LABORATORY

TESTING
of
SOILS, ROCKS

and




References PCI ” E

Australian Standards:

AS 1141.12-1996. Methods for sampling and testing aggregates. Method 12: Materials finer
than 75 (m in aggregates (by washing).

AS 1141.15-1999. Methods for sampling and testing aggregates. Method 15: Flakiness index.

AS 1141.5-2000. Method for sampling and testing aggregates. Method 5: Particle density and
water absorption of fine aggregate.

AS 1141.6.1-2000. Method for sampling and testing aggregates. Method 6.1: Particle density
and water absorption of coarse aggregate—weighing-in-water method.

AS 1141.23-2009. Methods for sampling and testing aggregates. Method 23: Los Angeles
value.

AS 1289.2.1.1-2005. Methods of testing soils for engineering purposes. Method 2.1.1: Soil
moisture content test—determination of the moisture content of a soil-oven-drying method
(standard method).

AS 1289.2.1.4-2005. Methods of testing soils for engineering purposes. Method 2.1.4: Soil
moisture content tests—determination of the moisture content of a soil—microwave oven-
drying method (subsidiary method).

AS 1289.3.1.1-2009. Methods of testing soils for engineering purposes. Method 3.1.1: Soil clas-
sification tests—determination of the liquid limit of a soil—four point Casagrande method.

AS 1289.3.4.1-2008. Methods of testing soils for engineering purposes. Method 3.4.1: Soil clas-
sification tests—determination of the linear shrinkage of a soil—standard method.

AS 1289.3.5.1-2006. Methods of testing soils for engineering purposes. Method 3.5.1: Soil clas-
sification tests—determination of the soil particle density of a soil—standard method.

AS 1289.3.6.1--2009. Methods of testing soils for engineering purposes. Method 3.6.1: Soil clas-
sification tests—determination of the particle size distribution of a soil—standard method of
analysis by sieving.

AS 1289.3.6.3-2003. Methods of testing soils for engineering purposes. Method 3.6.3: Soil clas-
sification tests—determination of the particle size distribution of a soil—standard method of
fine analysis using a hydrometer.
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AS 1289.3.9.1-2002. Methods of testing soils for engineering purposes. Method 3.9.1: Soil clas-
sification tests—determination of the cone liquid limit of a soil.

AS 1289.4.3.1-1997. Methods of testing soils for engineering purposes. Method 4.3.1: Soil
chemical tests—determination of the pH value of a soil—electrometric method.

AS 1289.5.1.1-2003. Methods of testing soils for engineering purposes. Method 5.1.1: Soil com-
paction and density tests—determination of the dry density/moisture content relation of a
soil using standard compactive effort.

AS1289.5.2.1-2003. Methods of testing soils for engineering purposes. Method 5.2.1: Soil com-
paction and density tests—determination of the dry density/moisture content relation of a
soil using modified compactive effort.

AS 1289.5.3.1-2004. Methods of testing soils for engineering purposes. Method 5.3.1: Soils
compaction and density tests—determination of the field density of a soil—sand replace-
ment method using a sand cone apparatus.

AS 1289.5.3.2-2004. Methods of testing soils for engineering purposes. Method 5.3.2: Soil com-
paction and density tests—determination of the field density of a soil—sand replacement
method using a sand pouring can, with or without a volume displacer.

AS 1289.5.5.1 -2003. Methods of testing soils for engineering purposes. Method 5.5.1: Soil
compaction and density tests—determination of the minimum and maximum dry density of
a cohesionless material—standard method.

AS 1289.6.1.1-1998. Methods of testing soils for engineering purposes. Method 6.1.1: Soil
strength and consolidation tests—determination of the California Bearing Ratio—standard
laboratory method for a remoulded specimen.

AS 1289.6.2.2-1998. Methods of testing soils for engineering purposes. Method 6.2.2: Soil
strength and consolidation tests—determination of the shear strength of a soil—direct shear
test using a shear box.

AS 1289.6.4.1-1998. Methods of testing soils for engineering purposes. Method 6.4.2: Soil
strength and consolidation tests—determination of the compressive strength of a soil—com-
pressive strength of a saturated specimen tested in undrained triaxial compression without
measurement of pore water pressure.

AS 1289.6.4.2-1998. Methods of testing soils for engineering purposes. Method 6.4.2: Soil
strength and consolidation tests—determination of the compressive strength of a soil—
compressive strength of a saturated specimen tested in undrained triaxial compression with
measurement of pore water pressure.

AS 1289.6.6.1-1998. Methods of testing soils for engineering purposes. Method 6.6.1: Soil
strength and consolidation tests—determination of the one-dimensional consolidation
properties of soil—standard method.
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AS 1289.6.7.1-2001. Methods of testing soils for engineering purposes. Method 6.7.1: Soil
strength and consolidation tests—determination of permeability of a soil—constant head
method for a remoulded specimen.

AS 1289.6.7.2-2001. Methods of testing soils for engineering purposes. Method 6.7.2: Soil
strength and consolidation tests—determination of permeability of a soil—falling head
method for a remoulded specimen.

AS 1289.6.7.3-1999. Methods of testing soils for engineering purposes. Method 6.7.3: Soil
strength and consolidation tests—determination of permeability of a soil—constant head
method using a flexible wall permeameter.

AS 1726-1993. Geotechnical Site Investigations.

AS 4133.4.1-2007. Method 4.1: Rock strength tests—determination of point load strength in-
dex. Methods of testing rocks for engineering purposes.

AS 4133.2.1.1-2005. Method 2.1.2: Rock porosity and density tests—determination of rock po-
rosity and dry density—saturation and buoyancy techniques. Methods of testing rocks for
engineering purposes.

AS 4133.2.1.2-2005. Method 2.1.1: Rock porosity and density tests—determination of rock
porosity and dry density—saturation and calliper techniques. Methods of testing rocks for
engineering purposes.

AS 4133.4.2.1-2007. Method 4.2.1: Rock strength tests—determination of uniaxial compressive
strength of 50 MPa and greater. Methods of testing rocks for engineering purposes.

AS4133.4.3.1-2009. Method 4.3.1: Rock strength tests—determination of deformability of rock
materials in uniaxial compression—strength of 50 MPa and greater. Methods of testing rocks
for engineering purposes.

AS 4133.3.4-2005. Method 3.4: Rock swelling and slake durability tests—determination of the
slake durability index of rock samples.

AS 4439.1-1999. Wastes, sediments, and contaminated soils, Part 1: Preparation of leachates—
preliminary assessment.

AS 4439.2-1997. Wastes, sediments, and contaminated soils, Part 1: Preparation of leachates—
zero headspace procedure.

AS 4439.3-1997. Wastes, sediments, and contaminated soils, Part 1: Preparation of leachates—
bottle leaching procedures.

ASTM International Standards:

ASTM C127-07. Standard method for density, relative density (specific gravity), and absorp-
tion of coarse aggregate.
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ASTM C128-07a. Standard method for density, relative density (specific gravity), and absorp-
tion of fine aggregate.

ASTM C131-06. Standard test method for resistance to degradation of small-size coarse ag-
gregate by abrasion and impact in Los Angeles machine.

ASTM C535-09. Standard test method for resistance to degradation of large-size coarse aggre-
gate by abrasion and impact in Los Angeles machine.

ASTM D422-63(2007). Standard test method for particle-size analysis of soils.

ASTM D698-07. Standard test method for laboratory compaction characteristics of soil using
standard effort (12400 ft-1bf/ft’ (600 kN-m/m?)).

ASTM D1557-09. Standard test method for laboratory compaction characteristics of soil using
modified effort (56,000 ft-1bf/ft’ (2,700 kN-m/m?)). -

ASTM D854-06el. Standard test methods for specific gravity of soil solids by water
pycnometer.

ASTM D1556-07. Standard test method for density and unit weight of soil in place by sand-
cone method.

ASTM D1587-08. Standard practice for thin-walled tube sampling of soils for geotechnical
purposes.

ASTM D1883-07. Standard test method for CBR (California Bearing Ratio) of laboratory com-
pacted soils.

ASTM D2166-06. Standard test method for unconfined compressive strength of cohesive soil.

ASTM D2167-08. Standard test method for density and unit weight of soil in place by the rub-
ber balloon method.

ASTM D2216-05. Standard test methods for laboratory determination of water (moisture) con-
tent of soil and rock by mass.

ASTM D2434-68. Standard test method for permeability of granular soils (constant head).

ASTM D2435-04. Standard methods for one-dimensional consolidation properties of soils us-
ing incremental loading.

ASTM D2487-06el. Standard practice for classification of soils for engineering purposes (Uni-
fied Soil Classification System).

ASTM D2488-09a. Standard practice for description and identification of soils (visual-manual
procedure).

ASTM D2850-03a. Standard test method for unconsolidated-undrained triaxial compression
test on cohesive soils.

ASTM D2936-08. Standard test method for direct tensile strength of intact rock core
specimens.

ASTM D2937-04. Standard test method for density of soil in place by the drive-cylinder
method
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ASTM D2974-07a. Standard test methods for moisture, ash and organic matter of peat and
other organic soils.

ASTM D3080-04. Standard test method for direct shear tests on soils under consolidated
drained conditions.

ASTM D3967- 08. Standard test method for splitting tensile strength of intact rock core
specimens.

ASTM D4253-00. Standard test method for maximum index density and unit weight of soils
using a vibrasing table.

ASTM D4254-00. Standard test method for minimum index density and unit weight of soils
and calculation of relative density.

ASTM D4318-10. Standard test methods for liquid limit, plastic limit and plasticity index of soils.

ASTM D4643-08. Standard test methods for determmatlon of water (moisture) content of soil
by microwave oven heating.

ASTM D4644-08. Standard test method for slake durability of shales and similar weak rocks.

ASTM D4767-04. Standard test method for consolidated undrained triaxial compression test
for cohesive soils.

ASTM D4972-01. Standard test methods for pH of soils.

ASTM D5030-04. Standard test method for density of soil and rock in place by water replace-
ment method in a test pit.

ASTM D5731-08. Standard test method for determination of the point load strength index and
application to rock strength classifications.

ASTM D5873-05. Standard test method for determination of rock hardness by rebound ham-
mer method.

ASTM D5084-03. Standard test methods for measurement of hydraulic conductivity of satu-
rated porous materials using a flexible wall permeameter.

ASTM D6913-04. Standard test method for particle size distribution (gradation) of soil using
sieve analysis.

ASTM D7012-07el. Standard test method for compressive strength and elastic moduli of intact
rock core specimens under varying states of stress and temperatures,

British Standards:

BS 1377 (1990). Methods of test for soils for civil engineering purposes. British Standard Insti-
tution, London.

BS 812-105.1:1989. Testing aggregates. Methods for determination of particle shape. Flakiness
index.

BS 812-112:1990. Testing aggregates. Method for determination of aggregate impact value.
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International Society of Rock Mechanics Suggested Methods:

ISRM (1978a). Commission on Standardisation of Laboratory and Field Tests. Suggested meth-
ods for determining tensile strength of rock materials, International Journal of Rock Mechan-
ics and Mining Sciences and Geomechanics Abstract, 15(3), 99-103.

ISRM (1978b). Commission on Standardisation of Laboratory and Field Tests. Suggested meth-
ods for the quantitative description of discontinuities in rock masses, International Journal of
Rock Mechanics and Mining Sciences and Geomechanics Abstract, 15(6), 319-368.

ISRM (1978c). Commission on Standardisation of Laboratory and Field Tests. Suggested meth-
ods for determining hardness and abrasiveness of rocks, International Journal of Rock Me-
chanics and Mining Sciences and Geomechanics Abstract, 15(3), 89-97.

ISRM (1979a). Commission on Standardisation of Laboratory and Field Tests. Suggested meth-
ods for determination of the uniaxial compressive strength of rock materials, International
Journal of Rock Mechanics and Mining Sciences and Geomechanics Abstract, 16(2), 135-140.

ISRM (1979b). Commission on Standardisation of Laboratory and Field Tests. Suggested meth-
ods for determining water content, porosity, density, absorption and related properties and
swelling and slake durability index properties. International Journal of Rock Mechanics and -
Mining Sciences and Geomechanics Abstracts, 16 (2), 143-156.

ISRM (1983). Commission on Testing Methods. Suggested method for determining the strength
of rock materials in triaxial compression, International Journal of Rock Mechanics and Mining
Sciences and Geomechanics Abstract, 20(6), 285-290.

ISRM (1985). Commission on Testing Methods. Suggested method for determining point load
strength, International Journal of Rock Mechanics and Mining Sciences and Geomechanics Ab-
stract, 22(2), 51-60.

Other References:

Aydin, A. (2009). “ISRM suggested method for determination of the Schmidt hammer rebound
hardness: Revised version.” International Journal of Rock Mechanics and Mining Sciences,
46(3), 627-634.

Bieniawski, Z. T. (1975). “The point load test in geotechnical practice” Engineering Geology,
9(1), 1-11.

Bishop, A. W.,, and Henkel, D. ]. (1962). The Measurement of Soil Properties in the Triaxial Test,
2nd ed. London: Edward Arnold, 228 pp.

Bowiles, J. E. (1986). Engineering Properties of Soils and their Measurement, 3rd ed. New York:
McGraw-Hill. ;

Broch, E., and Franklin, J. A. (1972). “The point load strength test.” International Journal of Rock
Mechanics and Mining Sciences, 9(6), 669-697.
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Index

A
AASHTO classification system, 20
Abrasion loss. See Los Angeles abrasion loss
Accuracy, 4
Aggregate impact value (AIV), 182-186
analysis, 184-186
datasheet, 186
dry condition, 183-184, 184-185
introduction, 182-183
procedure, 183-184
soaked condition, 184, 185-186
Aggregate testing, 167-207
aggregate impact value (AIV), 182-186
California bearing ratio (CBR), 187-196
fines content, 179-181
flakiness index, 175-178
introduction, 167-169
large direct shear box test, 197-203
Los Angeles abrasion loss, 204-207
stockpiles of aggregates, 167-169
water absorption of aggregates, 170-174
AlV. See Aggregate impact value
Archimedes’ principle, 38, 133, 135
AS. See Australian Standards
Ash content, 49, 51
ASTM standards
for laboratery field test, 10
SI units and, 13
soil testing and, 18
Atterberg limits, 3, 17, 52
Australian Standards (AS)
aggregate testing and, 167, 207
for laboratory field tests, 10
rock testing and, 127
soil testing and, 18, 20, 44, 68
Axial loading, 114, 119

Backpressure, 113-114

B-check, 114
Borderline symbols
coarse grained soils, 22
fine grained soils, 24, 25
Boreholes, 127
Brazilian tensile strength. See Indirect (Brazilian) tensile
strength
British Standards (BS)
aggregate testing and, 167
for laboratory field tests, 10
soil testing and, 18, 19, 20, 68
BS. See British Standards

C
California bearing ratio (CBR), 3, 187-196
analysis, 194-196
datasheet, 192-194
definition of, 187
introduction, 187-188
load-penetration curve correction, 194-196
penetration test, 190-191
procedure, 188-191
sample preparation, 188-189
soaking (if required), 190
Casagrande’s logarithm of time method, 99-101
Casagrande’s percussion cup method. See Liquid limit -
Casagrande’s percussion cup method
CBR. See California bearing ratio
CD triaxial test, 112
Charge, 204, 205, 206
Circumferential strain, 140
Clayey soils, 2
Coarse grained soils, visual ID/classification, 20-22
Coefficient
of consolidation, 91, 99
of secondary compression, 102
of volume compressibility, 98
Compaction test, 65-71
analysis, 70-71
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datasheet, 69-70
introduction, 65-67
procedure, 68-69
Compression index, 93
Compression test. See Unconfined compression test

Compressive strength. See Uniaxial compressive strength

Consolidated undrained triaxial test, 110-117
analysis, 116-117
datasheet, 115-116
introduction, 110-113
procedure, 113-114
Constant temperature baths, 7-8
Constrained modulus, 98
Conversions. See Unit conversions
Core cutter method, 77, 80
CU triaxial test, 112

D

Darcy’s law, 84

Density and porosity, rock testing, 133-135

Desiccator, 7-8

Deviator stress, 111

Diametric strain, 140

Dilatancy, fines and, 23

Direct shear test, 104-109
analysis, 108~109
datasheet, 106-108
introduction, 104-105
procedure, 105-106

Direct tensile strength, 165-166

Disturbed and intact samples, 1-4

Drained loading, 111

Drill cores, 127, 128

Dry density, maximum, 65

Drying equipment, 6

Dry strength, fines and, 23

Ductility, relative, 142, 143

E
Effective depth, 38

F
Failure plane, 197, 198
Fall cone method. See Liquid limit - fall cone method
Field density test, 77-81

analysis, 81

datasheet, 80-81

introduction, 77-79

procedure, 79-80
Fine grained soils, visual ID/classification, 23-25
Fines content, 179-181

analysis, 180-181

datasheet, 180

introduction, 179

procedure, 179-180
First-cycle slake durability index, 159
Flakiness index, 175-178

analysis, 178

introduction, 175

procedure, 176-177
Flow curve, 55

G

Grain angularity, 21

Grain shape, 21-22

Granular soil, maximum/minimum densities, 72-76
datasheet, 75-76
introduction, 72-73
procedure, 73-75

Greek symbols, 14, 15

H

Harvard miniature compaction device, 3
Hydraulic conductivity, coarse grained soil, 82-86
analysis, 85-86
datasheet, 84-85
introduction, 82-84
procedure, 84
Hydraulic conductivity, fine grained soil, 87-90
analysis, 89-90
datasheet, 88-89
introduction, 87
procedure, 87-88
Hydrometer analysis, 38-45
analysis, 45
datasheet, 45
introduction, 38-43
percent finer, 4243
procedure, 43-44
types of hydrometers, 39
Hygroscopic water content, 34

|

Indirect (Brazilian) tensile strength, 149-152
analysis, 152
datasheet, 151-152



introduction, 149-150
procedure, 150-151
Initial void ratio, 98
Intact rock, 129
Intact samples, 1-4
International Society of Rock Mechanics (ISRM), 18, 127
ISRM. See International Society of Rock Mechanics

L

Laboratory devices, common, 4-9
constant temperature baths, 9
desiccator, 7-8
drying equipment, 6
length measuring devices, 5
load measuring devices, 6, 7
mass measuring devices, 5-6
vacuum pump, 9
water purification system, 9
wax pot and wax, 9

Laboratory report, 14, 15

Large direct shear box test, 197-203
analysis, 199-203
datasheet, 199
introduction, 197-198
procedure, 198-199

Length measuring devices, 5

Lifts, 65

Linear shrinkage, 63-64

Linear variable differential transducer (LVDT), 197-198

Liquid limit - Casagrande’s percussion cup method,

52-56
analysis, 55-56
datasheet, 54-55
introduction, 52
procedure, 52-54

Liquid limit - fall cone method, 57-60

analysis, 60
datasheet, 59
introduction, 57
procedure, 57-59

LIR. See Load increment ratio

Load cells, 6, 7

Load increment ratio (LIR), 94

Load measuring devices, 6, 7

Load-penetration curve correction, 194-196

Los Angeles abrasion loss, 204-207
charge and, 204, 205, 206
datasheet, 207
introduction, 204-206

Index 221

procedure, 206-207
LVDT. See Linear variable differential transducer

M

Manuals, 15

Mass measuring devices, 5-6

Maximum dry density, 65

Mechanical disturbance, 3

Modified Proctor compactive effort, 66

Mohr circles, 117, 121, 136

Mohr-Coulomb constitutive model at failure, 104
Mohr-Coulomb failure criterion, 136, 161, 197

N
Nuclear density meters, 78, 79

(@)
Oedometer, 91, 92
Oedometer modulus, 98
One-dimensional consolidation by incrementat loading,
91-103
analysis, 98-103
datasheet, 95-97
introduction, 91-93
procedure, 93-95
Optimum water content, 65, 68
Organic content, soil testing and, 49-51
analysis, 51
datasheet, 51
introduction, 49
procedure, 49-50

P
Peak shear stress, 104
Permeability, 102
coarse grained soil, 82-86
fine grained soil, 87-90
pH, 46-48
analysis, 48
datasheet, 48
introduction, 46
procedure, 46-48
Piston sampler, 3
Plasticity, fmes and, 23
Plasticity index, 61
Plastic limit, 61 62
Pocket penetrometers, 124
Pocket vane, 124
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Point load test, 144-148
analysis, 146-148
datasheet, 146
introduction, 144-145
procedure, 145-146
Poissonss ratio, 137, 140, 141, 142
Precision, 4
Preconsolidation pressure, 93, 98-99
Proving rings, 6, 7
Pycnometers, 29-30

R

Reading, recommended, 14
Recompression index, 93
Reconstituted samples, 2-3
Relative density, 1, 72
Relative ductility, 142, 143
Repeatability and reproducibility, 4
Residual shear stress, 104-105
Resolution, 4
Rock classification (after AS 1726), 148
Rock mass, behavior of, 129 "
Rock quality designation (RQD), 127, 129
Rock/soil strengths, classification of, 141
Rock testing, 127-166
density and porosity, 133-135
direct tensile strength, 165-166
indirect (Brazilian) tensile strength, 149-152
introduction, 127-130
point load test, 144-148
Schmidt hammer rebound hardness, 153-156
slake durability test, 157-160
triaxial test on rock specimen, 161-164
uniaxial compressive strength, 136-143
water content, 131-132
RQD. See Rock quality designation
Rubber balloon method, 77, 78, 79-80

S
Safety, 14
Samples vs. specimens, 2
Sand cone method, 77, 78
analysis, 81
procedure, 79
Schmidt hammer rebound hardness, 153-156
analysis, 156
datasheet, 155-156
introduction, 153-154
procedure, 154~155
Second-cycle slake durability index, 158, 159

Sensitivity, measuring devices and, 4
Shear box, 105, 198. See also Large direct shear box test
Shear load measuring device, 105, 198
Shear strength, undrained, 112
Shear stress at failure, 104, 198
Shear test. See Direct shear test
Shelby tubes™, 3
Shrinkage. See Linear shrinkage
Sieve analysis, 33-37
analysis, 37
datasheet, 36
introduction, 33-34
procedure, 34-36
Sieves, slotted, 175
Significant digits, 4
SI units, 10, 13-14
Skempton’s B-parameter, 114
Slake durability test, 157-160
analysis, 159-160
datasheet, 158-159
introduction, 157-158
procedure, 158
Slotted sieves, 175
Soil classification system, 20
Soil grains, specific gravity of, 29-32
analysis, 31-32
datasheet, 30-31
introduction, 29
procedure, 29-30
Soil/rock strengths, classification of, 141
Soil testing, 17-125
compaction test, 65-71
compression test, unconfined, 122-125
direct shear test, 104-109
field density test, 77-81
granular soil, maximum/minimum densities, 72-76
hydraulic conductivity, coarse grained soil, 82-86
hydraulic conductivity, fine grained soil, 87-90
hydrometer analysis, 38-45
introduction, 17-18
linear shrinkage, 63-64
liquid limit - Casagrande’s percussion cup method,
52-56
liquid limit - fall cone method, 57-60
one-dimensional consolidation by incremental
loading, 91-103
organic content, 49-51
pH, 46-48
plastic limit, 61-62
sieve analysis, 33-37



specific gravity of soil grains, 29-32
standards, 18-19
undrained triaxial test, consolidated, 110-117
undrained triaxial test, unconsolidated, 118-121
visual ID/classification, coarse grained soils, 20-22
visual ID/classification, fine grained soils, 23-25
water content, 26-28

Specific gravity of soil grains, 29-32

Specimens vs. samples, 2

Split-spoon sampler, 3-4

Square root of time method, Taylor’s, 101-102

Standard Proctor compactive effort, 66

Standards, 10

Stokes’ law, 38

Stress-relief, 3

Stress-strain plots, 138-139

Swelling index, 93

T

Taylor’s square root of time method, 101-102
Tensile strength. See Indirect (Brazilian) tensile strength
Total core recovery (R), 127
Toughness, fines and, 23
Triaxial test on rock specimen, 161-164
analysis, 163-164
datasheet, 162-163
introduction, 161
procedure, 161-162

U

Ultimate shear stress, 105
Unconfined compression test, 122-125, 130
analysis, 124-125
datasheet, 123
introduction, 122
procedure, 122-123
Unconsolidated undrained triaxial test, 118-121
analysis, 120-121
datasheet, 119-120
introduction, 118
procedure, 119
Uncorrected point load index, 146-148
Undisturbed samples, 2
Undrained loading, 111
Undrained shear strength, 112
Undrained triaxial test
consolidated, 110-117
unconsolidated, 118-121
Uniaxial compression test, 130

Index 223

Uniaxial compressive strength, 136-143

analysis, 140-143

datasheet, 139-140

introduction, 136

procedure, 136-139

Unified Soil Classification System (USCS), 20, 23
Unit(s), 10-14

SI units, 10

special names, 11

unit conversions, 11-13
Unit conversions, 11-13

area, 11

dynamic viscosity, 12

force, 12

kinematic viscosity, 13

length, 11

mass, 12

pressure, 12

SI units, 13-14

volume, 11-12

work or energy, 12
USCS. See Unified Soil Classification System
UU triaxial test, 112

\'J

Vacuum pump, 9.

Void ratio
initial, 98
maximum/minimum, 72

w
Water absorption of aggregates, 170-174
analysis, 173-174
coarse aggregates, 172, 174
datasheet, 173
fine aggregates, 170-172,173
introduction, 170
procedure, 170-172
Water content
optimum, 65, 68
rock testing and, 131-132
soil testing and, 26-28
Water purification system, 7-8
Water replacement method, 77
Wax pot and wax, 9

\{
Young’s modulus, 122, 136, 137, 138-139, 141



