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PREFACE

This module is the first in a series of twelve modules that constitute a comprehensive training course in
geotechnical and foundation engineering. Sponsored by the National Highway Institute (NHI) of the Federal
Highway Administration (FHWA), the training course is given at different locations in the U.S. The intended
audience includes civil engineers and engineering geologists involved in the design and construction of
transportation facilities. This manual is designed to present the latest methodologies in the planning, execution
and interpretation of the various subsurface investigation methods, and the development of appropriate soil and
rock parameters for engineering applications.

The authors have made every effort to present the general state of the practice of subsurface exploration and
geotechnical site characterization. It is understood that the procedures discussed in the manual are subject to
local variations. It is important, therefore, for the reader to become thoroughly familiar with the local practices
as well. This guide focuses on the scope and specific elements of typical geotechnical investigation programs
for design and construction of highways and related transportation facilities. Considering the broad scope and
fundamental importance of this subject, this manual on subsurface investigations is organized as follows:
“ Chapters 1 through 6 discuss various aspects of field investigations, including soil borings, augering,
rock coring, sampling, in-situ testing, and geophysical exploration methods.

Chapters 7 and 8 discuss laboratory testing of soil and rock materials.
Chapters 9 and 10 present interpretation procedures for soil and rock properties.

Chapters 11 and 12 address issues related to data management and interpretation, including evaluation
and synthesis of the field and laboratory test data, development of soil and rock design parameters, and
the presentation of investigation findings in geotechnical reports.

Chapter 13 contains a list of cited references for further details & information.
Appendix A contains information on health and safety issues.

Appendix B lists names and websites of soil & rock drilling and in-situ testing equipment
manufacturers, distributors, and service companies.

This manual is not intended to be an exclusive reference on subsurface investigations and it is highly
recommended that the references given in Chapter 13 be made part of the reader's library and reviewed in
detail. Two important references are the Manual on Subsurface Investigations by AASHTO (1988) and the
FHWA Manual Evaluation of Soil and Rock Properties (Geotechnical Engineering Circular No. 5, 2001).
Finally, this manual is developed to be used as a living document. After attending the training session, it is
intended that the participant will use it as a manual of practice in everyday work. Throughout the manual,
attention is given to ensure the compatibility of its content with those of the participants manuals prepared for
the other training modules. Special efforts are made to ensure that the included material is practical in nature
and represents the latest developments in the field.



SI CONVERSION FACTORS
APPROXIMATE CONVERSIONS FROM ST UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in’
m’ square meters 10.764 square feet ft?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
ml millimeters 0.034 fluid ounces fl oz
1 liters 0.264 gallons gal
m’ cubic meters 35.71 cubic feet ft?
m’ cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.205 pounds Ib
TEMPERATURE
°C Celsius 1.8 C+32 Fahrenheit °F
WEIGHT DENSITY
g/cc grams per cubic centimeter 62.4 poundforce /cubic foot pef
kN/m’ kilonewton /cubic meter 6.36 poundforce /cubic foot pef
FORCE and LOAD
N newtons 0.225 poundforce Ibf
kN kilonewtons 225 poundforce Ibf
kg kilogram (force) 2.205 poundforce Ibf
MN meganewtons 112.4 tons (force) t
PRESSURE and STRESS*
kPa* kilopascals 0.145 poundforce /square inch psi
kPa kilopascals 20.9 poundforce /square foot psf
MPa megapascal 10.44 tons per square foot tsf
kg/cm? kilograms per square cm 1.024 tons per square foot tsf

*Notes: 1 kPa = kN/m? = one kilopascal = one kilonewton per square meter.
For dimensionless graphs and equations, a reference stress of one atmosphere can be used, such that 6, = p,,,,, = 1 bar
=100kPa . 1tsf . 1kg/cm?
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Nomenclature & Symbols

Joint dip direction

Slope dip direction

Average dip angle of rock bedding

Joint dip

Slope dip

Buoyant (or effective or submerged) unit weight of geomaterial
Unit weight of soil

Dry unit weight of soil

Dry unit weight of soil in its densest state

Dry unit weight of soil in its loosest state

Saturated unit weight of soil

Total unit weight of soil

Unit weight of water (9.81 kN/m’)

Horizontal movement of soil mass in a Direct Shear Test
Change in axial strain

Change in applied axial stress

Change in diameter of rock sample

Change in void ratio over )p

Vertical movement of soil mass in a Direct Shear Test
Change in height of rock sample

Additional loading due to foundation or embankment construction
Time for standpipe head to fall

Axial strain in soil or rock sample () H/H)

Radial strain in rock sample () D/D)

Viscosity of the permeant

Correction factor for vane shear strength to mobilized strength
Poisson’s ratio

Resistivity; = 2BdV/I

Effective stress

Normal stress

Major, intermediate and minor total principal stresses, respectively.
Major, intermediate and minor effective principal stresses
Uniaxial compressive strength of rock

Uniaxial compressive strength of Intact Rock

Normal stress on joint

Applied axial stress

Total overburden pressure

Total (vertical) overburden stress

Effective (vertical) overburden stress

Shear stress

Corrected vane shear strength

Vane shear strength measured in the field (uncorrected)
Drained or effective friction angle of soil or rock
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AASHTO
ADSC

AQ Wireline
ASTM
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CPT

Angle of internal friction

Drained friction angle

Residual friction angle

Uncorrected pressure required to cause flat dilatometer diaphragm to just lift-off
Loaded area; Cross-sectional area of soil sample

Code for Auger sample to be entered in the “Samples Type” column of boring log
American Association of State Highway and Transportation Officials
Association of Drilled Shaft Contractors

Designation of rock core barrel

American Society for Testing and Materials

Bedding (used to describe type of discontinuity in rock core log)
Uncorrected pressure for 1.1 mm deflection of flat dilatometer membrane.
Width of footing

Code for Borehole shear test to be entered in the column of boring log
Dimension of rock core size

Rock cored with BX core barrel, which obtains a 41 mm-diameter core
Code for Denison or pitcher-type core barrel sample

Code for consolidation test for “Samples Type” column of boring log
Close (used to describe discontinuity spacing in rock core log)
Uncorrected pressure during deflation of flat plate dilatometer membrane.
Shape factor

Drained or effective cohesion intercept of soil or rock from drained lab shear test.
Coefficient of secondary consolidation

Coefficient of secondary compression in terms of strain

Coefficient of secondary compression in terms of void ratio

Hazen’s coefficient

Calcite (used to describe type of infilling in rock core log)

California Bearing Ratio

Coefficient of curvature

(Virgin) Compression index

Consolidated Drained

Completely Decomposed State

Inorganic clays of high plasticity

Chlorite (used to describe type of infilling in rock core log)

Coefficient of horizontal consolidation

Inorganic clays of low to medium plasticity

Clay (used to describe type of infilling in rock core log)

Cohesion of as-compacted soil

Designation of rock core barrel

Cone Penetration Test

Compression Ratio = C /(1+e)

Recompression Index

Uniformity coefficient; = D, /D,

Consolidated Undrained (Triaxial shear test)

Undrained shear strength

Coefficient of vertical consolidation
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GPR

Original diameter of rock sample

Apparent diameter of the soil particles

Primary consolidation at a specific load level

Depth

Distance between electrodes in resistivity survey.

Grain size than which 10% of the sample is smaller

Grain size than which 30% of the sample is smaller

Mean Grain Size; size than which 50% of the sample is finer
Grain size than which 60% of the sample is smaller

Largest grain size in soil sample

Smallest grain size in soil sample

Flat plate dilatometer test

Relative density of soil

Code for direct shear test to be entered in the “Other Tests” column of boring log
Effective particle diameter

Direct Simple Shear

Elastic or Young’s Modulus

Void ratio of soil

Average Young’s Modulus

Equivalent elastic modulus obtained from flat dilatometer.
Final void ratio

Menard modulus from standard (prebored) pressuremeter test.
In-situ modulus of deformation

Void ratio of soil in its loosest state

Void ratio of soil in its densest state

Initial void ratio of sample

Void ratio at beginning of rebound

Earth Resources Observations Systems

Secant Young’s Modulus

Tangent Young’s Modulus

Designation of flush-joint casing

Designation of rock core barrel

Friable (term to describe rock hardness)

Fault (used to describe type of discontinuity in rock core log)
Fines; Corresponding to percent soil passing No. 200 sieve
Shear wave frequency

Iron oxide (used to describe type of infilling in rock core log)
Filled (used to describe amount of infilling in rock core log)
Foliation (used to describe type of discontinuity in rock core log)
Measured sleeve friction during CPT

Field Vane or Vane Shear Test

Clayey gravels, poorly graded gravel-sand-clay

Group index in the AASHTO soil classification system

Silty gravels, poorly graded gravel-sand-silt

Poorly graded clean gravels, gravel-sand mixture

Ground Penetrating Radar
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ISRM

LPS

MFS
MH
MH

Specific gravity of soil solids

Well graded clean gravels, gravel-sand mixture

Gypsum/Talc (used to describe a special type of infilling in rock core log)
High modulus ratio

Healed (used to describe type of infilling in rock core log)
Differential head of pressure on the test section

Hard (term to describe rock hardness)

Half height of consolidation sample (Length of longest drainage path)
Original height of rock sample

Heads at times t, and t,, respectively

Dimension of rock core size

Designation of drill rod

Angle of irregularities with average dip line

Anisotropic point load strength index of rock specimen

Material index for obtaining soil type from flat plate dilatometer test.
Slake-Durability Index

Plasticity Index

Irregular (used to describe surface shape of joint in rock core log)
Point-load index

Point load strength index of rock specimen with diameter = 50 mm
International Society for Rock Mechanics

Joint (used to describe type of discontinuity in rock core log)
Joint alteration number in the Q System

Joint wall Compressive Strength

Joint roughness coefficient in the Q System

Joint Roughness Coefficient

Number of joints in unit volume of rock

Coefficient of permeability (hydraulic conductivity)

Lateral stress index from flat dilatometer.

Lateral stress coefficient for geostatic case.

Length of soil sample

Low modulus ratio

Length of footing

Length of fully cylindrical rock core piece

Low hardness (term to describe rock hardness)

Liquidity Index

Liquid Limit

Latent Planes of Separation

Length of rock core piece measured from tip to tip

Moderate (used to describe discontinuity spacing in rock core log)
Average modulus ratio

Mechanical (sieve or hydrometer) analysis

Micro Fresh State

Inorganic clayey silts, elastic silts

Moderately Hard (term to describe rock hardness)
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ML

ML-CL

OCR

PVC

Inorganic silts and very fine sands, rock flour, silty or clayey fine sands or clayey
silts (Group symbol in Unified Soil Classifications System)

Mixtures of inorganic silts and clays

Moderately wide (used to describe discontinuity width in rock core log)
Uncorrected Standard Penetration Test N-value (or blow counts).

Porosity

N-value normalized to an effective overburden stress of 1 atmosphere

SPT N-value corrected for energy to average 60% standard of practice.

SPT N-value corrected to 60% energy efficient and stress-normalized.
Normally Consolidated

N-value of saturated fine or silty sands corrected for pore pressure

N-value measured in the field

Norwegian Geotechnical Institute

None (used to describe amount or type of infilling in rock core log)
Dimension of rock core size

No recovery of sample

Designation of rock core barrel

Designation of drill rod

Rock cored with NX core barrel, which obtains a 53 mm-diameter core
Overconsolidated

Overconsolidation Ratio

Organic clays of medium to high plasticity, organic salts (Group symbol in Unified
Soil Classifications System)

Organic silts and organic silty clays of low plasticity (Group symbol in Unified Soil
Classifications System)

Optimum Moisture Content

Piezometer

Code for thin-wall tube sample in the “Samples Type” column of boring log
Pressure B corrected for diaphragm stiffness in flat dilatometer test.
Partially filled (used to describe amount of infilling in rock core log)
Preconsolidation stress

Partly Decomposed State

Creep pressure during Menard-type pressuremeter test

= LL - PL ; Plasticity index

Plastic Limit

Limit pressure during Menard-type pressuremeter test

Point Load Test

Pressuremeter Test

Pressure corresponding to volume V, during Menard-type pressuremeter test
Pressure A corrected for diaphragm stiffness in flat dilatometer tes.
Dimension of rock core size

Code for piston sample to be entered in the “Samples Type” column of boring log
Peat and other highly organic soils

Poly-vinyl chloride

Designation of flush-joint casing

Pyrite (used to describe type of infilling in rock core log)
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Q
de
q.
qU
Qz
R
R
r

Constant rate of flow of water into the hole; Total discharge volume
Uncorrected cone tip resistance measured during CPT

Corrected cone tip stress or resistance during CPT

Unconfined compressive strength; Uniaxial compressive strength of rock
Quartz (used to describe type of infilling in rock core log)

Rough (used to describe roughness of surface in rock core log)

Shale rating

Radius of the test borehole

R-value Value of resistance of the soil to lateral deformation when a vertical load acts on it

RMR
RQD
RR
RW
RW
S

S

SC
Sd
SDI
Sh
SL
SIk
SM
SM-SC
SMR
SP
Sp
SPB
SPT
SR
SRB
SRS

u vOo

Rock Mass Rating

Rock Quality Designation

Recompression Ratio = C /(1+¢)

Designation of drill rod

Designation of flush-joint casing

Degree of saturation of soil

Smooth (used to describe roughness of surface in rock core log)

Clayey sands, poorly graded sand-clay mixture

Sand (used to describe type of infilling in rock core log)

Slake Durability Index

Shear (used to describe type of discontinuity in rock core log)

Shrinkage limit

Slickensided (used to describe roughness of surface in rock core log)

Silty sands, poorly graded sand-silt mixture

Sand-silt-clay with slightly plastic fines

Slope rock Mass Rating

Poorly graded clean sands, sand-gravel mixture

Spotty (used to describe amount of infilling in rock core log)

Preferred Breakage

Standard Penetration Test

Slightly rough (used to describe roughness of surface in rock core log)
Random Breakage

Shale Rating System

Code for standard spoon sample in the “Samples Type” column of boring log
Stepped (used to describe surface shape of joint in rock core log)

Stained State

Surface stain (used to describe amount of infilling in rock core log)
Undrained shear strength

Vane shear strength (uncorrected)

Normalized undrained shear strength to effective overburden stress ratio.
Well-graded sands, gravelly sands, little or no fines (Group symbol in USCS).
Designation of flush-joint casing

Code for triaxial compression test in the “Other Tests” column of boring log
Topping failure; Tight (used to describe discontinuity width in rock core log)
Shear force on soil in a Direct Shear Test

Time

Time required for 100% consolidation at a specific load level
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Time required for 50% consolidation at a specific load level

Code for torvane index in the “Other Tests” column of boring log

Code for unconfined compression test in the “Other Tests” column of boring log
Porewater pressure

Porewater pressure during type 1 piezocone (midface element)

Porewater pressure during type 2 piezocone (shoulder element)

In-situ hydrostatic porewater pressure

Unified Soil Classification System

Unconsolidated Undrained

Designation of flush-joint casing

Potential drop in resistivity surveys

Vein (used to describe type of discontinuity in rock core log)

Very close (used to describe discontinuity spacing in rock core log)

Initial volume of probe during Menard’s pressuremeter test

volume corresponding to creep pressure p, during Menard’s pressuremeter test
Very hard (term to describe rock hardness)

(V, +V,) during Menard pressuremeter test

Very narrow (used to describe discontinuity width in rock core log)
Difference between the volume of the hole and v,

Very rough (used to describe roughness of surface in rock core log)

Shear wave velocity

Wide (used to describe discontinuity width in rock core log)

Code for unit weight and water content in the “Other Tests” column of boring log
Natural moisture content

Wavy (used to describe surface shape of joint in rock core log)

Natural water content

Distance

Code for special tests performed in the “Other Tests” column of boring log
Designation of flush-joint casing

Depth (below ground)
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