About Soil Compaction

Soil Compaction

Soil compaction is defined as the method of medalyiincreasing the density of soil.
In construction, this is a significant part of thalding process.

If performed improperly, settlement of the soil wbaccur and result in unnecessary
maintenance costs or structure failure.

Almost all types of building sites and constructjmojects utilize mechanical
compaction techniques. [Figure 1]

What is soil?

Soil is formed in place or deposited by variousésr of
nature-such as glaciers, wind, lakes and riversiuagly

or organically. Following are important elementsail compaction:
mSoil type

mSoil moisture content

mCompaction effort required

Why compact?

There are five principle reasons to compact soil:
mincreases load-bearing capacity

mReduces settling of soill

mReduces shrinkage of soil

mReduces water seepage, swelling and contraction
mProvides better stability

Types of compaction

There are four types of compaction effort on sogphalt:
mVibration

mImpact

mKneading

mPressure

These different types of effort are found in the fvinciple
types of compaction force: static and dynamic. iFég2]
Static force is simply the deadweight of the maehapplying
downward force on the soil surface, compressingttile
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SOIL DENSITY [Figurel]

BEFORE COMPACTION DURING COMPACTION
Loose soil with alr voids Soil air voids diminishing annnagt:rfs%:fzﬂr? 23:; e
between the particles with applied energy air VE:ids between particles

particles. The only way to change the effective paation

force is by adding or subtracting the weight of nh&chine.

Static compaction is confined to upper soil layard is limited

to any appreciable depth. Kneading and pressurevarexamples of static compaction.

Dynamic force uses a mechanism, usually enginesdriv
to create a downward force in addition to the melki
static weight. The vibrating mechanism is usually a
rotating eccentric weight or piston/spring comhiot(in
rammers). The compactors deliver a rapid sequehce o
blows (impacts) to the surface, thereby affecthmgytop
layers as well as deeper layers. Vibration movesuth

the material, setting particles in motion and mgwimem
closer together for the highest density possibéesdsl on the
materials being compacted, a certain amount okfarast be
used to overcome the cohesive nature of partipadicles.

STATIC DYNAMIC

FORCE

Uses dead weight to
apply pressure to a
particular surface and
press down the
underlying particles Combines siafic

pressure and force Figure 2
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BENEFITS OF SOIL COMPACTION [Figure3]

Increases Load Bearing Capacity Reduces Settling Better Stability

WITHOUT COMPACTION WITH COMPACTION WITHOUT COMPACTION ITH COMPACTION

MPACTION

Figure 3 — These illustrations show the results of impr:
compaction and how proper compaction can ensuragel
structural life, eliminating future foundation ptems.

Soil Types and Conditions

Every soil type behaves differently with respectrtaximum
density and optimum moisture. Therefore, eachtgpé has
its own unique requirements and controls both efidld and
for testing purposes. Soil types are commonly diadgsby
grain size, determined by passing the soil thraugkries of
sieves to screen or separate the different graessi

[See Figure 4]

Soil classification is categorized into 15 grougpsystem set
up by AASHTO (American Association of State Highvand
Transportation Officials). Soils found in nature atmost al-
ways a combination of soil types. A well-graded sonsists
of a wide range of particle sizes with the smatlerticles
filling voids between larger particles. The ressla dense
structure that lends itself well to compaction.

A soil's makeup determines the best compaction odktii use.

There are three basic soil groups:

B Cohesive

B Granular

B Organic (this soil is not suitable for compactiomavill not be discussed here)
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SIEVE TEST [Figure4]

1
B

Clay and silt

Figure 4

Cohesive soils

Cohesive soils have the smallest particles. Clayahparticle
size range of .00004" to .002". Silt ranges fro@02' to .003".
Clay is used in embankment fills and retaining pbads.

Characteristics

Cohesive soils are dense and tightly bound togétyer
molecular attraction. They are plastic when wet eaud

be molded, but become very hard when dry. Propésrwa
content, evenly distributed, is critical for prop@mpaction.
Cohesive soils usually require a force such as anpa
pressure. Silt has a noticeably lower cohesion they
However, silt is still heavily reliant on water dent.
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Granular soils

Granular soils range in particle size from .003:08" (sand)
and .08" to 1.0" (fine to medium gravel). Granwdails are
known for their water-draining properties.

Characteristics

Sand and gravel obtain maximum density in eithietlg dry

or saturated state. Testing curves are relativalysb density

can be obtained regardless of water content.

The tables on the following pages give a basiccitibn

of soils used in particular construction applicatio[See Figures 5, 6 & 7]

GUIDE TO SOIL TYPES [Figure 5]

What to look for Appearance/feel | Water movemegnt Whemsm.

When dry...

Granular soils, fine|Coarse grains can|When water and |Very little or
sands and gravel. |be seen. Feels grifgoil are shaken inno plasticity.
when rubbed palm of hand, thgy
between fingers. |mix. When

Little or no cohesiv
strength when dry.
Soil sample will
crumble easily.

1%

U7

shaking is
stopped, they
separate.
Cohesive soils, Grains cannot be |When water and |Plastic and |Has high strength
clays, silts and seen by naked eygsoil are shaken irsticky. Can be(when dry. Crumble
mixed soils. Feels smooth and|palm of hand, thgyolled. with difficulty. Slow
greasy when will not mix. saturation in water.
rubbed between
fingers.
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RELATIVE DESIRABILITY OF SOILS AS COMPACTED FILL [kgure6 ]

(NAVFAC DM-7.2, MAY 1982) Relative Desirability for Various Uses (1=best; 14=|east desirable)
Rolled Earth Fill Canal
Dams Sections Foundations Roadways
*if gravelly o= B Fills
** erosion critical £ 5 @
*** volume change critical @ = E <3 =
) . = £ ]
-- not appropriate for this type of use g - é E E‘ = % §
2E g 2| 2| 3 |3 & =
Se T| 8| 8| ®|E2| £ | §
Group = = @ B8R B £
Symbol Soil Type :E: 5 -§ & | &8 (.EJ $ | 3 E £ E @
GW | Well-graded gravels, gravel/sand mistures, little or no fines - - 1 1 - - 1 1 1 3
E GP | Poorly-graded gravels, gravel/sand mixtures, littlr or no fines - - 2 2 - - 3 3 3 -
=
=T
5 GM | Silty gravels, poorly-graded gravel/sand/silt mixtures 2 4 - 4 - 1 - - 9 5
GC | Clay-like gravels, poorly graded gravel/sand/clay mixtures 1 1 - 3 1 2 B 5 5 1
SW | Well-graded sands, gravelly sands, little or no fines - - 3 6 - - 2 2 2 4
a SP | Poorly-graded sands, gravelly sands, little or no fines - - 4" 7 - - 5 6 4
=
& SM | Silty sands, poorly-graded sand/silt mixtures 4 5 - a g* 3 T <] 10 6
SC | Clay-like sands, poorly-graded sand/clay mixtures 3 2 - 5 2 4 8 7 6 2
Inorganic silts and very fine sands, rock flour, silty or cla-like fine . ) -
. ML | sands with slight plasticity 6 | 6 6 6 | 9 |10
wn Inorganic clays or low-to-medium plasficity, gravelly clays, sandy
:’Q’ - c clays, silty clays, lean clays 5 3 . 9 3 5|10 9 7 7
E OL | Organic silts and organic silt-clays of low plasticity 8 8 - - 7 7 1 1 12
Organic silts, micaceous or diatomaceous fine sandy or silty . } _ _
3 | MN | sbs, olastc’sits 9 | 9 8 | 12 | 12| 13
& CH [ Inarganic clays of high plasticity, fat clays 7 7 - 10 | 8= 9 13 13 8 -
OH | Organic clays of medium high plasticity 10 10 - - - 10 14 14 14 -
MATERIALS [Figure 7]
Permeability Foundation Pavement Expansive Compaction
Support Subgrade Difficulty
GRAVEL Very High Excellent Excellent No Very Easy
SAND Medium Good Good No Easy
SILT Medium Low Poor Poor Some Some
CLAY None+ Moderate Poor Difficult Very Difficult
ORGANIC Low Not Acceptable | Not Some Impossible
Acceptable
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Effect of moisture

The response of soil to moisture is very importaatthe
soil must carry the load year-round. Rain, for eglanmay
transform soil into a plastic state or even intmaid. In this
state, soil has very little or no load-bearing i&pil

Moisture soil density

Moisture content of the soil is vital to proper quawtion.
Moisture acts as a lubricant within soil, slidifng tparticles
together. Too little moisture means inadequate @mrtign

the particles cannot move past each other to aglieusity.
Too much moisture leaves water-filled voids andssgjoently
weakens the load-bearing ability. The highest dgrsr most
soils is at a certain water content for a given gaation effort.
The drier the soil, the more resistant it is to paation. In a
water-saturated state the voids between partickepartially
filled with water, creating an apparent cohesiat tiinds
them together. This cohesion increases as theclgasize
decreases (as in clay-type soils). [See Figure 8]

MOISTURE VS SOIL DENSITY [Figure 8]

| |
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Optimum moisture 11%

Soil density tests

To determine if proper soil compaction is achief@dany
specific construction application, several methedse
developed. The most prominent by far is soil dgnsit

Why test

Solil testing accomplishes the following:

B Measures density of soil for comparing the degfespmpaction vs specs
B Measures the effect of moisture on soil densitgpecs

B Provides a moisture density curve identifying optimmoisture.
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HAND TEST [Figure 9]

A quick method of determining moisture densitym®Wn as the "Hand Test."

Pick up a handful of soil. Squeeze it in your hadden your hand.

If the soil is powdery and will not retain the skapade by your

hand, it is too dry. If it shatters when droppéds too dry.
If the soil is moldable and breaks into only a deugf pieces

when dropped, it has the right amount of moistorgfoper compaction.
If the soil is plastic in your hand, leaves smedces of moisture

on your fingers and stays in one piece when droppéds too
much moisture for compaction.

Types of tests

Tests to determine optimum moisture content are @gon
the laboratory. The most common is the Proctor,Tast
Modified Proctor Test. A particular soil needs avé an
ideal (or optimum) amount of moisture to achievecimaim
density. This is important not only for durabilityt will save

Figure 9

money because less compaction effort is needechieae the desired results.

Proctor Test [ASTM D1557-91]

The Proctor, or Modified Proctor Test, determirtes t
maximum density of a soil needed for a specificgib. The
test first determines the maximum density achiexédnl the
materials and uses this figure as a reference .ngggot

tests the effects of moisture on soil density. Sbi€reference
value is expressed as a percentage of densitye Madses
are determined before any compaction takes pladevelop
the compaction specifications. Modified Proctorues are
higher because they take into account higher dessieeded
for certain types of construction projects. Testhuds are
similar for both tests. [See Figure 10]

Field tests

It is important to know and control the soil depsltring
compaction. Following are common field tests teed®ine
on the spot if compaction densities are being redch
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PROCTOR TEST [Figure 1

Compaction force  oinhod and then oven-

Proctor Test

A small soil sample is
taken from the jobsite,

A standard weight is
dropped several fimes on
the soil. The material is

dried for 12 hours in order

25 blows
per layer

Compaction force
56,200 ft. bs.

Modified Proctor Test
This is similar to the
Proctor test except a
hammer is used fo
compact material for
greater impact. This test
is normally preferred in
testing materials for

to evaluate the water higher shearing strength.
content.
Standard AASHO Modfed ARSHO T
FIELD DENSITY TESTING METHODS [Figure 11]
Sand Cone Balloon Densometer Shelby Tube Nuclear Gauge

* Large sample » Large sample * Fast » Fast
= Accurate + Direct reading obtained | » Deep sample + Easy to redo
* Open graded material » Under pipe haunches * More tests (statistical

Advantages reliability)

= Many steps * Slow = Small sample * No sample

* Large area required * Balloon breakage * No gravel + Radiation
Disadvantages * Slow * Awkward * Sample not always * Moisture suspect

* Halt equipment retained » Encourages amateurs

« Tempting to accept flukes

» Void under plate » Surface not level » Overdrive » Miscalibrated
Errors » Sand bulking * Soil pumping * Rocks in path * Rocks in path

« Sand compacted +Void under plate * Plastic soil « Surface prep required

#» Soil pumping » Backscatter
Cost = Low = Moderate » Low = High
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SAND CONE TEST [ Figurel12 ]

Weighwith | _ "
sand before

Weigh with
sand after

SAND MUST
BE DRY!
i Subtract sand fo
Difference=
Weight to fll fill coneg and plate

cone plus hole /%

to fill hole

Figure 12

Sand Cone Test (ASTM D1556-90)

A small hole (6" x 6" deep) is dug in the compaateaterial
to be tested. The soil is removed and weighed, dniexal

and weighed again to determine its moisture confesbil's
moisture is figured as a percentage. The speaifigrwe of

the hole is determined by filling it with calibratery sand from
a jar and cone device. The dry weight of the soiloved is
divided by the volume of sand needed to fill théehd his
gives us the density of the compacted soil in Brsqubic

foot. This density is compared to the maximum Ryodensity
obtained earlier, which gives us the relative dgrafithe soll
that was just compacted. [See Figure 12]

Nuclear Density (ASTM D2922-91)

Nuclear Density meters are a quick and fairly aamiway
of determining density and moisture content. Théemeses
a radioactive isotope source (Cesium 137) at thesgsdace
(backscatter) or from a probe placed into the (stikct
transmission). The isotope source gives off phofassally
Gamma rays) which radiate back to the meter's twtec
on the bottom of the unit. Dense soil absorbs madetion
than loose soil and the readings reflect overaikig. Water

content (ASTM D3017) can also be read, all withiewa 10/19



minutes. A relative Proctor Density is obtainecgaftomparing
maximum density with the compaction results from tidst.
[See Figure 13]

NUCLEAR TEST [ Figurel3 ]

Direct Transmission

I | Gauge
{ o ;é.% Detectors
TR 50,

Figure 13 So umeﬂaﬁ

Backscatter

Soil Modulus (soil stiffness)

This field-test method is a very recent developntleat
replaces soil density testing. Soil stiffness esititio of force-
to-displacement. Testing is done by a machinedbatls
vibrations into the soil and then measures thesdeéin of
the soil from the vibrations.

This is a very fast, safe method of testing sdffingss. Soil
stiffness is the desired engineering property jusitdry
density and water content. This method is currdmging
researched and tested by the Federal Highway Adtrartion.

Compaction Equipment

Applications
The desired level of compaction is best achievethaiching
the soil type with its proper compaction methochétfactors

must be considered as well, such as compactiors spetjob site conditions.

B Cohesive soils - clay is cohesive; its particléskst
together.* Therefore, a machine with a high imgaote

is required to ram the soil and force the air autanging
the particles. A rammer is the best choice, ordafpat
vibratory rolled higher production is needed. [Segure 14]

B Granular soils—since granular soils are not coleesiv
and the particles require a shaking or vibratotiopado

move them, vibratory plates (forward travel) are ltiest choice.
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RECOMMENDED EQUIPMENT FOR COHESIVE SOILS [Figure

Figurel4d

Reversible plates and smooth drum vibratory roléees
appropriate for production work. Granular soil paeis respond
to different frequencies (vibrations) dependingparticle

size. The smaller the particle, the higher thedesgy
necessary to move it. As you compact soils witdaparticles,
move up to larger equipment to obtain lower freqiesiand
higher compaction forces. [See Figure 15]

RECOMMENDED EQUIPMENT FOR GRANULAR SOILS [Figurel5]

Figurel5
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Normally, soils are mixtures of clay and granulatemials,
making the selection of compaction equipment mdfealt.
It is a good idea to choose the machine appropioatine
larger percentage of the mixture. Equipment testiag be
required to match the best machine to the job.

Asphalt is considered granular due to its baseiréd
aggregate sizes (crushed stone, gravel, sandraes) finixed
with bitumen binder (asphalt cement). Consequeatphalt
must be compacted with pressure (static) or vibrati

Compaction machine characteristics

Two factors are important in determining the typéooce a

compaction machine produces: frequency and amgplitud

Frequency is the speed at which an eccentric shiafies or

the machine jumps. Each compaction machine is dedig

to operate at an optimum frequency to supply theimmam

force. Frequency is usually given in terms of vilmas per minute (vpm).

Amplitude (or nominal amplitude) is the maximum rement
of a vibrating body from its axis in one directid®ouble
amplitude is the maximum distance a vibrating boaywes

in both directions from its axis. The apparent atage varies
for each machine under different job site condgiorhe
apparent amplitude increases as the material becoroee
dense and compacted. [Figure 16]

Figure 16

Amplitude

AVAVA

Frequency
—

Ex. Vibrations per Minute
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LIFT HEIGHT [Figure17]

CONMPACTED S0OIL
OO SEEINL

CONMPACTED SOIL COMPACTED S0IL

Proper Lift Improper Lift

Figure 17

Lift height and machine performance

Lift height (depth of the soil layer) is an impartdactor
that affects machine performance and compaction cos
Vibratory and rammer-type equipment compact soiha
same direction: from top to bottom and bottom @ t#s the
machine hits the soil, the impact travels to thel lsarface
below and then returns upward. This sets all dagim
motion and compaction takes place.

As the soil becomes compacted, the impact hasréesho
distance to travel. More force returns to the maehmaking
it lift off the ground higher in its stroke cyclé the lift is too
deep, the machine will take longer to compact thkeasid

a layer within the lift will not be compacted. [SEgure 17]
Soil can also be over-compacted if the compactdesn#oo
many passes (a pass is the machine going acrifssahe
direction). Over-compaction is like constantly imi¢f concrete
with a sledgehammer. Cracks will eventually appestucing
density. This is a waste of man-hours and addsaassary
wear to the machine.

Compaction specifications
A word about meeting job site specifications. Gatlgrcompaction
performance parameters are given on a construptmjact in one of
two ways:
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B Method Specification—detailed instructions speaifgchine type,
lift depths, number of passes, machine speed amgtun® content.
A "recipe” is given as part of the job specs toomeglish the
compaction needed. This method is outdated, asimatéchnology
has far outpaced common method specification rements.

B End-Result Specification—engineers indicate firmhpaction
requirements, thus giving the contractor much nfiesebility in
determining the best, most economical method oftimgéhe
required specs. Fortunately, this is the trendwatig the contractor
to take advantage of the latest technology avalabl

Equipment types

Rammers

Rammers deliver a high impact force (high amplijudeking them an
excellent choice for cohesive and semi-cohesivs.déiequency range
is 500 to 750 blows per minute. Rammers get congrafbrce from a
small gasoline or diesel engine powering a largéopiset with two sets
of springs. The rammer is inclined at a forwardlang allow forward
travel as the machine jumps. Rammers cover thpstgf compaction:
impact, vibration and kneading.

[See Figure 18]

Vibratory plates

Vibratory plates are low amplitude and high frequemesigned to compact granular

soils and asphalt. Gasoline or diesel engines @nesor two eccentric weights at a high

speed to develop compaction force. The resultibgations cause forward motion.

The engine and handle are vibration-isolated frioenibrating plate. The heavier

the plate, the more compaction force it gener&iexjuency range is usually 2500 vpm to 6000
vpm. Plates used for asphalt have a water tanlspriakler system to prevent asphalt from sticking
to the bottom of the baseplate. Vibration is the principal compaction effect.

[See Figure 18]

Reversible vibratory plates

In addition to some of the standard vibratory pfatgures,
reversible plates have two eccentric weights thatwva

smooth transition for forward or reverse travelispincreased
compaction force as the result of dual weights. @uaeir

weight and force, reversible plates are ideal éoniscohesive soils.

A reversible is possibly the best compaction buljeddor
dollar. Unlike standard plates, the reversibles/éod travel
may be stopped and the machine will maintain itsgdor
"spot” compaction. [See Figure 18]

Vibratory Rollers(Walk-behind)

A popular design for many years, smooth-

drum machines are ideal for both soil and aspBaial
steel drums are mounted on a rigid frame and paheye
gasoline or diesel engines.

Steering is done by manually turning the machinellea

Frequency is around 4000 vpm and amplitudes range
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from .018 to .020. Vibration is provided by eccemtr
shafts placed in the drums or mounted on the fr§fe= Figure 18]

EQUIPMENT TYPES [ Figurel18 ]

Reversible Compactor Vibration Roller

EQUIPMENT APPLICATION CHART

Granular Soils Sand and Clay
Rammers B

Vibratory Plates A B
Reversible Plates B A
Vibratory Rollers B A C A

A — Provides optimum performance for most applimasi
B — Provides acceptable performance for most aaidins.
C — Limited performance for most applications. Tregtrequired.

* This chart is provided as a guidenly only. Jobsiriables can affect machine performance.
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Safety and General Guidelines

As with all construction equipment, there are msafgety

practices that should be followed while using coatios

equipment. While this handbook is not designedbotgec

all aspects of job site safety, we wish to mensome of

the more obvious items in regard to compaction@gent.

Ideally, equipment operators should familiarizentiselves

with all of their company's safety regulationsyael as any

OSHA, state agency or local agency regulationsapeny

to job safety. Basic personal protection, consistihdurable

work gloves, eye protection, ear protection, appdoard

hat and work clothes, should be standard issuepioé and available for immediate use.
In the case of walk-behind compaction equipmendjtemhal

toe protection devices should be available, depgnain

applicable regulations. All personnel operating pred

compaction equipment should read all operatingsafelty

instructions for each piece of equipment. Additibndraining

should be provided so that the operator is awaggdl @Spects of operation.
No minors should be allowed to operate construction

equipment. No operator should run construction ggent

when under the influence of medication, illegalgiror

alcohol. Serious injury or death could occur assault of

improper use or neglect of safety practices antidés.

This applies to both the new worker as well asstsoned professional.

Shoring

Trench work brings a new set of safety practicas an
regulations for the compaction equipment operatbis
section does not intend to cover the regulatiomsajpeng

to trench safety (OSHA Part 1926, Subpart P). Tgerator
should have knowledge of what is required beforepacting
in a trench or confined area. Be certain a "compyeierson”
(as defined by OSHA in Part 1926.650 revised Juli9p8)
has inspected the trench and follows the OSHA diniele

for inspection during the duration of the job. Ries the
obvious danger of a trench cave-in, the worker ralsst be
protected from falling objects. Unshored (or shpteehches
can be compacted with the use of remote controlpamtion
equipment. This allows the operator to stay outteetrench
while operating the equipment.

Safety first!

Glossary

AASHO American Association of State Highway Officials.

Adhesiona property of soil which causes the particles to

stick together.

Aggregatestone or gravel that was crushed and screened

to various sizes for use in concrete, asphalt @d surfaces.

Amplitude the total vertical distance the vibrating drum or

plate is displaced from a resting or neutral posifrom the eccentric moment.
ASTM American Society for Testing Materials.

Backfill materials used in refilling a cut or other excavati
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or the act of such refilling.

Ballastheavy material, such as water, sand or

metal which has no function in a machine excemit¢oease its weight.
Banka mass of soil rising above an average level. (adlge

any soil which is to be dug from its natural pasiti

Bank Gravel natural mixture of cobbles, gravel, sand anesfin

Bank Yardssoil or rock measured in its original positiondrefdigging.
Basethe course or layer of materials in a roadwayigect

on which the actual pavement is placed. It mayflugfterent

types of materials ranging from selected soilsrtsleed stone or gravel.
Berman artificial ridge of earth, generally side- slepé a roadbed.
Binderfines which fill voids or hold gravel together whdry.

Borrow Pitan excavation from which fill material is taken.

BPRU.S. Bureau of Public Roads.

BURRECU.S. Bureau of Reclamation.

Capillarya phenomenon of soil which allows water to be

absorbed either upward or laterally.

Centrifugal Forcehe force generated from the unbalanced

condition of eccentric shaft rotation at a givepesph

Clay material composed and derived from the decomjpositi

of rock which consists of microscopic particles.

Cleanfree of foreign material; in reference to sand@vel, lack of a binder.
Cohesiora property of soil which holds the particles tdgest

by sticking. Also, the soil's ability to resist sinés determined

by its degree of cohesiveness.

Cohesive Materiaa soil having properties of cohesion.

Compacted Yardmeasurement of soil or rock after it is

placed and compacted in a fill.

Compressibilitya property of soil which permits deformation

when subjected to a load.

Corea cylindrical piece of an underground formatiou, ¢

and raised by a rotary drill with a hollow bit. Timepervious center of an earthfill dam.
Crownthe elevation of a road surface at its edgesntowage drainage.
Datumany level surface taken as a plane of referemea Wwhich to measure elevations.
Densitythe ratio of the weight of a substance to its rwdu

Embankmena fill with a top higher than the adjoining natusarface.
Elasticitya characteristic of soil which allows deformation

during a subjected load, but returns almost toriginal

configuration after removal of the force.

Finesclay or silt particles in soil.

Finish gradehe final grade required by specifications.

Footin tamping rollers, one of a number of projectimosn a cylindrical drum.
Frequencyreferring to rotational speed of the eccentric

shaft—usually rated in "Vibrations Per Minute"—whiis

equal to the RPM of the shatft.

Frost Linethe greatest depth to which ground is expectdetze in a given location.
Gradeusually the surface elevation of the ground an{zoi

where it meets a structure. Also, surface slope.

Grain Size Curve soil graph analysis showing the percentagevsigations by weight.
Granular Materiaé sandy type of soil with particles that are

coarser than cohesive material and do not stigdath other.

Gravela cohesionless aggregate of rock fragments with

varying dimensions of 3.0 to .08 inches.

Gumbomaterial in the plastic state identified by a spapwaxy appearance.
Humusorganic material formed by the decompositionl%‘ﬂlgation.



Imperviousresistant to movement of water.

In Situnatural undisturbed soil in place.

Lift a layer of fill as spread or compacted.

Liquid Limit the water content at which soil passes from diplésa liquid state.
Loama soft, easily worked soil containing sand, sithy and decayed vegetation.
Optimum Moisture Conterthat percent of

moisture at which the greatest density of a saillma

obtained through compaction.

Pass a working trip or passage of an excavatiragligg or

compaction machine from point A to point B. (Oneedtion only.)
Permeabilitya characteristic of soil which allows water toslthrough it because of gravity.
Plasticthe ability of a soil to be rolled into a fine #ad at a certain moisture content.
Plastic Limitthe lowest moisture content at which a soil can

be rolled into a 1/8" diameter thread without biagk

Proctora method developed by R.R. Proctor for determining

the density/moisture relationship in soils. Itlimiast universally

used to determine the maximum density of any soihat

specifications may be properly prepared for fieddstruction requirements.
Proctor, Modifieda moisture density test of more rigid

specification than Proctor. The basic differencénésuse of

heavier weight dropped from a greater distancabodatory tests.
Quicksandine sand or silt that is prevented from settling

firmly together by upward movement of undergrouratew.

Sanda cohesiveless aggregate of round and angular

fragments of rock with a particle size betweengh@ .05mm.

Shearing Resistan@esoil's ability to resist

sliding against neighboring soil grains when foce

applied. Internal friction and cohesion determiheas resistance.

Shrinkagesoil volume which is reduced when subjected to

moisture; usually occurs in fine grain soils.

Silt soil material composed of particles between .Gt5.85mm in diameter.
Soil the loose surface material of the earth's crust.

Stabilizeto make soil firm and prevent it from moving.

Sub-basehe layer of material placed to furnish strengtihie base of a road.
Subgraddhe surface produced by grading native earth,

or cheap imported materials which serve as a lmsadre expensive paving.
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