
AGENCY OF TRANSPORTATION                                OFFICE MEMORANDUM 

To:   Jennifer Fitch, P.E., Structures Project Manager 

                                                                          
From: Stephen Madden, Geotechnical Engineer via Callie Ewald, P.E., Geotechnical 

Engineering Manager 
 
Date:        October 18, 2016 

Subject: Chester BF 0134(50) – Subsurface Investigation 

1.0 INTRODUCTION 
We have completed our geotechnical and geological subsurface investigation for the culvert located on 
Vermont RT 11 located approximately 1.6 miles east of the intersection of VT RT 11 and VT RT 103 in 
Chester, Vermont. The borings were completed to determine the soil strata and depth to bedrock to aid in 
design for a replacement structure. Contained herein are the results of our field sampling and testing, 
laboratory analyses of soil and rock samples, as well as boring logs. 
 
2.0 FIELD INVESTIGATION  
The field investigation was conducted between September 9 and September 15, 2016. Four standard 
penetration borings were drilled to determine the existing subsurface strata. A summary of the location of 
each boring and corresponding ground surface elevation can be found in Table 1 as well as in the attached 
Boring Location Plan. The values for the Northings and Eastings are based on the Vermont State Plane Grid 
Coordinate System NAD 83, and were located by a handheld GPS. Elevations for the borings were then 
taken off a VTrans survey file. The locations and elevations of the borings should be considered accurate 
only to the degree implied by the method used to determine them.  

Table 1: Boring Locations and Elevations 
Boring 

Number Station Offset(ft) Northing (ft) Easting (ft) Ground Surface 
Elevation (ft) 

Top of Bedrock 
Elevation (ft) 

B – 101 359+00 -25 282685.36 1622038.88 712.5 692.5 

B – 102 359+00 25 282684.97 1622088.88 714.3 696.3 

B – 103 359+25 -25 282710.14 1622038.97 713.0 695.0 

B – 104 359+30 25 282715.23 1622088.96 713.9 689.9 
 
The borings were performed in general accordance with AASHTO T206, Standard Method of Test for 
Penetration Test and Split-Barrel Sampling of Soils. During boring operations, for boring B-101, split spoon 
samples and standard penetration tests (SPT) were taken continuously until 18.5 feet. A boulder was 
encountered between a depth of 13.6 and 17.2 feet. When bedrock was encountered at 20 feet, two five-
foot long NX rock cores were taken to confirm the presence of bedrock. For boring B-102, split spoon 
samples and SPTs were taken continuously to 16 feet when split spoon refusal was encountered. When 
bedrock was encountered at 18 feet, two five-foot NX rock core runs were taken to confirm the presence of 
bedrock. For boring B-103, split spoon samples and SPTs were taken continuously to 16.4 feet when split 
spoon refusal was encountered. When bedrock was encountered at 18 feet, two five-foot NX rock core runs 
were taken to confirm the presence of bedrock. For boring B-104, split spoon samples and SPTs were taken 
continuously to 22 feet. When bedrock was encountered at 24 feet, two five-foot NX rock core runs were 
taken to confirm the presence of bedrock. 
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Soil samples were visually identified in the field and SPT blow counts were recorded on the boring logs 
when applicable. Soil and rock samples were preserved and returned to the Construction and Materials 
Bureau Central Laboratory for testing and further evaluation. Upon completion of the laboratory testing, 
the boring logs were revised to reflect the results of the laboratory classification analysis. 
 
3.0 FIELD AND LABORATORY TESTING 
The standard penetration resistance of the in-situ soil is determined by the number of blows required to 
drive a 2 inch OD split barrel sampler into the soil with a 140 pound hammer dropped from a height of 30 
inches, in accordance with procedures specified in AASHTO T206. During the standard penetration test 
(SPT), the sampler is driven for a total length of 2 feet, while counting the blows for each 6 inch increment. 
The SPT N-value, which is defined as the sum of the number of blows required to drive the sampler through 
the second and third increments, is commonly used with established correlations to estimate a number of 
soil parameters, particularly the shear strength and density of cohesionless soils. The N-values provided on 
the boring logs are raw values and have not been corrected for energy, borehole diameter, rod length, or 
overburden pressure. The VT Agency of Transportation has determined a hammer correction value, CE, to 
account for the efficiency of the SPT hammer on the drill rig. For all of the borings, a CME 55 Track Rig 
was used, with a hammer energy correction factor of 1.41. This value, included on the boring logs, should 
be used in calculations to determine soil parameters. Laboratory tests were conducted on all samples to 
evaluate grain size, moisture content, and percent finer than No. 200 sieve. Results from this testing can be 
found on the attached boring logs.  
 
A detailed description of the rock cores is presented on the boring logs including run length, drill times, 
recovery, and Rock Quality Designation (RQD). Recovery is defined as the length of core obtained 
expressed as a percentage of the total length cored. In accordance with ASTM D6032, RQD is the total 
length of core pieces, 4 inches or greater in length, expressed as a percentage of the total length cored. RQD 
provides an indication of the integrity of the rock mass and relative extent of seams, jointing and bending 
planes. The Rock Mass Rating (RMR) is also included on the logs. RMR is AASHTO’s (LRFD Bridge 
Design Specification) recommended method of classifying rock, and is based on five different parameters 
that all have relative ratings which combine to form the RMR. These parameters include rock strength, 
RQD, joint spacing, joint condition, and groundwater (AASHTO Section 10.4.6.4).  
 
4.0 RECOMMENDATIONS  
Based on this information, we believe steel sheet piles can be driven to a depth of approximately 10 to 24 
feet below the roadway surface in order to retain the roadway if phased construction is selected. Broken 
rock was encountered within all of the borings, signifying the presence of larger particle sizes such as 
gravel, cobbles, or possibly boulders. A layer of weathered rock was also encountered in boring B-103 
directly above the bedrock. These subsurface conditions, coupled with the shallow depth of bedrock, are 
not ideal for driving sheets and could prove very difficult in the field. The shallow bedrock may also 
eliminate the option of using piles to support a foundation depending on the pile cap or footing elevation. 
These recommendations are based on the information encountered at the boring locations and it should be 
noted that site conditions can vary across the project site.  
 
In the previous scoping report dated June 24, 2016, a precast arch bridge on spread footings or a reinforced 
concrete box culvert with new headwalls and wingwalls were possible options for the replacement of the 
culvert. Based on the findings of this geotechnical investigation, we believe these remain feasible options. 
Once this project moves further along in the design phase, we would be happy to assist with any foundation 
design required. 
  
5.0 CONCLUSION 
If you have any questions, or you would like to discuss this report, please contact us at (802) 828-2561. The 
boring logs are attached as available in the M:Projects\16b069\MaterialsResearch folder. 
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Enclosures:  Boring Location Plan (1 page) 
  Boring Logs (4 pages) 
   
cc:  Gary Sweeny 

Electronic Read File/DJH 
Project File/CEE 
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Z:\Highways\CMB\GeotechEngineering\Projects\Chester BF 0134(50)\REPORTS\Chester BF 0134(50) Geotechnical Data Report.docx 
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A-1-b, GrSa, brn, Moist, Rec. = 0.8 ft

A-1-b, SaGr, brn, Moist, Rec. = 0.8 ft

A-4, SiSa, brn, Moist, Rec. = 1.3 ft

Field Note:, NXDC, Cleaned out casing
A-4, SiSa, brn, Moist, Rec. = 1.3 ft
Field Note:, NXDC, Cleaned out casing

A-4, SaSi, gry, Moist, Rec. = 1.1 ft

Field Note:, NXDC, Cleaned out casing
A-4, SaSi, gry, Moist, Rec. = 1.2 ft, Lab Note: Pieces of wood and
broken rock were within sample
Field Note:, NXDC, Cleaned out casing
A-1-b, GrSa, brn, Moist, Rec. = 1.1 ft

Field Note:, NXDC, Cleaned out casing, Boulder

Field Note:, NXDC, Cleaned out casing

A-1-b, SaGr, white-brn, Moist, Rec. = 0.5 ft, Lab Note: Broken rock
was within sample
Field Note:, NXDC, Cleaned out casing
20.0 ft - 25.0 ft, White/light gray,
Biotite-muscovite-quartz-plagioclase GNEISS, with brown/tan
staining along joints. Hard, Very slightly weathered, Fair rock, NX,
RMR=57

25.0 ft - 27.1 ft, White/light gray to dark gray,
Biotite-muscovite-quartz-plagioclase GNEISS, with brown staining
along joints. Hard, Very slightly weathered, Fair rock, NX, RMR=50

27.1 ft - 30.0 ft, White/light gray to dark gray,
Biotite-muscovite-quartz-plagioclase GNEISS, with brown staining
along joints. Medium hard, Moderately weathered, Fair rock,
RMR=50
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Hole collapsed at 16.3 feet.
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Station: 359+00

1. Stratification lines represent approximate boundary between material types. Transition may be gradual.
2. N Values have not been corrected for hammer energy. CE is the hammer energy correction factor.
3. Water level readings have been made at times and under conditions stated. Fluctuations may occur due to other factors than those present at the time measurements were made.
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A-1-b, GrSa, brn, Moist, Rec. = 0.4 ft

A-1-b, SiGrSa, brn, Moist, Rec. = 1.2 ft, Lab Note: Broken rock was
within sample

A-2-4, GrSiSa, brn, Moist, Rec. = 0.9 ft

A-1-b, GrSa, brn, Moist, Rec. = 0.7 ft, Lab Note: Broken rock was
within sample

A-1-b, GrSa, brn, Moist, Rec. = 1.1 ft, Lab Note: Broken rock was
within sample
Field Note:, NXDC, Cleaned out casing

A-1-b, SaGr, brn, Moist, Rec. = 0.8 ft, Lab Note: Broken rock was
within sample
Field Note:, NXDC, Cleaned out casing
A-1-b, GrSa, brn-gry, Moist, Rec. = 0.4 ft, Lab Note: Broken rock
was within sample

Field Note:, NXDC, Cleaned out casing
A-1-b, SaGr, gry-blk, Moist, Rec. = 0.7 ft

Field Note:, NXDC, Cleaned out casing
Field Note:, No Recovery
Field Note:, NXDC, Cleaned out casing

18.0 ft - 23.0 ft, White to gray, Biotite-muscovite-quartz-plagioclase
GNEISS, with brown staining on joints. Seam noted during drilling
20.7 feet to 21.5 feet. Hard, Very slightly weathered, Good rock, NX,
RMR=66

23.0 ft - 28.0 ft, White to gray, Biotite-muscovite-quartz-plagioclase
GNEISS, with faint brown/tan staining along joints. Hard,
Unweathered, Good rock, NX, RMR=74

Hole stopped @ 28.0 ft
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Remarks:
Hole collapsed at 10.5 feet.
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Groundwater Observations
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Station: 359+00

1. Stratification lines represent approximate boundary between material types. Transition may be gradual.
2. N Values have not been corrected for hammer energy. CE is the hammer energy correction factor.
3. Water level readings have been made at times and under conditions stated. Fluctuations may occur due to other factors than those present at the time measurements were made.
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A-1-b, GrSa, brn, Dry, Rec. = 0.6 ft, Lab Note: Pieces of wood and
plant material were within sample

A-2-4, GrSiSa, brn, Moist, Rec. = 1.3 ft

A-2-4, SiGrSa, brn, Moist, Rec. = 1.5 ft, Lab Note: Asphalt pavement
was within sample

A-2-4, GrSiSa, brn, Moist, Rec. = 0.6 ft

Field Note:, NXDC, Cleaned out casing
A-1-b, SaGr, brn, Moist, Rec. = 0.2 ft, Lab Note: Broken rock was
within sample

A-2-4, GrSa, Dk/brn, Moist, Rec. = 0.2 ft, Lab Note: Some organic
material was within sample. Insufficient sample size for organic
testing
A-1-b, GrSa, Dk/brn, Moist, Rec. = 0.4 ft, Lab Note: Decomposing
wood was within sample
Field Note:, NXDC, Cleaned out casing
A-1-a, SaGr, gry, Moist, Rec. = 0.7 ft, Lab Note: A lot of broken rock
was within sample
Field Note:, NXDC, Cleaned out casing
A-4, SiSa, gry, Moist, Rec. = 1.2 ft

A-2-4, GrSa, brn-gry, Moist, Rec. = 0.4 ft, Lab Note: Broken and
weathered rock was within sample
Field Note:, NXDC, Cleaned out casing

18.0 ft - 23.0 ft, White to dark gray,
Biotite-muscovite-quartz-plagioclase GNEISS, with brown and
orange staining along joints. Moderately hard, Slightly weathered,
Fair rock, NX, RMR=49

23.0 ft - 28.0 ft, White to dark gray,
Biotite-muscovite-quartz-plagioclase GNEISS, with brown staining
along joints and micaceous foliation. GREENSTONE inclusion at
25.8 feet to 26.0 feet. Medium hard, Slightly weathered, Fair rock,
NX, RMR=42
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Hole collapsed at 28.0 feet.
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Groundwater Observations
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Station: 359+25

1. Stratification lines represent approximate boundary between material types. Transition may be gradual.
2. N Values have not been corrected for hammer energy. CE is the hammer energy correction factor.
3. Water level readings have been made at times and under conditions stated. Fluctuations may occur due to other factors than those present at the time measurements were made.
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A-2-4, Sa, brn, Dry, Rec. = 0.2 ft, Lab Note: Plant roots were within
sample

A-2-4, GrSiSa, brn, Moist, Rec. = 1.0 ft

A-2-4, SiSa, brn, Moist, Rec. = 1.3 ft
Field Note:, NXDC, cleaned out casing

A-1-b, GrSa, brn, Moist, Rec. = 0.6 ft

Field Note:, NXDC, cleaned out casing
Field Note:, No Recovery

A-1-b, GrSa, brn, Moist, Rec. = 0.8 ft

Field Note:, NXDC, cleaned out casing
A-1-a, SaGr, gry-brn, Moist, Rec. = 0.6 ft, Lab Note: Broken rock
was within sample
Field Note:, NXDC, cleaned out casing
A-1-b, SaGr, gry, Moist, Rec. = 0.5 ft
Field Note:, NXDC, cleaned out casing, Cobbles

A-4, SaSi, gry, Moist, Rec. = 1.6 ft, Lab Note: Some clay was wtihin
sample. Sample tested non-plastic
Field Note:, NXDC, cleaned out casing
A-4, SaSi, gry, Moist, Rec. = 1.8 ft, Lab Note: A small amount of clay
was within sample. Sample tested non-plastic.

Field Note:, NXDC, cleaned out casing

24.0 ft - 29.0 ft, White/gray, Biotite-muscovite-quartz-plagioclase
GNEISS, with brown/tan staining along joints. Hard, Very slightly
weathered, Good rock, NX, RMR=66

29.0 ft - 34.0 ft, White/gray, Biotite-muscovite-quartz-plagioclase
GNEISS, with vertical brown/tan stained joints from 32.1 feet to 32.4
feet. Moderately hard, Slightly weathered, Fair rock, NX, RMR=54

Hole stopped @ 34.0 ft
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Remarks:
Hole collapsed at 6.7 feet.
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Groundwater Observations
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Station: 359+30

1. Stratification lines represent approximate boundary between material types. Transition may be gradual.
2. N Values have not been corrected for hammer energy. CE is the hammer energy correction factor.
3. Water level readings have been made at times and under conditions stated. Fluctuations may occur due to other factors than those present at the time measurements were made.
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