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SECTION 1 - PURPOSE

The purpose of this manual, in conjunction with the gtmesentation and other related
NCDOT reference manuals (described in Section 29, éxplain the techniques for
obtaining soil samples from a proposed borrow pit. Adwpit is generally utilized by
the Contractor when a project requires a larger amouiit wilaterial versus amount of
usable material obtained from cut sections. Due to theussoil types in North
Carolina, a field investigation must be performed on a megdorrow pit. This field
investigation should include documented observations frodivew pit and laboratory
testing of soil samples obtained from the proposed §itel sampling and recorded
observations completed during the field investigation obgpgsed borrow pit must be
performed by project personnel having a valid Borrow PitSiagn Certification.

SECTION 2 - IMPORTANCE OR PROPER SAMPLING

A sample is defined as a “portion, piece, or segmentghiapresentative of a whole”. It
is therefore important that the procedure(s) used torotita small portion not
compromise the requirement that it be representatitteedarger portion.

As will be discussed in the sections that follow, elactrow pit sample will be taken to a
NCDOT laboratory and tested for soil classificatidrhe soil classification is utilized to
determine if the soil has the desired engineering propértee load-carrying capacity).
Unsuitable soils placed in an embankment or subgrade asg structural failure in the
roadway leading to costly maintenance repairs; thexefolowing proper sampling
procedures can not be overemphasized. NGBOT Construction Manual can

provide guidance when sampling a proposed borrow pit or, dilmngonstruction phase,
provide guidance when excavating soil from the pit. Ptggecsonnel should become
familiar with Divisions and/or Sections listed in Talile

Classification Reference Division
Materials (borrow sampling) Division 10 (pp 10-21 thru 10-23)
Earthwork (borrow excavation) Division 5 Section 230

Table 1

The NCDOT Standard Specifications for Roads and Structuresan also provide
guidance when sampling a proposed borrow pit or, duringathgtimiction phase, provide
guidance when excavatisgil from the pit. Project personnel should becoamiliar

with sections listed in Table 2.

Classification Reference Section
Borrow Material (sampling) Section 1018
Borrow Excavation Section 230

Table 2

Project personnel should also review the Project Speomadisions for any items that
may influence the sampling and/or excavation of a bopibw



SECTION 3 - AASHTO CLASSIFICATION SYSTEM

The American Association of State Highway TranspmmaDfficials (AASHTO) has
adopted a standardized method for determining soil clestsoiicor AASHTO
classification. Soils are grouped by the same geneadidarrying capacity from the best
being A-1 to the worst being A-7. There is a wide randgeauf-carrying capacity within
groups and an overlapping of capacity between groups. For exaanpA-2 soil may
contain material that makes it inferior to a sped¥ié soil. A Group Index number is
used to designate the load-carrying capacity within the FSESHTO classification.
For example, an A-4 (5) and A-4 (20) have the same AASkKEI&€sification however,
the group index number indicates that A-4 (5) has thegré&sd-carrying capacity.
Several tests must be performed to determine AASHT Oiftas®n for a particular
soil.

First, the overall distribution or “gradation” of paté sizes is analyzed by performing
AASHTO T-88. For this AASHTO soil test, two differemist methods must be utilized.
The first method measures the distribution of coansefiae sand by screening a
representative sample over specific sieves to detettimnpercent passing each sieve.
The second method measures the distribution of fingclesrsuch as clay or silt by using
a hydrometer. The hydrometer test relies on the gecenakpt of how quickly different
soil particles settle when placed in a solution ofernafor example, when soil is placed
in a container with water and the mixture is agitatkd,sand will settle to the bottom of
the container first followed by the silt and finallyetblay particles.

The second step is to determine the Liquid Limit, Pldstiat, and Plasticity Index.
These tests are commonly referred as the Atterburgd mhithe soil. AASHTO T-89 is
performed to determine the Liquid Limit (L.L.) of the soilhe Liquid Limit is defined
as the moisture content where the soil passes freml#stic state to the liquid state. A
high Liquid Limit indicates a high clay content and lovadecarrying capacity.
AASHTO T-90 is also performed to determine the Plastmit_{P.L.) and the Plasticity
Index (P.l.) of a soil. The Plastic Limit is defineslthe moisture content at which the
soil changes from a semisolid state to a plastic statad-carrying capacity of a soll
increases rapidly below the Plastic Limit and decreaspidly above the Plastic Limit.
The Plasticity Index is defined as the numerical défifree between the Liquid Limit and
the Plastic Limit. Refer to the formula given belo

P.l.=LL. - P.L.



The general concept behind the Atterburg Limits testssrelethe reaction soil particles
have with water. Depending on the type and amountrtit|es in a given soil, different
states of consistency will exist based on the amouwtatdr within the soil. For
example, “beach sand” generally has extremely smaluaits of clay particles and
therefore would have a Plasticity Index (P.1.) of 0 tiatMs commonly reported as Non-
Plastic (N.P.). Figure 1 graphically demonstrates th#fehces as water is added or

removed. Refer to the glossary provided in the back sitlinual for definitions of the
terms in Figure 1.

LJN

State Amount of water
Liquid limit J,A/
T Liquid Limit minus the Plastic Limi
Plastic equals Plasticity Index; equals range in
State moisture content through which soil is
plastic
Plastic limit
Semisolid
State
Shrinkage limit
Solid
State
Dry l

Figure 1



Results from each AASHTO test are used to determinsdihelassification. Table 3
lists the main AASHTO groups, a general rating for usulmgrade, and a general
description.

General
AASHTO _—
Classification Subg_rade General Description
Rating
Al Excellent Well grad_ed coarse to fine; non-plastic or feeblytptagicludes coarse
without binder
A-1-a Excellent Mostly stone fragments or gravel
Mostly coarse sand; may need added fines for a firm; Isagtable or can
A-1-b Excellent ;
be made suitable for granular base coarse
ﬁgg Excellent Granular with binder characteristics of A-4 ArfS soils
A-2-6 Excellentto| o onular with binder characteristics of A-6 and A-7ssoi
A-2-7 Good
Soils are inferior to A-1 soils due to poor gradindetior binder, or both
A-2 Good generally are suitable as a blanket for very plastigmsues slated to
receive concrete pavement
A3 Good Sands deficient in soil binder and coarse material; egjuidar; examples
are fine beach or desert blown sands. Water hasdiifitct on A-3 soils
Composed mostly of silt with only moderate to small amt®wf coarse
A-4 Fair material and only small amounts of clay; can vaxgurally from sandy
loams to silt to clay loams
. Similar to A-4 except that they include very poorly gradats £ontainingy
A-5 Fair . S - .
such things as mica; is a poor stability soil.
Composed predominately of clay with moderate to negligileunts of
A6 Eair to Poor | €02'Se material; have low stability at high moisitmatents but are prett
stable otherwise; show shrinkage cracks during dry weeatha good soilj
other than the fact that it has great affinity for wate
A7 Poor Composed predominately of clay like A-6 but due to the poesehone-
size silt particles, organic matter, mica flakes, melicarbonate, is elasti
A7.5 Poor Moderate plasticity indexes; may be highly elastic.|Bsk than or equal
toL.L.-30
A-7-6 Poor High plasticity indexes P.l. greater than ER0
Table 3



SECTION 4 - SOIL TERMINOLOGY AND IDENTIFICATION PROP ERTIES

When sampling a borrow pit, a boring log must be compleitida description of the
material encountered. To aid in completing a generaligéscr for a boring log, refer
to the general terms and definitions provided in Table 4.

Terms Definition
A rock fragment, usually rounded by weathering or abrasiith average dimensiog
Boulder )
of 12 inches or more
A rock fragment, usually rounded by weathering or abrasiith average dimensiog
Cobble :
between 3 to 12 inches
Rounded, sub-rounded, or angular particles of rock thhpask a 3-inch square
Gravel . . . X
opening sieve and be retained on a Number 4 Sieve.
Sand Particles that will pass the Number 4 Sieve andthined on the Number 200 Sieye
Silt Material passing the Number 200 Sieve that is non-plasticexhibits little or no
strength when dried
Cla Material passing the Number 200 Sieve that can be maeéibit plasticity within aj
y wide range of water contents and exhibits considegiylstrength
Fines The portion of a soil sample passing a NumbeSS@&
Marl Unconsolidated white or dark gray calcium carberg®posit
Muck Finely divided organic material containing various ants of mineral soil
Peat Organic material in various stages of decomposition
Organic Clay Clay containing microscopic size organattan
Organic Silt Silt containing microscopic size organidtara

Coarse-Grained Soi

Soil having a predominance ofajrawd/or sand

Fine-Grained Soil

Soil having a predominance of sitt/ar clay

Mixed-Grained Soil

Soil having significant proportiorfoth fine and coarse grained soil particles

Table 4



Table 5 provides methods for identifying items encounteretkvgleirforming the field
investigation.

Item Method of Identification

Boulder | Identify by particle size

Caobble Identify by particle size

Gravel Identify by particle size.

Sand Identif_y by pz_article size. Gritty grains that can aabit seen and felt. No plasticity or
cohesion. Size ranges between gravel and silt.
Identify by behavior. Fines that have no plasticityay\be rolled into a thread but will

Silt easily crumble. Has no cohesion. When dry, carabiyebroken by hand into powdery
form.

Clay Material passing the Number ZOQ _Sieve th_at can be mamédiioit plasticity within a wide
range of water contents and exhibits considerabletdeggth.

Marl A whit_e or gray calc_:ium_carbonate paste. May corgaamular spheres, shells, organic
material or inorganic soils.
Black or dark brown finely divided organic material mixeithwarious proportions of sand

Muck silt, and clay. May contain minor amounts of fibronaterials such as roots, leaves, and
sedges.

Peat Black or _dark brown_ plant re_mains. The visible pl@mains range form coarse fibers to
finely divided organic material.

Organic | Dark gray clay with microscopic size organic materiapdrsed throughout. May contain

Clay shell and/or fibers. Has weak structure which exhiliite tesistance to kneading.

Organic | Silt containing microscopic size organic matter.

Silt

Fill Man-made deposits of natural soils and/or waste materibéncountered, document
components carefully.

Table 5

The following steps can be followed in identifying a soteuntered during the field
investigation:

Step 1 - Decide if soil sample is coarse-grained;dwaned, mix-grained or
organic. If mix-grained, decide whether coarse-grainecherdrained
predominates and record conclusion

Step 2 — Determine principal or primary component. Usm mo soil description
(i.e. Sand).

Step 3 — Determine secondary component. Use adjectsal description (i.e.
Silty Sand).

Step 4 — Determine if additional components exist. Useldgional adjectives
(i.e. Silty Sand, Gravelly) and record conclusion

Some typical examples of soil component descriptinalside: Silty Fine Sand, Gravelly
Sand, Clayey Gravel, Clayey Silt, Silty Clay, etc.




Table 6 lists additional information which should be docut@e on the boring log.

Item Descriptions
Color of sample Brown, Gray, Red, Black, etc.
Moisture Condition Dry, Moist, Wet Judge by appearandb@material is initially removed

Plastic, Low Plastic, Non-plastic. Sample must beaist or wet

Plasticity condition for plasticity determination.

Table 6

The data obtained from the field investigation and thés $aboratory test results will
serve to establish a soil profile of the borrow piheBoil profile is the vertical cross-
section composed of three major layers designated Bsaxd C-horizons.

Horizon A: basically topsoil containing organic mattecept for possibly the
bottom part of the layer

Horizon B: the subsoil

Horizon C: the mother soil

The usable soil can primarily be found in the B-horinowever, the lowest portion of
the A-horizon and the top part of the C-horizon miag @ontain usable material.

SECTION 5 — GENERAL SAMPLING PROCEDURES

When sampling a borrow pit, the Contractor or NCDOT wwiaain the soil samples.
The sampling procedures outlined below shall apply toreitieeContractor or NCDOT.

1. Prior to performing any sampling, the Contractor shaligir the Resident
Engineer with a dimensioned plot plan of the propogedaia scale such that
it can be placed on 8 %2” X 11" or 11" X 17” sheet. The t@ator shall also
provide a release from the property owner allowing adwese property and
the right to obtain samples from the property.

2. Samples shall be obtained by the use of hand auger or fi;lveauger.
Other equipment such as a dragline or backhoe may befusgguioved by
the Engineer.

3. Samples shall be obtained by the Resident Engineer/behigpresentative
with a valid Borrow Pit Sampling Certification

4. Each sample shall consist®to 8 poundsof soil (fill sample bag one quarter
full). Place acompletedsample card (refer to Appendix C) in each bag.

5. A minimum of two(2) test borings per acrewill be required. The minimum
number shall be increased if determined necessary in tordétain
representative samples for the entire source.




6. Each test boring shall be identified by a stake drivgacadit to the test
boring hole. The test boring number shall be showrherstake.

7. Within each boring site samples will be acquired fram significantly
different layer of soil. Combining materials fromfdient layers into a
composite sample will not be permitted.

8. Each test boring shall be designated numerically (S21,$3, etc.) in the
order of drilling.

9. The first sample from a test boring shall be iderditiy the test boring
number. Any additional samples from a test boring sfeltentified by the
test boring number plus an alphabetical letter (S-1ASS-1B, etc). These
additional samples shall be designated alphabeticatlyder from the surface
down.

10.If the same soil type exists between multiple baresghe sample can be
referenced to the original soil sample. For examplere location number 3
from O — 2 feet in depth contains the same soil as ete@ahat bore location
number 1 (0 - 2 feet) then an entry can be made doottieg log to reference
soil at site #3 back to S-1 (i.e. R S-1). Thereforesarople would be
required from bore location number 3 from 0 — 2 feet inlileReferencing
soils should only be completed when the individual is icenit that the
material is the same (if in doubt take a sample).eRef Appendix B for a
boring log example.

11. A boring log shall be kept of each test boring and wibivglthe following:

Test boring number

Visual description of the material encountered

Elevation or depth below surface of layer of matexradountered
Location of samples obtained

Location of water table

Total depth of boring

~oooow

12.For each source, a site map shall be prepared showigjltveing:

a. The location of the source in relation to natural laadk®, property lines
and/or existing public roads in the area.

b. A plan view of the property and all test borings witantfying numbers
labeled



SECTION 6 - SAMPLING PROCEDURES — CONTRACTOR

If the Contractor performs sampling, the following procedwwill apply in addition to
the procedures listed in the previous section.

1. The Contractor shall furnish all sampling equipment.

2. A Division of Highways representative with a valid Banr®it Sampling
Certification shall determine the frequency and locatiball test borings.

3. All samples will be taken in the presence of the &Rasi Engineer or his/her
Borrow Pit Sampling Certified representative.

4. The Resident Engineer shall be responsible for ergstinat sufficient test
borings are made and samples taken are representatheembposed source.

5. The Contractor will be responsible for marking and plg@n identifying
stake at each boring site.

6. The Division of Highways representative shall transpisamples to a
Materials and Test Unit laboratory. The Contractofl st deliver any
samples for testing. The Division of Highways will f@sponsible for any
soil treatment necessary because of quarantine remqdaif the U. S. and/or
N.C. Department of Agriculture.

7. The Division of Highways representative shall maintamboring log and
prepare the site map. Upon completion of the investigatine (1) copy of
each will be transmitted to the Materials and Test$.Uni

SECTION 7 — SAMPLING PROCEDURES — NCDOT

If the Department performs sampling, the following procedwrill apply in addition to
the procedures listed in the general sampling section.

1. The Contractor’s request for Department to perform émepding shall be
submitted to the Resident Engineer in writing.

2. The Resident Engineer will forward the request and theratquired data to
the Geotechnical Engineering Unit.

3. The Geotechnical Engineering Unit, prior to performing any siagylvill

contact the Resident Engineer to determine if he/shesddbit project
personnel be present.

10



The Geotechnical Engineering Unit will obtain the sampletransport them
to a Materials and Tests Unit laboratory for testing.

The Geotechnical Engineering Unit will be responsible forkmgrand
placing an identifying stake at each boring site.

The Geotechnical Engineering Unit will be responsible forsmitreatment
necessary due to quarantine regulations of the U. SoraNdC. Department
of Agriculture.

. The Geotechnical Engineering Unit will be responsible for stilmgicost

data to the Finance Department for invoicing the Contractor

SECTION 8 — APPROVING BORROW SOURCE

The Material and Tests Unit will submit copies of alttreports to the Resident Engineer
for analysis. The Resident Engineer, utilizing thedatevision of the “Criteria for
Acceptance of Borrow Material” (refer to appendix Ajll analyze the test results,

boring logs, and site map to determine the acceptabilityeo$ource. The Resident
Engineer will also consider any applicable project spgc@lisions as the basis for
making the determination. The Geotechnical Engineering ngquested, will assist

the Resident Engineer in evaluating the material. Ré®mdent Engineer will advise the
Contractor in writing the following issues:

1.

2.

The limits of acceptable material.
If special handling of the material is necessary.

Approval of the source for borrow material is basednenitmited sampling
and test results of the samples submitted. Theredaod, approval is with the
understanding that the Division of Highways reservegige to use visual
inspection and additional sampling on the roadway, as ettappropriate by
the Engineer, to reject any unsuitable material enevedt The rejection
may occur regardless of whether or not such materialndésated as
acceptable during initial borrow pit sampling.

Where deemed appropriate, the Resident Engineer willubgsignow the
material is to be removed from the pit and also wheisdlate areas or layers
of unsuitable material in the pit.

Any material found on the roadway that fails to meetateeptability

requirements, shall be removed and replaced with addepteterial at no
cost to the Department.

11



APPENDIX A

North Carolina Department of Transportation
Division of Highways
Criteria for Acceptance of Borrow Material

Statewide Criteria: (See exceptions in Il)

Only natural earth materials may be used as borrow matéme other materials
are subject to rejection (see 1l-b).

Soilwith P. . of 25 or less................. Acceptable

Soil with P. I. of 26 thru 35................Acceptable, but not to be
used in 2 ft. of
embankment or backfill.

Soil with P. I. of more than 35............ Not acceptable
Exceptions to Statewide Criteria:

a) Soils in the Coastal Plain (area described below) beadccepted in
accordance with the following:

Soils with P. I. of 15 or less............Acceptable

Soils with P. I. of 16 thru 20............ Acceptable, but not to be
used in top 2 ft. of
embankment or backfill.

Soils with P. I. of more than 20......... Not acceptable
Areas Applicable:

Division 1....Entire Division except Northampton (We6t-95)

Division 2....Entire Division

Division 3....Entire Division

Division 4....Edgecombe, Wayne, Johnston, (East of US-301),
Wilson (East of I-95), Ng&tast of 1-95), Halifax
(East of 1-95)

Division 6....Bladen, Columbus, Robesorm@erland,
Harnett (South of NC-27)

Division 8....Scotland, Hoke, Moore (Southeast of US 15-Bit,
73, NC-211), Richmond (Eadt6t220) North and
US-1 South)

12



Also applicable to the floodplains of the Roanoke, Tays$¢, Cape Fear, and Lumber
Rivers and their tributaries which are outside thevalutescribed areas.
b) Waste or by-products from industrial processes or miningatipas are not
acceptable except by specific, written approval of tharteay. This includes
soil overburden from quarries.

c) When tested, soils having a pH less than 5.5 or an orgamtierdanore than
4.0 % may be rejected.

13



APPENDIX B
Boring Log Example and Blank Boring Log Sheets
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APPENDIX C
Sample Card Examples

This sample card represents the soil obtained fromtmdest#1 at a depth of O to 2 feet.

For location of bore hole, refer to boring log diagtaote #1(Appendix B). Sample
cards shall be legible and completed with all required méion.
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This sample card represents soil obtained from boee#ibht a depth of 2 to 5 feet. For
location of bore hole, refer to boring log diagram hdleAppendix B). Sample cards
shall be legible and completed with all required inforonati
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The following example demonstrates a typical sampie tam a proposed borrow pit
used by a Contractor for building an embankment and/aradb.
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APPENDIX D
Soil Classification Test Report Examples

When reviewing the following report, refer to Appendix A Aarceptance Criteria, refer

to Appendix B for the Boring Log, and refer to Appendix Cdgamples of a completed
sample card.
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APPENDIX E

The following pages contain additional soil report exasgitom a different project.
Note the samples which have restrictions due to théreted by *) exceeding specified
criteria. During construction, project personnel musg arecautions to ensure the
restricted soils within these areas of the borrova@tnot placed in the top two feet of
the embankment or backfill sections.
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APPENDIX F

This appendix summarizes the steps for entering borrogopisamples into HICAMS.
If the Technician sampling a proposed borrow pit does nat &a active Borrow Pit
Sampling Certification the sample will nodunt towards the minimum sampling
frequency as required by the Minimum Sampling Guide. Amgdes obtained by a
Technician without a valid certification will be used foformation only. For this
example, the sample was obtained for a constructimjegirin the Cumberland County
area.

Step 1 Select Sample Details window

Step 2 Enter “Sampled Date:”

29



Step 3 Enter information prompted by the next screen.

Step 4 After information has been entered select “Rettiand then select “OK”

30



Step 5 Enter sample information within the “Generdl’ ta

Step 6

31



Step 7 Select the “Cont/Loc” tab and enter samplerimétion

Step 8 Note: this project has more than one borrowspitdicated in the “Location”
entry window. The approximate depth from which the soihgle was obtained is also
listed in the “Location” window. If station(s) aregwided, enter into “Station” windows.
“Coastal Plain” is checked due to Cumberland County fallitgiwithe coastal plain
criteria requirements. Refer to Section 1018 Borrow Nelter theNCDOT Standard
Specifications for Roads and Structureo determine if the proposed borrow pit meets
statewide or coastal plain criteria.

32



Step 9 Select the “Tracking” tab and enter sample irdtiom

Step 10 Enter sample information and select the satenbuRecord the “Sample ID” in
the top right box of the sample card (labeled “HICAMS #:”

33



Since the HICAMs database is changed periodically, peedaesponsible for entering
data into the system should monitor the Construction$Jnitbsite for updates. The
information can be found under the “Resources & Formsti@e

The Materials and Tests website can also provide infawmeelating to HICAMS.
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GLOSSARY

Atterburg Limits — Four states of soil consistency as defined by the liguit, plastic
limit and shrinkage limit tests.

Capillary Action (Capillarity) — The rise or movement of water in the interstides o
soil due to capillary forces

Capillary Water — Water subject to the influence of capillary action

Cohesion— All of the shear strength of a soil not due to ifoict the capacity of sticking
or adhering together

Consolidation — The gradual reduction in volume of a soil mass reguftom an
increase in compressive stress

Elasticity — Ability of a soll to return to its original shape afteving been deformed by
a load for a short period of time

Equigranular — A soil that is made up of predominately one grain size
Friable — Easily crumbled, as would be the case with rock shaborly cemented

Liquid Limit — The water content, as determined by the standard liquidést, at
which a soil passes from a plastic to a liquid state.

Optimum Moisture Content — The moisture content at which a soil can be comgdote
its maximum dry density with a given compactive effort.

Plasticity — The property of a soil that allows it to be deforrheglond the point of
recovery without cracking or appreciable volume change.

Plastic Index— The numerical difference between the liquid linmétl ahe plastic limit.

Plastic Limit — The lowest water content, as determined by the sthpdistic limit test,
at which a soil remains plastic.

Shrinkage and Swell- Volume change due to build-up and release of capillasjlée
stresses within the soil's pore water.

Soil — Any earthen material, excluding bed rock, composed stlgdound mineral
grains of various sized and shapes, organic material, veaiegases.

Soil Binder — The finer sized particles in a soil that serve thegse of holding the soil
together.
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Soil Horizon — One of the layers of the solil profile, distinguisheagpally by its
various layers, as developed by deposition or weatheringtbr b

Soil Profile — Vertical section of a soil, showing the nature ampisace of the various
layers, as developed by deposition or weathering or both.

Soil Texture (Grain Size Distribution or Gradation) — Proportion of a material of each
grain size present in a given soil.

Water Content (Moisture Content) — The ratio, expressed as a percentage, of the
weight of water in a given soil mass to the weighéadid particles
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