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INTRODUCTION:

The Review for the proposed replacement of New Box Culvert on Whitman
Road, in Hancock, Massachusetts, has been completed. Spreadsheets
were used to estimate the settlement (Service Limit State I) and Factored,
Net, Bearing Resistance or bearing capacity (Strength Limit State I) of the
foundations for the proposed culvert These calculations have been included
in the appendix of this report.

The proposed concrete box culvert interior opening will be 16 feet wide by 6
feet high and 50 feet long. No wing walls are included in this design. Given
that the foundation width is 18 feet wide in exterior dimension and the
culvert base will have some flexibility and not function as a rigid foundation
like typical footing foundations I have analyzed the foundation for the
purposes of settlement and bearing capacity as two strip foundations loads
with a foundation base width up to 8 feet wide with a design factored load of
1 tsf. This is conservative and avoids a more complex analysis as a flexible
mat foundation rather than a conventional rigid foundation analysis.

I applied a resistance factor of phi = 0.45 to the Rn or nominal loads to
estimate the maximum or factored resistance (phi X Rn). I estimated the
settlement for a range of applied factored loads and depths (Service Limit
State I) using a resistance factor of 1.0.

I have assumed the settlement tolerances are normal. Settlement
tolerances are considered to include up to 1 inch of total settlement and
3/4 inches along the culvert side walls. The scope of my services has been
limited to a review of the Gifford Revised Engineering report of March,
2026, with regard to the application of AASHTO LRFD design standards
for bridges and to provide the settlement and bearing capacity
calculations using AASHTO LRFD resistance factors.



FIELD INVESTIGATION:

I have used the log of soil boring B-1 included in the Gifford report. The
standard penetration values were used to estimate the pressure meter moduli
for the settlement analysis.

SITE CONDITIONS:

The stream is described as being 6 to 8 feet wide.

SUBSURFACE CONDITIONS:

The subgrade soils after removal of any shallow organic soils are loose to
medium dense silty sands. The soils become dense below a depth of about
20 feet.

I have used a design friction angle of 32 degrees for estimation of the
Factored Net Bearing Resistance under strength limit state I. The Vesic
bearing capacity factors were based on phi = 32 degrees.

I have used the standard penetration values from boring B-1 to estimate a
pressure meter modulus in tons/ft2 at 4 X N (blows/ft) to estimate
settlements under Service Limit State I.

GROUNDWATER CONDITIONS :
The groundwater levels will follow the stream levels seasonally.

Some fluctuation in hydrostatic groundwater levels and perched water
conditions should be anticipated with variations in the seasonal rainfall,
surface runoff, and the stream levels.

CALCULATIONS:

Service I Limit State:

Global or Overall Stability is to be checked as part of the Service I limit
state and refers to the resistance to a shear movement or failure surface that
might pass beneath the proposed foundation. Stability with the existing site
terrain and proposed construction does not appear to be an issue.



Extreme Event Limit States: (Seismic)

The seismic analysis of the culvert as a Seismic Design Category A
structure is not required.

RESULTS OF CALCULATIONS FOR FACTORED BEARING
RESISTANCE AND ESTIMATED SETTLEMENT:

These analyses have been included in the appendix. The factored
bearing resistance values are less than the factored loads for the design
factored loads.

The estimated settlements are less than the tolerable limits for the
factored design loads.



Culvert Design on Whitman Road
Hancock, Massachusetts
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GENERAL NOTES

DRILLING & SAMPLING SYMBOLS

SS ¢ Split-Spoon— 1*#" L.D,, 2" O.D., except where noted
S 1 Shelby Tube — 2" Q.D., except where noted

PA :  Power Auger Sample

DB : Diamond Bit — NX: BX: AX:

CB : Carboloy Bit— NX: BX: AX:

OS  : Osterberg Sampler — 3" Shelby Tube

HS : Housel Sampler

WS : Wash Sample

FT :  Fish Tail

RB  : Rock Bit

WO : Wash Qut

Standard “N” Penetration: Blows per foot of a 140 pound hammer falling 30 inches
on a 2 inch OD split spoon, except where noted

WATER LEVEL MEASUREMENT SYMBOLS

WL : Water Level

WCI : WetCaveln

DCI : DryCaveln

WS : While Sampling

WD : While Drilling

BCR : Before Casing Removal
ACR : After Casing Removal
AB : After Boring

Water levels indicated on the boring logs are the levels measured in the boring at the times indicated.

In pervious soils, the indicated elevations are considered reliable ground water levels. In impervious soils
the accurate determination of ground water elevations is not possible in even several day’s observation,
and additional evidence on ground water elevations must be sought.

CLASSIFICATION
COHESIONLESS SOILS COHESIVE SOILS
“Trace” ¢ 1% 10 10% If clay content is sufficient so that clay
*“Trace to some” : 10% to 20% dominates soil properties, then clay becomes
“Some” . 20% 10 35% the principle noun with the other major soil
“And” ¢ 35% to 50% constituent as modifiers: i.e., silty clay. Other
Loose : 0to 9 Blows minor soil constituents may be added according to
Medium Dense : 10 to 29 Blows classification breakdown for cohesionless soils;
Dense : 30to 59 Blows or ival i.e., silty clay, trace to some sand, trace gravel.
Very Dense = > 60 Blows R soft : 0.00 —0.59 tons/ft*
Medium  : 0.60 — 0.99 tons/ft?
Stiff : 1.00 — 1.99 tons/ft?

Very Stiff :  2.00 — 3.99 tons/ft?
Hard : > 4.00 tons/ft?
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PROJECT NAME: New Box Culvert FILE NO.: 2474
BORING NO.: B-1 CASING SAMPLER CORE BARREL
CLIENT: Guntlow & Associates TYPE: HSA SS
SITE LOCATION: Whitman Rd, Hancock, MA 01267 SIZE 1.D.: 4.25" 1.375"
BORING LOCATION: See Location Diagram HAMMER WT: 140#
SURFACE ELEVATION: See Location Diagram HAMMER FALL: 30"
= SAMPLE
E NO. DEPTH |BLOWS PER 6" ON SAMPLER REC. C(;L. Cslzlz;rg; FIELD CLASSIFICATION AND REMARKS
a RANGE 0-6 6-12 | 12-18 | 18-24
S-11 0.0' - 2.0 10 11 1.4 Brown/grey, moist, medium dense, Sand, little
10 9 Gravel, trace Silt, SP, native with rock fragments.
S-2] 2.0' - 4.0 6 17 1.2 Similar except wet.
9 5 4
5 S-31 4.0' - 6.0 6 5 0.8' Grey/brown, wet, loose, Sand, some Gravel, trace
2 4 Silt and Clay, SM with rock fragments.
S-4 6.0' - 8.0' 3 3 0.6' Simlar.
2 3
o
10 . .
S-5110.0' - 12.0' 3 5 0.8' Silver/grey, wet, loose, very fine Sand and Silt,
4 4 little Gravel and Clay, silky texture, SM, with rock
fragments.
15 .
S-6[15.0' - 17.0' 3 5 0.9' Similar.
7 6
18'
20 . . .
S-7120.0' - 22.0' 4 9 1.5' Grey/brown, wet, medium dense, Sand, little Silt,
9 11 trace Gravel, SM.
24
25 . C s
S-8125.0' - 27.0' 6 13 1.4' Grey/brown, wet, medium dense, nonplastic Silt,
14 18 some Sand, trace Gravel and Clay, ML.
29'
30 .
S-9130.0' - 32.0' 9 12 1.6' Grey, wet, dense, Sand and Silt, trace Gravel, SM.
19 25 32
End of boring at 32 feet.
35
40

STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARIES BETWEEN SOIL TYPES. IN-SITU TRANSITION MAY BE GRADUAL.

WATER LEVEL:

Water at about 2 feet.

DRILLER: Martin Geo-Environmental, LLC - JM

DATE: 13-Jan-25

APPROVED BY: JCB

DATE: 17-Jan-25

GIFFORD ENGINEERING
GEOTECHNICAL & GEOENVIRONMENTAL SERVICES
1940 Cascades Dr. Unit 11
Naples, FL 34112
Phone: (631) 791-3011




PROJECT NAME: New Box Culvert FILE NO.: 2474
BORING NO.: B-3 CASING SAMPLER CORE BARREL
CLIENT: Guntlow & Associates TYPE: HSA SS
SITE LOCATION: Whitman Rd, Hancock, MA 01267 SIZE I.D.: 4.25" 1.375"
BORING LOCATION: See Location Diagram HAMMER WT: 140#
SURFACE ELEVATION: See Location Diagram HAMMER FALL: 30"
s SAMPLE
E NO. DEPTH | BLOWS PER 6" ON SAMPLER REC. C(;L' CS;I;;’I(::: FIELD CLASSIFICATION AND REMARKS
a RANGE 0-6 6-12 | 12-18 | 18-24
S-11 0.0' - 2.0' 9 13 1.5' Brown/grey, moist, medium dense, Sand, little
9 6 2' Gravel, trace Silt, SP, native with rock fragments.
S-2] 2.0'- 4.0 6 6 1.0’ Brown/grey, wet at 3 feet, medium dense,
5 5 4 nonplastic Silt and Sand, trace Gravel, ML.
S-31 4.0' - 6.0 4 2 0.8' Grey, wet, loose, Sand, and Silt, trace Gravel, SM.
5 5 2 6
S-4| 6.0' - 8.0' 2 2 1.1' Black, wet, medium stiff, Peat, PT.
4 2
9!
10 .
S-5110.0' - 12.0') WOH 2 0.4' Grey, wet, soft, Silt, some Clay, trace Sand and
1 2 Gravel, ML.
13
15 s
S-6/15.0' - 17.0' 3 3 1.7' Grey, wet, loose, nonplastic Silt and Sand, trace
4 4 Gravel, ML.
18'
20 . .
S-7120.0' - 22.0' 9 11 1.3' Grey, wet, medium dense, Sand, little Gravel and
10 11 Silt, SM.
25 .
S-8[25.0' - 26.6' 10 14 1.3' Similar.
19 50/0.1'
30 ..
S-9130.0' - 30.7'| 29 50/0.2' 0.3' Similar.
32
End of boring at 32 feet.
35
40

STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARIES BETWEEN SOIL TYPES. IN-SITU TRANSITION MAY BE GRADUAL.

WATER LEVEL: Water at about 3 feet.
DRILLER: Martin Geo-Environmental, LLC - JM DATE: 13-Jan-25
APPROVED BY: JCB DATE: 17-Jan-25

GIFFORD ENGINEERING
GEOTECHNICAL & GEOENVIRONMENTAL SERVICES

1940 Cascades Dr. Unit 11
Naples, FL 34112

Phone: (631) 791-3011




FACTORED RESISTANCE FOR HANCOCK CULVERT

O O O o o o

Capacity Factor Factored,Net Resistance
Load,Rn  Rn Strength Resistance Width Depth Estimated Vesic Bearing Capacity Factor Full Saturation
(ksf) (tsf) phi (ksf) (ft) (ft) Degrees gamma gamma cohe-
NoteA NoteB of Friction Nc Ng Ngamm tan phi(pcf) sat(pcf) sion-psf
9.82 491 0.45 4.42 2 6 32 3549 23.18 30.22 0.62 120 58
12.45 6.22 0.45 5.60 5 6 32 3549 23.18 30.22 0.62 120 58
16.83 8.42 0.45 7.57 10 6 32 3549 23.18 30.22 0.62 120 58
4.44 2.22 0.45 2.00 2 2 32 3549 23.18 30.22 0.62 120 58
7.07 3.54 0.45 3.18 5 2 32 3549 23.18 30.22 0.62 120 58
11.45 5.73 0.45 5.15 10 2 32 3549 23.18 30.22 0.62 120 58
NoteA widths of 2,5, and 10 feet to indicate the sensitivity to width.
NoteB depths of 2 and 6 shown to indicate the sensitivity to depth
Factored Resistance at all widths Bearing Capacity (Qi) Approach Phi =32 degrees
2 ftto 10 ft & 2 ft deep are =>1 tsf Bearing Capacity for strip foundation estimated using Vesic
factors
Nc Nqg Ngamntan phi gammégamma s cohesion
pcf  pcf psf
35.49 23.18 30.22 0.62 120 58 0

Qult=cNc+qNqg+1/2(gamma*B*Ngamma)

*Bearing Capacity by Terzhagi(vesic factors)



SETTLEMENTS BY PRESSUREMETER METHOD

For Culvert 18ft wide X 50 ft long 8 feet loaded width with base 10 ft below grade

Hancock Culvert
Subgrade Conditions at B-1 location

Total Settlements (in)
Allowable Ftg Width(ft) Design tsf Beneath Culvert Walls

tsf Note A Note B and Wing Walls(in)
1 8 0.5 0.29
1 8 0.75 0.44
1 8 1 0.59
1 8 1.25 0.73

Note A-18 feet wide culvert base will transfer load to subgrade mainly beneath side walls. Assume 8 feet wide loaded

March, 2026

strips on each side with 1 tsf Design Factored Load
Note B-Lists actual factored load pressures applied to 8 feet wide strip to test sensitivity to load

Calculation of Harmonic Distortion Modulus, Ed

These moduli are estimated for 1/2 ftg width intervals below footing base
The estimated measured pressure meter modulus Em calculated as 4 X N at B-3

Depth Rar9 ft to 13 ft 13 ft to 17t 17ft to 29 ft

Average M 9 12 17
E1 E2 E345
Em 36 48 68

1/Ed = 1/4 (1/E1+1/0.85E2+1/E345+1/2.5E678+1/2.5E9t016)

1/Em 0.027777778 0.0245098
1/Ed 0.018468954
Ed (tsf) 54

0.014705882 0.0058824

0.09533748 0.19762963
0.14300622 0.296444444
0.19067496 0.395259259
0.2383437 0.494074074

84
84
84
84

approx

E1

36
36
36
36

Calculation in ft & ton units

21ft to41ft 41 ft-69ft

100

E9/16
400

0.001

Settlement = (2/9Ed)*q*Bo(lambda d*B/Bo)*alpha + (alpha/9Ec)*q*lambda c*B
The length of the foundation is accounted for by the increase in lambda c for long footings.
alpha = 0.67 for silts and fine sands

Lambda ¢ for L/IW =4.5=2.0 Lambdad =1.3

convert Settlement to inches
X 12/in per foot

Distortion(in) Spherical (in) Ed tsf Ec tsf Alpha

0.667
0.667
0.667
0.667

Settlements All Below
Tolerable Limits up to 1.25 tsf

lambda

d

1.3
1.3
1.3
1.3

Cc

NDNDDNDN



GENERAL QUALIFICATIONS

This report has been prepared in order to aid in the evaluation of this property and to
assist the architect and/or engineer in the design of this project. The scope of the project
and the location described herein, and our description of the project represents our
understanding of the significant aspects relevant to soil and foundation characteristics. In
the event that any changes in the design or location of the proposed facilities, as outlined
in this report, are planned, we should be informed so the changes can be reviewed and the
conclusions of this report modified or approved in writing by ourselves.

It is recommended that all construction operations dealing with earthwork and
foundations be inspected by an experienced soil engineer to assure that design
requirements are fulfilled in the actual construction. If you wish, we would welcome the
opportunity to review the plans and specifications when they have been prepared so that
we may have the opportunity of commenting on the effect of soil conditions on the
design and specifications.

The analysis and recommendations submitted in this report are based upon the data
obtained from the soil borings and/or test pits performed at the locations indicated on the
location diagram and from any other information discussed in this report. This report
does not reflect any variations which may occur between these borings and/or test pits.

In the performance of subsurface investigations, specific information is obtained at
specific locations at specific times. However, it is a well-known fact that variations in soil
and rock conditions exist on most sites between boring locations and also such situations
as groundwater conditions vary from time to time. The nature and extent of variations
may not become evident until the course of construction. If variations then appear
evident, it will be necessary for a reevaluation of the recommendations of this report after
performing on-site observations during the construction period and noting the
characteristics of any variations.
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PROJECT NAME: New Box Culvert FILE NO.: 2474
BORING NO.: B-1 CASING SAMPLER CORE BARREL
CLIENT: Guntlow & Associates TYPE: HSA SS
SITE LOCATION: Whitman Rd, Hancock, MA 01267 SIZE 1.D.: 4.25" 1.375"
BORING LOCATION: See Location Diagram HAMMER WT: 140#
SURFACE ELEVATION: See Location Diagram HAMMER FALL: 30"
= SAMPLE
E NO. DEPTH |BLOWS PER 6" ON SAMPLER REC. C(;L. Cslzlz;rg; FIELD CLASSIFICATION AND REMARKS
a RANGE 0-6 6-12 | 12-18 | 18-24
S-11 0.0' - 2.0 10 11 1.4 Brown/grey, moist, medium dense, Sand, little
10 9 Gravel, trace Silt, SP, native with rock fragments.
S-2] 2.0' - 4.0 6 17 1.2 Similar except wet.
9 5 4
5 S-31 4.0' - 6.0 6 5 0.8' Grey/brown, wet, loose, Sand, some Gravel, trace
2 4 Silt and Clay, SM with rock fragments.
S-4 6.0' - 8.0' 3 3 0.6' Simlar.
2 3
o
10 . .
S-5110.0' - 12.0' 3 5 0.8' Silver/grey, wet, loose, very fine Sand and Silt,
4 4 little Gravel and Clay, silky texture, SM, with rock
fragments.
15 .
S-6[15.0' - 17.0' 3 5 0.9' Similar.
7 6
18'
20 . . .
S-7120.0' - 22.0' 4 9 1.5' Grey/brown, wet, medium dense, Sand, little Silt,
9 11 trace Gravel, SM.
24
25 . C s
S-8125.0' - 27.0' 6 13 1.4' Grey/brown, wet, medium dense, nonplastic Silt,
14 18 some Sand, trace Gravel and Clay, ML.
29'
30 .
S-9130.0' - 32.0' 9 12 1.6' Grey, wet, dense, Sand and Silt, trace Gravel, SM.
19 25 32
End of boring at 32 feet.
35
40

STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARIES BETWEEN SOIL TYPES. IN-SITU TRANSITION MAY BE GRADUAL.

WATER LEVEL:

Water at about 2 feet.

DRILLER: Martin Geo-Environmental, LLC - JM

DATE: 13-Jan-25

APPROVED BY: JCB

DATE: 17-Jan-25

GIFFORD ENGINEERING
GEOTECHNICAL & GEOENVIRONMENTAL SERVICES
1940 Cascades Dr. Unit 11
Naples, FL 34112
Phone: (631) 791-3011




PROJECT NAME: New Box Culvert FILE NO.: 2474
BORING NO.: B-3 CASING SAMPLER CORE BARREL
CLIENT: Guntlow & Associates TYPE: HSA SS
SITE LOCATION: Whitman Rd, Hancock, MA 01267 SIZE I.D.: 4.25" 1.375"
BORING LOCATION: See Location Diagram HAMMER WT: 140#
SURFACE ELEVATION: See Location Diagram HAMMER FALL: 30"
s SAMPLE
E NO. DEPTH | BLOWS PER 6" ON SAMPLER REC. C(;L' CS;I;;’I(::: FIELD CLASSIFICATION AND REMARKS
a RANGE 0-6 6-12 | 12-18 | 18-24
S-11 0.0' - 2.0' 9 13 1.5' Brown/grey, moist, medium dense, Sand, little
9 6 2' Gravel, trace Silt, SP, native with rock fragments.
S-2] 2.0'- 4.0 6 6 1.0’ Brown/grey, wet at 3 feet, medium dense,
5 5 4 nonplastic Silt and Sand, trace Gravel, ML.
S-31 4.0' - 6.0 4 2 0.8' Grey, wet, loose, Sand, and Silt, trace Gravel, SM.
5 5 2 6
S-4| 6.0' - 8.0' 2 2 1.1' Black, wet, medium stiff, Peat, PT.
4 2
9!
10 .
S-5110.0' - 12.0') WOH 2 0.4' Grey, wet, soft, Silt, some Clay, trace Sand and
1 2 Gravel, ML.
13
15 s
S-6/15.0' - 17.0' 3 3 1.7' Grey, wet, loose, nonplastic Silt and Sand, trace
4 4 Gravel, ML.
18'
20 . .
S-7120.0' - 22.0' 9 11 1.3' Grey, wet, medium dense, Sand, little Gravel and
10 11 Silt, SM.
25 .
S-8[25.0' - 26.6' 10 14 1.3' Similar.
19 50/0.1'
30 ..
S-9130.0' - 30.7'| 29 50/0.2' 0.3' Similar.
32
End of boring at 32 feet.
35
40

STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARIES BETWEEN SOIL TYPES. IN-SITU TRANSITION MAY BE GRADUAL.

WATER LEVEL: Water at about 3 feet.
DRILLER: Martin Geo-Environmental, LLC - JM DATE: 13-Jan-25
APPROVED BY: JCB DATE: 17-Jan-25

GIFFORD ENGINEERING
GEOTECHNICAL & GEOENVIRONMENTAL SERVICES

1940 Cascades Dr. Unit 11
Naples, FL 34112

Phone: (631) 791-3011




Grain Size Distribution ASTM D 421, D 422 & D 1140

Size/Sieve  Percent Passing by Weight
B-14’-6’

No. 4
No. 10
No. 20
No. 40
No. 100
No. 200

Natural Moisture

70.2%
59.8%
47.7%
36.5%
24.6%
19.8%

17.9%

GIFFORD ENGINEERING

Geotechnical & Geoenvironmental Services

LABORATORY TEST RESULTS
New Box Culvert
Whitman Road, Hancock, MA 01267
File No. 2474

Percent Passing by Weight
B-320°-22’

89.9%
78.3%
58.6%
42.1%
23.4%
17.3%

15.4%

1940 Cascades Dr. Unit 11

Naples, FL 34112

Tel: (631) 791-3011

giffeng123@gmail.com



USGS web services were down for some period of time and as a result this tool wasn't operational, resulting in timeout error.

SGS web services are now operational so this tool should work as expected.

New Box Culvert, File No.: 2474

Latitude, Longitude: 42.57697874, -73.29712627
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Value
0.173
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0.276
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Value

16
24
0.081
16
0.13
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15
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Description
MCER ground motion. (for 0.2 second period)
MCERg ground motion. (for 1.0s period)
Site-modified spectral acceleration value
Site-modified spectral acceleration value
Numeric seismic design value at 0.2 second SA
Numeric seismic design value at 1.0 second SA
Description
Seismic design category
Site amplification factor at 0.2 second
Site amplification factor at 1.0 second
MCEg peak ground acceleration
Site amplification factor at PGA
Site modified peak ground acceleration
Long-period transition period in seconds
Probabilistic risk-targeted ground motion. (0.2 second)
Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration
Factored deterministic acceleration value. (0.2 second)
Probabilistic risk-targeted ground motion. (1.0 second)
Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.
Factored deterministic acceleration value. (1.0 second)
Factored deterministic acceleration value. (Peak Ground Acceleration)
Uniform-hazard (2% probability of exceedance in 50 years) Peak Ground Acceleration
Mapped value of the risk coefficient at short periods
Mapped value of the risk coefficient at a period of 1 s
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DISCLAIMER

While the information presented on this website is believed to be correct, D and its sponsors and contributors assume no responsibility or liability for its accuracy. The material presented in this web application should not be used or relied
upon for any specific application without competent examination and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. SEAOC / OSHPD do not intend that the use of this information replace the sound
judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute for the standard of care required of such professionals in interpreting and applying the results of the seismic data provided by this website.
Users of the information from this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible for building code approval and interpretation for the building site
described by latitude/longitude location in the search results of this website.



Massachusetts Highway Department Standard Specifications Excerpts

M1.02.0 Special Borrow.

Special Borrow shall consist of one of the following:

a) A native in-situ soil that is classified under AASHTO-M145 as A-3, or that portion of A-1
with less than 12% passing the No. 200 sieve as determined by AASHTO-T11 and T27. Maximum size
of stone for testing purposes shall be three (3) inches (nominal). For Muck Backfill only, 15% or less
passing the No. 200 sieve will be allowable.

b) A crushed rock, either obtained for ledge excavation on the project or other approved sources,
that meets the following requirements:

Percent of wear LA abrasion test 50% Maximum
Plasticity Index 6% Maximum

Gradation Requirements

Sieve Designation Percent Passing
6 in. 100
2 in. 90-100
No. 4 mesh 20-65
No. 200 mesh 0-12

M1.03.0 Gravel Borrow.
Gravel Borrow shall consist of inert material that is hard, durable stone and coarse sand, free from
loam and clay, surface coatings, and deleterious materials.

Gradation requirements for gravel shall be determined by AASHTO-T11 and T27 and shall
conform to the following:

Sieve Designation Percent Passing

1/2 in. 50-85

No. 4 40-75

No. 50 8-28

No. 200 0-10

Maximum size of stone in gravel shall be as follows:
M1.03.0 Type a 6 inches largest dimension
M1.03.0 Type b 3 inches largest dimension
M1.03.0 Type ¢ 2 inches largest dimension
M1.03.0 Type d 1.5 inches largest dimension

M1.03.1 Processed Gravel for Subbase.
This specification covers the quality and gradation for subbase material of crusher run gravel.
Gravel shall consist of inert material that is hard, durable stone and coarse sand, free from loam
and clay, surface coatings and deleterious materials.

The coarse aggregate shall have a percentage of wear, by the Los Angeles Abrasion Test, of not
more than 50.

The gradation shall meet the following requirements:

Sieve Designation Percent Passing
3 in. 100
1 % in. 70-100
3/4 in. 50-85
No. 4 30-60

No. 200 0-10



Massachusetts Highway Department Standard Specifications Excerpts

M2.01.0 Crushed Stone
TABULATION OF STONE SIZES
Percent by Weight Passing Through

Square M2.01.1 and M2.01.2 M2.01.3 M2.01.4 M2.01.5 M2.01.6
Opening Sieve
1 % in. 1 Y% in. 3/4 in. 1/2 in. 1/4 in.

2 Y% in.

2 in. 100
1 % in. 95-100 100
1 Y in. 85-100

1in. 35-70 100
3/4 in. 0-25 10-40 90-100
5/8 in. 100

1/2 in. 0-8 10-50 85-100 100
3/8 in. 0-20 15-45 85-100
No. 4 0-5 0-15 20-50
No. 8 0-5 0-15
No. 16 0-5

M2.01.7 Dense-graded Crushed Stone for Sub-base

This specification covers the quality and gradation requirements for a subbase material combining
crusher-run coarse aggregates of crushed stone and fine aggregates of natural sand or stone screenings

uniformly premixed with a predetermined quantity of water.

Coarse aggregate shall consist of hard, durable particles of fragments of stone. Materials that

break up when alternately frozen and thawed or wetted and dried shall not be used.

Coarse aggregate shall have a percentage of wear, by the Los Angeles test, of not more than 45.

Fine aggregate shall consist of natural or crushed sand.

The composite material shall be free from clay, loam, or other plastic material, and shall conform

to the following grading requirements:

Sieve Percentage by Weight
Designation Passing Square
Mesh Sieves
2 in. 100
1 % in. 70-100
3/4 in. 50-85
No. 4 30-55
No. 50 8-24
No. 200 3-10

The approved source of bank-run gravel material shall be processed by mechanical means. The
equipment for producing crushed gravel shall be of adequate size and with sufficient adjustments to
produce the desired materials. The processed material shall be stockpiled in such a manner to minimize

segregation of particle sizes. All processed gravel shall come from approved stockpiles.






Table 3.5 Unified Soil Classification
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b All sicve sizes on this chart are U.S. standard .

Dilatancy (Reaction 1o shaking):

After removing particles larger than No. 40 sicve size, prepare a pat of
moist soil with a volume of about onc-hall cubic inch. Add enough
water if necessary to make the soil soft but not sticky.

Place the patin the open palm of one hand and shake horizontally, striking
vigorously against the other hand several times. A posilive reaction
consists of the appearance of water on the surface of the pat which
changes 10 a livery consistency and becomes glossy. When the sample
is squeczed between the fingers, the water and gloss disappear from the
surface, the pat stiffens and finally it cracks or crumbles. The rapidity
of appearance of water during shaking and of its disappearance during
squeczing assist in identifying the character of the fines in a soil.

Very fine clean sands give the quickest and most distinct reaction whereas
a plastic clay has no rcaction. Inorganic silts, such as a typical rock
flour, show a mod ly quick .

Field Identification Procedure for Fine Grained Scils or Fractions
These procedures are to be performed on the minus No. 40 sieve size particles, approximately L¢, in. For ficld classification purposes, screening is not intended, simply remove by hand the coarse particles that interfere with the tests,

Toughness (Consistency near plastic limit):

Dry Strength (Crushing characteristics):

After removing particles larger than No. 40 sicve size, mould a pat of soil

1o the

y of putty,

water if necessary. Allow the pat o

dry completely by oven, sun or air drying, and then test its sirength by

breaking and crumbling between the fi

This

gthis a €

of the character and quantity of the colloidal fraction contained in the
s0il. The dry strength increases with increasing plasticity.

High dry strength is characteristic for clays of the CH group. A typical
inorganic silt possesses only very slight dry strength. Silty fine sands
and silts have about the same slight dry strength, but can be distinguished
by the feel when powdering the dried specimen. Finc sand fecls gritty
whereas a typical silt has the smooth feel of flour,

Alter removing particles larger than the No. 40 sieve size, a specimen of
soil about one-halfl inch cube in size, is moulded to the consistency of
putty. If 100 dry, water must be added and if sticky, the specimen
should be spread out in a thin layer and allowed to lose some moisture
by cvaporation. Then the specimen is rolicd out by hand on a smooth
surface or between the palms into a thread about one-cight inch in
diameter. The thread is then folded and re-rolled repeatedly. During
this P the i is gradually reduced and the
specimen stiffens, finally loses its plasticity, and crumbles when the
plastic limit is reached.

After the thread crumbies, the pieces should be lumped h
slight kneading action ¢ i d until the lump crumbles.

The tougher the thread near the plastic limit and the stiffer the lump when
it finally bles, the more p is the colloiwdal clay fraction in the
50il. Weakness of the thread at the plastic limit and quick loss of
coherence of the lump below the plastic limit indicate cither inorganic
clay of low plasticity, or materials such as kaolin-type clays and organic
<lays which occur below the A-line.

Highly organic clays have a very weak and spongy feel at the plastic limit.

and a










APPENDIX B
ECOLOGICAL RESTORATION ORDER OF CONDITIONS

























































APPENDIX C
EXISTING CONDITIONS PHOTOS



APPENDIX D
PREVAILING WAGE RATES
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