tuff to lapilli tuff, moderately hard, medium strong, slightly
weathered, massive, steeply dipping to vertical quartz and calcite
veining to 30 mm, irregular calcite spherules to 5 mm, extremely closely
to moderately spaced, moderately dipping to vertical joints with patchy
calcite to partial calcite coatings to 3 mm thick, extremely to slightly
fractured, extremely fractured at 18.8-19.5 ft with banded appearance
[QUODDY FORMATION]; Drilling Rate (min/ft): 2.5-2-3-3-3
C-4: 19.5-24.5 ft, TUFF, N4 medium dark gray and 5G 6/1 greenish
gray, coarse tuff to lapilli tuff, moderately soft to moderately hard, weak
to medium strong, moderately to slightly weathered, massive, steeply
dipping to vertical quartz and calcite veining to 20 mm, irregular calcite
spherules to 10 mm, extremely closely to moderately spaced, steeply
dipping to vertical joints with patchy calcite and disintegrated rock to 3
mm thick, extremely to slightly fractured with banded appearance
[QUODDY FORMATION]; Drilling Rate (min/ft): 2-2-3-3-3
C-5: 24.5-27.0 ft, TUFF, N4 medium dark gray and 5G 6/1 greenish
gray, coarse tuff to lapilli tuff, soft to moderately hard, weak to medium
strong, moderately to slightly weathered, massive, moderately dipping to
vertical quartz and calcite veining to 7 mm, irregular calcite spherules to
4 mm, steeping dipping joint with banded appearance at 26.0-26.6 ft
partially broken/pulverized into particals ranging 1-25 mm; extremely
closely to closely spaced, steeply dipping to vertical joints with patchy
calcite [QUODDY FORMATION]; Drilling Rate (min/ft): 2.5-3-2/6''
C-6: 27.0-29.5 ft, TUFF, N4 medium dark gray and 5G 6/1 greenish
gray, coarse tuff to lapilli tuff, soft to moderately hard, weak to medium
strong, moderately to slightly weathered, massive, steeply dipping to
vertical quartz and calcite veining to 10 mm, closely to moderately
spaced, steeply dipping joints with partial calcite coating to 1 mm thick,
moderately to slightly fractured with banded appearance [QUODDY
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1. 26' 8'' water column measured at 14:55 on 3/4/2024. 31' 11'' 8'' water column measured at 6:20 on 3/5/2024.
2. 7.6-9.5 ft: Weathered Bedrock.
3. Top of bedrock at 9.5 ft below mudline.
4. Core jammed at 27 ft.
5. Borehole terminated at 39.5 ft.
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RQD=95

34.5 - 39.5

39.5

60/60 FORMATION]; Drilling Rate (min/ft): 2/6''-2-2.5
C-7: 29.5-34.5 ft, TUFF, N4 medium dark gray and 5G 6/1 greenish
gray, coarse tuff to lapilli tuff, soft to moderately hard, weak to medium
strong,  moderately to slightly weathered, massive, steeply dipping to
vertical quartz and calcite veining to 40 mm, closely to moderately
spaced, steeply dipping joints and disintegraded rock to 1 mm thick,
moderately to slightly fractured with banded appearance [QUODDY
FORMATION]; Drilling Rate (min/ft): 2.5-2.5-2.5-2-2.5
C-8: 34.5-39.5 ft, TUFF, N4 medium dark gray and 5G 6/1 greenish
gray, coarse tuff to lapilli tuff, moderately hard, medium strong, slightly
weathered, massive, steeply dipping to vertical quartz and calcite
veining to 10 mm, irregular calcite spherules to 5 mm, closely to
moderately spaced, steeply dipping joints with patchy calcite, widely
spaced, vertical joints with patchy calcite to disintegraded rock to 5 mm
thick, moderately to slightly fractured with banded appearance
[QUODDY FORMATION]; Drilling Rate (min/ft): 2-2-2-3-3
Bottom of Borehole at 39.5 feet.
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S-1: Wet, very soft, 2.5Y 4/1 dark gray, ORGANIC SILT, trace Shells
(OH); Pocket Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.0 kg/cm2

S-2: Wet, very soft, 2.5Y 4/1 dark gray, ORGANIC SILT, trace Shells
(OH); Pocket Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.0 kg/cm2

S-3: Wet, very soft, 5Y 3/1 dark gray and 7.5YR 5/2 brown CLAY AND
SILT, trace fine Sand (Sand lenses to 2 mm thick) (CL); Pocket
Penetrometer (PP): >4.5 kg/cm2; Torvane (TV): 0.4 kg/cm2

U-1: Wet, 5Y 3/1 dark gray, CLAY AND SILT (CL)

S-4: Wet, very dense, 5Y 4/1 dark gray, fine to coarse subangular to
subrounded GRAVEL, some Silty Clay, some fine to coarse Sand,
weathered Tuff [QUODDY FORMATION] (GC)

C-1: 10.0-15.0 ft, TUFF, N4 medium dark gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive, irregular
calcite spherules to 5 mm; very closely to closely spaced, moderately to
steeply dipping joints with patchy calcite, extremely to moderately
fractured, shallow to moderately dipping quartz and calcite veining to 1
mm, 13.9-15.0 ft recovered in C-2 core run [QUODDY FORMATION];
Drilling Rate (min/ft): 2.5-2-2-2-2.5

C-2: 15.0-19.6 ft, TUFF, N4 medium dark gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to steeply
dipping quartz and calcite veining to 4 mm, irregular calcite spherules to
10 mm, very closely to moderately spaced, shallow to steeply dipping
joints with patchy calcite, extremely to moderately fractured [QUODDY
FORMATION]; Drilling Rate (min/ft): 2-3.5-3-2-2/7''

C-3: 19.6-23.0 ft, TUFF, N4 medium dark gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, moderately dipping to
vertical quartz and calcite veining to 15 mm, very closely to moderately
spaced, shallow to steeply dipping joints with patchy calcite to calcite
coating to 1 mm, extremely to moderately fractured [QUODDY
FORMATION]; Drilling Rate (min/ft): 2.5-2.5-2-4/4''
C-4: 23.0-28.0 ft, TUFF, N4 medium dark gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to moderately
dipping quartz and calcite veining to 10 mm, very closely to moderately
spaced, shallow to steeply dipping joints with patchy calcite coating to 1
mm thick, irregular calcite to spherules to 5 mm, extremely to
moderately fractured [QUODDY FORMATION]; Drilling Rate (min/ft):
2.5-2.5-2-4/4''

C-5: 28.0-33.0 ft, TUFF, N4 medium dark gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, moderately to steeply
dipping quartz and calcite veining to 6 mm, irregular calcite spherules to
5 mm, very closely to moderately spaced, shallow to steeply dipping
joints with fresh surface to patchy calcite, extremely to moderately
fractured [QUODDY FORMATION]

C-6: 33.0-38.0 ft, TUFF, N4 medium dark gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, prominant moderately
dipping quartz and calcite at 33.2 ft and 37.25 ft; very closely to
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1. 16' 3'' water column measured at 7:05 on 2/27/2024.
2. Top of bedrock likely at 8.0 ft below mudline.
3. 7.9-10.0 ft: Angular fragments of gray TUFF [QUODDY FORMATION]
4. Core jammed at 23.0 ft.
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moderately spaced, shallow to moderately steeply dipping joints with
partial calcite to 1 mm thick, extremely to moderately fractured
[QUODDY FORMATION]; Drilling Rate (min/ft): 2-2.5-2.5-2.5-2.5

C-7: 38.0-41.0 ft, TUFF, N4 medium dark gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, prominant moderately
dipping quartz and calcite veining at 37.9-38.45 ft; shallow dipping joint
with patchy calcite at 40.8 ft, sound [QUODDY FORMATION]; Drilling
Rate (min/ft): 2.5-2.5-2.5
Bottom of Borehole at 41 feet.
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S-1: Wet, very soft, 5Y 3/1 dark gray, ORGANIC SILT, trace fine
rounded Gravel, trace Shells (OH); Pocket Penetrometer (PP): 0.0
kg/cm2; Torvane (TV): 0.0 kg/cm2
S-2: Wet, very soft, 5Y 3/1 dark gray, ORGANIC SILT, trace fine
subangular to subrounded Gravel, trace Shells (OH); Pocket
Penetrometer (PP): 0.0 kg/cm2; Torvane (TV): 0.0 kg/cm2

U-1: Wet, 5Y 3/1 dark gray, ORGANIC SILT to CLAY AND SILT, trace
Shells, trace fine subrounded Gravel (OH/CL)

S-3: Wet, very stiff, 5Y 3/1 dark gray, and 7.5 YR 5/2 brown, CLAY AND
SILT, little fine sand (fine Sand lenses to 10 mm thick) (CL); Pocket
Penetrometer (PP): >4.5 kg/cm2; Torvane (TV): 0.1 kg/cm2

U-2: Wet, 5Y 4/1 dark gray, CLAY AND SILT, trace fine subrounded
Gravel (CL)

S-4A (Top 5''): Wet, 5Y 3/1 dark gray, and 7.5 YR 5/2 brown, CLAY
AND SILT, little fine Sand (fine Sand lenses to 10 mm thick) (CL);
Pocket Penetrometer (PP): >4.5 kg/cm2; Torvane (TV): 0.1 kg/cm2
S-4B (Bottom 10''): Wet, 5Y 3/1 dark gray, fine to coarse SAND, some
fine to coarse subangular to subrounded Gravel, some Clay and Silt
(SC)
13.5-14.0 ft: Weathered gray TUFF [QUODDY FORMATION]
C-1: 14.0-19.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard to hard, strong, fresh, massive, shallow to steeply
dipping quartz and calcite veining to 5 mm, irregular calcite spherules to
13 mm; extremely closely to moderately spaced, dipping joints with
patchy calcite and coating to 0.1 mm thick, extremely to slightly
fractured [QUODDY FORMATION]; Drilling Rate (min/ft): 4-3.5-3-2.5-4

C-2: 19.0-24.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard to hard, strong, fresh, massive, shallow to steeply
dipping quartz and calcite veining to 15 mm, irregular calcite spherules
to 10 mm; closely to moderately spaced, shallow to steeply dipping
joints with patchy calcite to partial calcite coating to 2 mm thick,
moderately to slightly fractured [QUODDY FORMATION]; Drilling Rate
(min/ft): 3-3-3-2.5-2

C-3: 24.0-29.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, strong, fresh, massive, shallow to moderately dipping
quartz and calcite veining to 25 mm, irregular calcite spherules to 10
mm; very closely to moderately spaced, shallow to steeply dipping joints
with partial calcite coatings to 1 mm thick, extremely to slightly fractured
[QUODDY FORMATION]; Drilling Rate (min/ft): 2-2.5-3-3-2.5

C-4: 29.0-34.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive, shallow
to steeply dipping quartz and calcite veining to 55 mm, irregular calcite
spherules to 20 mm; extremely closely to moderately spaced, shallow to
steeply dipping joints with partial calcite coatings to 1 mm thick,
extremely to slightly fractured [QUODDY FORMATION]; Drilling Rate
(min/ft): 2-2.5-2.5-2.5-2.5

C-5: 34.0-39.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,

Wash Boring w/Casing
NX Rock Core

Terminated

0.0
14.0
41.0

PID
(ppm)

L
A

Y
E

R
N

A
M

EPEN/REC
(in)/(in)

N-
VALUE

SAMPLE
NO.

SAMPLE
DATA

DEPTH
INTERVAL

(ft)

DEPTH
(ft)

ELEV.
(ft)

SOIL AND ROCK DESCRIPTION NOTES

GROUNDWATER READINGS
SPT HAMMER

1374074.35

140 lb Auto

Don Melcher

N

INSPECTOR
DATUM

-25.3

NAVD 88GefcoStratastar5

E

2/27/24

DRILL RIG

DATE START

Sam Cooley

DEPTH(ft) REMARKS

3/4/24

COORD

New England Boring

DATE END

DATE/TIME 437380.63

METHOD OF DRILLING

GRID

CONTRACTOR DRILLER ELEVATION

Lubec Breakwater

LOG OF TEST BORING

BORING
NO.

SHEET 1 OF 2E2X95900

Maine DOT

JOB NUMBER

NOTES

Johnson Bay
PROJECT

OWNER

LOCATION

Page 1: 0-35 feet. Each subsequent page displays 40 feet.

WB-106

-30

-35

-40

-45

-50

-55

-60

5

10

15

20

25

30

35

1. 34' 2'' water column measured at 13:20 on 02/27/2024.
2. 4'' casing refusal at 13.5 ft.
3. Top bedrock likely at 13.5 ft below mudline, angular fragments of gray TUFF observed in return water advancing roller bit at 13.5-14.0 ft.
4. 38.9-39.0 ft recovered in C-5 core run.
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moderately hard, medium strong, slightly weathered, massive, shallow
to vertical quartz and calcite veining to 60 mm, irregular calcite
spherules to 5 mm, subrounded 10 YR 5/4 moderate yellowish brown
clasts (weathered spherules) to 15 mm; extremely closely to moderately
spaced, shallow to steeply dipping joints with patchy calcite and iron
oxide staining, extremely to slightly fractured [QUODDY FORMATION];
Drilling Rate (min/ft): 3-2.5-3-3-2.5
C-6: 39.0-44.0 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, slightly weathered, massive, shallow
to vertical quartz and calcite veining to 18 mm, irregular calcite
spherules to 10 mm, subrounded 10 YR 5/4 moderate yellowish brown
clasts (weathered spherules) to 10 mm; extremely closely to moderately
spaced, shallow to steeply dipping joints with patchy calcite, extremely
to slightly fractured [QUODDY FORMATION]; Drilling Rate (min/ft):
2-2-2-2.5-2.5
Bottom of Borehole at 44 feet.
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S-1: Wet, very soft, 5Y 4/1 dark gray, ORGANIC SILT, trace Shells
(OH); Pocket Penetrometer (PP): 0.75 kg/cm2; Torvane (TV): 0.05
kg/cm2
S-2: Wet, very soft, 5Y 4/1 dark gray, ORGANIC SILT, trace Shells
(OH); Pocket Penetrometer (PP): 1.25 kg/cm2; Torvane (TV): 0.10
kg/cm2

S-3: Wet, very soft, 5Y 4/1 dark gray, ORGANIC SILT, little Shells, trace
fine to coarse subrounded Gravel (OH); Pocket Penetrometer (PP): 0.5
kg/cm2; Torvane (TV): 0.025 kg/cm2

S-4: Wet, very soft, 5Y 3/1 dark gray, and 7.5 YR 5/2 brown, CLAY AND
SILT, trace fine Sand (fine Sand lenses to 1 mm thick) (CL); Pocket
Penetrometer (PP): >4.5 kg/cm2; Torvane (TV): 0.4 kg/cm2

U-1: Wet, 5Y 4/1 dark gray, CLAY AND SILT, trace Gravel (CL)

S-5A (Top 5''): Wet, 5Y 4/1 dark gray, CLAY AND SILT, some fine to
coarse subangular to subrounded Gravel (CL)
S-5B (Bottom 18''): Wet, 7.5YR 4/1 dark gray, fine to coarse subangular
to subrounded GRAVEL, and CLAY AND SILT, little fine to coarse Sand
(GC)

S-6: Wet, medium dense, 7.5YR 4/1 dark gray, fine to coarse SAND,
some fine to coarse subangular to subrounded Gravel, some Clay and
Silt (SC)

C-1: 18.5-23.5 ft, TUFF, 5G 4/1 dark greenish gray, coarse tuff to lapilli
tuff, moderately hard, weak to medium strong, fresh, massive,
moderately to steeply dipping quartz and calcite veining to 10 mm;
extremely closely to closely spaced, shallow to steeply dipping joints
with partial calcite coating to 2 mm, extremely to moderately fractured
[QUODDY FORMATION]; breaks easily when handled, Drilling Rate
(min/ft): 2-1.5-1.5-2.5-2.5

C-2: 23.5-28.5 ft, TUFF, 6Y 4/1 dark greenish gray, coarse tuff to lapilli
tuff, moderately hard, weak to medium strong, fresh, massive,
moderately dipping to vertical quartz and calcite veining to 10 mm;
extremely closely to moderately spaced, shallow to steeply dipping joints
with patchy calcite to partial calcite coating to 1 mm thick, extremely to
moderately fractured [QUODDY FORMATION]; breaks easily when
handled, Drilling Rate (min/ft): 2-2-2-2-2

C-3: 28.5-33.5 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, weak to medium strong, fresh, massive, shallow to
steeply dipping quartz and calcite veining to 25 mm; extremely closely to
moderately spaced, moderately to steeply dipping joints with patchy
calcite to calcite coatings to 3 mm thick, extremely to moderately
fractured [QUODDY FORMATION]; breaks easily when handled, Drilling
Rate (min/ft): 2-1.5-2-2.5-2.5

C-4: 33.5-38.5 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, weak to medium strong, fresh, massive, shallow to
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1. Depth to seafloor measured at 29.75' from water surface on 3/6/2024 at 6:25.
2. Shelby tube refusal at 9.7', bottom of Shelby tube damaged during penetration.
3. Top of bedrock at 18.5 ft below mudline.
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vertical quartz and calcite veining to 25 mm; extremely closely to
moderately spaced, moderately to steeply dipping joints with patchy
calcite, extremely to slightly fractured [QUODDY FORMATION]; breaks
easily when handled, Drilling Rate (min/ft): 1.5-2-2-2-2

C-5: 38.5-43.5 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to vertical
quartz and calcite veining to 10 mm; very closely to moderately spaced,
shallow to steeply dipping joints with patchy calcite to calcite coatings to
1 mm thick, extremely to moderately fractured [QUODDY FORMATION];
Drilling Rate (min/ft): 2-2-2.5-2-2.5

C-6: 43.5-48.5 ft, TUFF, N5 medium gray, coarse tuff to lapilli tuff,
moderately hard, medium strong, fresh, massive, shallow to vertical
quartz and calcite veining to 10 mm; extremely closely to moderately
spaced, shallow to steeply dipping joints with patchy calcite to calcite
coating to 1 mm, extremely to slightly fractured [QUODDY
FORMATION]; Drilling Rate (min/ft): 2-2.5-2.5-3-2.5

Bottom of Borehole at 48.5 feet.

PID
(ppm)

L
A

Y
E

R
N

A
M

EPEN/REC
(in)/(in)

N-
VALUE

SAMPLE
NO.

SAMPLE
DATA

DEPTH
INTERVAL

(ft)

DEPTH
(ft)

ELEV.
(ft)

SOIL AND ROCK DESCRIPTION NOTES

Lubec Breakwater

LOG OF TEST BORING

4. Borehole terminated at 48.5 ft.
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S-1: Wet, very soft, 5Y 3/1 dark gray, ORGANIC SILT, little Shells (OH);
Pocket Penetrometer (PP): 0.50 kg/cm2; Torvane (TV): 0.05 kg/cm2

S-2: Wet, very soft, 5Y 3/1 dark gray, ORGANIC SILT, some Shells
(OH); Pocket Penetrometer (PP): 1.0 kg/cm2; Torvane (TV): 0.0 kg/cm2

U-1: Wet, 5Y 3/1 dark gray, CLAY AND SILT (CL); Pocket Penetrometer
(PP): 4.5 kg/cm2; Torvane (TV): 0.4 kg/cm2

S-3: Wet, medium stiff, 5Y 3/1 dark gray and 7.5YR 5/2 little brown,
CLAY AND SILT, trace fine to coarse subangular to subrounded Gravel,
trace Shells (CL); Pocket Penetrometer (PP): >4.5 kg/cm2; Torvane
(TV): 0.4 kg/cm2
U-2: Wet, 5Y 3/1 dark gray, CLAY AND SILT (CL)

S-4: Wet, medium stiff, 5Y 3/1 dark gray and 7.5YR 5/2 brown, CLAY
AND SILT, trace fine Sand (fine Sand lenses to 1 mm thick) (CL);
Pocket Penetrometer (PP): >4.5 kg/cm2, Torvane (TV): 0.35 kg/cm2

S-5: Wet, medium stiff, 5Y 3/1 dark gray and 7.5YR 5/2 brown, SILTY
CLAY, trace fine Sand (fine Sand lenses to 10 mm thick) (CL); Pocket
Penetrometer (PP): >4.5 kg/cm2, Torvane (TV): 0.35 kg/cm2

S-6: Wet, medium stiff, 5Y 3/1 dark gray and 7.5YR 5/2 brown, SILTY
CLAY, some fine Sand (fine Sand lenses to 10 mm thick), trace fine
subrounded Gravel (CL); Pocket Penetrometer (PP): >4.5 kg/cm2,
Torvane (TV): 0.3 kg/cm2

S-7A (Top 11''): Wet, 5Y 3/1 dark gray and 7.5YR 5/2 brown, SILTY
CLAY, little fine Sand (fine Sand lenses to 10 mm thick), (CL); Pocket
Penetrometer (PP): >4.5 kg/cm2, Torvane (TV): 0.15 kg/cm2
S-7B (Bottom 8''): Wet, 5Y 4/1 dark gray, fine to coarse subangular to
subrounded GRAVEL, some Silty Clay, little fine to coarse Sand (GC)
27-29 ft: Weathered gray TUFF [QUODDY FORMATION]

C-1: 29.0-31.9 ft, TUFF, N4 medium dark gray, fine tuff to coarse tuff,
moderately hard, medium strong, fresh, massive, shallow to moderately
dipping quartz and calcite veining to 1 mm; very closely to closely
spaced, shallow to steeply dipping joints with partial calcite coating to 1
mm thick, extremely to moderately fractured [QUODDY FORMATION];
Drilling Rate (min/ft): 3-3-3/10''
C-2: 31.9-34.5 ft, TUFF, N4 medium dark gray, fine tuff to coarse tuff,
moderately hard, medium strong, fresh, massive, shallow to moderately
dipping quartz and calcite veining to 5 mm; very closely to moderately
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NX Rock Core
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34.5
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NO.
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SOIL AND ROCK DESCRIPTION NOTES

GROUNDWATER READINGS
SPT HAMMER

1374618.51
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Don Melcher

N
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DATUM

-15.3

NAVD 88GefcoStratastar5

E

3/5/24
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Sam Cooley
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3/5/24

COORD

New England Boring

DATE END

DATE/TIME 437385.5
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Lubec Breakwater

LOG OF TEST BORING

BORING
NO.

SHEET 1 OF 2E2X95900
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Page 1: 0-35 feet. Each subsequent page displays 40 feet.
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1. 8' 8'' water column measured at 12:35 on 3/5/2024.
2. Top of bedrock at 29 ft below mudline.
3. Borehole terminated at 34.5 ft.



spaced, shallow to steeply dipping joints with partial calcite coating to 1
mm thick, extremely to moderately fractured [QUODDY FORMATION];
Drilling Rate (min/ft): 3-3-2/7''
Bottom of Borehole at 34.5 feet.
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Appendix E. Laboratory Test Results 



Lubec Breakwater - Laboratory Test Results

Table E.1 - Soil Index Test Data

LL PL PI Gravel Sand Fines

- - ft - % % % % % % %

U-1 6 - 8 CL 24.8 32 20 12 - - -

S-6 15 - 17 CL 21.6 27 17 10 - - -

S-10 35 - 35.9 SC 11.5 - - - 10.1 49 40.9

WB-4 S-2 5 - 7 CL 25.6 29 19 10 - - -

S-2 2 - 4 CL 24.6 37 22 15 - - -

S-4 7 - 9 CL 26.3 34 14 20 - - -

S-8 18 - 20 CL 27.2 36 17 19 - - -

S-10 28 - 30 CL 27.9 30 12 18 - - -

S-12 38 - 40 CL 28.3 32 14 18 - - -

U-1 4 - 6 CL 27.1 32 20 12 - - -

S-6 15 - 17 CL 31.1 34 15 19 - - -

S-7 20 - 22 CL 26.4 30 14 16 - - -

S-10 35 - 37 CL 24.4 28 10 18 - - -

S-12 45 - 47 GC 8 - - - 54.3 31.1 13.6

S-13 50 - 52 GC 7.3 - - - 53.8 24.5 21.7

S-2A 2 - 4 CL 29.8 29 16 13 - - -

S-3 4 - 6 SC 10.7 - - - 32.7 37 30.3

S-4 6 - 8 CL-ML 21.4 19 13 6 - - -

S-1 0 - 2 OH 37.7 - - - - - -

S-2 2 - 4 ML 40.3 38 26 12 - - -

S-2A 2 - 4 CL-ML 22.8 27 21 6 - - -

U-1 4 - 6 CL 22.2 27 17 10 - - -

S-2 2 - 4 OH 31.7 - - - - - -

S-3 4 - 6 CL-ML 13.7 14 10 4 - - -

S-3 4 - 6 CL 25.8 28 18 10 - - -

U-1 6 - 7.6 CL 23.4 30 19 11 - - -

U-1 6 - 8 CL 15.3 36 16 20 - - -

U-2 8 - 10 CL 20.8 27 17 10 - - -

S-4B 10 - 12 SC 7.1 - - - 31.7 40.8 27.5

S-4 6 - 8 CL 29.7 34 19 15 - - -

U-1 8 - 10 CL 22.7 25 14 11 - - -

S-6 14 - 16 SC 9.1 - - - 22.8 43.5 33.7

U-1 4 - 6 CL 24.6 30 17 13 - - -

U-2 8 - 10 CL 27.9 36 16 20 - - -

S-5 14 - 16 CL 23.1 42 17 25 - - -

WB-106

WB-107

WB-108

WB-6

WB-101

WB-102

WB-104

WB-105

Atterberg Limits Particle Size Distribution

USCS

WB-103

Borehole No. Sample No. Sample Depth Water Content

WB-1

WB-5



Client: Geotechnical Services Inc.
Project: Lubec Breakwater
Location: Lubec, ME Project No: GTX-317770
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 09/18/23
Test Id: 732223

Tested By: ckg 
Checked By: ank

Moisture Content of Soil and Rock - ASTM D2216

printed 9/20/2023 8:26:24 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

WB-1/U-1

Wb-6/U-1

L- 314-23

L- 332-23

6-8'

4-6'

Moist, dark gray clay

Moist, dark grayish brown clay

24.8

27.1

Notes: Temperature of Drying : 110º Celsius



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/18/24
Test Id: 761922

Tested By: ckg
Checked By: ank

Moisture Content of Soil and Rock - ASTM D2216

printed 3/27/2024 12:25:48 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

WB-101

WB-101

WB-101

WB-102

WB-102

WB-103

WB-103

WB-104

WB-104

S- 2A

S- 3

S- 4

S- 1

S- 2

S- 2A

U- 1

S- 2

S- 3

2-4

4-6

6-8

0-2

2-4

2-4

4-6

2-4

4-6

Moist, brown clay

Moist, light brownish gray silty sand
with gravel

Moist, gray silty clay

Moist, very dark grayish brown silt with
sand

Moist, gray silt

Moist, grayish brown silty clay

Moist, gray clay

Moist, dark gray silty sand with gravel

Moist, brown silty clay with gravel

29.8

10.7

21.4

37.7

40.3

22.8

22.2

31.7

13.7

Notes: Temperature of Drying : 110º Celsius



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/18/24
Test Id: 761930

Tested By: ckg
Checked By: ank

Moisture Content of Soil and Rock - ASTM D2216

printed 3/27/2024 12:26:28 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

WB-105

WB-105

WB-106

WB-106

WB-106

WB-107

WB-107

WB-107

S- 3

U- 1

U- 1

U- 2

S- 4B

S- 4

U- 1

S- 6

4-6

6-7.6

6-8

8-10

10-12

6-8

8-10

14-16

Moist, brown clay

Moist, gray clay

Moist, gray clay with gravel

Moist, gray clay with sand

Moist, dark gray silty sand with gravel

Moist, grayish brown clay

Moist, gray clay

Moist, gray silty sand with gravel

25.8

23.4

15.3

20.8

7.1

29.7

22.7

9.1

Notes: Temperature of Drying : 110º Celsius



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/26/24
Test Id: 761933

Tested By: ckg
Checked By: ank

Moisture Content of Soil and Rock - ASTM D2216

printed 3/27/2024 12:26:43 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

WB-108

WB-108

WB-108

U- 2

S- 5

U- 1

8-10

14-16

4-6

Moist, gray clay

Moist, brown clay

Moist, gray clay

24.6

27.9

23.1

Notes: Temperature of Drying : 110º Celsius



GEOTECHNICAL SERVICES, INC.

Weare, New Hampshire

(no specification provided)

PL= LL= PI=

D85= D60= D50=

D30= D15= D10=

Cu= Cc=

USCS= AASHTO=

*

coarse to fine Sand, and Silt, little fine Gravel
6"
4"
3"
2"

1.5"
1"

0.75"
0.5"

0.375"
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

95.7
91.2
89.9
85.1
75.2
69.4
63.5
51.1
40.9

1.1659 0.2471 0.1403

Moisture Content = 11.5%

L-317-23 On-Site Material 8/15/2023

WB-1 / S-10 35' to 35.9'

N.E. Borings

Lubec Breakwater

Lubec, Maine

223199

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Sample No.: Source of Sample: Date:

Location: Elev./Depth:

Client:

Project:

Project No: Figure
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Particle Size Distribution Report



GEOTECHNICAL SERVICES, INC.

Weare, New Hampshire

(no specification provided)

PL= LL= PI=

D85= D60= D50=

D30= D15= D10=

Cu= Cc=

USCS= AASHTO=

*

coarse to fine Sand, and Silt, little fine Gravel
6"
4"
3"
2"

1.5"
1"

0.75"
0.5"

0.375"
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

95.7
91.2
89.9
85.1
75.2
69.4
63.5
51.1
40.9

1.1659 0.2471 0.1403

Moisture Content = 11.5%

L-317-23 On-Site Material 8/15/2023

WB-1 / S-10 35' to 35.9'

N.E. Borings

Lubec Breakwater

Lubec, Maine

223199

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Sample No.: Source of Sample: Date:

Location: Elev./Depth:

Client:

Project:

Project No: Figure
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Particle Size Distribution Report



GEOTECHNICAL SERVICES, INC.

Weare, New Hampshire

(no specification provided)

PL= LL= PI=

D85= D60= D50=

D30= D15= D10=

Cu= Cc=

USCS= AASHTO=

*

med to fine GRAVEL and, coarse to fine Sand, little Silt
6"
4"
3"
2"

1.5"
1"

0.75"
0.5"

0.375"
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0
100.0

94.9
81.8
76.1
59.5
48.3
45.7
38.8
31.3
28.1
25.0
18.6
13.6

14.1306 4.8661 2.6357
0.5241 0.0932

Moisture Content = 8.0%

L-336-23 On-Site Material 8/17/2023

WB-6 / S-12 45' to 47'

N.E. Borings

Lubec Breakwater

Lubec, Maine

223199

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Sample No.: Source of Sample: Date:

Location: Elev./Depth:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Particle Size Distribution Report



GEOTECHNICAL SERVICES, INC.

Weare, New Hampshire

(no specification provided)

PL= LL= PI=

D85= D60= D50=

D30= D15= D10=

Cu= Cc=

USCS= AASHTO=

*

coarse to fine GRAVEL and, coarse to fine Sand, some Silt
6"
4"
3"
2"

1.5"
1"

0.75"
0.5"

0.375"
#4
#8

#10
#16
#30
#40
#50
#100
#200

100.0
100.0
100.0
100.0
100.0

84.7
84.7
78.4
73.6
56.8
48.0
46.2
41.6
36.5
34.2
32.2
27.0
21.7

25.7519 5.4667 2.8807
0.2185

Moisture Content = 7.3%

L-337-23 On-Site Material 8/17/2023

WB-6 / S-13 50' to 52'

N.E. Borings

Lubec Breakwater

Lubec, Maine

223199

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Sample No.: Source of Sample: Date:

Location: Elev./Depth:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)
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GRAIN SIZE - mm.
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Coarse Medium

% Gravel

Fine Coarse Medium

% Sand
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% Fines

0.0 15.3 11.1 27.4 9.7 5.5 9.3 21.7
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Particle Size Distribution Report



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-101
Sample ID: S-3
Depth : 4-6

Sample Type: Unspecified
Test Date: 03/15/24
Test Id: 761934

Tested By: ckg
Checked By: ank

Test Comment: ---
Visual Description: Moist, light brownish gray silty sand with gravel
Sample Comment: ---

Particle Size Analysis - ASTM D6913

printed 3/27/2024 12:21:20 PM
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% Cobble

---

% Gravel

32.7

% Sand

37.0

% Silt & Clay Size

30.3
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#140 

#200 

25.00

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.11

0.075

100

89

80

78

67

57

48

43

39

35

33

30

 Coefficients
D   =15.7092 mm85

D   =2.6227 mm60

D   =1.0394 mm50

D   =N/A30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM N/A

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-106
Sample ID: S-4B
Depth : 10-12

Sample Type: Unspecified
Test Date: 03/15/24
Test Id: 761935

Tested By: ckg
Checked By: ank

Test Comment: ---
Visual Description: Moist, dark gray silty sand with gravel
Sample Comment: ---

Particle Size Analysis - ASTM D6913

printed 3/27/2024 12:21:21 PM
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% Cobble

---

% Gravel

31.7

% Sand

40.8

% Silt & Clay Size

27.5
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

1 in 

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#140 

#200 

25.00

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.11

0.075

100

86

84

75

68

57

48

41

36

32

29

28

 Coefficients
D   =15.3777 mm85

D   =2.4862 mm60

D   =1.0456 mm50

D   =0.1145 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM N/A

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-107
Sample ID: S-6
Depth : 14-16

Sample Type: Unspecified
Test Date: 03/15/24
Test Id: 761936

Tested By: ckg
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray silty sand with gravel
Sample Comment: ---

Particle Size Analysis - ASTM D6913

printed 3/27/2024 12:21:21 PM
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% Cobble

---

% Gravel

22.8

% Sand

43.5

% Silt & Clay Size

33.7
Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.75 in 

0.5 in 

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#140 

#200 

19.00

12.50

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.11

0.075

100

88

87
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 Coefficients
D   =8.2501 mm85

D   =1.4512 mm60

D   =0.5870 mm50

D   =N/A30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM N/A

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ANGULAR

Sand/Gravel Hardness : HARD



Tested By:   A.Osborne   A.Osborne   A.Osborne   A.Osborne   A.Osborne   A.Osborne   C.Burbank   C.Burbank

GEOTECHNICAL SERVICES, INC.

Weare, New Hampshire

Client:

Project:

Project No.: Figure

N.E. Borings

Lubec Breakwater

Lubec, Maine

223199

SOURCE

NATURAL

USCS
SAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY LIQUIDITY

NO. CONTENT LIMIT LIMIT INDEX INDEX

(%) (%) (%) (%)
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Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

On-Site Material L-315-23 15' to 17' 21.6 17 27 10 0.5

On-Site Material L-319-23 5' to 7' 25.6 19 29 10 0.7

On-Site Material L-323-23 2' to 4' 24.6 22 37 15 0.2

On-Site Material L-325-23 7' to 9' 26.3 20 34 14 0.5

On-Site Material L-326-23 18' to 20' 27.2 19 36 17 0.5

On-Site Material L-327-23 28' to 30' 27.9 18 30 12 0.8

On-Site Material L-328-23 38' to 40' 28.3 18 32 14 0.7

On-Site Material L-333-23 15' to 17' 31.1 19 34 15 0.8

On-Site Material L-334-23 20' to 22' 26.4 16 30 14 0.7

On-Site Material L-335-23 35' to 37' 24.4 18 28 10 0.6



Client: Geotechnical Services Inc.
Project: Lubec Breakwater
Location: Lubec, ME Project No: GTX-317770
Boring ID: WB-1/U-1
Sample ID: L-314-23
Depth : 6-8'

Sample Type: tube
Test Date: 09/19/23
Test Id: 732220

Tested By: cam
Checked By: ank

Test Comment: ---
Visual Description: Moist, dark gray clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 9/20/2023 8:27:43 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

L-314-23 WB-1/U-1 6-8' 25 32 20 12 0.4

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geotechnical Services Inc.
Project: Lubec Breakwater
Location: Lubec, ME Project No: GTX-317770
Boring ID: Wb-6/U-1
Sample ID: L-332-23
Depth : 4-6'

Sample Type: tube
Test Date: 09/19/23
Test Id: 732221

Tested By: cam
Checked By: ank

Test Comment: ---
Visual Description: Moist, dark grayish brown clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 9/20/2023 8:27:43 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

L-332-23 Wb-6/U-1 4-6' 27 32 20 12 0.6

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-101
Sample ID: S-2A 
Depth : 2-4

Sample Type: Unspecified
Test Date: 03/22/24
Test Id: 761937

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, brown clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:13 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-2A WB-101 2-4 30 29 16 13 1.1

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-101
Sample ID: S-4
Depth : 6-8

Sample Type: Unspecified
Test Date: 03/27/24
Test Id: 761938

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray silty clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:13 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-4 WB-101 6-8 21 19 13 6 1.4

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-102
Sample ID: S-2
Depth : 2-4

Sample Type: Unspecified
Test Date: 03/27/24
Test Id: 761939

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray silt
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:13 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-2 WB-102 2-4 40 38 26 12 1.2

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-103
Sample ID: S-2A
Depth : 2-4

Sample Type: Unspecified
Test Date: 03/27/24
Test Id: 761940

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, grayish brown silty clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:14 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-2A WB-103 2-4 23 27 21 6 0.3

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-103
Sample ID: U-1
Depth : 4-6

Sample Type: Unspecified
Test Date: 03/26/24
Test Id: 761941

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:14 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-1 WB-103 4-6 22 27 17 10 0.5

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-104
Sample ID: S-3
Depth : 4-6

Sample Type: Unspecified
Test Date: 03/27/24
Test Id: 761942

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, brown silty clay with gravel
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:14 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-3 WB-104 4-6 14 14 10 4 0.9

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-105
Sample ID: S-3
Depth : 4-6

Sample Type: Unspecified
Test Date: 03/20/24
Test Id: 761943

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, brown clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:15 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-3 WB-105 4-6 26 28 18 10 0.8

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-105
Sample ID: U-1
Depth : 6-7.6

Sample Type: Unspecified
Test Date: 03/25/24
Test Id: 761944

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:15 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-1 WB-105 6-7.6 23 30 19 11 0.4

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-106
Sample ID: U-1
Depth : 6-8

Sample Type: Unspecified
Test Date: 03/27/24
Test Id: 761945

Tested By: ckg 
Checked By: ank

Test Comment:
Visual Description:
Sample Comment:

---
Moist, gray clay with gravel 
---

 Atterberg Limits - ASTM D4318
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-1 WB-106 6-8 15 36 16 20 0

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-106
Sample ID: U-2
Depth : 8-10

Sample Type: Unspecified
Test Date: 03/25/24
Test Id: 761946

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:15 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-2 WB-106 8-10 21 27 17 10 0.4

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-107
Sample ID: S-4
Depth : 6-8

Sample Type: Unspecified
Test Date: 03/20/24
Test Id: 761947

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, grayish brown clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:16 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-4 WB-107 6-8 30 34 19 15 0.7

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-107
Sample ID: U-1
Depth : 8-10

Sample Type: Unspecified
Test Date: 03/27/24
Test Id: 761948

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:16 PM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-1 WB-107 8-10 23 25 14 11 0.8

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-108
Sample ID: U-1
Depth : 4-6

Sample Type: Unspecified
Test Date: 03/26/24
Test Id: 761949

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-1 WB-108 4-6 23 30 17 13 0.5

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-108
Sample ID: U-2
Depth : 8-10

Sample Type: Unspecified
Test Date: 03/26/24
Test Id: 761950

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, gray clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/27/2024 12:22:17 PM

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

P
la

st
ic

ity
 In

de
x

Liquid Limit

Plasticity Chart

ML or OLCL-ML

CL or OL

MH or OH

CH or OH

"A" Line

"U" Line

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-2 WB-108 8-10 25 36 16 20 0.4

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client:
Project:

Jacobs Engineering Group 
Lubec Breakwater
---Location: Project No: GTX-318760

Boring ID: WB-108
Sample ID: S-5
Depth : 14-16

Sample Type: Unspecified
Test Date: 03/20/24
Test Id: 761951

Tested By: ckg 
Checked By: ank

Test Comment: ---
Visual Description: Moist, brown clay
Sample Comment: ---
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-5 WB-108 14-16 28 42 17 25 0.4

Sample Prepared using the WET method

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Lubec Breakwater - Laboratory Test Results

Table E.2 - Undisturbed Sample Strength Testing Data

UU Trixial Test

Compressive 

Strength, qu Shear Strength

Undrained Shear 

Strength, Su

- - ft - psf psf psf psf

WB-1 U-1 6 - 8 CL 327 1913 957 -

WB-6 U-1 4 - 6 CL 225 - - 329.0

WB-103 U-1 4 - 6 CL 240 1625 813 -

WB-105 U-1 6 - 7.6 CL 352 - - 1267.5

U-1 4 - 6 CL 240 5045 2523 -

U-2 8 - 10 CL 464 - - 1886.4

WB-107 U-1 8 - 10 CL 464 - - 501.0

WB-108 U-2 8 - 10 CL 464 - - 1132.8

Borehole No. Sample No. Sample Depth USCS

Approximate 

Effective  

Overburden Stress

Unconfined Compressive Strength

WB-106



Client: Geotechnical Services Inc.
Project Name: Lubec Breakwater
Project Location: Lubec, ME
GTX #: 317770
Test Date:
Tested By: jab/sjt
Checked By: anm
Boring ID: WB-1/U-1
Sample ID: L-314-23
Depth, ft: 6-8
Visual Description: Moist, dark gray clay
Test No.: UC-1

Initial Diameter, in: 2.03 Compressive Strength, psf 1913
Initial Height, in: 4.70 Shear Strength, psf: 957
Height to Diameter Ratio: 2.32 Strain Rate, %/min: 1
Initial Mass, grams: 498 Strain at Failure, %: 5.7
Initial Bulk Density, pcf: 124.8 Sample Type: intact
Initial Moisture Content, %: 24.8 Liquid Limit: 32
Initial Dry Density, pcf: 100.0 Plastic Limit: 20
Initial Degree of Saturation: 97.7 Plasticity Index: 12
Initial Void Ratio: 0.68 % Passing #200 sieve: ---
Estimated Specific Gravity: 2.7 Soil Classification: ---

Group Symbol: ---

Notes: Moisture content obtained before shear from sample trimmings
Moisture Content determined by ASTM D2216
Atterberg Limits determined by ASTM D4318

"---" indicates testing required to determine these values was not requested

Failure Sketch

Unconfined Compressive Strength
by ASTM D2166

09/15/23

Extruded from tube, cut, trimmed and placed into apparatus at the as-received density and moisture 
content.
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Client: Jacobs Engineering Group 
Project Name: Lubec Breakwater
Project Location: ---
GTX #: 318760
Test Date:
Tested By: sjt
Checked By: anm
Boring ID: WB-106
Sample ID: U-1
Depth, ft: 6-8
Visual Description: Moist, gray clay with gravel
Test No.: UC-1

Initial Diameter, in: 2.03 Compressive Strength, psf 5045
Initial Height, in: 4.50 Shear Strength, psf: 2523
Height to Diameter Ratio: 2.22 Strain Rate, %/min: 1
Initial Mass, grams: 528 Strain at Failure, %: 10.5
Initial Bulk Density, pcf: 138.1 Sample Type: intact
Initial Moisture Content, %: 15.7 Liquid Limit: 36
Initial Dry Density, pcf: 119.4 Plastic Limit: 16
Initial Degree of Saturation: 99.5 Plasticity Index: 20
Initial Void Ratio: 0.43 % Passing #200 sieve: ---
Estimated Specific Gravity: 2.74 Soil Classification: ---

Group Symbol: ---

Notes: Moisture content obtained before shear from sample trimmings
Moisture Content determined by ASTM D2216
Atterberg Limits determined by ASTM D4318

"---" indicates testing required to determine these values was not requested

Failure Sketch

Unconfined Compressive Strength
by ASTM D2166

03/26/24

Extruded from tube, cut, trimmed and placed into apparatus at the as-received density and moisture 
content.
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Client: Jacobs Engineering Group 
Project Name: Lubec Breakwater
Project Location: ---
GTX #: 318760
Test Date:
Tested By: sjt
Checked By: anm
Boring ID: WB-103
Sample ID: U-1
Depth, ft: 4-6
Visual Description: Moist, gray clay 
Test No.: UC-2

Initial Diameter, in: 2.02 Compressive Strength, psf 1625
Initial Height, in: 4.35 Shear Strength, psf: 813
Height to Diameter Ratio: 2.15 Strain Rate, %/min: 1
Initial Mass, grams: 478 Strain at Failure, %: 15
Initial Bulk Density, pcf: 130.7 Sample Type: intact
Initial Moisture Content, %: 21.5 Liquid Limit: 27
Initial Dry Density, pcf: 107.6 Plastic Limit: 17
Initial Degree of Saturation: 100.0 Plasticity Index: 10
Initial Void Ratio: 0.59 % Passing #200 sieve: ---
Estimated Specific Gravity: 2.74 Soil Classification: ---

Group Symbol: ---

Notes: Moisture content obtained before shear from sample trimmings
Moisture Content determined by ASTM D2216
Atterberg Limits determined by ASTM D4318

"---" indicates testing required to determine these values was not requested

Failure Sketch

Unconfined Compressive Strength
by ASTM D2166

03/26/24

Extruded from tube, cut, trimmed and placed into apparatus at the as-received density and moisture 
content.
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Lubec Breakwater - Laboratory Test Results

Table E.3 - Undisturbed Sample Consolidation Test Data

LL PL 138 psf 500 psf 1000 psf 2000 psf 4000 psf

- - ft - psf % % % - - - psf -

WB-1 U-1 6 - 8 CL 327 24.8 32 20 0.7 0.179 0.047 2000 6.12 1.27E-03 9.01E-04 7.46E-04 5.63E-04 9.06E-04

WB-6 U-1 4 - 6 CL 225 27.1 32 20 0.76 0.153 0.033 - - 2.08E-05 7.61E-05 5.89E-05 8.82E-05 1.16E-04

WB-106 U-2 8 - 10 CL 464 20.8 27 17 0.52 0.076 0.020 2000 4.31 4.84E-05 1.33E-04 1.96E-04 3.05E-04 3.05E-04

WB-108 U-1 4 - 6 CL 240 24.6 30 17 0.64 0.113 0.020 2500 10.42 6.41E-04 4.77E-04 7.05E-04 5.38E-04 3.62E-04

WB-108 U-2 8 - 10 CL 464 27.9 36 16 0.67 0.103 0.023 2200 4.74 6.76E-05 1.47E-04 2.93E-04 1.86E-04 3.02E-04

Borehole 

No. Sample No.

Sample 

Depth USCS

Estimated 

Preconsolidation 

Pressure, p'c OCR

in
2
/s

Approximate 

Effective  

Overburden 

Stress

Atterberg Limits

Water 

Content

Initial Void 

Ratio, e0

Compressio

n Index, Cc

Recompressio

n Index, Cr

Coefficient of Consolidation, cv, at various stress levels
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Displacement at End of Increment

Summary Report
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 1 of 18

Constant Volume Step

Stress: 0.0643 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 2 of 18

Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 3 of 18

Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 4 of 18

Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 5 of 18

Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 6 of 18

Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 7 of 18

Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 8 of 18
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Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 9 of 18
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Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 10 of 18
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Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 11 of 18
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Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 12 of 18
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Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 13 of 18
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Stress: 8 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 14 of 18
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Stress: 16 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 15 of 18
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Stress: 8 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 16 of 18

Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 17 of 18

Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Time Curve 18 of 18
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Stress: 0.125 tsf
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Specimen Diameter: 2.50 in

Initial Height: 1.00 in

Final Height: 0.91 in

Estimated Specific Gravity: 2.74

Initial Void Ratio: 0.705

Final Void Ratio: 0.554

Liquid Limit: 32

Plastic Limit: 20

Plasticity Index: 12

Before Test
Trimmings

Before Test
Specimen

After Test
Specimen

After Test
Trimmings

Container ID

Mass Container, gm

Mass Container + Wet Soil, gm

Mass Container + Dry Soil, gm

Mass Dry Soil, gm

Water Content, %

Void Ratio

Degree of Saturation, %

Dry Unit Weight, pcf

D2982

8.53

151.01

122.71

114.18

24.79

---

---

---

RING

109.93

269.14

239.03

129.1

23.33

0.70

90.56

100.19

109.93

265.16

239.03

129.1

20.24

0.55

100.00

109.92

E7133

8.42

76.55

65.08

56.66

20.24

---

---

---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end of the test.
          Therefore, values may not represent actual values for the specimen.
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Project: Lubec Breakwater 

Boring No.: WB-1/U-1

Sample No.: L-314-23

Test No.: IP-1

Description: Moist, dark gray clay 

Remarks: TX-011, Swell Pressure = 0.0643 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 09/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 6-8'

Elevation: ---

Displacement at End of Increment

Square Root of Time Coefficients

Step
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Stress

tsf
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0.0643
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Displacement at End of Increment

Summary Report
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 1 of 18
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Stress: 0.0629 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 2 of 18

Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 3 of 18

Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 4 of 18

Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 5 of 18

Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 6 of 18

Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 7 of 18

Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 8 of 18

Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 9 of 18

Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 10 of 18

Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 11 of 18
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Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 12 of 18
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Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 13 of 18

Constant Load Step

Stress: 8 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 14 of 18

Constant Load Step

Stress: 16 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 15 of 18

Constant Load Step

Stress: 8 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 16 of 18

Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 17 of 18

Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Time Curve 18 of 18
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Stress: 0.125 tsf
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Specimen Diameter: 2.50 in

Initial Height: 1.00 in

Final Height: 0.85 in

Estimated Specific Gravity: 2.74

Initial Void Ratio: 0.758

Final Void Ratio: 0.49

Liquid Limit: 32

Plastic Limit: 20

Plasticity Index: 12

Before Test
Trimmings

Before Test
Specimen

After Test
Specimen

After Test
Trimmings

Container ID

Mass Container, gm

Mass Container + Wet Soil, gm

Mass Container + Dry Soil, gm

Mass Dry Soil, gm

Water Content, %

Void Ratio

Degree of Saturation, %

Dry Unit Weight, pcf

E3616

8.53

223.49

177.83

169.3

26.97

---

---

---

RING

109.73

267.92

235.07

125.34

26.21

0.76

94.70

97.271

109.73

257.49

235.07

125.34

17.89

0.49

100.00

114.78

E6553

7.94

65.2

56.51

48.57

17.89

---

---

---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end of the test.
          Therefore, values may not represent actual values for the specimen.
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Project: Lubec Breakwater 

Boring No.: Wb-6/ U-1

Sample No.: L-332-23

Test No.: IP-2

Description: Moist, dark grayish brown clay

Remarks: TX-012, Swell Pressure = 0.0629 tsf

Location: Lubec, ME

Tested By: sjt/ jlw

Test Date: 9/15/23

Sample Type: Intact

Project No.: GTX-317770

Checked By: mcm

Depth: 4-6'

Elevation: ---

Displacement at End of Increment

Square Root of Time Coefficients

Step
Applied
Stress

tsf

Final
Displacement

in

Void
Ratio

Strain
at End

%

Sq.Rt.
T90
min

Cv
in²/s

Mv
1/tsf

k
ft/day

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0.0629

0.250

0.500

1.00

2.00

4.00

2.00

1.00

0.500

1.00

2.00

4.00

8.00

16.0

8.00

2.00

0.500

0.125

0.01194

0.04343

0.06025

0.08317

0.1080

0.1341

0.1315

0.1282

0.1246

0.1272

0.1305

0.1385

0.1606

0.1872

0.1843

0.1755

0.1643

0.1525

0.737

0.682

0.652

0.612

0.568

0.523

0.527

0.533

0.539

0.535

0.529

0.515

0.476

0.429

0.434

0.450

0.470

0.490

1.19

4.34

6.02

8.32

10.8

13.4

13.2

12.8

12.5

12.7

13.0

13.9

16.1

18.7

18.4

17.5

16.4

15.3

168.081

43.890

53.917

34.511

24.825

22.302

5.027

8.060

19.775

5.708

7.038

22.098

13.055

11.076

2.942

8.311

15.165

47.174

2.08e-05

7.61e-05

5.89e-05

8.82e-05

1.16e-04

1.22e-04

5.29e-04

3.32e-04

1.36e-04

4.73e-04

3.81e-04

1.20e-04

1.96e-04

2.18e-04

7.96e-04

2.86e-04

1.61e-04

5.31e-05

1.90e-01

1.68e-01

6.73e-02

4.58e-02

2.49e-02

1.30e-02

1.29e-03

3.27e-03

7.25e-03

5.17e-03

3.27e-03

4.02e-03

5.53e-03

3.32e-03

3.68e-04

1.47e-03

7.48e-03

3.13e-02

7.39e-05

2.40e-04

7.42e-05

7.57e-05

5.42e-05

2.99e-05

1.28e-05

2.03e-05

1.85e-05

4.58e-05

2.34e-05

9.02e-06

2.03e-05

1.35e-05

5.49e-06

7.85e-06

2.25e-05

3.11e-05
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

Displacement at End of Increment

Summary Report

0.01 0.1 1 10 100
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 1 of 17

Constant Volume Step

Stress: 0.0694 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 2 of 17
Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 3 of 17
Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 4 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 5 of 17
Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 6 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 7 of 17
Constant Load Step

Stress: 2 tsf

0.01 0.1 1 10 100 1000

Time, min

5.55

5.50

5.45

5.40

5.35

5.30

5.25

S
tr

ai
n,

 %

0 5 10 15 20 25 30

Square Root of Time, √min

5.55

5.50

5.45

5.40

5.35

5.30

5.25

S
tr

ai
n,

 %



2024-04-04 09:43:18 2.3.16.137 / 2.3.16.137 9

Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 8 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 9 of 17
Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 10 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 11 of 17
Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 12 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 13 of 17
Constant Load Step

Stress: 8 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 14 of 17
Constant Load Step

Stress: 16 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 15 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 16 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 17 of 17
Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

Specimen Diameter: 2.50 in

Initial Height: 1.00 in

Final Height: 0.93 in

Estimated Specific Gravity: 2.74

Initial Void Ratio: 0.638

Final Void Ratio: 0.523

Liquid Limit: 30

Plastic Limit: 17

Plasticity Index: 13

Before Test
Trimmings

Before Test
Specimen

After Test
Specimen

After Test
Trimmings

Container ID

Mass Container, gm

Mass Container + Wet Soil, gm

Mass Container + Dry Soil, gm

Mass Dry Soil, gm

Water Content, %

Void Ratio

Degree of Saturation, %

Dry Unit Weight, pcf

E3372

8.92

194.42

159.85

150.93

22.90

---

---

---

RING

108.81

274.36

243.31

134.5

23.08

0.64

99.14

104.39

108.81

269

243.31

134.5

19.10

0.52

100.00

112.24

E9426

8.38

168.71

143

134.62

19.10

---

---

---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end of the test.
       Therefore, values may not represent actual values for the specimen.
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-1

Test No.: IP-3R

Description: Moist, gray clay

Remarks: TX-018, Swell Pressure = 0.0694 tsf

Location: ---

Tested By: sjt

Test Date: 03/21/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 4-6

Elevation: ---

Displacement at End of Increment

Square Root of Time Coefficients

Step
Applied
Stress

tsf

Final
Displacement

in

Void
Ratio

Strain
at End

%

Sq.Rt.
T90
min

Cv
in²/s

Mv
1/tsf

k
ft/day

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0.0694

0.250

0.500

1.00

2.00

4.00

2.00

1.00

0.500

1.00

2.00

4.00

8.00

16.0

4.00

1.00

0.250

0.000

0.003967

0.01319

0.01884

0.02743

0.03937

0.05304

0.05266

0.04989

0.04686

0.04880

0.05147

0.05609

0.07132

0.09157

0.08740

0.08163

0.07275

0.06650

0.631

0.616

0.607

0.593

0.573

0.551

0.551

0.556

0.561

0.558

0.553

0.546

0.521

0.488

0.494

0.504

0.518

0.529

0.397

1.32

1.88

2.74

3.94

5.30

5.27

4.99

4.69

4.88

5.15

5.61

7.13

9.16

8.74

8.16

7.27

6.65

5.491

7.282

4.850

6.267

9.110

6.038

0.652

3.910

3.902

2.752

2.850

42.217

6.113

4.313

2.180

5.375

11.606

56.281

6.41e-04

4.77e-04

7.05e-04

5.38e-04

3.62e-04

5.32e-04

4.86e-03

8.13e-04

8.20e-04

1.16e-03

1.12e-03

7.49e-05

5.07e-04

6.91e-04

1.34e-03

5.51e-04

2.59e-04

5.43e-05

5.72e-02

5.11e-02

2.26e-02

1.72e-02

1.19e-02

6.84e-03

1.90e-04

2.76e-03

6.06e-03

3.87e-03

2.67e-03

2.31e-03

3.81e-03

2.53e-03

3.47e-04

1.92e-03

1.18e-02

2.50e-02

6.86e-04

4.56e-04

2.98e-04

1.73e-04

8.10e-05

6.82e-05

1.73e-05

4.21e-05

9.31e-05

8.44e-05

5.59e-05

3.24e-06

3.61e-05

3.28e-05

8.74e-06

1.98e-05

5.75e-05

2.54e-05
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

Displacement at End of Increment

Summary Report

0.01 0.1 1 10 100

Vertical Stress, tsf

20

15

10

5

0

S
tr

ai
n,

 %

0.01 0.1 1 10 100

Vertical Stress, tsf

10
-5

10
-4

10
-3

10
-2

C
v,

 in
²/

s



2024-04-03 16:10:18 2.3.16.137 / 2.3.16.137 2

Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 1 of 17

Constant Volume Step

Stress: 0.0684 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 2 of 17
Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 3 of 17
Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 4 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 5 of 17
Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 6 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 7 of 17
Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 8 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 9 of 17
Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 10 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 11 of 17
Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 12 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 13 of 17
Constant Load Step

Stress: 8 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 14 of 17
Constant Load Step

Stress: 16 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 15 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 16 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 17 of 17
Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

Specimen Diameter: 2.50 in

Initial Height: 1.00 in

Final Height: 0.90 in

Estimated Specific Gravity: 2.74

Initial Void Ratio: 0.665

Final Void Ratio: 0.499

Liquid Limit: 36

Plastic Limit: 16

Plasticity Index: 20

Before Test
Trimmings

Before Test
Specimen

After Test
Specimen

After Test
Trimmings

Container ID

Mass Container, gm

Mass Container + Wet Soil, gm

Mass Container + Dry Soil, gm

Mass Dry Soil, gm

Water Content, %

Void Ratio

Degree of Saturation, %

Dry Unit Weight, pcf

E9246

8.59

191.98

157.57

148.98

23.10

---

---

---

RING

111.34

275.28

243.91

132.57

23.66

0.67

97.62

102.89

111.34

268

243.91

132.57

18.17

0.50

100.00

114.32

E8594

8.42

166.27

142

133.58

18.17

---

---

---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end of the test.
       Therefore, values may not represent actual values for the specimen.
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Project: Lubec Breakwater 

Boring No.: WB-108

Sample No.: U-2

Test No.: IP-2R

Description: Moist, gray clay

Remarks: TX-017, Swell Pressure = 0.0684 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

Displacement at End of Increment

Square Root of Time Coefficients

Step
Applied
Stress

tsf

Final
Displacement

in

Void
Ratio

Strain
at End

%

Sq.Rt.
T90
min

Cv
in²/s

Mv
1/tsf

k
ft/day

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0.0684

0.250

0.500

1.00

2.00

4.00

2.00

1.00

0.500

1.00

2.00

4.00

8.00

16.0

4.00

1.00

0.250

0.000

0.008502

0.02309

0.03345

0.04446

0.05736

0.07233

0.07137

0.06949

0.06569

0.06746

0.07018

0.07502

0.09145

0.1131

0.1098

0.1028

0.09336

0.08432

0.651

0.627

0.609

0.591

0.570

0.545

0.546

0.549

0.556

0.553

0.548

0.540

0.513

0.477

0.482

0.494

0.510

0.525

0.850

2.31

3.35

4.45

5.74

7.23

7.14

6.95

6.57

6.75

7.02

7.50

9.14

11.3

11.0
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

Displacement at End of Increment

Summary Report
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 1 of 17

Constant Volume Step

Stress: 0.0658 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 2 of 17
Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 3 of 17
Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 4 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 5 of 17
Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 6 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 7 of 17
Constant Load Step

Stress: 2 tsf

0.01 0.1 1 10 100 1000

Time, min

4.60

4.55

4.50

4.45

4.40

4.35

4.30

S
tr

ai
n,

 %

0 5 10 15 20 25 30

Square Root of Time, √min

4.60

4.55

4.50

4.45

4.40

4.35

4.30

S
tr

ai
n,

 %



2024-04-03 14:59:26 2.3.16.137 / 2.3.16.137 9

Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 8 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 9 of 17
Constant Load Step

Stress: 0.5 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 10 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 11 of 17
Constant Load Step

Stress: 2 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 12 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 13 of 17
Constant Load Step

Stress: 8 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 14 of 17
Constant Load Step

Stress: 16 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 15 of 17
Constant Load Step

Stress: 4 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 16 of 17
Constant Load Step

Stress: 1 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

One-Dimensional Consolidation by ASTM D2435 - Method B
Time Curve 17 of 17
Constant Load Step

Stress: 0.25 tsf
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

Specimen Diameter: 2.50 in

Initial Height: 1.00 in

Final Height: 0.96 in

Estimated Specific Gravity: 2.73

Initial Void Ratio: 0.517

Final Void Ratio: 0.456

Liquid Limit: 27

Plastic Limit: 17

Plasticity Index: 10

Before Test
Trimmings

Before Test
Specimen

After Test
Specimen

After Test
Trimmings

Container ID

Mass Container, gm

Mass Container + Wet Soil, gm

Mass Container + Dry Soil, gm

Mass Dry Soil, gm

Water Content, %

Void Ratio

Degree of Saturation, %

Dry Unit Weight, pcf

E6989

8.56

358.19

307.81

299.25

16.84

---

---

---

RING

109.02

280.58

253.81

144.79

18.49

0.52

97.67

112.37

109.02

278

253.81

144.79

16.70

0.46

100.00

117.05

E9675

8.28

174.84

151

142.72

16.70

---

---

---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end of the test.
          Therefore, values may not represent actual values for the specimen.
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Project: Lubec Breakwater  

Boring No.: WB-106

Sample No.: U-2

Test No.: IP-1R

Description: Moist, gray clay with sand

Remarks: System LTIII-G, Swell Pressure = 0.0658 tsf

Location: ---

Tested By: sjt

Test Date: 03/28/24

Sample Type: intact

Project No.: GTX-318760

Checked By: anm

Depth: 8-10

Elevation: ---

Displacement at End of Increment

Square Root of Time Coefficients

Step
Applied
Stress

tsf

Final
Displacement

in

Void
Ratio

Strain
at End

%

Sq.Rt.
T90
min

Cv
in²/s

Mv
1/tsf

k
ft/day

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0.0658

0.250

0.500

1.00

2.00

4.00

2.00

1.00

0.500

1.00

2.00

4.00

8.00

16.0

4.00

1.00

0.250

0.000

0.002988

0.009784

0.01538

0.02293

0.03316

0.04456

0.04327

0.04153

0.03914

0.04023

0.04254

0.04679

0.05852

0.07471

0.06923

0.06222

0.05314

0.04514

0.512

0.502

0.493

0.482

0.466

0.449

0.451

0.454

0.457

0.456

0.452

0.446

0.428

0.403

0.412

0.422

0.436

0.448

0.299

0.978

1.54

2.29

3.32

4.46

4.33

4.15

3.91

4.02

4.25

4.68

5.85

7.47

6.92

6.22

5.31

4.51

72.768

26.184

17.575

11.160

10.880

6.275

2.793

4.716

8.387

4.546

4.371

4.400

4.726

4.485

3.071

6.810

19.091

46.571

4.84e-05

1.33e-04

1.96e-04

3.05e-04

3.07e-04

5.20e-04

1.16e-03

6.87e-04

3.88e-04

7.17e-04

7.43e-04

7.33e-04

6.71e-04

6.86e-04

9.91e-04

4.53e-04

1.64e-04

6.86e-05

4.54e-02

3.69e-02

2.24e-02

1.51e-02

1.02e-02

5.70e-03
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PROJECT: Lubec Breakwater SAMPLED BY: NE Borings DATE SAMPLED: 7/10-12/2023

PROJECT NO.: 223199 TESTED BY: C.Burbank DATE TESTED: 9/6/2023

LOCATION: Lubec, ME PLOTTED BY: A.Osborne DATE PLOTTED: 9/7/2023

Rock Core Compressive Strength Test Results
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L-318-23 WB-3 C-1 5-7.9 2.0 3.142 3.94 4.133 2.067 13,880 4,418

L-320-23 WB-4 C-1 13.5-18.5 2.0 3.142 3.94 4.015 2.008 47,690 15,181

L-321-23 WB-4 C-2 18.5-23.5 2.0 3.142 3.94 4.173 2.087 49,870 15,875

L-322-23 WB-4 C-4 24.5-29.5 2.0 3.142 3.94 4.094 2.047 30,780 9,798

L-329-23 WB-5 C-7 54.85-56.85 2.0 3.142 3.94 4.074 2.037 28,410 9,043

L-330-23 WB-5 C-9 58.85-63.85 2.0 3.142 3.94 4.251 2.126 16,890 5,376

L-331-23 WB-5 C-10 63.85-68.4 2.0 3.142 3.94 4.251 2.126 17,280 5,501

L-338-23 WB-6 C-3 76.15-79.65 2.0 3.142 2.75 2.795 1.398 2,600 828

L-339-23 WB-6 C-4 79.65-84 2.0 3.142 3.94 4.035 2.018 16,560 5,271

L-340-23 WB-6 C-5 84-89 2.0 3.142 3.94 4.144 2.072 4,040 1,286

Notes:
GSI sample numbers L-338-23 and L-340-23 exibited distinct fracture lines in the core specimens. Tested compressive strength results may not 

accurately reflect actual.



Lubec Breakwater - Laboratory Test Results

Table E.4 - Rock Core Unconfined Compression Test Data

Boring ID Sample ID Depth Classification Recovery RQD UCS E

- - ft - % % psi psi

WB-103 C-2 11.14-11.51 TUFF 100 67 8693 -

WB-103 C-4 18.61-18.98 TUFF 97 80 8192 -

WB-104 C-3 15.26-15.64 TUFF 100 60 4813 9090000

WB-104 C-7 29.62-30.00 TUFF 100 73 5247 6070000

WB-105 C-3 19.63-20.00 TUFF 100 59 6545 1420000

WB-105 C-4 23.06-23.42 TUFF 100 79 22085 8320000

WB-106 C-2 19.34-19.72 TUFF 100 85 19633 7300000

WB-106 C-4 31.33-31.82 TUFF 100 73 5296 1150000

WB-107 C-3 29.71-30.05 TUFF 100 68 3818 -



Client: Jacobs Engineering Group
Project: Lubec Breakwater
Location: Project No: GTX-318760
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/29/24
Test Id: 761991

Tested By: te
Checked By: smd

 Bulk Density and Compressive Strength
 of Rock Core Specimens by ASTM D7012 Method C 

printed 4/1/2024 11:57:31 AM

 Boring ID  Sample
Number 

 Depth  Bulk
Density,

pcf 

 Compressive 
strength,

psi

Failure
Type

 Meets ASTM
D4543

 Note(s)

WB-103

WB-103

WB-107

C-2

C-4

C-3

 11.14-11.51
ft

 18.61-18.98
ft

 29.71-30.05
ft 

172

175

179

8693

8192

3818

1

3

3

No

No

No

1,*

1,*

1,*

Notes:     Density determined on core samples by measuring dimensions and weight and then calculating.

All specimens tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Failure Type: 1 = Intact Material Failure; 2 = Discontinuity Failure; 3 = Intact Material and Discontinuity Failure
(See attached photographs) 

1:  Best effort end preparation. See Tolerance report for details.
2:  The as-received core did not meet the ASTM side straightness tolerance due to irregularities in the sample as cored.
3:  Specimen L/D < 2. 
4:  The as-received core did not meet the ASTM minimum diameter tolerance of 1.875 inches.
5:  Specimen diameter is less than 10 times maximum particle size.
6:  Specimen diameter is less than 6 times maximum particle size.

*Because the indicated tested specimens did not meet the ASTM D4543 standard tolerances, the results reported here
may differ from those for a test specimen within tolerances.



Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-103

Sample ID: C-2

Depth (ft): 11.14-11.51

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00020

Diameter 2, in (rotated 90
o
) -0.00120 -0.00100 -0.00080 -0.00050 -0.00030 -0.00020 0.00000 0.00000 0.00020 0.00030 0.00040 0.00060 0.00070 0.00090 0.00110

Difference between max and min readings, in: 

0° = 0.00020 90° = 0.00230

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00030 -0.00030

Diameter 2, in (rotated 90
o
) 0.00100 0.00090 0.00080 0.00060 0.00040 0.00030 0.00010 0.00000 0.00000 -0.00010 -0.00040 -0.00070 -0.00080 -0.00120 -0.00130

Difference between max and min readings, in: 

0° = 0.0003 90° = 0.0023

Maximum difference must be < 0.0020 in. Difference = + 0.00115

 Flatness Tolerance Met? NO

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00007

Angle of Best Fit Line: 0.00409

End 2:

Slope of Best Fit Line 0.00014

Angle of Best Fit Line: 0.00786

Maximum Angular Difference: 0.00377

Parallelism Tolerance Met? YES

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00122

Angle of Best Fit Line: 0.06990

End 2:

Slope of Best Fit Line 0.00129

Angle of Best Fit Line: 0.07399

Maximum Angular Difference: 0.00409

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00020 1.980 0.00010 0.006

Diameter 2, in (rotated 90
o
) 0.00230 1.980 0.00116 0.067 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00030 1.980 0.00015 0.009

Diameter 2, in (rotated 90
o
) 0.00230 1.980 0.00116 0.067

YES

YES

1.98 1.98 1.98

599.06

172

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.29 4.29 4.29

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

11.14-11.51

C-2

WB-103

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 3/29/2024

Tested By: gp

Checked By: smd

Boring ID: WB-103

Sample ID: C-2

Depth, ft: 11.14-11.51

After cutting and grinding

After break



Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-103

Sample ID: C-4

Depth (ft): 18.61-18.98

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00080 0.00070 0.00050 0.00040 0.00030 0.00020 0.00010 0.00000 -0.00020 -0.00030 -0.00050 -0.00070 -0.00070 -0.00100 -0.00100

Diameter 2, in (rotated 90
o
) -0.00090 -0.00060 -0.00050 -0.00030 -0.00020 -0.00010 0.00000 0.00000 0.00010 0.00040 0.00040 0.00050 0.00060 0.00060 0.00070

Difference between max and min readings, in: 

0° = 0.00180 90° = 0.00160

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00020 -0.00030 -0.00030 -0.00040 -0.00040

Diameter 2, in (rotated 90
o
) 0.00090 0.00080 0.00060 0.00040 0.00030 0.00010 0.00000 0.00000 -0.00010 -0.00030 -0.00050 -0.00070 -0.00100 -0.00120 -0.00150

Difference between max and min readings, in: 

0° = 0.0005 90° = 0.0024

Maximum difference must be < 0.0020 in. Difference = + 0.00120

 Flatness Tolerance Met? NO

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00105

Angle of Best Fit Line: 0.06041

End 2:

Slope of Best Fit Line 0.00027

Angle of Best Fit Line: 0.01555

Maximum Angular Difference: 0.04485

Parallelism Tolerance Met? NO

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00086

Angle of Best Fit Line: 0.04911

End 2:

Slope of Best Fit Line 0.00127

Angle of Best Fit Line: 0.07285

Maximum Angular Difference: 0.02374

Parallelism Tolerance Met? NO

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00180 1.980 0.00091 0.052

Diameter 2, in (rotated 90
o
) 0.00160 1.980 0.00081 0.046 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00050 1.980 0.00025 0.014

Diameter 2, in (rotated 90
o
) 0.00240 1.980 0.00121 0.069

YES

4.30 4.30 4.30

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average

YES

YES

1.98 1.98 1.98

610.7

175

2.2

YES
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

18.61-18.98

C-4

WB-103

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 3/29/2024

Tested By: gp

Checked By: smd

Boring ID: WB-103

Sample ID: C-4

Depth, ft: 18.61-18.98

After cutting and grinding

After break



Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-107

Sample ID: C-3

Depth (ft): 29.71-30.05

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00020 -0.00020 -0.00030

Diameter 2, in (rotated 90
o
) -0.00120 -0.00120 -0.00090 -0.00070 -0.00040 -0.00020 0.00000 0.00000 0.00010 0.00040 0.00050 0.00070 0.00080 0.00080 0.00120

Difference between max and min readings, in: 

0° = 0.00040 90° = 0.00240

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010

Diameter 2, in (rotated 90
o
) 0.00130 0.00120 0.00100 0.00080 0.00060 0.00040 0.00030 0.00000 0.00000 -0.00020 -0.00030 -0.00030 -0.00080 -0.00080 -0.00120

Difference between max and min readings, in: 

0° = 0.0001 90° = 0.0025

Maximum difference must be < 0.0020 in. Difference = + 0.00125

 Flatness Tolerance Met? NO

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00022

Angle of Best Fit Line: 0.01261

End 2:

Slope of Best Fit Line 0.00004

Angle of Best Fit Line: 0.00213

Maximum Angular Difference: 0.01048

Parallelism Tolerance Met? NO

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00134

Angle of Best Fit Line: 0.07678

End 2:

Slope of Best Fit Line 0.00135

Angle of Best Fit Line: 0.07710

Maximum Angular Difference: 0.00033

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00040 1.980 0.00020 0.012

Diameter 2, in (rotated 90
o
) 0.00240 1.980 0.00121 0.069 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00010 1.980 0.00005 0.003

Diameter 2, in (rotated 90
o
) 0.00250 1.980 0.00126 0.072

YES

YES

1.98 1.98 1.98

595.74

179

2.1

YES

     Difference, Maximum and Minimum (in.)

YES

4.12 4.12 4.12

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

29.71-30.05

C-3

WB-107

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 3/29/2024

Tested By: gp

Checked By: smd

Boring ID: WB-107

Sample ID: C-3

Depth, ft: 29.71-30.05

After cutting and grinding

After break



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: te

Checked By: jsc

Boring ID: WB-104

Sample ID: C-3

Depth, ft: 15.26-15.64

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 4,813 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs

Intact material and discontinuity failure

Best Effort end preparation performed

0.32

1800-3000 7,830,000 0.22

3000-4300 5,460,000

500-1800 9,090,000

0.15

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-104

Sample ID: C-3

Depth (ft): 15.26-15.64

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00050 0.00040 0.00030 0.00030 0.00020 0.00010 0.00010 0.00000 0.00000 0.00000 -0.00010 -0.00030 -0.00040 -0.00060 -0.00080

Diameter 2, in (rotated 90
o
) 0.00070 0.00060 0.00050 0.00050 0.00030 0.00020 0.00010 0.00000 -0.00010 -0.00020 -0.00030 -0.00040 -0.00060 -0.00080 -0.00100

Difference between max and min readings, in: 

0° = 0.00130 90° = 0.00170

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00040 0.00020 0.00020 0.00010 0.00000 0.00000 -0.00010 0.00000 0.00000 -0.00020 -0.00040 -0.00050 -0.00070 -0.00070 -0.00100

Diameter 2, in (rotated 90
o
) -0.00090 -0.00070 -0.00050 -0.00040 -0.00030 -0.00020 0.00000 0.00000 0.00000 0.00010 0.00020 0.00030 0.00040 0.00040 0.00060

Difference between max and min readings, in: 

0° = 0.0014 90° = 0.0015

Maximum difference must be < 0.0020 in. Difference = + 0.00085

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00063

Angle of Best Fit Line: 0.03634

End 2:

Slope of Best Fit Line 0.00067

Angle of Best Fit Line: 0.03863

Maximum Angular Difference: 0.00229

Parallelism Tolerance Met? YES

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00092

Angle of Best Fit Line: 0.05271

End 2:

Slope of Best Fit Line 0.00076

Angle of Best Fit Line: 0.04338

Maximum Angular Difference: 0.00933

Parallelism Tolerance Met? NO

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00130 1.985 0.00065 0.038

Diameter 2, in (rotated 90
o
) 0.00170 1.985 0.00086 0.049 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00140 1.985 0.00071 0.040

Diameter 2, in (rotated 90
o
) 0.00150 1.985 0.00076 0.043

YES

YES

1.99 1.98 1.99

633.64

177

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.39 4.39 4.39

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

15.26-15.64

C-3

WB-104

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: gp

Checked By: smd

Boring ID: WB-104

Sample ID: C-3

Depth, ft: 15.26-15.64

After cutting and grinding

After break



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: te

Checked By: jsc

Boring ID: WB-104

Sample ID: C-7

Depth, ft: 29.62-30.00

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 5,247 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio

The strain values recorded within the second and third stress ranges for this test produce values of Poisson's  Ratio that 

exceed maximum values found in rocks. 

See photographs

Intact material and discontinuity failure

Best Effort end preparation performed
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-104

Sample ID: C-7

Depth (ft): 29.62-30.00

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00080 0.00070 0.00070 0.00050 0.00050 0.00020 0.00010 0.00000 -0.00010 -0.00040 -0.00050 -0.00070 -0.00080 -0.00090 -0.00100

Diameter 2, in (rotated 90
o
) -0.00080 -0.00080 -0.00060 -0.00060 -0.00030 -0.00010 0.00000 0.00000 0.00000 0.00010 0.00020 0.00020 0.00030 0.00050 0.00060

Difference between max and min readings, in: 

0° = 0.00180 90° = 0.00140

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00080 0.00080 0.00060 0.00050 0.00040 0.00010 0.00010 0.00000 0.00000 -0.00030 -0.00050 -0.00060 -0.00070 -0.00080 -0.00090

Diameter 2, in (rotated 90
o
) 0.00060 0.00050 0.00040 0.00020 0.00020 0.00010 0.00000 0.00000 -0.00010 -0.00010 -0.00030 -0.00050 -0.00070 -0.00070 -0.00090

Difference between max and min readings, in: 

0° = 0.0017 90° = 0.0015

Maximum difference must be < 0.0020 in. Difference = + 0.00090

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00111

Angle of Best Fit Line: 0.06368

End 2:

Slope of Best Fit Line 0.00103

Angle of Best Fit Line: 0.05893

Maximum Angular Difference: 0.00475

Parallelism Tolerance Met? NO

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00078

Angle of Best Fit Line: 0.04453

End 2:

Slope of Best Fit Line 0.00080

Angle of Best Fit Line: 0.04584

Maximum Angular Difference: 0.00131

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00180 1.985 0.00091 0.052

Diameter 2, in (rotated 90
o
) 0.00140 1.985 0.00071 0.040 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00170 1.985 0.00086 0.049

Diameter 2, in (rotated 90
o
) 0.00150 1.985 0.00076 0.043

YES

YES

1.98 1.99 1.99

650.91

183

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.38 4.38 4.38

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

29.62-30.00

C-7

WB-104

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: gp

Checked By: smd

Boring ID: WB-104

Sample ID: C-7

Depth, ft: 29.62-30.00

After cutting and grinding

After break



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: te

Checked By: jsc

Boring ID: WB-105

Sample ID: C-3

Depth, ft: 19.63-20.00

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 6,545 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio

See photographs

Intact material failure

Best Effort end preparation performed
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-105

Sample ID: C-3

Depth (ft): 19.63-20.00

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? NO

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? NO

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00100 -0.00090 -0.00070 -0.00060 -0.00020 -0.00010 -0.00010 0.00000 0.00010 0.00040 0.00050 0.00050 0.00060 0.00070 0.00100

Diameter 2, in (rotated 90
o
) -0.00130 -0.00130 -0.00100 -0.00080 -0.00050 -0.00030 -0.00010 0.00000 0.00010 0.00020 0.00050 0.00050 0.00050 0.00050 0.00050

Difference between max and min readings, in: 

0° = 0.00200 90° = 0.00180

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00140 -0.00140 -0.00120 -0.00090 -0.00070 -0.00040 -0.00010 0.00000 0.00000 0.00020 0.00050 0.00050 0.00050 0.00050 0.00050

Diameter 2, in (rotated 90
o
) 0.00000 0.00010 0.00010 0.00010 0.00010 0.00010 0.00000 0.00000 0.00010 0.00010 0.00000 0.00000 0.00000 -0.00010 -0.00010

Difference between max and min readings, in: 

0° = 0.0019 90° = 0.0002

Maximum difference must be < 0.0020 in. Difference = + 0.00100

 Flatness Tolerance Met? NO

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00108

Angle of Best Fit Line: 0.06188

End 2:

Slope of Best Fit Line 0.00125

Angle of Best Fit Line: 0.07154

Maximum Angular Difference: 0.00966

Parallelism Tolerance Met? NO

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00115

Angle of Best Fit Line: 0.06597

End 2:

Slope of Best Fit Line 0.00009

Angle of Best Fit Line: 0.00491

Maximum Angular Difference: 0.06106

Parallelism Tolerance Met? NO

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00200 1.980 0.00101 0.058

Diameter 2, in (rotated 90
o
) 0.00180 1.980 0.00091 0.052 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00190 1.980 0.00096 0.055

Diameter 2, in (rotated 90
o
) 0.00020 1.980 0.00010 0.006

YES

YES

1.98 1.98 1.98

586.91

170

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.27 4.27 4.27

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average

y = 0.00108x + 0.00001
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

19.63-20.00

C-3

WB-105

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: gp

Checked By: smd

Boring ID: WB-105

Sample ID: C-3

Depth, ft: 19.63-20.00

After cutting and grinding

After break



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: te

Checked By: jsc

Boring ID: WB-105

Sample ID: C-4

Depth, ft: 23.06-23.42

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 22,085 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs

Intact material failure

Best Effort end preparation performed

0.31

8100-14000 7,410,000 0.32

14000-19900 6,480,000

2200-8100 8,320,000

0.34

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-105

Sample ID: C-4

Depth (ft): 23.06-23.42

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00070 -0.00070 -0.00050 -0.00040 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00010 0.00020 0.00030 0.00030 0.00030

Diameter 2, in (rotated 90
o
) 0.00080 0.00080 0.00070 0.00050 0.00040 0.00020 0.00010 0.00000 0.00000 -0.00010 -0.00020 -0.00050 -0.00060 -0.00060 -0.00100

Difference between max and min readings, in: 

0° = 0.00100 90° = 0.00180

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in -0.00070 -0.00070 -0.00050 -0.00050 -0.00020 -0.00010 0.00000 0.00000 0.00010 0.00010 0.00020 0.00030 0.00040 0.00050 0.00060

Diameter 2, in (rotated 90
o
) -0.00040 -0.00040 -0.00040 -0.00040 -0.00040 -0.00020 0.00000 0.00000 0.00010 0.00030 0.00050 0.00050 0.00060 0.00060 0.00070

Difference between max and min readings, in: 

0° = 0.0013 90° = 0.0011

Maximum difference must be < 0.0020 in. Difference = + 0.00090

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00059

Angle of Best Fit Line: 0.03356

End 2:

Slope of Best Fit Line 0.00073

Angle of Best Fit Line: 0.04207

Maximum Angular Difference: 0.00851

Parallelism Tolerance Met? NO

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00097

Angle of Best Fit Line: 0.05566

End 2:

Slope of Best Fit Line 0.00075

Angle of Best Fit Line: 0.04273

Maximum Angular Difference: 0.01293

Parallelism Tolerance Met? NO

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00100 1.980 0.00051 0.029

Diameter 2, in (rotated 90
o
) 0.00180 1.980 0.00091 0.052 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00130 1.980 0.00066 0.038

Diameter 2, in (rotated 90
o
) 0.00110 1.980 0.00056 0.032

YES

YES

1.98 1.98 1.98

639.69

180

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.38 4.38 4.38

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

23.06-23.42

C-4

WB-105

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: gp

Checked By: smd

Boring ID: WB-105

Sample ID: C-4

Depth, ft: 23.06-23.42

After cutting and grinding

After break



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: te

Checked By: jsc

Boring ID: WB-106

Sample ID: C-2

Depth, ft: 19.34-19.72

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 19,633 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs

Intact material failure

Best Effort end preparation performed

0.23

7200-12400 6,830,000 0.25

12400-17700 6,210,000

2000-7200 7,300,000

0.27

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-106

Sample ID: C-2

Depth (ft): 19.34-19.72

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00050 0.00040 0.00030 0.00030 0.00030 0.00010 0.00010 0.00000 0.00000 -0.00010 -0.00020 -0.00030 -0.00040 -0.00050 -0.00060

Diameter 2, in (rotated 90
o
) -0.00100 -0.00090 -0.00060 -0.00060 -0.00050 -0.00020 -0.00010 0.00000 0.00000 0.00010 0.00030 0.00050 0.00060 0.00060 0.00090

Difference between max and min readings, in: 

0° = 0.00110 90° = 0.00190

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00050 0.00050 0.00040 0.00040 0.00020 0.00010 0.00010 0.00000 0.00000 -0.00010 -0.00030 -0.00040 -0.00050 -0.00080 -0.00080

Diameter 2, in (rotated 90
o
) 0.00070 0.00060 0.00050 0.00040 0.00030 0.00020 0.00010 0.00000 -0.00020 -0.00030 -0.00050 -0.00050 -0.00080 -0.00100 -0.00120

Difference between max and min readings, in: 

0° = 0.0013 90° = 0.0019

Maximum difference must be < 0.0020 in. Difference = + 0.00095

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00060

Angle of Best Fit Line: 0.03438

End 2:

Slope of Best Fit Line 0.00076

Angle of Best Fit Line: 0.04354

Maximum Angular Difference: 0.00917

Parallelism Tolerance Met? NO

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00102

Angle of Best Fit Line: 0.05861

End 2:

Slope of Best Fit Line 0.00105

Angle of Best Fit Line: 0.06008

Maximum Angular Difference: 0.00147

Parallelism Tolerance Met? YES

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00110 1.990 0.00055 0.032

Diameter 2, in (rotated 90
o
) 0.00190 1.990 0.00095 0.055 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00130 1.990 0.00065 0.037

Diameter 2, in (rotated 90
o
) 0.00190 1.990 0.00095 0.055

YES

YES

1.99 1.99 1.99

623.24

178

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.29 4.29 4.29

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

19.34-19.72

C-2

WB-106

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: gp

Checked By: smd

Boring ID: WB-106

Sample ID: C-2

Depth, ft: 19.34-19.72

After cutting and grinding

After break



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: te

Checked By: jsc

Boring ID: WB-106

Sample ID: C-4

Depth, ft: 31.44-31.82

Sample Type: rock core

Sample Description:

Peak Compressive Stress: 5,296 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs

Intact material failure

Best Effort end preparation performed

---

1900-3400 1,460,000 ---

3400-4800 325,000

500-1900 1,150,000

---

Compressive Strength and Elastic Moduli of Rock

by ASTM D7012 - Method D

Stress Range, psi Young's Modulus, psi Poisson's Ratio

The lateral strain gauges failed to record meaningful data. Poisson's Ratio could not be determined. 
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: --- Checked By: smd

GTX #: 318760

Boring ID: WB-106

Sample ID: C-4

Depth (ft): 31.44-31.82

Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:

Specimen Diameter, in: Is the maximum gap < 0.02 in.? YES

Specimen Mass, g:

Bulk Density, lb/ft
3

Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.

Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? YES

END FLATNESS AND PARALLELISM (Procedure FP1)

END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00070 0.00060 0.00040 0.00030 0.00020 0.00020 0.00010 0.00000 -0.00020 -0.00040 -0.00040 -0.00060 -0.00070 -0.00090 -0.00100

Diameter 2, in (rotated 90
o
) 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00020 -0.00020

Difference between max and min readings, in: 

0° = 0.00170 90° = 0.00030

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875

Diameter 1, in 0.00050 0.00050 0.00030 0.00030 0.00020 0.00010 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00030 -0.00050 -0.00060 -0.00070

Diameter 2, in (rotated 90
o
) -0.00090 -0.00080 -0.00070 -0.00040 -0.00020 -0.00010 0.00000 0.00000 0.00000 0.00010 0.00020 0.00040 0.00070 0.00070 0.00080

Difference between max and min readings, in: 

0° = 0.0012 90° = 0.0017

Maximum difference must be < 0.0020 in. Difference = + 0.00085

 Flatness Tolerance Met? YES

DIAMETER 1

End 1:

Slope of Best Fit Line 0.00095

Angle of Best Fit Line: 0.05451

End 2:

Slope of Best Fit Line 0.00064

Angle of Best Fit Line: 0.03683

Maximum Angular Difference: 0.01768

Parallelism Tolerance Met? NO

Spherically Seated

DIAMETER 2

End 1:

Slope of Best Fit Line 0.00015

Angle of Best Fit Line: 0.00868

End 2:

Slope of Best Fit Line 0.00093

Angle of Best Fit Line: 0.05353

Maximum Angular Difference: 0.04485

Parallelism Tolerance Met? NO

Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)

END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°

Diameter 1, in 0.00170 1.990 0.00085 0.049

Diameter 2, in (rotated 90
o
) 0.00030 1.990 0.00015 0.009 Perpendicularity Tolerance Met? YES

END 2

Diameter 1, in 0.00120 1.990 0.00060 0.035

Diameter 2, in (rotated 90
o
) 0.00170 1.990 0.00085 0.049

YES

YES

1.99 1.99 1.99

623.58

173

2.2

YES

     Difference, Maximum and Minimum (in.)

YES

4.41 4.41 4.41

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543

1 2 Average
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Client: Jacobs Engineering Group Test Date: 3/29/2024

Project Name: Lubec Breakwater Tested By: rik

Project Location: Checked By: smd

GTX #:

Boring ID:

Sample ID:

Depth (ft):

Visual Description: See photographs

END FLATNESS

END 1

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

END 2

Diameter 1 Is the maximum gap < +0.001 in.? YES

Diameter 2 (rotated 90
o
) Is the maximum gap < +0.001 in.? YES

End Flatness Tolerance Met? YES  

---

Reliable dial gauge measurements could not be 

performed on this rock type.  Tolerance 

measurements were performed using a machinist 

straightedge and feeler gauges to ASTM 

specifications.

BEST EFFORT END FLATNESS TOLERANCES OF ROCK CORE SPECIMENS TO                                                                       

ASTM D4543

31.44-31.82

C-4

WB-106

318760



Client: Jacobs Engineering Group

Project Name: Lubec Breakwater

Project Location: ---

GTX #: 318760

Test Date: 4/2/2024

Tested By: gp

Checked By: smd

Boring ID: WB-106

Sample ID: C-4

Depth, ft: 31.44-31.82

After cutting and grinding

After break
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Appendix F. Rubble-Mound Breakwater Slope Stability 
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Section 1 - STA 101+75, Mudline at El. -12.5'

Section 2 - STA 103+00, Mudline at El. -15'

Section 3 - STA 106+00, Mudline at El. -23'



1.329

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.329

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor 

Stone

8000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-12.5' - Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.3731.373

W

 550.00 lbs/ft2

 750.00 lbs/ft2 750.00 lbs/ft2

1.3731.373

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

8000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
5

0
0

-5
0

-100 -50 0 50 100 150 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-12.5' - Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.502

W

 550.00 lbs/ft2

 750.00 lbs/ft2 750.00 lbs/ft2

1.502

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight 

(lbs/ft3)

Unit Weight (lbs/

ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105Silt and Armor Stone

300
Mohr-

Coulomb
125110

Upper Clay 

(Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
5

0
0

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-12.5' - Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.828

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.828

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight 

(lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110

Upper Clay 

(Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
5

0
0

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-12.5' - Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.504

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.504

Minimum Shear 

Strength (psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight (lbs/

ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

8000.25
Vertical 

Stress Ratio
125110

Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
5

0
0

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-12.5' - 100-yr Storm, Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.748

W

 300.00 lbs/ft2

 750.00 lbs/ft2 750.00 lbs/ft2

1.748

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

8000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
5

0
0

-5
0

-100 -50 0 50 100 150 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-12.5' - 100-yr Storm, Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.504

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.504

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight (lbs/

ft3)

Unit Weight (lbs/

ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065Organic Silt (Drained)

3250
Mohr-

Coulomb
110105Silt and Armor Stone

300
Mohr-

Coulomb
125110Upper Clay (Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb Rock 

Armor

450
Mohr-

Coulomb
138120130-660lb Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-12.5' - 100-yr Storm, Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.988

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.988

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight (lbs/

ft3)

Unit Weight (lbs/

ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065Organic Silt (Drained)

3250
Mohr-

Coulomb
110105Silt and Armor Stone

300
Mohr-

Coulomb
125110Upper Clay (Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb Rock 

Armor

450
Mohr-

Coulomb
138120130-660lb Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

400
Mohr-

Coulomb
1301254-50lb Rock

1
0

0
5

0
0

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-12.5' - 100-yr Storm, Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.203

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.203

Minimum Shear 

Strength (psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

8000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

400
Mohr-

Coulomb
1301254-50lb Rock

  0.0651
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-12.5' - Seismic

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.1531.153

W

 300.00 lbs/ft2

 750.00 lbs/ft2 750.00 lbs/ft2

1.1531.153

Minimum 

Shear 

Strength (psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight 

(lbs/ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor 

Stone

8000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

400
Mohr-

Coulomb
1301254-50lb Rock

  0.065

1
5

0
1

0
0

5
0

0
-5

0

-100 -50 0 50 100 150 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-12.5' - Seismic

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.321

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.321

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor 

Stone

9000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-15' - Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.818

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.818

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

9000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
5

0
0

-5
0

-75 -50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-15' - Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.424

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.424

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110

Upper Clay 

(Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-15' - Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.812

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.812

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight 

(lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110

Upper Clay 

(Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-15' - Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.510

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.510

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

9000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-15' - 100-yr Storm, Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



2.083

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

2.083

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

9000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
5

0
0

-5
0

-50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-15' - 100-yr Storm, Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.518

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft21.518

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110

Upper Clay 

(Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
5

0
0

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-15' - 100-yr Storm, Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.959

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.959

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight 

(lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110

Upper Clay 

(Drained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
5

0
0

-5
0

-50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-15' - 100-yr Storm, Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.1551.155

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.1551.155

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

9000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

  0.065

7
5

5
0
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5

0
-2

5
-5

0

-50 -25 0 25 50 75 100 125 150 175 200

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-15' - Seismic

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.570

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.570

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

9000.25

Vertical 

Stress 

Ratio

125110
Upper Clay 

(Undrained)

370
Mohr-

Coulomb
127122Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

  0.065

1
0

0
7

5
5

0
2

5
0

-2
5

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-15' - Seismic

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.449

W

 550.00 lbs/ft2

 750.00 lbs/ft2 750.00 lbs/ft2

1.449

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

8000.25

Vertical 

Stress 

Ratio

125110
Clay 

(Undrained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-23' - Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.775

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.775

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

8000.25

Vertical 

Stress 

Ratio

125110
Clay 

(Undrained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
5

0
0

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225 250

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-23' - Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.436

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.436

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110Clay (Drained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
5

0
0

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-23' - Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.800

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.800

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight 

(lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110Clay (Drained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
5

0
0

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225 250

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-23' - Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.506

W

 300.00 lbs/ft2

 750.00 lbs/ft2 750.00 lbs/ft2

1.506

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

8000.25

Vertical 

Stress 

Ratio

125110
Clay 

(Undrained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-23' - 100-yr Storm, Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



2.023

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

2.023

Minimum 

Shear Strength 

(psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor Stone

8000.25

Vertical 

Stress 

Ratio

125110
Clay 

(Undrained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-23' - 100-yr Storm, Undrained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.504

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.504

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit Weight 

(lbs/ft3)

Unit Weight 

(lbs/ft3)
ColorMaterial Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110Clay (Drained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb Rock 

Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Scenario
Master Scenario

Group
Harbor Side, Mudline El.-23' - 100-yr Storm, Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.960

W

 300.00 lbs/ft2

 750.00 lbs/ft2 750.00 lbs/ft2

1.960

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight (lbs/

ft3)

Unit Weight 

(lbs/ft3)
Color

Material 

Name

220
Mohr-

Coulomb
9065

Organic Silt 

(Drained)

3250
Mohr-

Coulomb
110105

Silt and Armor 

Stone

300
Mohr-

Coulomb
125110Clay (Drained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
13912210-200lb Core

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-23' - 100-yr Storm, Drained

Company
Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.252

W

 300.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.252

Minimum 

Shear 

Strength (psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight 

(lbs/ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor 

Stone

8000.25

Vertical 

Stress 

Ratio

125110
Clay 

(Undrained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

  0.065
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-50 -25 0 25 50 75 100 125 150 175 200 225 250
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Harbor Side, Mudline El.-23' - Seismic
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Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



1.491

W

 550.00 lbs/ft2

 750.00 lbs/ft2  750.00 lbs/ft2

1.491

Minimum 

Shear 

Strength (psf)

Vertical 

Strength 

Ratio

Phi 

(deg)

Cohesion 

(psf)

Strength 

Type

Sat. Unit 

Weight 

(lbs/ft3)

Unit 

Weight 

(lbs/ft3)

Color
Material 

Name

200Undrained9065
Organic Silt 

(Undrained)

3250
Mohr-

Coulomb
110105

Silt and 

Armor 

Stone

8000.25

Vertical 

Stress 

Ratio

125110
Clay 

(Undrained)

370
Mohr-

Coulomb
127122Glacial Till

450
Mohr-

Coulomb
170160Bedrock

460
Mohr-

Coulomb
137119

1300-

4200lb 

Rock Armor

450
Mohr-

Coulomb
138120

130-660lb 

Underlayer

440
Mohr-

Coulomb
139122

10-200lb 

Core

  0.065

1
0

0
5

0
0

-5
0

-50 -25 0 25 50 75 100 125 150 175 200 225

Scenario
Master Scenario

Group
Seaward Side, Mudline El.-23' - Seismic
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Jacobs

Drawn By
M. Kullmann

Analysis
Rubble Mound Global Stability

Date
5/17/2024

Project

Lubec Breakwater

SLIDEINTERPRET 9.009



Lubec Breakwater 

Subsurface Geotechnical Investigation Report 

 

 

 

Appendix G. Rubble-Mound Breakwater Settlement 



Estimated Settlement at end of ConstructionEstimated Settlement at end of Construction

23.81 15.6

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 2.6

 5.2

 7.8

 10.4

 13.0

 15.6

 18.2

 20.8

 23.4

 26.0

max (stage): 23.81 in

max (all):   25.96 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 1yr after ConstructionEstimated Settlement at 1yr after Construction

24.63 16.53

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 2.6

 5.2

 7.8

 10.4

 13.0

 15.6

 18.2

 20.8

 23.4

 26.0

max (stage): 24.63 in

max (all):   25.96 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 5yr after ConstructionEstimated Settlement at 5yr after Construction

25.25 17.19

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 2.6

 5.2

 7.8

 10.4

 13.0

 15.6

 18.2

 20.8

 23.4

 26.0

max (stage): 25.25 in

max (all):   25.96 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 50yr after ConstructionEstimated Settlement at 50yr after Construction

25.96 17.87

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 2.6

 5.2

 7.8

 10.4

 13.0

 15.6

 18.2

 20.8

 23.4

 26.0

max (stage): 25.96 in

max (all):   25.96 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010
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Estimated Settlement at end of ConstructionEstimated Settlement at end of Construction

17.5 10.6

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150

Total Settlement (in)

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

max (stage): 17.50 in

max (all):   19.11 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged_no silt.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 1yr after ConstructionEstimated Settlement at 1yr after Construction

18.12 11.22

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150

Total Settlement (in)

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

max (stage): 18.12 in

max (all):   19.11 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged_no silt.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 5yr after ConstructionEstimated Settlement at 5yr after Construction

18.56 11.67

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150

Total Settlement (in)

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

max (stage): 18.56 in

max (all):   19.11 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged_no silt.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 50yr after ConstructionEstimated Settlement at 50yr after Construction

19.11 12.2

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150

Total Settlement (in)

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

 20

max (stage): 19.11 in

max (all):   19.11 in

Analysis Description
Rubble Mound Settlement - STA 101+75

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-01_El. -12.5_MLLW_staged_no silt.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010
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Estimated Settlement at end of ConstructionEstimated Settlement at end of Construction

17.77

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 17.77 in

max (all):   18.45 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 1yr after ConstructionEstimated Settlement at 1yr after Construction

17.88

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 17.88 in

max (all):   18.45 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 5yr after ConstructionEstimated Settlement at 5yr after Construction

18.05

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 18.05 in

max (all):   18.45 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 50yr after ConstructionEstimated Settlement at 50yr after Construction

18.45

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 18.45 in

max (all):   18.45 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010
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Estimated Settlement at end of ConstructionEstimated Settlement at end of Construction

7.67

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 0.8

 1.6

 2.4

 3.2

 4.0

 4.8

 5.6

 6.4

 7.2

 8.0

max (stage): 7.67 in

max (all):   7.95 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 1yr after ConstructionEstimated Settlement at 1yr after Construction

7.71

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 0.8

 1.6

 2.4

 3.2

 4.0

 4.8

 5.6

 6.4

 7.2

 8.0

max (stage): 7.71 in

max (all):   7.95 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 5yr after ConstructionEstimated Settlement at 5yr after Construction

7.78

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 0.8

 1.6

 2.4

 3.2

 4.0

 4.8

 5.6

 6.4

 7.2

 8.0

max (stage): 7.78 in

max (all):   7.95 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 50yr after ConstructionEstimated Settlement at 50yr after Construction

7.95

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200

Total Settlement (in)

 0.0

 0.8

 1.6

 2.4

 3.2

 4.0

 4.8

 5.6

 6.4

 7.2

 8.0

max (stage): 7.95 in

max (all):   7.95 in

Analysis Description
Rubble Mound Settlement - STA 103+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-101_El. -15_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010
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Estimated Settlement at end of ConstructionEstimated Settlement at end of Construction

17.57

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 17.57 in

max (all):   18.20 in

Analysis Description
Rubble Mound Settlement - STA 105+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-102_El. -19_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 1yr after ConstructionEstimated Settlement at 1yr after Construction

17.67

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 17.67 in

max (all):   18.20 in

Analysis Description
Rubble Mound Settlement - STA 105+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-102_El. -19_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 5yr after ConstructionEstimated Settlement at 5yr after Construction

17.83

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 17.83 in

max (all):   18.20 in

Analysis Description
Rubble Mound Settlement - STA 105+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-102_El. -19_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 50yr after ConstructionEstimated Settlement at 50yr after Construction

18.2

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-5
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 1.9

 3.8

 5.7

 7.6

 9.5

 11.4

 13.3

 15.2

 17.1

 19.0

max (stage): 18.20 in

max (all):   18.20 in

Analysis Description
Rubble Mound Settlement - STA 105+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-102_El. -19_MLLW_staged.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010
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Estimated Settlement at end of ConstructionEstimated Settlement at end of Construction

3.84

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 0.4

 0.8

 1.2

 1.6

 2.0

 2.4

 2.8

 3.2

 3.6

 4.0

max (stage): 3.84 in

max (all):   3.96 in

Analysis Description
Rubble Mound Settlement - STA 105+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-102_El. -19_MLLW_staged_no silt.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 1yr after ConstructionEstimated Settlement at 1yr after Construction

3.86

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 0.4

 0.8

 1.2

 1.6

 2.0

 2.4

 2.8

 3.2

 3.6

 4.0

max (stage): 3.86 in

max (all):   3.96 in

Analysis Description
Rubble Mound Settlement - STA 105+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-102_El. -19_MLLW_staged_no silt.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010



Estimated Settlement at 5yr after ConstructionEstimated Settlement at 5yr after Construction

3.89

Material Name Color
Sat. Unit
Weight

(kips/ft3)

Es
(ksf)

Material
Type

Cc Cr OCR e0 Cv (in2/s) Ca

Upper Clay and Silt 0.125 - Non-Linear 0.16 0.035 3 0.73 0.000475 0.005

Glacial Till 0.125 1000 - - - - - - -

Bedrock 0.14 - - - - - - - -

Organic Silt 0.09 - Non-Linear 0.3 0.06 1 1 0.0001 0.01

Lower Clay and Silt 0.115 - Non-Linear 0.25 0.05 1 0.73 0.0001 0.005

Borehole 1

2
0

0
1

5
0

1
0

0
5

0
0

-50 0 50 100 150 200 250

Total Settlement (in)

 0.0

 0.4

 0.8

 1.2

 1.6

 2.0

 2.4

 2.8

 3.2

 3.6

 4.0

max (stage): 3.89 in

max (all):   3.96 in

Analysis Description
Rubble Mound Settlement - STA 105+00

Company
Jacobs

Drawn By
M. Kullmann

File Name
Lubec Breakwater_WB-102_El. -19_MLLW_staged_no silt.s3z

Date
5/17/2024

Project

Lubec Breakwater

SETTLE3 5.010
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Cc Cr OCR e0 Cv (in2/s) Ca
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Appendix H. Rock Socket Axial Capacity Evaluation 



LUBEC BREAKWATER - ROCK SOCKET DESIGN

By: M. Kullmann

Chkd: S. Yang

Purpose

The purpose of this calculation is to estimate rock socket ultimate skin friction capacity for the Lubec Breakwater

Rock Core Data

Table 1. Unconfined Compressive Strength Test Results of Rock Cores

Boring ID Sample ID Depth Classification Recovery RQD qu E

- - ft - % % psi psi

WB-103 C-2 11.14-11.51 TUFF 100 67 8693 -

WB-103 C-4 18.61-18.98 TUFF 97 80 8192 -

WB-104 C-3 15.26-15.64 TUFF 100 60 4813 9090000

WB-104 C-7 29.62-30.00 TUFF 100 73 5247 6070000

WB-105 C-3 19.63-20.00 TUFF 100 59 6545 1420000

WB-105 C-4 23.06-23.42 TUFF 100 79 22085 8320000

WB-106 C-2 19.34-19.72 TUFF 100 85 19633 7300000

WB-106 C-4 31.33-31.82 TUFF 100 73 5296 1150000

WB-107 C-3 29.71-30.05 TUFF 100 68 3818 -

Average Bedrock Unconfined Compression, qu 6086.2857 psi *Excluding WB-105 C-4 and WB-106 C-2

Standard Devation of UCS Data 1804.3808 psi

Design Bedrock Unconfined Compression, qu 4281.905 psi
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Rock Socket Design Assumptions

1.)   The steel pipe piles will be driven through the overburden soil and extend into competent bedrock.

2.)   The skin friction contribution of the steel pipe piles in the overburden soil above bedrock is conservatively ignored.

3.)   It is assumed that the rock is not subject to rapid deterioration due to construction.

Ultimate Skin Friction Calculation

The design of the rock socket unit skin friction is based on AASHTO 10.8.3.5.4b for fractured rock (Reese 1999)

Notes:

pa 2.12 ksf Atmospheric Pressure

αE 0.55 Joint Modification Factor assuming open joints (AASHTO Table 10.8.3.5.4b-1)

qu 616.6 ksf Design Unconfined Compressive Strength of Bedrock, qu (ksf)

qS 12.9 ksf Ultimate Unit Skin Friction (ksf); AASHTO eq. 10.8.3.5.4b-2

4.)   Per AASHTO 10.8.3.5.4a, the resistance of rock sockets can be comprised of side resistance (skin friction), tip resistance (end 

bearing), or a combination of both. Although a combination of both would provide additional capacity, more settlement is required 

to mobilize tip resistance than side resistnace. Therefore, the socket capacity will be based on skin friction only.



Required Rock Socket Length for Socket - Tension Capacity
By: M. Kullmann

Chkd: S. Yang

Ultimate Unit Skin Friction of Tuff Rock 12.9 ksf

Pipe Pile 

Diameter (in)

Rock Socket 

Diameter (in)

36 30

30 24

24 18

Rock Socket 

Length (ft)
30 24 18

1 27 20 14

2 54 41 27

3 81 61 41

4 108 81 54

5 135 102 68

6 162 122 81

7 189 142 95

8 217 162 108

9 244 183 122

10 271 203 135

11 298 223 149

12 325 244 162

13 352 264 176

14 379 284 189

15 406 305 203

16 433 325 217

17 460 345 230

18 487 365 244

19 514 386 257

20 541 406 271

21 568 426 284

22 596 447 298

23 623 467 311

24 650 487 325

25 677 508 338

26 704 528 352

27 731 548 365

28 758 568 379

29 785 589 393

30 812 609 406

31 839 629 420

32 866 650 433

33 893 670 447

34 920 690 460 Notes:

35 947 711 474 (1) Factor of Safety of 3.0 included to determine allowable tension capacity of rock sockets

(2) Capacities assume rock sockets are drilled in competent bedrock below upper 5' of weathered bedrock

Rock Socket Allowable Tension Capacity 

(kip) with FOS =3.0
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Required Rock Socket Length for Socket - Compression Capacity
By: M. Kullmann

Chkd: S. Yang

Ultimate Unit Skin Friction of Tuff Rock 12.9 ksf

Pipe Pile 

Diameter (in)

Rock Socket 

Diameter (in)

36 30

30 24

24 18

Rock Socket 

Length (ft)
30 24 18

1 32 24 16

2 65 49 32

3 97 73 49

4 130 97 65

5 162 122 81

6 195 146 97

7 227 171 114

8 260 195 130

9 292 219 146

10 325 244 162

11 357 268 179

12 390 292 195

13 422 317 211

14 455 341 227

15 487 365 244

16 520 390 260

17 552 414 276

18 585 439 292

19 617 463 309

20 650 487 325

21 682 512 341

22 715 536 357

23 747 560 374

24 780 585 390

25 812 609 406

26 845 633 422

27 877 658 439

28 910 682 455

29 942 707 471

30 975 731 487

31 1007 755 504

32 1040 780 520

33 1072 804 536

34 1104 828 552 Notes:

35 1137 853 568 (1) Factor of Safety of 2.5 included to determine allowable compression capacity of rock sockets

(2) Capacities assume rock sockets are drilled in competent bedrock below upper 5' of weathered bedrock

Rock Socket Allowable Compression 

Capacity (kip) with FOS =2.5

Rock Socket Diameter (in)
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Rock Socket Cone Failure Check - Bedrock at El. -30'
By: M. Kullmann

Chkd: S. Yang

Purpose

Figure 1. Geometry of Cone Failure Mechanism 

Assumptions

1)   Rock is mass is moderately hard, with high RQD. Cone angle assumed to be 90 deg.

2)   Cone assmed to start at the 2/3*length of socket

3)   Calculation based on WB-3

Height of Clay Strata, h 0 ft

Length of Rock Socket, L 25 ft

Height of Rock Cone, 2/3*L 16.667 ft

Unit Weight of Rock 172 pcf

Unit Weight of Clay 100 pcf

Radius of Resisting Cone 7.5 ft

Volume of Soil Overburden 0 ft3

Volume of Rock Cone 441.79 ft3

1619.9 ft3

Weight of Soil Overburden 0 kip

Weight of Rock Cone 222.66 kip

Total Effective Weight 222.66 kip

222 kips

Factor of Safety 1.003 OK

Volume of Rock above Cone 

Intersection

Max Tension Load on Socket from 

Structural Engineer for Bedrock at El. 

-30'

Since minimal overburden soil was encountered at the pile-supported platform for the Lubec Breakwater, the rock 

sockets must be checked against rock mass cone failure

Reference: Geotechnical Engineering Circular No. 4 - Ground Anchors and Anchored Systems, Pub. No. FHWA-IF-99-

015 (FHWA 1999)



Rock Socket Cone Failure Check - Bedrock at El. -35'
By: M. Kullmann

Chkd: S. Yang

Purpose

Figure 1. Geometry of Cone Failure Mechanism 

Assumptions

1)   Rock is mass is moderately hard, with high RQD. Cone angle assumed to be 90 deg.

2)   Cone assmed to start at the 2/3*length of socket

3)   Calculation based on WB-105

Height of Clay Strata, h 10 ft

Length of Rock Socket, L 25 ft

Height of Rock Cone, 2/3*L 16.667 ft

Unit Weight of Rock 172 pcf

Unit Weight of Clay 100 pcf

Radius of Resisting Cone 7.5 ft

Volume of Soil Overburden 1767.1 ft3

Volume of Rock Cone 441.79 ft3

1619.9 ft3

Weight of Soil Overburden 63.617 kip

Weight of Rock Cone 222.66 kip

Total Effective Weight 286.28 kip

251 kips

Factor of Safety 1.141 OK

Since minimal overburden soil was encountered at the pile-supported platform for the Lubec Breakwater, the rock 

sockets must be checked against rock mass cone failure

Reference: Geotechnical Engineering Circular No. 4 - Ground Anchors and Anchored Systems, Pub. No. FHWA-IF-99-

015 (FHWA 1999)

Volume of Rock above Cone 

Intersection

Max Tension Load on Socket from 

Structural Engineer for Bedrock at El. -

35'



Rock Socket Cone Failure Check - Bedrock at El. -40'
By: M. Kullmann

Chkd: S. Yang

Purpose

Figure 1. Geometry of Cone Failure Mechanism 

Assumptions

1)   Rock is mass is moderately hard, with high RQD. Cone angle assumed to be 90 deg.

2)   Cone assmed to start at the 2/3*length of socket

3)   Calculation based on WB-106

Height of Clay Strata, h 15 ft

Length of Rock Socket, L 25 ft

Height of Rock Cone, 2/3*L 16.667 ft

Unit Weight of Rock 172 pcf

Unit Weight of Clay 100 pcf

Radius of Resisting Cone 7.5 ft

Volume of Soil Overburden 2650.7 ft3

Volume of Rock Cone 441.79 ft3

1619.9 ft3

Weight of Soil Overburden 95.426 kip

Weight of Rock Cone 222.66 kip

Total Effective Weight 318.09 kip

276 kips

Factor of Safety 1.152 OK

Since minimal overburden soil was encountered at the pile-supported platform for the Lubec Breakwater, the rock 

sockets must be checked against rock mass cone failure

Reference: Geotechnical Engineering Circular No. 4 - Ground Anchors and Anchored Systems, Pub. No. FHWA-IF-99-015 

(FHWA 1999)

Volume of Rock above Cone 

Intersection

Max Tension Load on Socket from 

Structural Engineer for Bedrock at El. -

40'
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