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MILITARY CURRICULUM MATERIALS

The mllltarv—developed curriculum materials in this course
L package were selected by the National Center for Research in
Vocatiohal Educatien Military’ Curriculum Project for dissem- .

' . ination to the six regional Curriculum Coordination Centers and

* other /instructional materials agencies. The purpose of -
disseminating these courses was to make curriculum materials -
developed by the military more accessible to vocational
edudators in the civilian setting..
The course materials were acquired, eval&ed‘by project
sthff and practxt.loners in the field, and prepared for
ssemination. ~ Materials which were spec1f1c to the military .
re deleted, copyrighted materials were eithekr cmitted or appro-
wal for their use was obtained. These course packages contain
curriculum resource materials which can be adapted. to support
vocational .instruction and curriculum development..
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. The National Center for , Research i

. Vocational Educatiort’s mnssuoﬁ is to mcr:ease
the ability of diverse agencies, institutions,
and organizations to solve educational prob-

. lemselating to individual career planning,
preparation, and progression. The National >
Center fulfills its mission by’ A

e Generating knowledge through research

¢ Developing educational programs and
products

e Evaluatmg mdwudual program needs
N and outcomes

" o Installinger\gi/ucational programs and
. products

. Operating information systems and
. serviges
¢ Conducting leadership development and
) \trz:i‘ning programs . )
FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
" WRITE OR CALL
4 Program Information Office
The National Center, for Research in Vocatlonal
. Education
- + The-Ohio State Umversuty

s
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b " 1960 Kenny Road, Columbus, Ohio 43210

7 Telephone: 614/486-3655 or Toll Free 800/ -
Q 848-4815 within the continental U.S.

b EMC (except Ohio)

[ e

A

.
4O WO/ NS0GIDO0ALD e)

SSOC IBNINIl 0y

Y3IN3D TYNOILVN 3HL

NOLLY3NG3 TYNOLLVI0 NI HOWVISIH 04

AT N

ofv, ~s .
B - AT PR S PP R i

B .

Militarin Curriculum

" * Materials for
Vocational and
Technical Education

Information and ’rl Id
;o Services Division

"

The Mationnl-Center {or Research
in Vocational Education

Y

- ) / .

.(‘,k“zi‘
RRc
R

I
'4& .‘\ ‘ P

v




Mllltary LT
. Curriculum Matenals
DisseminationlIls ...

rpe e
t
-
.
bt o o ma

-—
L]

What Materials
Are Available?

[N -

: - t. .
F R TSR PRIV IN SOV ST Lo

O e LY |

"o
STV ALY

an activity to increase the accessibility of
military-developed curriculum materials to
vocational and te?chnncal educators.

. This project, funded by the U.S. Office of .
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

———

Access to military curriculuiyr materials is

grovitied through-a “Joint*Memorandum of

Undersganding” between the U.S. Office of ~

Education and the Department of Defefise.

- "The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vpcational and tech-  °
nical education are selected for dissemination.
“The National Center for R gearch in’
Vocational Education is the U.S. Office of .
Education’s designated .representative to -
acqulye the materlals and conduct the prolect
activities. N * .
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Wesley E, Budke, Ph.D., Director .-
’ National Ce ntgl_gléaringhouse C.

.Shirley A. Chase, Ph.D. 7
Project Director | ‘
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One hundred twenty courses on micrdfiche
(thirteen in paper form) and descriptions of
each have heen provided to the vocational

. Curriculum Coordination Centers and other
|nstruct|onal materials agencies for dissemi-
nation. ,

Course materials incdlude programmed
instruction, curriculum ouﬂmes instructor
guides,- student workbooks -and technical
manuals. .
The 120 courses represent the® following

sixteen vocational subject areas: . .,
* ¢

Agriculture ~ . Food Service .
Aviation' -« Health
' Building & Heating & Air .
-Construction *  Conditioring
Trades Machine Shop
Clerical "Management &

~s, Occupations .Supervision
Communications ~ Meteorology &  ~
Drafting- Navigation

‘Pho tography  °
Public Service

Electronics
Engine Mechanics .

The number of cégrses and the subject areas
represented will‘'expand as additional mate- -
tials with application to .vocational and
technical edugation are.ldentlfned and selected
for dlsserl\m,anom S
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Contact the Curriculum Coordin?tign Center’

in your region for information on obtaining
materials (e.g., availability and cost). They /
will respond to yeur request directly or refer :
you to an instructional materials agency

closer to you.
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Course Description : R

A _ :

This course 1s designed to acquaint students with various soil types and thetr characteristics using various procedures, tests ard recording forms. Some
of these duties are:

Determining which souls makeQ the best foundation mater;als and what effect frost action has on these soils . .
Performing soil surveys and soil classification b\/ freld tests and by the Unified Sou, Classification System A ¢
Perfosming procedures to compact the stabilize soils-and design base course for bituminous roads and airfield runway's

The contents.of the course are divided into eight lessons each containing objectives, reading assignments, and self-graded tests.

Lesson 1

)

Lesson 2
Lesson 3

Lesson 4

Lesson 5

Lesson 6

Lesson 7

Lesson 8

Using the proper procedures, equipment, tables, formulas and other a:ds in tests and soil analysis
? *

2

.- >

R . ‘ L 4
Basic Soil Properties contains information on soit formanon, basic properties of soils, iguid hmit, plastic himit, shrinkage «
limit, and soil sjze and shape.

Soil Survgys,' Soil Classificatiors covers soil surveys, the Unified Soil Classification System, and field unification of soils.

. Soil Compaction covers moisture-density relationships, optimum maisture content, compaction, and traffrcability.

.

Strength Design Using Califorria 8earing Ratio (C8R) explains the development of the Californta Bearing Ratio (CBR),
*laboratory tests, field in-place tests, design CBR and soil CBR. )

Flexible Pavement Structure includes consideration in flexible pavermnents, airfieid categories, arrfield design, and road design.
' - . ’ .

—_

[ v
Frost Action and Permafrost explains the principles of frost action, the effects of frost action, counteractive techniques and
design, and permafrost. .

- .’ b 1
~

Improvement of Soil Characteristics explains moisture control biending, chemical bituminous stabilization, dust palliatives

and waterproofing, h

Construction Methods and Practices covers reconnarssance, site selection, and planning and construction.
N .

~ . ¥
. This course is designed for student self-study with objectives, text and seif-graded tests and answers. The text ts coded and all questions are keyed to the

text. No support materials are needed other than the charts provided in the text. A final exgmination consisting of S0 multple choice questions

h

is included,

but no answers to the Guestions are gvailabie. - » EE "9
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~
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° -
.
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A LESSON 1 Cot

« kN

BASIC SOIL PROPERTIES

CGREDIT HOURS ___-q__.»_____‘_'_____/_:_/_;zf/ S |
TEXT ASSIGNMENT - _._______._=_77___Attached memorandum. °
MATERIAL REQUIRED _________________"None.

. LESSON OBJECTIVE ___________________ Upon completion of this lesson you should be -

_able to accomplish the following in the in-

1. Formation of-Soils. Explain the origin .
and development of soils to include the effects
of meghanical.and chemical weathering. /™

2. Basic Properties of Soils. Describe the
major size divisions,; methods of soil analysis,
and the effects of variations in gradation and
water content upon soil bearing capacity.

3. Liquid Limit. Define liquid limits of
a soil and outline the procedures by which it
may be de.t\ermined.

&

dicated topic areas:

4. Plastic Limit. Define plastic limit of
a soil and outline the preparations and pro-
cedures by which it is determined.

5. Shrinkage Limit. Define shrinkage
limit and outline the preparations and pro-
cedures by which it is determined.

" 6. Soil Size and Shape. Explain the effect »
of size and shapé of particles on the stability
and bearing strength of soil.

e }

ATTACHED MEMORANDUM

1. DEFNITION B(Z—/ ‘
' The term soil, as used by enginee efers

to the entire unconsolidated material that -
averlies bedrock and is clearly distinguishable -
from bedrock." Soil is composed principally '
of the disintegrated and decomposed products
of rock. It contains air and water as well as
organic matter derived from the decomposi-
tion of plants and animals. Bedrock, For
purposes of this definition, is considered to

be the solid part of the earth’s crust, con- .

sisting of massive formations broken only by
occasional structural failures. _

1-2. FORMATION OF soiLs
a. Parent material.

(1) Principles. The crust of the earth,
sgenerally regarded as a layer 30 to 50 miles
thick, is composed of a variety of solid ma-
terials. The most common~and widespread
of these solids is a substance known as rock.

.Rock is composed of numerous natural com-
- pounds called minerals, and ig concealed to

a large extent by a-thin- veneer of loose
material called soil by the engineer. In a
broad sense, rocks are aggregates of minerals.
To the engineer, the term rock signifies firm
and coherent or consolidated substances that”
cannot normally be excavated by manual
methods alone. Based upon their principal
mode of origin, rocks are grouped into three
large classes: igneous, sedimentary, and met-
amorphic.




&

_ (2) Igneous rock. Igneops rocks are __sandstone), slate’(metamorphoséd-shale);
__————those which are formed from a molten ma- °

terial called magma which is found beneath
the earth’s crust. This material exists as a
dense fluid under extreme conditions of high
temperature and pressure. When the shell

which confines the magma is ruptured from .

internal str¥in, this molten material may
then escape until a stable condition is again
established. In this process the magma will
normally reach the eatth’s surface, a region
of lower temperature, solidify, and form ex-
trusive igneous rock. From the standpoint of
formation, perhaps the simplest types of
ignequs rocks are those produced by this,

typical voleanic action. Many deposits of this

extrusive type are located in the United States
(where volcanoes are no longer significantly
active) and in many other artas ®roughout
the world. More commonly, however, the
magma, forced upward through the crust,
becomes trapped before reachig the surface.
In these cases, cooling proceeds at a slower
rate. This decreased rate of cooling, as well
as the different materials with which the
molten mass may come into contact during
the cooling process, affect the type of grain
structure developed. The type of rock formed
is named intfusive to differentiate it from the
voleanic (extrusive) type. Some examples of
igneous rocks are granite, basalt, and rhyo-
lite.

(3) Sedimentary rock, Sedimentary
rocks are.produced by the accumulation’ and
cementation of preexi§ting rock particles
and/or the remains of plants and animals.
Particles forming sedimentary rocks are de-
positediprincipally by water, but also as a re-
sult of wind or ice action. Cementation may
bg a result of the action of clay or a chemical
such as calcium carbonate. Examples of
sedimentary rocks include sandstone, shale,
limestone, and coral.

(4) Metamorphic rock. Existing
rocks, subjected to heat and pressure within
the earth, may be changed into new and com-
pletely different types of rock. Where suth
4 change occurs the resulting material is
called a metamorphic rock. Metamorphic
rocks include quartzite (metamorphosed

marble (metamorphosed limestone), and
sthist. )
b. Weathering.

(1) Principles. When exposed for suf-
ficient length of time to the atmosphere, all
rocks undergo disintegration and decomposi-
tion and are ultimately converted into a loose
mixture of sand, gravel,,and finer material.
The changes involved in the weathering of
rocks are partly physical and partly chemical. «
The pProcesses involved may be simple or com-_
plex and are confined almost entirely to the

. zone of weathering, which extends from the

surface of the ground to the level of ground .
water. They are wholly the result of atmos- ‘
pheric agents, moisture, and gases _which
penetrate the rock and cause disintegration
and decay.

(2) Mechanical weathering. .

* (a) Principles. Mechanical weather-~.
ing is the name given to «a disintegration
process in'which the original rock is broken
up into smaller particles without the identity
of the particles being lost. The primary
agents producing‘echanical weathering are
water, ice, vegetation, temperature, and wind. |

(b) Water. The erosive characteris-
tics of water have long been known and
understoed, and frequently are the principal
factors in disintegration of many rocks. In
addition to the erosive characteristics of a
moving stream, many large particles are'
rolled along the bottom of the gtream by the
current. Others are carried li suspension.
The moving particles are constantly coming
in contact with each other and these impact
forces accelerate the breakdown process.

4 ‘ .

: (c¢) Xce. A second process of me-

chanical weathering occurs with glacial ac-

tion. Glaciers carry large amounts of

material produced by the scouring action ac- X
companying their movement. These deposits

frequently provide sources of material for

use in construction. They also affect water-

supply and foundation problems in which

the engineer is vitally interested.

~

1
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(d) Temperature. Temperature is
‘another factor in mechanical disintegration
Where the differential expansion of the min-

erals of which the rock is made causes cracks

and, eventually, breaks, to occur. Freezing
temperatures cause water in the pores and
crevices of rocks to freezes Water undergoes

a 9 percent volume increase when it freezes, °

regions, and the arid regions of the west,
disintegration is the déminant process by
which rock masses art broken down. In
tropical regions, decomposition is the most
important process. ‘In any case, the forces
acting on a rock will determine the type and
influence the properties {of the soil formed.

——and-increase in volume of the water within

rock exerts high stresses on the rock
whith may cause it to crack. Repeated gycles ,
of freezing and thawing cause the rock to
disint.egrate. '

. ' (e) Vegetatiofx. Vegetation is a fac-
tor in physical weathering. The physical
action is caused by the penetration of roots
into cracks' and crevices of rocks. They
wedge the Jyock apart and at times dislodge
fragments of parent material. As the plant
grows, pressures of several tons per square
foot are frequently exerted by its expanding
roots. .

(f) Widd. Wind and small sand
particles produce surprisingly rapid abrasion
of bare rocks. Wind is therefore one of the
agents of mechanical weathering.

(3) Chemical weathering. Chemical
weathering is the process in which rock is

" subject- to decomposition by the chemical

agents in the soil. Chemical weathering varies
with climatic conditions, types and abundance
of vegetation, and chemical content of water:
Moisture is an important agent of chemical
" decay, and acts indirectly as a bearer of cer-
tain gases and acids which it brings in contact
with exposed materials. Normal atmospheric
air consists chiefly of a mixture of nitrogen
and oxygen with smaller quantities of othes
substances such as water vapor and carbon
dioxide, Oxygen, carbon dioxide, and water
are by far the most important chemically
active substances found in the air. Gaseous
solutions of oxygen and carbon dioxide which
occur in water, in addition to variable
amounts of different carbonates of the alkali
earths, are effective weathering agents. Dis-"
integration (physical weathering) and de-
composition (chemical weathering) are us-
ually concurrent, but in a given locality one
may predominate over the other. In arctic

1-.3. GRADATION ‘ .

a. Principles. Soils may be divided jnto
several different groups on the basis of the
size of particles included in each group. The
scale used in. the Unified’ Soil Classification
System is shown in table 1-1. Several meth-
ods may be employed: to determine the size
of soil particles contained in a soil mass and.
the distribution of particle sizes. Included

among these methods are washed sieve
analysis, wet mechanical analysis, and com-

bined mechanical analysis,

TABLE 1-1. Size Divisions
Definitive Sieve Sizes *
Size-group name
sroup Pasaing Retained On
Cobbles No max. size 3-inch
“ .
Gravel 3-inch N No, 4
Sénd No. 4 No. 200
Fines (silt or clay){ No. 200 To include the
o smallest
~ particles.

b. Sieve analysis, Separation of the soil
into its fractions may be done by first weigh-
ing the total oven dry 3oil sample ang then
shaking the dry loose material through.a nest

« of sieves of increasing fineness, i.e. successive-
~ly smaller openings, as indicated in figure
1-1. The sieve analysis may be performed
directly upon soils which contain little or no
fines, e.g. a clean sand, or soils in which the
fines may be readily separated from the
coarser particles. Soils which have little dry
strength and can be crushed easily in the
fingers would generally fall in the latter cate-
gory. If the character of the fines is such
that the ﬁn]‘e material adheres to the coarser
particles and is nét removed by dry sieving
action, the sample is soaked in water and
washed over the No. 200 sieve. The soil re-

1-3 :




Figure 1-1. Dry _sieve analysts.

tained on the No. 200 sieve 1s then ovendried,
the washing loss (fines) determined, -and
the analysis conducted as before. Sieves
which are commonly used by the military
engmez/hl\ve square openngs and are desig-
nated ag 2-, 1! .-, 1-, 4;-, and !}-inch sieves
and U. S. Standard No. 4, 10, 40; 60, 100, and
200 sieves. A No. 4 U. S. Standard sieve has
4 openings per lineal inch or 16 opening§ per
square inch, ete.

c. Wet mechanical analysis. The prac:
tical lower limit for the use of sieves is the
No. 200 sieve, which has openings which are
0.074 mullimeter square, and a total of 40,000-
openings per square inch. However, it is
sometimes desirable to determine the distri-
bution of particle sizes” below the No. 200
sieve. This may be determined by a process

‘Hnown as decantation or wet mechanical

analysis, which employs the principle of sedi-

3

4

mentation, i.e. that grains of different sizes™

~fall-through—aliquid-at dif{erent velocities:
The wet mechanical analysis % not a normal
field laboratory test and is not particularly
important in military construction except, as
will be seen later, that the p@rcentage- of
particles finer than 0.02 millimeter has a
direct bearing on the susceptibility of a soil
to frost' action. . :

d. Combined mechanical analysis. The
procedures which have been described in b
and c above are frequently combined to give
a more compldte picture of grain-size dis-
tribution. The pfocedure is then designated
as a combined mechanical analysis.

€. Recording and reporting. The results
of a sieve analysis may be recorded either in
tabular form on DD Form 1206 (fig 1-2) or
graphically on DD Form 1207 (fig 1-3). The
tabular form is best used when comparing
results to a set of specifications. The graphi-
cal form permits the plotting of a grain-size
distribution curve. This curve affords ready
visualization of the distribution and range
of particle sizes, and is particularly helpful in
determining the soil classification and us-
ability of the soil as a foundation or construc-
tion material. Coefficients of uniformity and
curvature, used in the Unified Soil Classifica-
tion System to classify sand and gravels as
to their gradation characteristics, are de-
termiined below.

. f G

(1) Effective size and uniformity co-
efficient. The grain size which corresponds
to-10 percent on a grain-size distribution
curve of the type of figure 1-3 is called
Hazen’s effective size and is desig‘nated by
the symboleD,,. The uniformity coefficient is
defined as the ratio between the gfain diam-
eter corresponding to 60 percent on the curve
(Dm;) and Dm. Hence, C", = qu/Dm.

(2) Coefficient of curvature. Another
quantity which may be used to judge the
gradation of a soil is the coefficient of curva-
ture, C.. It is given by the expression:

ation and associated factors.-

(D30)®
Do X Dy

C. = , n which

%4
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"Di. and D,, have meaningépreviously given, (2) Uniformly graded. A uniform
and D., is the grain diameter corresponding graded soil consists predominately of particles
30 30 percent on the grain size distribution nearly uniform in size (fig 1-5). - .
urve. .
&  Well-graded soils. A well-graded soil (3) Gap-graded. A gap-graded soil
B may be defined as one having a good-repre- — -contains some-large-and some small partictes——— —
‘ ' sentation of all particlé sizes from largest to but the continuity of gradation is broken by
smallest and containing few fines. Figure 1-4 the absence of some sizes of particles (fig
illustrates symbolically what is meant by the  1-6). . ¢
term well- -graded. In the Unified Soil Classifi- ) ’ (
cation System, well-graded gravels must have i. Reading of grain-size distribution
o . a C, valye greater than 4, and well-graded graph. Figure 1.7 shows typical examples of '
, sands must have a C, value greater than 6. well-graded and poorly-graded sand and
o . Both sands and gravels must have a value gravel. 'Well-graded soils (GW and SW curves
for the’ coefficient of curvature between 1 in figure 1-7) would be represented by a long
and 3 to be well-graded. Those -not meeting - curve spanning a large size range with a
these condxtlons are termed pOOI‘ly graded constant or gently varymg slope Umformly
soils. . - . graded soils (SP curve in figure 1-7) would

. ’ h i’oor!y graded soils. be represented by a steeply sloping curve
spanning a narrow size range, and the curve
(1) Principles. . There are two types for a gap-graded soil (GP curve in figure 1-7)
.of -poorly graded soils, umformly graded and will flatten out in the area of the grain size
- gap graded. ’ deficiency.

s ) Figure 1-4. Well-graded soil. > :

' Figure [-5. Uniformly graded -soil. i A.,;.,;—,.% s N
' ) . . N - ”"—:f— ' ‘
i ) . P . 5
R b Figure 1-6. Gap-graded soil. - ‘-
Y ~ 1—7
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.j- Effect of gradation ‘or bearing ca-
pacity. Coarse materials that are well-graded

are ysually preferable for bearing from an -«
engineering standpoint, since good gradation

usually is conduciVve to high debsity and -

~—stability. - Specifications controlling the per-

“

centage in the various, size groups making
up a well-ghaded soil sample have been estab-
lished- from engineering performance and
testing. By proportioning components to obe
tain a well-graded soul, it is possible to provide
for maximum density. Such proportioning
develops an “interlocking” of particles with
smaller particles filling the voids of larger
particles, which makes the soil stronger and
more capable of supporting heavier loads.
Since the particles are “form-fitted”, the best

load distribution downward will be ‘realized. -

When each particle is surrounded and “lock-

ed” by other particles the grainito-grain -

contact’ area is increased and’ the tendency
for displacement of the individual grains is
minimized. _ .

> o\
1-4. SOURCES OF WATER IN SOIiLS

. 8 Surface water. Water enters through
soil surfaces unless some means is taken to
seal that surface -and prevent suah entry.
Even sealed surfaces may often have cracks,
Joints, or fissures through which water may
be admitted. In concrete pavements, for in-
stance, the contraction and expansion joints

" are points of entry for water. After the pave-

ment has been subjected to many cycles of
expansion and’contraction, the joint filler

may become imperfect, thereby allowing

water to seep.into the base course or sub.
grade. Surface water may also enter from

" the sides of a payed road or runway even
" though the surface ijtself 5 enti%\water-

proof. To reduce this effect.fo a mihimum,
shoulders and ditches are usually .provided
with proper slope to carry the water away 4t
an acceptable rate. Immediately following
construction, the slopes are nearly always

. satisfactory. Often, however, if adequate

maintenance is not provided throughout the
life of the facility, vegetation or sedimenta-
tion may reduce drainage efficiency to such an
extent that water will frequently be found

4

rated zone,

- somewhat simil

standing |in the drainage ditch. This water .
may then<be absorbed by the base and.sub-
grade. ) '

b. ubsurface water.

. (1)} Free or gravitational water {con-
t¥olled by force of gravity). Water which
percolated down from surface sources even- -
tually reaches a depth at which there exists
some¢ medium that restricts, to varying dé-
grees, the further percolation of the mofture.
This medium is often bedrock, but it can also

- be a‘'layer |of soil, not wholly,solid but with

such smallWoid spaces that -the water that
leaves a Zqne in the soil is not a great as

the volume|or supply of water added. In time
the accum lating water will completely satu-
rate the soil above the restricting medium and
fill all the voids with water. When this zone
of saturation is under no pressure except
atmospherfi pressure, it is called' free or
gravitational water. It will flow ‘through the
soil and is ?esisted only by the friction be-
tween the soil grains and the free water. The
upper limit |of the saturated gone of free
water is called the ground-water table, which _
varies with tlimatic conditions. During a wet
winter the ground-water table Will rises A
dry summen might, however, remove the
source of further accumulation of water. This"
would result in a decreased height of the satu-
or the free water would then
flow downward, through or along its restric-
ting layer.

(@

-

sian water. Entrapped gravi-

{

" tational water will many times accumulate

under pressure by various ‘causes-and form
water sources of an artesian nature. This*
water is generally enclosed between two
layers of impermeable, soil (clay). An arti-
ficial: or, deliberate disturbance of the top
layer wiQ produce an artesian well or may
prodluce a quick or boiling action.

. (3) Capillary moisture (controlled by
forces of <apillarity). Anothgr source of
moisture in soi)ls results from what might be

soil grains attract moisture in a manner

* fermed the capi(lary potential of a soil. Dry

r to the way clean glass does.
Qutward eviderfte of this attraction of water
and glass is seen by observing the meniscus

1—9 1 L




able height. The di'agram in figure 1-8 shows
that the more the meniscus is confined, t

greater the, height of capillary rise (h.).

Caplllary action in a soil results in the “capil-
lary *fringe” immediately above the ground
water table. The height of capillary sise.de-
_pends upon numerou§ factors. One worthy-
“sf mention should obviously be the type of

‘with the g
develop a

a coarse-grained soil because it can be
imagined to act as a Jot of Very small glass
tubes, each having a‘reatly confined meni-

size, a ﬁne'gramed soil will

10 feet. When the capillary fringe” extends
to the natural ground surface, winds an
high temperatures help to carry this moisture
away and reduce its effect on the soil. Once
a pavement or other:watertight surface is
Vet applled however, the evaporating effeet of
- the wind and temperature is eliminatéd or
reduced. This explains the accumulation of
moisture often found directly beneath an im-
pervious pavemqnt

(OO~

. Figure 1-8. - Variations in capillary rise.

by forces of absorption).. When wet soil is
dried in air in the laboratory, moisture is
removed by evaporatlon until the hygroscopic
. moisture in the soil 1s in equilibrium with the
moisture vapor i he air. THe amount of
moisture in* air-dried soil, expressed as a
pcrcentage of the weight of the 1dry soil, is

/

(4), Hygroscopic moisture (controlléd .

scus. In clays, capillary water rises sometimes |
as high as 30 feet, and in silts 4s high as °

. " N ¢
P that forms around the surface of water con-
fined in a drinking glass. Where the meniscus

“ is more confined, as in a small glass tube, it

. will support a column of water to a.consider-

igher capillary fringe area than ©

. ing by 100 to convert to percent. .

" Capillarity is no’problem in gravels and sands .

3

’ i '1——10

called the hygroscopi¢ moisture content.
Hygroscopic moisture njay be driven off from’

air«dried soil by jieating the material in an
oven at 100°C to 110°C (212°F to 2302‘%

for 24 hcurs or until constant welght: is

tained.
1-5. EEFECTS OF MOISTURE ON SOILS - °
a. Moisture éontent , - '
(1) As’ rg_ay "be’seen from the pre& . e

ceding Tscussmn some water will be present

ssoil. Since the pore openings in a soil vary : in most sofls. Instudies of the effect of water

upon soil a férm is used that defines the .
amount of ‘water present in a given, soil .
sample. It is called the ‘‘moisture’ content”, .
and is equal to the weight of water in a soil

divided by the weight. of the solid mineral

grains (referred to as the “weight of dry *

soil’). When multiplied by 100, the moisture

content may be'expressed as a percentage. T .
The small letter “w” is usually used to rep- ’

regent this relatiogship: : .

.
Q

A )
w = Moisture content

¢ weight of water

welght of dry soil .
e " percent of moisture

. - (2) Asan‘exam l the formula_~
might ‘b&appljed, suppose a sample of moist
soil weighs 118 grapns. If the water weighs

10 grams, the weight of dry soil would be
"100 grams. The moisture content is then
obtained by dividing 10 by 100 and multiply-

X 100 =

b. Effects on different types. of soils. ,
Coarse- gralyd,soxls are much less affected
by.moisture than are fine-grained soils. First

% of all coarser soils have larger void openings
and, generally speaking, drain more rapidly.

[

having very little or no fines mixed with
Jthem. These soils will not usually retain large ,
amounts of -water if they are above the
ground-water table. Secondly, since the par-
ticles in sandy and gra.velly soils are relatively .
large (in comparison to silt and clay particles)

they are, by weight, helvy in comparison to

any films of moisture which may surround
them. On the other hand. the small.. some-
timos ‘microscopic particles of a fine-grained

)
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" soll weigh so Hitle that water wﬁ“hmrfh(- voudy

has considerable effeet on them.. Consjder the
two following phenomena as cxample of this
effect: (1) It is not uncommon for clays to

* undergo yery large volume changes with var-

lations in"moisture content. Evidence of this
are the shrinkage cracks developed. in a lake
bed as it dries. (2) Unpaved ‘clay roads,

although often hard when sunbaked, will lose |

stability and turn into mud in"a rainstorm.
Either of these results is of great importance
to an engineer and both are functions of
changing water content.

~

c. Plasticity. Not only do clays swell
and lose stability when they become wet, but,

because of their flat, platelik gFam shapes
and small size, they also rit}rgih“é movement

or drainage of water through the void spaces

between the .grains. Since- drainage. is of
great importance (if not of primary impor-
tance) in road and airfield construction, the
engineer must hage some means of determin-
ing if clay exists in a soil sample. Plasticity
is the property which shows if the sample
contains clay. S

(1) Plagticity is a property of the fine-
grained portion of a soil which permits 1t,

* under certain moisture conditions, to be re-

molded without.crumbling or rupturing. A
soil or soil fraction is called pldstic if, at some
water content, it can be rolled out into thin,

threads. Plasticity could be termed g colloidal_\h
property since no mineral possesses plasticity«
* unless it consists of particles of colloidal or

clay size. Even thén many minerals, such as
quartz”powder, do not develop plasticity re-
gardless of how small the. particles are. All
clay minerals, on the other hand, are plastic.
Since practically aH fine-grained soils contain
some clay, most of them are plastic.

* (2) The ‘degree of plasticity a soil
possesses can be used, therefore, gs a general
index to jts clay content. Sometimes the terms:
“fat” and “lean” are used to describe the
amount of plasticity, a “lean” clay being one
that is only slightly plastic because it con-
tains a large proportion of silt or fine sand.
In engineering practice the plasticity of a
soil is determined by measuring the different
states a plastic.soil undergoes with changing
moisture conditions.

¢

1-6. MOISTURE STATES

& Principles. A fine-grained soil may
have different properties at differing moisture
contents. A given clay, for instance, may act
almostyas a liquid, behave—as a remoldable
plastic, or crumble — each.of these char-
acteristics depend{ng only on how much water
it contains. Tests were aevisea py Dr. Atter-
berg in 1911 to define the water-content
ranges of the various states.

b. Liquid state. When a>typical clay
is mixed with a sufficiently large amount of

" water it will be in a highly saturated, liquid

.condition, which may be recognized by the
fact that the wet soil flows freely under its
own weight. The flat, plate-like clay particles

/

then have films of moisture around them that .

lubricate the particles to'the exfent that there
is practically no shearing resistance or fric-
tion between particles.

c. Plastic state. Reducing thé moisture

content .of the soil will cause the films of.

moisture to become thinner. Ag slight re-
ductions in water content are made, the
particles will begin to develop frictional resis-
tance between themselves. Further reduc-
tions of moisture content result in still more
restriction on the free-flowing character of
~the particles. As the films of moisture become

thinner and thinner their physical properties. -

undergo a definite change. They seem. to

attach themsglVes to one 'another ahd the

Particles they surround, giving the soil a.

plastic chhracter ot an ability to be remolded

ﬁta»various shapes without rupturing or
crumbling. This plastic condition then can
perhaps be pictured as a condition 6f soil
moisture in which the films of water bind the
particles together and give the soil mads a
cohesive, pliable quality, much the same as
modeling clay possessges.

-

d.. Semisolid state. Further grying of
the clay sample will eventually }gug; it to
kecome dry to the point that itAs np longer
pliable. Under deforming pressure applica-

tions, the sample will crumble. This condition
is called the semisolid state.

e. Solid state. The previous discussion

stated that one characteristic of clay is that

l—11 .
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its volume changes with additions and sub-
tractions,of water. Shrinkage in soils upon
drying is the result of capulary forces which
tend to pull the soil grains tightly together.
As previously explamed these forces aré

more effective and of greater magnitude when

the pores of the soil are very small. Clays
will therefore exhibit the greatest volume
variations in drying, sinée their grains and
pores are naturally smaller than those of any

_~ other type of soil. ‘As the soil dries out be-

[

*

" cause of evaporation, the surface water dis-
appears and innumerable menisci are created
-in the voids'which are adjacent fo the surface
of the soil mass. Tensile forces are created
_in each of these boundaries between water

“and . Compressive forces accompanying

them act upon the soil ‘structure. In the fine-
gramed soils, such as clays, the.soil structure

» -2 ¥Arying continues the mass shrinks to a certain
ifniting Volurne, the shrinkage limit.. Further
drying will\not causé a reduction in volume,
but may ca&e cracking as the menisci re-
#reat into the voids. In the clay soils thése
internal forces become very large and prin-

cipally account for the rockhke strength “of i

a dried clay masg,

3 a

1-7. BOUNDARY MOISTURE CONTENTS

a. Prmcxpios. The" range’ of moisture
contents through which a soil passes while
1n a particular state or condition has been
_used by engineers for a considerable time as
“a basis for estimating the properties of fine-
grained soils.” In order to determine the mag-,
nitude of the water-content range, it becotnes
necessary to define the-baundary moisture
contents that divide or separate the various
states ) .

¥

Y compressible ahd the mass shrinks. As-

o

b, Liquid limit. A sxmple way of de- A

fining the liquid limit would be to say that

it is the moisture content of a ﬁne -grained soil

.~ {or the fine-grained. portion of a coarse-
grained sqil) at the point at which it passes
~—fpem the liquid state 1nto the plastic state.
It is.the bounddry moisturé condition between

~ the state in which the soil flows under its own
weight and the state in which it can be.re-
molded without crumbling. The test devised

by Dr. Atterberg to determine this moisture

content value consists of preparing a sample
in such a nfanner that theére is a slight resis-
tance to flow developed between the particles
and then’ determmmg its moisture content.
This value for any soil is symbohzed by LL -~
or WL

’ c. Plastic limit. This limit deﬁnes the
moisture content at which a fine-grained soil
passes into the plastjc stage from the semi-
solid stage'or vice versa. The test used here

- consists of preparing a sample at a water
content at which it will begin to crumble
after having been rolled 'into a thread of
about V4-inch diameter. In this condition the
soil does not have enough cohesive quality -
to consider it-as being in the plastic state.
The symbol used for« the plastic lumt is PL
or We.

4. Shrinkage
n8t used nearly as much

it - Since this limit is

engineering prac- :

tice as the previous two, it will simply be
defined here as the water tontent at which
a soil ceases to change in volume upon further
Joss of water due to drying.

1-8. PRACTICAL VALUE OF UNDERSTANDING —~°
MOISTURE. STATES AND BOUNDARIES . )

a. Having available’the empirical tests
of Dr. Atterberg which enable the dejermina-
tion of the plastic limit’and liquid limit, it is

“pessible to determigg the magnitude of the

moisture content range through which a soil

is in the plastic state. This is probably more

clearly evident when shown“diagramatically.

Taking a fine-grained soil'sample (A, fig 1-9)

consider it to be at varying moisture contents’

which increase from left to right. From in-" 7

spection of such a sample, the portion to

the left would have dry surfaces and be in

. the solid state. Movi.g further to the right’

_ the sample would pass into the semisolid, -
plastic, and liquid states, respectively, as‘the
moisture content of the sample increased. De-
termination of the boundary water contents
could be represented ad shown in B, figure,

1-9. It should be evident then that the range
of moisture contents through which the soil
is of plastic consistency would be equal to*
the difference between the liquid-limit mois-
ture content  and the plastic-limit moisture
~~ content. In this particular case, this range .

bcd
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Fine-grained soil sample

-

- 3

o

;

Increased water content
L[]

STATES| Solid

Plastic Liquid

Semi-solyd

Shrinkage
Limit =

" Figure 1-9.

of moisture content 1s defined as the plasticity

Plastic

Moisture states of a typical ﬁne-grained soil.

. index: X
Plasticity Index = quuld Limit - Plastxc
Limit; ,
PI=LL-PLorl, = W, - Ws

’

b. If a scil then has a liquid limit of
25 and a plastic limit of 10, its plasticity
index would be 15. In practice, engineers use
the plasticity index coupled ‘with the liquid

limit as indexes to the properties of a soil. =

Sin¢e cldy is the material which causes a soil
to be plastic, it would be expected that a fine
sand-silt-clay mixture which is predominantly
clay wolld have a larger plasticity index than
a sintilar mixture which is predominantly siit
or fine sand. The former would -also be ex-
pected to produce greater volume ‘changes
with varying moisture Contents and greater
loss ‘ofg stability when wet than the more
“lean” mixture. A nonplastic soil (PI = 0),
of theother hand, would be even less affected
by moisture than a “lean” but plastic soil.

c. There are very few_natural soils
which properly™support heavy a.u‘craft or
even vehicular traffic by themselves. The
existing soils at a site must be leveled to
form the subgrade which then has to be pro-
tected by §ome type of base course and pave-
ment to prevent failure under loading. In
order that a base course provide adequate
protection for the subgrade it should consist
of a well-graded, angular, dense gravel. In
addition the base course should drain freely
and contain bu. small amounts of clay,.so
that it will not lose stability when wet. Pro-

*

—PJ or Ip —d
Liquid

Limit Limit ~

vision for the-last two requu'ements can be
made by limiting the values of the' plasticity
index ‘and liquid limit of svils’ used in con-
structing the base course. For example, the
engineer will find again and agam in engi- o
_neering literature the following specifications
for base-course materials for high-quality
flexible pavements:

~

“Base~course"’ materials which are pro-
vided with an abrasive wearing surface
should have a plasticity index less than
5 and a liquid limit no greater than 25.
If no bituminous surface treatment or -
comparable wearing surface is used, the
materials should have a plasticity index
between 4 and 9 and a liquid limit not
greater than 35.” (This latter group of
specxﬁcatlons provides for enough clay
binder to keep the surface material from
ravelling under traffic.)

1-9.  LUQUID LIMIT TEST PREPARATION

Id

2

a. Definition. The liquid limit of a soil
is the water content at the boundary between
the liquid and the plastic states expressed as
a percentage of the oven-dried soil and re- g .
ported as a whole number. This boundary isi%.% -
arbitrarily defined as tlie water content at _
which a soil mass, placed in a standard cup
and divided .into two sections by a standard
-grooving tool, will ‘make contact ‘for a dls-~
tance of 0.5 inch when the cup is, dropped‘ *.
25 times for a distance of 1 centimeter (0. 3937
.inch) at.the rate of two drops per second.. .

1—13
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b. Apparatus. The apparatus for a

liquid limit test consists of the following:

Balance N
Boxes, stainless steel, 2-inch dmﬁ )
eter by #; inch high
- Dishes, evaporating
+ ¥ | Filler, battery «
Guard, wind, for 200- -gram balance
Liquid limit machine, complete with
brgss cup and grooving tool .
Morl;rr, porcelain
Oven, “electric . . .
Pan, sieve#8-inch frame
.Pestle, rubber-tipped
Screwdriver ‘
Siewve,; testing, 8-inch frame,
* full_height: U. S. No 40
Spatulé. . .
Tongs,' crucible .

v

¥

Some of this equipment is shown in figure .:5;*53,

1-10.

c. Preparation, Soil samples should be
natural water content when preparing for
the test. Although the effects of drying may
be negligible for many soils, it is significant
for some and any drymg which occurs before

. testing will reduce the limit *values. Certai

soil colloids undergo an irreversible chanm

" on oven or complete drying. Liquid and

plastie limit tésts on these soils after drying
will yield improper results. Factors which
must be considered before testing are:

(1) The liquid limit is performed on
material finer than the No. 40 sieve.

(2) Samples should be large enough
to produc ams of material for
testing. -

13) The selected sample must not be
subjected either to air- drymg or oven-drying.
before testing.

. (4)_If the sample contains no ma-
terial coarser than the No. 40°sieve, it should
be thoroughly mixed. It will then be ready
for testing.

* (5) If the sample containg material

coarser than the No. 40 sieve, it is soaked -

in ¢lean water for 24 hours and washed over
a No. 40 sieve using a minimum of wash
water. The, fines and wash water are caught
in a large dish or collecting pan and saved.

°

LI

(6) Matenal retamed' on the No. 40
sieve is oven-dried at 110°C, and then dry:
sieved through the No. 40 51eye

(7) The portion that passed throughr
the No. 40 sieve during the dry-sieving is
ctmbined ‘wrth the wash- through portion for
testmg

Y

(8) The combmed (passing No. 40)

sample is dried to a putty-like consxstencg .

by decantation or evaporation, being carefu
to p:evgt caking or lumping during the
process.

&
“ (9 Nexther chemical substances nor

dry soil are added to hasten settlement nor
to speed drying. .

(10). The soil sample should be thor-
\.oughly mixed just before stax'tmg the test.

d. Checking and adJustmg the liquid
’ﬁrmt device. The liquid limit testing maghine
( must be inspected prjor to the test to de-
termine that it is i ood working condition.

1(1) Check the pin connecting’ the cup
for wear. It must not be worn to.the point
* where it permits sideplay gOf the cup.

(2) Check the screws connectmg the
cup to the hangar arm. They should be tight.

"(3) Check the cup for wear.
. usage will develop a gFfoove through the cup.
This can be felt by running the fingers over
the inside surface. If worn tosthis &xtent, it
should be replaced.

(4) Check the grooving tool-for wear°
The dimensions which control the size of the
groove are show in figure 1-11. The tool
should be discarded v‘hen the point’ ‘width
exceeds 0.086 lnch

(5) Each time the test is run, or at

proper mtervals verify the height of the .

drop of the cup.” The gage for this check is.
. on the handle of the groovmg tool. Using the
gage, the height is adJusted by meang’ of the
adjusting screw {fig 1- 1.1) until the point on .
the cup that strikes the base is exactly 1
centimegter (0.394 inch) above the base.
Tighten screws to secure the adjustment anfl

%
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check it by turning the crank at approximate-
- - «ly two revolutions per second. If the adjust-
ment is correct a'slight click will be heard. If
- the cup is lifted off the gage or no sound is
- heard, further adjustment is necessary.

" 1-10. LIQUID LIMIT TEST PROCEDURE

With the sample prepared and the device
checked, the test procedure consists of the
following steps:

a. Record all identifying infdrmation
T for the sample on the top section of the data
sheet (fig 1-12). - ®

b. Place 50 to 80 grams of the prepared
sample in the cup and level. it off to a depth
of approximately 1 centimeter (fig 1-13).
When leveling the soil, squeeze it downward
and spread it using as few strokes of the
spatula- as possxble Be ‘careful to _prevent
entrappmg air bubbles m the mass.

CAnC SfFCRE T£57

Gvioet 5e

- S, Gang ar TER "ES?

Figure 1-13. Diagram ‘illustrating liquid limit

/ test.
N v i ’

c. Holding the grooving tool and the
cup, make the groove by drawing the tool
(beveled edge forward) down through the
sample. The grooving tool should always be
pm‘pendxcular to the dxsh at the point of

. contact.

(1) More than one stroke may be
necessary to maké the groove. However, do

he}

not« exceed six strokes and be careful not
to tear the sides of the groove or to allow
. the soil cakes to slip in the cup. .

(2 Enough soil should be. in the cup
so that when the groove is completed, the
shoulder of the grooving tool has removed
soil for the length of about 1 inch. . ,

(3) Note that with some sandy and
highly organic soils,it is mposmblé to draw
the tool through the sample without tearing

the sides of the groove. In such cases, .the -

groove is made with %he spatula and sha aped
with the groovmg tool.

4) Beﬁore laying the groawing tool
aside, clean the cutting edge by running ‘the
thumb over the tool or by washing it. This
prevent® the soil from drying on the tool
and loss of timé in trying to scrape or wash
. it clean.’

d. Attach the cup to the carnage of
___the device and turn the crank at the rate of
 two revolufions per second.® Count the num-
ber of blows until the two halves of the soil
cake come into contact at the bottom of the
groove for a distance of !4 inch. Record the
number of blows.

ef Remove about 107¢ grams of soil from
the cup by drawing the spatuia from edge
to edge perpendicular to the groove 3nd
through the portion of the cake that closed.
This sample is used to determine the water
content. All weighing should he accurate to-

= 0.01 gram and the water content computed «

to one decimal place.

f. Transfer the remaining soil in the
cup to the nuxmg dish. Wash and dry the
cup and grooving tool! Repeat steps, in b’

- through e above for three additional samples,

.-each of which has had the water content

adjusted by drying. Drying js accomplished
by .continued mixing with the spatula and
. may be aided by a small electric fan, if de-
sired. The water content adjustment must
be sufficient to produce a noticeable change
*in the number of blows to close the groove,
and result in a scries with some more and
. some less than 25 blows which close the
“groove. Preferably, the range should be from

1—18

-




15 or more to 35 or less with two tests be-

tween 15 and 25 blows and two tests'between

:25 and 35 blows.

g Material remaining in the mixing
. dish should be reserved for the plastic limit
‘test.

h. Computing the liquid limit is done
graphically by plotting a “flow curve'gwith
the number of blows and water content as
coordinates (fig 1-12). The water content,
on the left edge, is plotted on an arithmetic
scale and the number of blows (along the
bottom) is plotted on a logarithmic scale. If
the points are relatively close to lying in a
straight line, a straight line is drawn as near-
ly as possible through the plotted points,
thus establishing an ‘average between the
points. However, if the plotted points do not
define a straight line, additional check runs
should be made and new points plotted. The
Jiquid limit is the water content corresponding
to the point where the drawn straight line
crosses the 23-blow coordinate. The liquid
limit is read to the nearest 0.1 percent, but
is reported to the nearest whole number. Ex-
ample (fig 1-12): After plotting these six
points and drawing a straight line as nearly
ag possible through them, the water content
corresponding to the 25-blow coordinate is 48.

-1-11  SIMPLIFIED LIQUID, LIMIT TEST

a. Principles. The simplified test is
based on the premise that the slope of the
flow curve for soils within a given geologic
_ environment is essentially constagt. Thus,
the liquid limit low curve could be drawn
using only one test point, provided that test
slope has been established by experience with
other soils in the area. The simplified test
should only be used in geologically similar
areas ahd where adequate correlations have
been made to define the slope of the flow
curve.

b. Preparation. The apparatus for the °

simplified test is the same as that listed
previously. The sample is prepared as for a
standard test except that its consistency is
controlled to result in 20 to 31 blaws to cause
closure.-

~

_ _ c.. Procedure.- Proceed with the test as
described previously. The amount removed
from the cup for the water content determina-
tion is replaced from the prepared sample.
Rem{i;( the entire amount in the cup without
the addition of water. Regroove the specimen
and operate the-device once again. The num-
ber of blows to, close the groove should be

within two blows of the first measurement. .

If the disagreement is greater than two blows,
the mixing was insufficient and the entire
test must be repeated. -

d. Liquid limit determination. The
liquid limit can be determined graphically by
drawing a line through the one plotted point
at the predetermined slope or by. using the
following equation:

N
LL = Wy (_) Tan B

25
Where: .
‘ Wy = water content at N blows

N = Nu;nber of blows to close
the groove

Tanp = slope of the flow line

. »

+ 112, PLASTIC LIMIT TEST PREPARATION

a. Definition. The plastic limit of a soil
is the water content, expressed as a per-
centage of weight of oven-dried soil, at which
the soil begins to crumble when rolled in
a thread !4 inch in diameter. T

b. Apparatus. The apparatus for the

plastic limit test consists of the following:

(1Y Surface for rollfng such as a
ground glass plate, a piece.of linoleum, or a
tablétop gf’close grained wood. Paper may be
used as a rolling surface provided that it does
not give off lint which can be picked up by the
sample during rolling,

(2) Spatula.

(3) Containers (boxes, stainless steel,
such as used in the liquid limit test).

(4) Balance, sensitive to 0.01 gram.

. (5) Oven (preferably automatic con-
trolled for 105° to 110° C).

(6) Evaporating dish.

.
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.roll the s0il mass into a thread 14
‘diameter. The rate"of rolling should be be-

’

¢. Preparation. Approximately 20
grams of material is required for the plastic
limit test. The sample i3 prepared as de-
scribed for a liquid limit test or it is the mate-
rial remaining after the liquid limit,

1-13. PLASTIC LIMIT TEST PROCEDURE

The test procedures consists of the follow-
ing steps:

a. Record all information pertaining™ta

the simple, Wexghts, and computations on a
data sheet similar t3 fig 1-12.

b. Take approximately 5 grams of the
prepared material. The ‘sample should be.
taken at any stage of drying when the mass
is just plastic enough to be shaped intg a
ball that will not stick to the fingers when
squeezed.

¢. Shape the test sample into an ellip-
soid and roll it between the fingers and rolling
ace (fig 1-14) using enough pressure to
inch in

tween 80 and- 90 strokes per minute. One
stroke is considered a complete forward and
back, motion returning to the starting posi-
tion.

d. When the thread diameter reaches %
fich without crumbling, remold the sample
into a ball and repeat the rolling process.
Continue remolding and rolling until the ball
has dried sufficiently for the rolled thread to
crumble (fig 1-15).- The plastic limit has been
reached when the thread crumbles regard-
less of diameter. Do not speed up crumbling
by reducing the rate of rolling, the hand
pressure, or both, and do not roll to less than
Ik-inch diameter.

Figure 1-15. Rolled threads,. uncrumbled and
crumbled.

Collect the crumbled portions and
determme the water.content.

f. Repeat the process with an additional
portion of the prepared samplé to obtain an
average value for the plastic limit. The two
tedt should, agree within = 1 percént or the
tests must be repeated

g. Record sample weight and computa-
tions on the data sheet. Weighing should be
accurate to 0.01 gram and water content com-
puted to one decimal place. Report the limit
to the nearest whole number.

_sh. Computing the plastic limit is dope
mathematically, as follows:

Water content for each run ®
weight of water
. ' N = . . . X 100
J’igure 1-14., Rolling the 30il, plastic limit test. weight of oven-dried soil
Vo 1—9 ¢
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Plastic limit = average of witer content from
two qr more runs (fig 1-12). Plasticity index

* = liquid limit - plastic limit

1

» - or
PI = LL*+ PL
) - r'd
or .
I, = Wi- W,
Example (fig 1-12) ;
LL = 48" -~ N
&
PL = 23 ) '
Pl = LL-PL. °* - \
= 48 - 23 = 35
= .

1-14.  SHRINKAGE LIMIT TEST PREPA:S:ON

a.. Definition. The shrinkag t of a
sail is the water conten as a per-
centage of ovendried soil, at which. further
loss in moisture will not cause a decrease
in the volume. The shrinkage rati
linear shrinkage, 'Ly, are usually dftermined
as part of this test. The shrinkage ratio is
defined as the ratio between a given§volume
change and the correspohding change in

R, and-

! &

!

c. Preparation. About 30,grams of a
thoroughly mixed portion of soil passing
thyough a No. 40'sieve is selected. It is pre-
pared in the same manner as for the liquid
limit test.

1-15.  SHRINKAGE LIMIT TEST PROCEDURE

The procedure ‘consists of the following
steps: ‘ .

a. Record all identifying information
for the sample on a data sheet (fig 1-16).

b. Place the.selected portion of- the
sample in the evaporating dish and mix it
thoroughly with distilled water. The amount
of water added must be sufficient to wet the
soil and make it easy to work into the shrink-
age dish without inclosing air bubbles. To
achieve the desired consistency, the amount

» of water is equal to or slightly higher than

the liquid limit, with plastic soils requiring up
to 10 percent more than the liquid limit.

c. Weigh ax;& record thé weight of the’
empty shrinkage dish. e

d. Coat the inside of the shrinkage .

water above the shrinkage limit. Linear with a thin layer Ofgpet,roleur.n Jelly or similar
shrinkage is the decrease in one dimension of-  compound to prevent the soil from adhering
a soil mass when the water content is féduced to the dish: ) :
from a given value to the shrinkage llx-mt‘_.. ’ _ e Place @ volume of the wetted sofl
. b. Apparatus. Equipment for this test, equal to about one-third of the volufne of
, except item (6) below, is not in.the soil test the dish into the center of the diskh. Tap
- set. Tl}?ﬁafppmt“s should consist of the fol-  the gish on a firm surface to cause the soil
lowing: . ’ to flow to the outer edges. Continue tapping
N (1) Evaperating dish, poreelain. - until all air bubbles )hgve been elimina&ed
(2) Shrinkage dish, porcelain or, . fromthe soil, Repeat this step with two more
. gtal, 1%-inch diameter and Y-inch layers until the d}sh is full .thh a.shght
. *hig i excess above the rim, of the dish. Strike off °.
the excess with a Stfaightedge and remove all
(3) Glass cup, about 2-inch diameter il ; h ; ;
' T s “-and 1-inch high'wit.h a ground-smcoth rim. ,:s o afi hering to the outside .Of t}fe dxsh o
- o @y Glass plate, 3 x 3 x 1 /16 inches f. Weigh the dish fmd wet soil immedi-
# fitted with three metal prongs for immersing  ately and record the weight. i
. 2 the soil pot- in rg:rcury. o g—ZAllow the soil to air-dry until a
. (5) Mercury, sufficiet to fill the glass  gefinite color change takes\place. Then gven-
. cup. - dry it to a constant weight.' Record the oven-
‘o (6) Spatula. 7{ . dry weight, . ‘ '
. - ) ,
. % X ’ 1_21 \d ¢ 3 2
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SHRIRKAGE, LT TEST
nd . Date
Project - c ‘ N
>
Boring No. ) n
Sample or Specimen No. ~
¢ o 0 .
. Shri Dish No. .
- B
Dish plus vet soil —— . R
Dish plus dry soil .
i Vater [‘Tv . .
-
8| Shrinkage dish _
§| oy eeun f* .
: O -
= | Displaced sercury + evaporating dish (
Evaporsting dish ’ > . b
Displaced mercury ‘4
Shrinkage dish (wet so1l pat) v ~ .
g »
: Volume of dry soil V' ‘ v
“lvaev. . . .
! L -~ 8
4 4 v
s —-—--v _ v" X 100 '
7 . - )
[) L » -
O j’ - -
Water content = ‘7! X 100 " 3 o ;\ Aﬂ/ %
. : s
) 3
| shrinkege limit o sL S
Shrinkage ratio . R / .
< v
V. o veight of displaced mercury - , *
8 specific gravity of mercury (13.53 gjcc) :
SL = Water content of wet soil pat ’ .
_ [¥olume of wet soil pat - volume of oven-dry soil gat) J -
vt of oven-dry soll pat
\ v .V - .
\ .y -(._w'_‘ x 100) R
: R vv.oroven-dg-oupot-':s_ ) .
. »olume-of Oven-dry sofl pet V’ P ‘' e
Y ‘ 1+ v
. ' .
Classification: L :
. e .
T r !
+ o
Remarks - -
L . . .
Technician *___ Computed by . Che.ked by
[4 ¢ <,
]
~ - ‘ 13 "
- Figure 1-16. Sample data sheet, shrinkage.
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» h.” Determine the volume of the shrink-
age dish by filling it to overflowing with
mercury and removing the excess by passing

.the glass plate firmly over the top. Weigh,
~ the amount of wercury required to fill the
dish and divide-the weight by the.density of
mercury (13.53 grams/cubic centimeter) to
get the volume inside the dish. Record this
volume as the-volume of the shrinkage dish
which is equal to the'volume of wet soil placed

" in the dish.
CAUTION: Mercury may have‘a toxic
. - effect, particularly if.spill-
: . ed in areas without good
' ventilation. ~ .
. .1 Placethe glégsveup in the evaporating
dish and fill it to overflowing with mercury.

( ) .

RemoVe the' excess mercury by placing the
glass plate with metal prongs over the cup.
Be .careful not to trap air under the plate.
Empty the-excess mercury from the evapora-
ting dish. Remove all mercury adhering to the

* cup andthe dish with a brush. Place the

mercury-filled cup back into the evaporating
dish.” - -7 . . -

J Immerse|the dry soil pat in the mer-
cury in the cup |using the glass plate with
the three prongs|to hold the pat (fig 1-17).

'.Do not trap air jbubbles under the soil pat .
.or the glass plate, ‘ ‘

k. Determine the' weight of the. dis-
placed mercury in the evaporating dish and
its volume, h-above. This is equal to the
volume of the dry soil pat. -

. s .
Figure 1-17. Soil pat immersed in_mercury,

‘1': Record all the information pertainihg to weights and volumes on the‘;"g’ata 'gheet. .

° E

+ m.” Compute the shrinkdge value as follows: . ] N

= W

1) Wafer content (W) = W— X 100

. »

Where: ~ 5

W ®
¢
“ .

-

W, = weigfxt of water iin grams) obtained by subtracting:the weight of
shrinkage dish plus dry soil from the weight of the dish plus wet soil.

W, = weight of oven-dried soil (in grams) obtained by subtractin'g the weight
of the shrinkagg dish from the weight of the dish plus dry soil,

?

\
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m Partxcles are deﬁned according to
their sizes by the use of _sieves, which are
simply screens attached to ‘one end of shmllow
circular containers. If a particle will not
pass through the screen with a particular

, size openm& it is said to be “retained on”

that sieve. Particles whigh pass through a
sieve opening are said to be “passing” that
sieve size. By passing a soil mixture through
several different- sfe sieves, it can be broken
info its various components and then defined
according to the sieves used.

0

(%) It is common practice in cla‘s.‘slfy-
ing soils ‘to name the particles of soils ac-
cording. to certain groupings based upon
established size definitions as prevxously dls-
cusséd. .

(3) The fines could be subdmded into
their two component parts acconding to size,
but the testing apparatﬁs required (hydro-
meter ‘/analysis) is not often available on the

®

vV -V,

| (@), Shrinkage Umits ‘(SL) = W - x 100) . -
o &
j _ ‘Where: - . % ®
hL. W =|water content from (1) above .
/ v = volunfé of wet soil p& n cc) * .
Ve = volume ‘of, oven-dned soil pat {inh aBove, in cc) (determmed by dmd- -
//' . - «  ing the welght of displaced mereury by the speclﬁc gravity of mercxuy, )
g ' . 1353 gm/ce). - - ] )
W, = weight of oven-dried -soil pat tin grams) )
W, . . _
' (8) Shrinkage ratio (R) = — » . £, >
V. ‘ s
where V, and. W, are the same as described in (2) above. ) \
, ) L . - e . S —
(4) Linear shrinkage (
4 * \ s
-
VYhere . - \
"C =_.volumetrie chagge from! a-given water content, w, usually the liquid lumt
“or C = (w - SL) as determmed in (1) to (3) above. - i , ’ “a
1:16. ’élZE — . . . many occasions when ;‘.hese components need T
N : ' to be defined. Therefore, to distinguish bé-
‘as Size groups, e

. tween silts and -clays the engmeer uses
: plast:cxty .

. ¢ (4) Before progressing further, it is
. well to note the difference between the two j
- nomenclatures denoting the sieve screen sizes,
one in- “inches”, the other dgsignated by
“number”. Inches refers to thg actual linear
dimensions ef the openings betwéen the wires
- of. a sieve screen. The number desxgnatlon ) )
of a sieve indicates the number of openings .
existing in the sereen per linear inch., Flgure/
. 118 1llustrate; the difference. .

< (9) By measurement the opening in B
the No. ¢ sxeve,;s 4.75 millimeters while that
of the l/4-m¢:h sieye is 6.35 millimeters. The
difference in the $1zé of the openings of the
two sieves illustrated is a result of the thick- v

Cc——ness of the wires being included with the \
four openings per linear inch of the No. 4 ~ »
sieve. Sieves with openings 14 inch or larger . :
. are‘referenged according to the size of the 9

opening. Sieves with openings smaller than . °

v Lo
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‘ll .
.3 Sieve

. l4-inch are identified
. " ings per linegr inch. '
) b. Effect of particle size on the bearing
. capacity of soil. )

(1) One of the factors that affects
*the bearing cdpacity of soil is the density of
the soil mass. By empirical tests it has been
found that, generally speaking, coarse-
.Brained soils can be compacted to greater
densities than fine-graifed soils. As far as

by the nimber of open-

1
*

" density iggconcerned, then,. a soil containing
- gravel would be more desirable than one not -
having the larger particles. Cow

Eigure 1-19. Compacted soil layer., = .

.+ (2) To explain this difference in densi-
ty ‘onthe basis of particle size aloney consider.

. thg sketch of a small part of a compacted soil

W . layer shown in figure 1-19. If it were possible

to remove one of the large particles without

Figure 1-18.. Sieve homenclature.
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disturbing the surrounding material, and re-
place it’ with as large an amount 6f smaller
particles as possible, it would be clear that,
in the process, void spaces would be intro-
duced where solids previously existed. This
would give a decrease in density proportional
to the volume of solids replaced by voids. In
short, soils with_larger Particles generally
produce greater densities,Lbeca.ugse the spaces
occupied by:the large graing have no voids,
The maximum particle size a sample should
possess depends onthe intended use of the
material, ' .

.

N .

1-17.  SHAPE

a. Pnn(;?{s. h 8,
" composing a §6il mass is another factor thht

is"important as an influence on the strength -
and stability of 3 soil material. Two general
~ particle shapes are ngrmally recognized:
‘bulky and flaky. C . .

L4

-¢ " b. Bulky grain shape. R

. . (1) Principles. Gravel, sand; and silt
particles, although covering a large range of
sizes, are’all of .bulky shape. The term is
defined to include particles which are rela-
tively equal in.all three of the dimensions

- as, contrasted to flaky grains in which one

of the dimensions is small as compared to the

, .
.o

The'shape of the particles ~

°

¢
oy
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other two. A book is-ari example of a bulky
shaped object. Notice that all.of .the dimen-
sions are roughly the same size, With the

' length not more than several times larger

than the thickness. A page of a book, by
contrast represents a flaky shaped object,
where one of the dimensions is very mii¢h
srnallezS thah the other two. There are four

subdivisions of the bulky shape dependmg on*

the amount of weathermg which has occurred
on these particles. The subdivisions in the
order of desirability for constmctxolr'%re'

Al

e (2) Angular. Ang'ular particles are
those which have been recently broken up
and are characterized by jagged projections,
sharp ridges, and flat surfaces. Angular
gravels and sands are generally the best ma-
terials for construction because of their in-
terlocking characteristics. Such particles are
seldom found in nature. because- weathering
processes normally wear them down in a
relatively short period of time. Angular ma-
terial may be produced artificially by crush-
ing, but because of the time and equipment
required for such an operation, natural ma-

terials with other grain shapes are frequently -

used.

(3) Subangular. Subangular particles
are those which have been weathered to the

. extent that the sharper points and ridges,

have been worn off. The particles are still
very irregular in shape with Some ﬁat sur-

faces.. .

- "% (4) Subrounded. Subrounded particles
are those in which weathering has progressed

_to an even further degree. They are still

somewhat” 1rregular in shape but have no
sharp corners and few “flat areas. .Materials

with this shape: are frequently found in . y
stream beds: They may be composed of hard, -
durable particles which are adequate for most
-conqtructmn needs .

(3) annded‘ Rounded particles are,
those in which all projections have been rﬁ :

moved-and few irregularities in shape remai

_ The -particles approach spheres of varying

-~
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or near stream beds or beaches. JPerha he

most extensive deposits exist at be
whéte repeated wave action has tended to

produce, in many cases, almost’ perfectly -
- rounded partlj:les which are usually uniform

in size.

c¢. Flaky grain shape. Flaky palrticles-
are 'those which have flat, platelike grains.
As indicated before, these.are particles which
have one dimension which is relatively very

sma]l as compared to the other two. As an

illustration of this shape, consider a sheet
of paper in which the thickness is greatly
exceeded by the length ahd the width. It
should be apparent that in flaky" particles
the relationship between surface area and the
weight of the particles is quite different from
that found in bulky particles. This increased
surface area provides a greater contact area
for moisture and is largely responsible for
many of ‘the. characteristics which we as-
sociate with the flaky particles of clay soils.

- Clays are flaky because they are formed most-

1y by chemical weathering (decomposition)
whereas the bulky shapes resulf from me-
chanical weathering (disintegration). Excep-
tions to this last statement are the volcanic
clays

d. Effect of grain shape on .bearing
capacity. Aside from the effect of the flaky

\ . . . .
_shape, some Ssignificant differences in sup-

porting ablllty result from use of the various
types of bulky shapes This can be: clearly

_shown by noting the different resistance to
. penetration exhibited by angular particles

and by rounded particles. Angular particles
resist penetration much better than round;,d
partlcl s becguse: - -

(1) The angular particles do not roll
over one angther but have a,tendendy to
interlock beeause of their sharp peaks and
‘ridges.

-

*(2) Angular parﬁcles ha?/e rougher

surfaces ‘than reunded ones and therefore '

develop greater frictional resistance to shdmg
over each other. - SN

N

-
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size. Rounded particles are usually found in .’
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Note: * The followmg exercises, compnse 8 self test The figures following each question refer
\ to a paragraph containing informafion related to the question. Write your answer
in the space below the question. When you have ﬁmshed answering all the questions
for this lésson, compare your’ answers with those given for this lesson in the back
of this booklet. Do not send in your solutions to these review exercises,

©

1. Soil is the entire unconsolidated material that overhes bedrock. What is soil princi-
pally composed of? (1-1)

' / 2. 'I‘hﬁcrust of the earth is ggnerally regarded to consist of a layer of solid material, -
) -mostly rock, from 30 to 50 miles in thickness. What hes beneath the crust and what state is :
S it ? (1-2a(2)) - s

2 - .

3. Mechanical weathering causes rocks to disintegrate, while chemical weathering |
causes rocks to decompose. In what climage region is decomposition the dominant process?

r

(1-2b(3))
- R
4, Soils can%e divided mto several different clasmﬁcatlons accordmg to the Unifjed Soil
Classxﬁcatxon System. If a soil is retained on a 3-inch sieve, what is 1t called? (1-3, table 1-1)
»

- . ‘ . ]

-5. Figure 1-20 illustrates a grain-size dxstnbutlon curve plotted from the sieve analysis
of a soil sample What is the umforxmty coefficient (C,) of this soil? (1-3£(1), fig 1-20)

. 4 /

\ 6. Along with the uniformity coefficient, the coefficient of curvature (C.) vinBicates the
gradation.of soil. To indicate a well graded soil, the coefficient of curvature must have a value
of between 1 and 3. What is the coefficient of the soil sample represénted on ﬁgure 1:20?
(1-3¢ (2), fig 1-20) . ) - .
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8" The shape of the’grain-size distribution curve will tell you what type of soil you have. .
What is the shape of the }jain-size distribution curve for a uniformly graded soil? (1.3}, fig
"1.7) ,

F)
.
* @
. ‘o
-

9. What is meant by the term “4noisture content” in soil, and- how is it determined?
(1-5a) . :

v -
ALY

* . ! ’
10. Give the different states a fine grained soil may pass™ through as the mioisture con-
.* tent is incteased starting with 4 very dry sample. (1-6, fig 1-9)

Y

11. The plasticity index of a soil is determined from the liquid limit and the plastic limit.
If the liquid limit is 22 and the plastic limit is 10, what is the plasticity index? (1-8a, b)

7

12, The‘liqqid limit'and the plastic limit are two important characteristies of a soil to a
construction engineer. Give a definition for liquid limit. (1-9a) - ~

”

[

\ B ———

eo, f-. - s
<

13. In the preparation of a soil sample for the liquid limit test, you must be sure that
. the entire sample will pass a certain sieve size. What is that sieve size? (1-9¢(1))
¢ ~ [T } i - +
“

J ) - Lo -
"- L d
N - ]

} . sample for the plastic limit test should )
weigh approximately how many grams? (1-12c)- ~

¢

.~ °14. Ohe ounce is equaf‘ t& 28.35 grams. The test

.
¢ o . - . \ *
-

§
.
¢

¢ 15.°.At what peint in the plastic limit test procedure do you determine that the moisture
. content is such that the plastic limit of the soil has been reached? (1-13d)

- »
L4

- - ‘ S

16. ‘What ig- meant by the “shrinkage limit of a soil? (1-14a)
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17. 'When performing the shrinkage limit test, it is necessary to determine the volume of -

the dry soil pat-by displacement. What liqlid is used in this part of the test? (1-15§),

Y “‘i’ ‘ ‘ v ’

18. Sieve screen sizes are given either in inches (size of opening), or in numbers (number
of openings per linear inch). What ig the dividing point between the two methods of des-
ignation? (1-16a(5)) )

®°
.

19. Why are course-gramed soils generally more desirable in construction than soils con-
taining only fine particles? (1-16b(1)) °

\

¥

. 20. There are four subdivisions of bulky shaped partxcles Name them in order of desir-
- ability fér construction purposes. (1-17b) - ’




rpe.

LESSON 2 “ ”

k-
b. Types of Soil Surveys

A1) Pnnclples. A soxl survey consists
of gathermg soil samples for examination,
& °. testing and classifying soils, and*developing
a soil proﬁle Two types of soil surveys are

expedient condxtxons or when time is very

the hasty snrvey, ‘which is made either under

e
SOIL SURVEYS; SOIL CLASSIFICATION .
: A ‘
. R
, CREDITHOURS _______________________ *
) TEXT ASSIGNMENT ___________________ Attached memorandum (Including ldenﬂﬁcc-
\ tion and Description).
' MATERIAL REQUIRED. .. __ mmmmmmmm o Chart 1, Uni#fied Soil Classification.
j Chart lil, Identification Procedure.

I.ESSON OB.IECTIVE ___________________ Upon completion of this lesson you should be
able to accorhplish the following in the in-
dicated topic areas:

f' . g 1. Soil. Surveys. Describe the purpose, under the USCS, use of the master charts, -
) methods and procedures for making soil sur- and the scope and value of the system.
ng:l sﬁlal:-: ac.):tou survey and prepare a tecli- 3. .Field Identification of Soils. Explain
P the procedure and supe the performance
. : of field tests that ¢ | to identify and
_ . 2. Unified Seil Classification System. Ex- classify soils when la tzme and facilities
‘ plain how goils are identified and classified make laboratory testing 1mpract1cable
. ATTACHED MEMORANDUM
;_, ' 2-1.  SOIL SURVEYS § limited, and the deliberate survey, which is
ff . a Principles. The survey of soil con- mad;: \l;vlhenradequate equxpment and time are .
i ditions at the site .of proposed military con- available
£ struction provides information about the - (2) Hasty surveys. The hasty survey
; nature, extent, and conditiont of.soil layers; should be preceded by as careful a study of
“the position of the water table and drainage all available sources of information as con-
. ) charactenstlcs and sources of possible con- ditions permit. If possible, a trainéd person
= struction materials. The soil survey .is vital may observe soil conditions in the proposed
o . toboth the planhing and execution of military construction area from the air. Careful aerial
§ construction operations. observation gives an overall picture which is

often difficult to.securg-4t ground level be-
cause important featires may be obscurefl'in
rough or wooded terrain. Rapid ground ob-
servation along the proposed road locition
or at the proposed airfield site will also yield
useful information. Observation ‘of the soil .
profile may be made along the natural banks

of a stream, eroded areas, bomb craters, and

2—1 ,
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other exposed places. As construction pro-,

. ceeds, additional soil studies will augment the

basic data gained through the hasty survey
and will dictate necessary modifications in
location, design, and construction.

(3) ‘Deliberate surveys. The deliberate

sMvey does not dismiss the fact that the
time factor may be important; therefore, the
scope of a deliberate survey may necessarily
be limited in some cases.” A deliberate survey
is often performed while topographical data
is beng obtained, so that ‘the results of the
soil survey may be integrated with other
pertinent information. The principal methods
of exploration used in soil surveys for roads,

- airfields, and borrow areas are soil samples
d augers or by

‘obtained either by using}
digging a test pit. Other methods that may
be used are power-driven earth augers, sound-
ing rods, .or earthmoving equipment under
expedient conditions to permit a hasty ap-
proach tg the underlying 3oil.

c. Objecﬁveg of soil surveys,

(1) Principles. The objective of a soil
survey is to gather (explore) as much in-
formation of engineering -significance as pos-

" gible about the subsurface conditions for a

specified area. -,

(2) Location, nature, and classifica-
tion of soil layers. Adequate and economic
earthwork and foundation design of a struc-
tiire can only be accomplished when the types

* and depths of soil to be encountered are -

" known. By classification of the soils encoun-
tered, a prediction can be made as to the
extent of problems concerhing drainage, frost
action, settlement, stability, and similar fac-
tors. While an estimate of the soil char-
acteristics may be obtained by field observa-
tions, samples of the major soil types as well

" ag less extensive deposits which may influence

design should be obtained for laboratory '

« (3) The condition of solls in place.
The moisture content and density of a soil
»-in its natural state sometimes play an im-

testing. ’ o Y

" portant part in.design and construction.

Moisture content of some soils, in place, may

et
B,

be so high that the selection of another site
for the airfield or other structure should be

- considered. If the natural soil is sufficiently

dense or compact to meet the required speci-
fication, no further compaction of the sub-
grade will be required. Very compact. soils
in cut section may be difficult to excavate
with ordinary tractor scraper units, necessi-
tating scarification or rooting before excava-
tion.

. (4) Drainage characteristics. The
drainage characteristies, in bgth surface and
subsurface soils, are contrglled by a com-
bination of factors such asLhe void ratio, soil
structure and stratificatién, temperature of
soil, depth to water tabj, height of capillary
rise, and the extent offlocal disturbances by
roots and worms. The coarse-grained soils
have better internfl drainage than fine’
grained soils. Remplding a soil also may

change its drainage Jroperties. Observations °

of .the sojl should bf made in both® the dis-
turbed and undistuybed condition.

(5) .Gr: water and bedrock. All
structures m constructed at such an
elevation that they will not be adversely af-
fected by the ground water table. The grade
line must be raised or the ground water table
must be lowered when a structure may be
adversely affected by capillary rise or by the
ground water table itself. Bedrock within
the depth of excavation tremendously in-
Creales the time and equipment requirements
for excavation. If the amount is very exten-
sive, it may be cause for a change in ‘the
grade or even the site location.

(6) Soil Profile. The soil profile is a
graphical representation of a vertical cross
section of the soil layers from the surface df
the earth downward. Discussion of the de-
velopment of the soil profile will follow a more

-detailed discussion of how the extent of'nfa-

terials within an area is determined.

o . '

[

2-2. SOURCES USEFUL IN PLANNING SOIL
SURVEYS e

a. Pl;inciples." There are many sources
of information available to the soils eﬂngineer.

2—2 ' “
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These should all be used to the fullest extent .
-#5t0 climinate as much detailed investigation

as possible. Some of these sources are in-
telligence reports and information from local
inhabitants, and from.maps and air photo-
graphs. These sources will be used mostly
to locate small areas of a large general area
which are suitable for further investigation.
For the final site.selection, actual field ir.-
vestigations must be r'nade.’ A field party
must' secure reliable data rapidly, since final
decisions are based on field observations.

b. Intelligence reports and local inhabi-
tants. , !
(1) Intelligence reports. Intelligence
reports which include maps and gtudies of
soil conditions usually are available for areas
in which military operations have been
planned. Among the best and most compre-
hensive of these are the National Intelligence
Surveys and Engineer Intelligence Studies.
These reports are a source of information on
geology, topography, terrain conditions, cli-

mate and weather conditions, and sources of .

construction materials.

. (2) Local inhabitants. Local inhabi-
tants may provide information to supplement
~ intelligence reports or provide information
about areas for which intelligence reports-are
unavailable. Information obtained from this
source would include possible location of bor-
row material, sand and gravel deposits, and
peat or highly organic soils, and jnformation
on the climate and topography of the area.

¢. Maps.

: (1) Princjples. Maps provide valuable
information, especially when planning the soil
survey. én some cases, maps showing the

suitability of terrain for various military pur-
poses, prepared by friendly foreign or enemy
agencies, may be of considerable value in
planning. There are several kinds of maps
which provide different types of information
about an area under investigation,

2) logical maps. It is apparent
that a clo
geology and soil conditions. Geological maps

and brief descriptions of regions and quad- -

relationship exists between

rangles h.wo bovn publmhvd in the Folios of
the . S, Geological Survcy Generally, the
smallcst rock unit mapped is a formation, and
geological maps indicate the arcal cxtent of
these formations by means: of letter symbols,
color, or symbolic pattex:ns Letter symbols
on the map also indicate the location of sand
and gravel pits, and the rear of the map sheet
sometimes has a brief discussion entitled
“Mineral Resources,” describing the location
of construction rhaterials.

(3) Topographic maps. Ordinary top-
ographical maps may be of some use in-
estimating soil conditions, _particularly when.
used with geologic maps. Topographic maps,
especially when the contour interval is 20 feet
or more, tend to give only a generalized vigw.
of the land surface. Inspection of the drainage
pattern dnd slopes can provide clues to the
nature of rocks, depth of weathering, soil,
and drainage. For example, sinkholes may
indicate limestone or glacial topography ; hills
and mountains with gently rounded slopes
usually“indicate deeply weathered rocks; and
parallel ridges are commonly related to steep-
ly folded, bedded rock with hard rock along
the ridgeS. Features such as levees, sand
dunes, beach ridges, and alluvial fans can be
recognized by their charactenstlc shapes and
geographlc location.

4) Agriculturat‘ soil maps. Agricul-
tural soil maps and reports are available for
many of the developed agricultural areas of
the world. These studies are concerned pri-
marily with surface soils, generally to a depth
of about 6 feet. Their value as aids in the
engineering study of surface soils is apparent.
For example, if the 'same scil is shown to
occur in two different areas, it can be sampled
and evaluated for. engineering purposes in
one area, and the amount of sampling and
testing ‘can thensbe sharply reduced in the

. ~=gecond area. Factors considered in the field

surveys upon which the maps are based in.

- clude the careful. stu,dy of the soil horizons

in test pits, highway and\i'axlway cuts, auger
borings, and other exposed places. Informa-,
tion on topography, drainage, vegetation,
temperature, rainfall, water sources, and rock
location may be found in an agricultural re-
port. Soils usually are classified according to

2—-8 . ' .




their texture, co‘lbs-sts:cture, chemical and
physical composition, ahd morphology.

d. Air photographs,

(1) Principles. The use of air photo-
‘graphs in delineating and identifying soils is
based upon the recognition of typical patterns
formed under similar conditions of soil profile
and weathering. Principal elements which
can be identified on a photegraph, and which
provide clues to the identifieation of soils to
a trained observer are landforms, slopes,
drainage patterns, erosional characteristics,
soil color or “tone,” vegetation and land use.
Each of the brief following discussions serves
only as an example of the information which
may be derived from the exammatxon of air

photographs.

(2) Landform. The “form” or con-
figuration, of the land in different types of
deposits is definitely characteristic and can
be‘identified on aerial photographs. For ex-
ample, glacial forms such as moraines, kames,
‘eskers, and terraces haver readily identified

forms. In desert areas, characteristic dune

shapes indicate areas covered by sands. sub-
ject to movement by wind. In areas underlain
by flat-lying,«

typically 'shows sinkholes. -

(3) Slope. Prevailing ground slopes
generally represent the texture of the soil.
Steep slopes are characteristic of granular
materials, while relatively flat and smoothly
rounded slopes« may indicate more plastic
soils. ~ S,

(4) Drahia.ge patterns. A very sim-
ple drainage pattern is frequently indicative
of pervious soils. A highly integrated (elab-
orate) drainage pattern is frequently indica-
tive of impervious soils, which in turn are
plastic and lose strengthywhen wet. Drainage
patterns also reflect underlying rock struc-
ture. For example, alternately hard and soft
layers of rock cause nvajor streams to flow
in yalleys cut in the softer rock.  °

(5) Erosional patterns. Considerable
information may. be gained from the careful
study of guilies. The cross section or shape

J of a gully is controlled primarily by the
- ! »
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" cohesiveness of the soil. Each abrupt change

" uniform silt deposits such as loess. C heswe >

' gullies.

luble limestone, the airphoto _

\
— . ;

N '

in grade, direction, orscross section indicates
a clange in the soil profile or rock layers.
‘Short, V-shaped gulhes with steep gradients "
are typical of cohesionless soils; U-shaped -
gullies with steep gradients indicate, deep, -

soils generally develop round saucersh; |

gray, ranging froft white to black.
colors or tones generally indic te_
well-drained soxl Large ﬂat a
color tones, a very flat appearance
natural surface draifiage.

ese

. (7) Vegetation. Vegetation
flect surface soil types, although i

m—

ence, both cultivated and natural vegetation
cover may be reliable indicatars of soil type.

(8) Land use. Ready identification of
soils is frequently facilitated by 6bserving
agricultural land use. For exambple, orchards
require well-drained soils, and the presence .,
of an orchard on level ground would imply
a sandy soil. Wheat is frequentl grown on
loess-type soils. Rice usually is\-found in
poorly draining soils underlain by 1mperv1ous ,
soils, such as clay. Tea grows in well drain-
ing soils.

2-3. FIELD IDENTIFICATION"

a. Principles. The field investigation
consists of the sampling operation’in the field.
The extent and methods used will depend
upon the time available. The three principal
methods of samplifig available to the military ——
engineer are the taking of samples from the
surface, from excavations already in exist-
cnee, and from test pits or test holes. In the
hasty survey, the number of test pits and

.
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test holes are kept to a minimum by using  — be performed-on- the soil in the bottom of

exnstmg excavations for sampling operations.
In the deliberate survey, where a more thor-
ough sampling operation is conducted, test
holes are used extensively and are augmented
by test pits, governed by the Judgment of the
engmeer

b. Sampling methods.

(1) Test pits. A test pit is an open
excavation which is large enough’for a man
to enter and study the soil in its undisturbed
- condition. This method provides the most
satisfactory results for observing the natural
condition of the soil and collecting undis-
turbed samples. The test pit usually is dug

by hand but power excavation by ‘dragline, -

clamshell, bulldozer, bagkhoe, or a power-
driven earth auger can expedite the digging
if the equipment is available. Excavations
" below the ground water table require the use
of pneumatic caissons or the lowering of
the water table. Load bearing tests can aiso

TABLE 2-1.

S

the pit. '

(2)\ Test holes. Test hole exploration
includes the several methods described be--
low. The use of the hand auger is the most
common- method of digging test holes. It is
best suited to cohesive soils but can be used
on cohesionless soils above the water table;
provided the diameter of the individual -

aggregate particles is smaller than the bit

clearance vof the ‘auger. The auger. borings
are principally used for work at shallow
depths. By adding pipe extensions, the earth
auger may be used to a depth of. about 30
feet in relatively soft soils. The sample is
completély- disturbed but is satisfactory for

’ determx;ung the soil profile, classification,

moxsturejccontent coempaction ca.pablhtles,

and similar properties of the soil. Table 2-1 . _

shows methods of underground exploratian
and sampling in a coridensed table.. 4 °
¥ e

By

Methods of Underground Ewmplordtion a.nd,S&mpling ’

&

Cemmon name

of methed Mmmu:/awmml
<«

-

Method ol\hsd\'mcug
the hole

[

;atel 1 Be ;ampltnt Value for foundation

purposes i

Auger boring
o
Well drilling

Rotary drilling

Test pits

Cohesive soils and
colhesionless soils
above ground water
elevation.

All soils rock, a.nd
boulders.

All soils rock, and
boulders.o

All soils. Lowering of
ground water may
be necessary.

’iugers rotated until

filled with soil and
. then removed to
surface.

Churn drilling with
power machine.

Rotating bits operat-
ing in a heavy cir-
‘culating liquid.

Hand digging or
power excavation.

7

Samples recovered
from material
brought up on au-
gers.

Ba.iled sa.mple of
churned material or
clay socket. -

ol

Samples'recovered
from circulating
liquid.

Samples taken by

hand from .original |

posl@on in grounﬂ

Sathtutorj;'for high- .
way exploration at
shallow depths.

R
Clay socket samples
are dry samples.

Bailed samples are”
valueless, | « -

Samples areofno
value.

a

Materials can be in-
spécted in natural
condition and place.

4

.c. Planning the soil survey.

¢

L

<

(1) Principles. The location of auger
holes or test pits will depend upon the par-
ticular situation. In any case, the method
- described locates the minimum amount of
foles. The completeness of the exploration
will depend upon the time available. A pro-
cedure -for road, airfield, and borrow area
investigation-will be described. -

™~

(2) Subgrade .
5 (a) smce soil tests should Bé made .

« on samples representing the maJor soil types ™

in the area, the first step in subgrade ex-
ploration is to develop_ a general pxcture of
the subgra.de conditions to 3sist in deter-
xmmng the representative soils. Field'recon-.
naissance should be m#ffe to study landforms
and soil conditions in ditéhes and cum Tech-




~~

"niques have been developed whereby aerial

* photographs can be used for delineating areas
of similar soil conditions. Full use should also
be made of existing data in agricultural soil
maps for learning subsurface conditigns:

. (b) The second step in determining
subgrade conditions in the area to be used
for runway, taxiway, .and apron constfuction
usually co relininary boringg spaced
at stra.teg;c points. Arbitrary spaging of
these bori. gs it regular intervals does fiot
give a true picture and is not recommended.
Intelligent use of the progedure described
above, espefially the technique of identifying
soil boundaries from aerial photographs, will
permit strategic spacing of the preliminary
borings to obtain the maximum passible in-
formation with the least number of borings. -
In theater of operations cut areas, all holes

-

-natural materials (unprocessed).

’
L]

should be made in these areas and carried
2 to 4 feet below the anticipated depth of
borrow. Samples from the bdrings should
also be classified and tested for water content,
density, and strength.

(4) Select material and subbase.

Areas within the airfield site and within a
;::ablg haul from the site should berek ©
pl for possible sources of select material
and, subbase. EXploration procedures are
simifar to those described for subgrades since
the select material and suhbase generally are
Test pits

or large auger borings put down with power

augers, are needed in gr?zvglly materials.
,{5) Base and pav_en{ent aggregates,

Since these materials are generally crushed

and pro&essed materials, a survey should be

. ade of axisting producers plus possible other
should extend 4 feet below final subgrade 3 sources in the gel;eral a.rea? Sigrificant sav-
elevation, if possible, In theater of operations + ings have been made by developing possible
o fll areas, they should extend 4 feet below the quarry sites near the airfield location. Thi
natural ground elevation. The boring requu'e is . particularly important in remote areas
‘menlts stated above usually will result in the where no commercial producer! are operating
bom.xgs pengtrating bfeyon the dep th of and in areas where cowmercial’production is

», maximum frost pene on (onthaw in per- limited in quantity. ' s
mafrost areas): Wherp the above require- ) q ) .
ments do not achieve this result, the borings d. ' Locating, numbering, and recording
-must extend to the d¢pth of maximum frost samples. 'The engineer in charge of the séil -
(or thaw in permafrost areas). ° . survey is responsible for properly surveymg,
v . ' . numbering, and recording each auger bonng,
T, () Soil samples should be obtained test pit, or other exploration investigation.
*for classification purposes”in these prelimi- A Jog is kept of each test hole which shows
nary boririgs. After these samples are classi- the elevation (or deptlr below the surface)
fied, soil profiles.should be developed, and of the top and bottom of each soil layer, the
repmta e-soﬂs should be selected for field- identification of each soil -encountered,
detailed . Test pits, or large-diameter and the number and .type of each sample
borings, Sh°“l _then be made to obtain the taken. Other information whicH should be
samplés needed for testing, or to permit in- included in the log is that relating to density
place. tests to be made. .The types and of each soil, changes in moisture content
number of samples required will depend on depth to ground water, and depth to rock.
the characteristics of the subgrade soils. Sub- A typical boring log is shown as &gure 2-1.
soﬂ investigations in the areas of proposed . °
pavement must include measurements of the
in-place water content, density, and strength. ~ 2-4. THE SOIL PROFILE .
These are used to determine the depth to " a. Development. A detanled field log is
which compaction must extend and to ascer- kept of each auger boring or’ test pit made
tain t.he presence of any soft layers in the during the sofl sirvey. When the survey has
subsoil. . been completed, the information contained
(8) Borrow areas. Where material is in the gcparate logs is consolidated. In addi-
to be borrowed from adjacent areas, borings tion tn the clasgification and dcpth, of soil
O \ aa, 26 ’
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REPORT OF FOUNDATION AND BORROW' INVESTIGATION

3 s
'|SITE_Adrfield Jamock .~ yypg €XPLORATION ___Hasty DATE March6s . —
< - - - ’ *
BORWNG NO.__1 - LOCATION _Statdon 0 ¢ Q0 — GROUND ELEV. 2%
PURPOSE OF EXPLORATION Determine Soil Proffle along the Centerline of Runway
‘ ’ ’ -+
‘35:'& aev saweLe anasrec LT OESCRIPTION , TEST “DATA, @ -
SURPACE "{ M0, TIPE|, (oe [svesoL REMARKS -
. 1"=2"] . & DEPTH , £
N ' /’r /’/ .
. ’ o. 1 [ Y/ Dark brown and very olastic. Typical
e 235" at 1/2¢ / 2‘ OH top soil of the area, .
- e
. &S s
o —— " ‘ ’
) No, ? Soil with low cohesion, some sand with\
2331 (8t 2 172 | SM° large vercentage of sjlt),
— It
. - )
aand A \J ,
y Coarse sandy soil with a plastié binder
e 231" Y sc material, Light red .color_,_
$ Brown sticky clay, very hiéh plastic
A qualities. Ribboned out to L 1/2" with ,
— - Yo. 3 little trouble., Rolled into a thread very
at 7! readily, - . .
229" CH
- 71t 229‘_ 7 : , Bottom of: hole .
= ] £ 3
3
s
— — gl
. - ) 2
T e
OEPTH .TO WATER TABLE __ 3¢t . -~ ’ o
SUBMITTED By __SP4 Mc Gurk z. d
- r—
s Figure 2-1. Typical boring log.
/ ~ €
. ¢ i
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layers encountered in each log, it is d
to show the natural water contents oR fine-
grained soils along the side of each-log when
possible. Also,the elevation of thé ground
water table should be noted. The-~elevation
is determined during_ the soil survey by obser-
*ving the level at which free water stands jn
the test holes .To g& an accurate determina-
tion, holes shOuld be covered and inspected

¢

ble___

"layers from the surface of the earth down-

stratum; and profile of the water table-

24 hours after being dug, in order to allow
the ‘water to reach its maximum level. The
soil profile (fig 2-2) is a graphical represen- o
tation of a vertical cross section of the. soil *

ward. It shows the ‘location of test holes,
profile of the natural grolnd to scale, location
of any ledge rock encountered, field identifica-
tion of each soil type, thigkness of each soil
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b. Uses of the so( proﬁle. The soil
profile has many practical uses in’the loca- .
tion, design, and construction of roads, air- '
fields, and structures. It.has a great influence
in the location of the grade line, which should

be placed so that full advantage is taker of -~

‘tite best soils which are available at the site.
. The profile will show whether soils to be-,
excavated are suitable for use in.embank-
< ments, or if borrow soils will be required. It
.may show the existence of undesirable condi-
tions, such as peat or organic matter or bed-

4

Fzgure 2-2. Typical sozl profile. . .

" special construction measures. It will aid in

. well-draining soils.

rock close to the surface, which will require -

the planmng of drainage facilitiés so that .
advantage may be taken of the presence of
It may indicate that

Special drainage installations will be. needed
with soils* which aré more difficult to drain,
particularly in areas where the water table
is high. Considerations relative to capillary
and frost action may be particularly impor-

tanf when frost-susceptible sexls-a.‘:"—*al'mm\
on the profile. .
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“predict subsurface conditions. -
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3.5 RECOMMENDED pnocenuas FOR sou.\m;;%- e Planni%xg of general layout.

SURVEYS
The following guide ahd step-b;step pro-
cedures will help the military en@er when
conducting soil surveys:

< B Objectives of soil exploratwn.

ples.

(2) Condition of-soil in-place, densxtf
and m01sture content.

(:_3) Drainage characteristics.

4 Déi, A to gro water and bed-’
rock. b

- (5) Development of a soil proﬁle for
the area. y

b. Sources of information.
{1) Published information.

‘.

-, (a) Geological and tqpographic re-
ports and maps. L

»

(b) Agricultural soil .bulletins and
‘maps reguire careful 1nterpretatlon and
knowledge of local terms.

(¢) Aerial photogr‘aph's — used to

v . ..
(d) Previous e:?plorations for near-
by construction projects.

%

W+

A Y
(2) Field information, \
~ (a) General observation of ‘road
cuts, streambanks, eroded slopes, earth cel-
lars, mine shafts, existing. pits and quames.
etc. : . N

(~b) Test holes:made with hand
“ auger or power auger if’ necegsary and av4il-
able. . -

" (e) Test pits, necessary where hand
auger cannot penetrite, orllzgg samples are
requxred .

“

{ * Y
(d). Local 1nhab1tan< preferably

““trained observers such as contractors, engi--

neers., quarrymen, etc. ) *

.

.dn to the site, layout.

(1) Primary objective. The primary
objective is to determine the- extent of the
various soil types, vertically and laterally,
within the zone where eagthwork may occur.

(2) Airfield expforatlon. Place borings

(1) Scil types and securing Of sam’, {at l;igh and low spots, wherever a soil change

i3 expected, and in transitions from-Gut to
fill, There is no maximum or minimam spac-
ing requirement between holes; however, the
number of holes must be sufficient to nge
a complete and continuous picture of the soil
layers throughout the area of interest. As
a general rule, the number of exploration bor-
ings required on a flat terrain with uniform
soil condition will be less than in a terrain
where the soil conditions change rather fre-
quently. Exploration borings génerally should
be conducted at th® point of interest, and
located in a manner to get the'maximum value
from- each boring. This may require ex-
ploration borings in the centerline as well as
edges of runways or roads, but no specific
pattern should be employed except perhaps
a staggered or offset pattern,‘ to permit the
greatest coverage. It is generally accepted

. policy to.conduct. the exploration borings at

the edges of existing pavements, unless these—
pavements have failed completely, in which
case the reason for the failure should be
found. Large cuts and fills are the most
important areas for detailed exploration. .

_(8) Cut and fill sections. Cut section
— 4 feet below subgrage, if possible. Fill sec-
tion — 4 feet below original ground level, i”.
pogsible. Effort should be made to locate
the ground water table .

&

d. Procedures in sampling. *

-~ (1) Exploratwn holes or plts must be
carefully logged ‘

*
(2) Samples must “be accurately lo-
cated and numbered

- (3) The eleva.tlon and-exact location
of each hole should be detertmned and tied

‘.

¢ . T
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Preparation of soil profile..

(1) Shows boundaries of soil ;itrata,
location and depth of test holes and samples,
elevation of k, and water table. L&bf

>

o(atori test results should be. mcluded when
available, _ :
) (2) Used to locate grade line, for ex-
cavation -and grading plan, and for drainage
' plan.

O

26, TECHNICAL SOILS REPORT : .o

The organization and pmentatmn of the soils report is very important. It must be well
orga.mzed and be presented in a logical and concise format with emphasis on the technical”
conclusions. The followmg o;xtlme shguld help to organize a technical soﬂs report success-

-

" fully: »

\ ™~ ' .
1. PROJECT A
1—01 General Description of Project ,
L 1—02 Extent and Authority for Proposed Construction ~ 7

1—03 Purpose and Scope of Report v PN

DESCRIPTION OF SITE

2-—0% Description of Location and Existing Facilities
202 Topograph} Cultivation, and Dramage )

i . PR

- ~ .
3. GEOLOGY . - , A -
301 Description. of Subsurface Materials' At and Near Site
302 Description of Overburden and Bedrock . .
Y . o~ .
4, AGGREGATES - A N
401 Field Explorati . ™ : ‘ '
402 Field Tests® - | -~ T,
403 Laboratory Tests L 7
4—04 Results of Field and Laboratory Investigations =
-~ hd -
5. FOUNDATION CONDITJONS _ ,
5—01. Field Explofdtions _— ‘
5—02 Field Tests ' | ) e
503 Laboratory Tests A -
5—0?b Results of Field and Laboratory Invesugatlons . »
. ’ \

FILLS AND BORROW MATERIALS

6—01 -Field Explorations < I )

» ' 1
. 6—02 Field Tests - o, _/\ B .
- 603 Laboratory Tests e : . VRN
o 6—04 Results of Field and Laboratory Investxgatlons B oo
, . ‘e - B ) .2—“10 . .« R N . \
7 B .7 ., (

.
B
. .
‘ ’ 5

N L'}

- o o - 2

vl N B . . . - '
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s CONCLUSIONS AND RECOMMENDATIONS

7—01 Sxte Selecuon
7:-02 Economxcal Design_
7—03 Minimum® Specifications

-

* v~

A. General Plan Drawings

B. Locition Plan Drawings (exxstmg afd proposed

features) ,

~a

C. Profiles

Notes. .

ANNEXES

14

¢
Cross-Sections
Boring Logs .
Laborgtory Testing Data °
. Field Testing.Data

1. It can be seen from an mspectlon of the outline that not every subJect will apply to
every report and that some of the items must be repeated several times in the same report..

For example, items |

item 4—03 might be- omxtted for expedient’ sxtuatxons

2. Krequently, portions of the information shown in the outline will be requi ‘
ime intervals. For this reasqn, a p'reliminary report and several supplementary re-

ferent

, 6, and 7 woulda§ have to be repeated for each runway in an “jeld and

at dif- -

ports may actually be made before the project is completed. However; if all of the informa-
tion provided follows the same basic outline, filing the data and assembling the final report

will be greatly- simplified.

7 -(4

3. The type of survey conducted will determine the. ‘lengths afd detail of - the ‘report.

In the hasty survey, most of the-items

can be covered in one or two sentences and almost

. all of the annexes can be omitted. When & dellberate survey is made, it may be necessary to
make a detailed soil proﬁle. and detaxled plan' drawings might be required..

2-7. UNIFIED SOiL CI.ASSIF!CATION SYSTEM

a. Development. Soils seldom exist in
nature separately as -sand, gravel, or dny
other single component, but usually are found
as mixtures with varying proportions of
particles of different sizes. Each component
contributes its characteristics to the mixture.
‘The Unified Soil Classification System is.based
on those characteristics of the soil which
indicate how it will behave as a construction
material.

b. Major soil mtegories .In the Umﬁed

Soil Classification System, all soils-are divided
into three major categories: coarse- -grained
soils, fine-grained soils, and organic soils.
Coarse grained and ﬁne-gramed soils are dif-
ferentiated by grain size. Organic soils are
identified by the presemce of large amounts
of organic maten% T

. 8 .

211

c. Letter symbols The Unified So:l
Classification System further divides soils
which have been classified into the major soil
categories by using arbitrary letter symbols
consisting of two letters. -For example, the
letters for sand, silt, and clayare 8, M, and C
respectively, and the symbol for a soil which
meets the criteria for a clayey sand would be
designated SC.”In the case of borderline soils
which possess characteristics of two. groups
and cannot be classified by a single symbol it
may be necessary to use four letters such as -
SM-SC which would describe a sand which’
‘containg apprecxable amoum of fines on the .
borderline classification for ilt and clay.
After the physical charactefistics of a soil
have been determined by use of the appro-
priate tests ang calculations, these char-
Rcteristics are used to classify the soil. The
criteria for identification are presented in de-

-




: I'and II1, which have been spegially-developed .
to facilitate soil classiﬁcatlon, and -are bound
\n the back of this booklet.
\Q Master Charts for Unified Soil Classi-
-fication System. Charts I dnd III are master

fied Soil Classification System, and procedures
. which are to be followed in idegtifying and

categories which are shown in the chart in-
- chade 30il groups, group symbéls,. and typical

_ soil names; laboratory classlﬁcaﬁon*cntena
field identification procedures; and informa-
tion required for des“hbmg soils. These
charts are valuable aids in soil classification
problems. They provide a simple, systématic
means of soil classification.

2-8. COARSE-GRAINED SOILS

" a, Definition. Coarse-grained soils are
defined a8 those in,which at least half the
material by wexght is larger than (retained
on) a No. 200 sieve. They are divided into
two major divisions: gravéls and sands. . A
coarse-grained soil is classed as a, gravel if

is retained on a No. 4 sieve. It is a sand if
more than half the coarse fraction is smaller
..than a NG. 4 sieve. The symbol G is used to

, denote a gravel and the symbol S to denot® a
' sand. In general practice, there is no clearcut.’
boundary between gravelly and Sandy soils;

Where a mixture occurs, the primary name is

mixture containing
by weight. For the

- sandy gravel would be
more gravel than san

desirabl€ to further divide coarse-grained
soils into three .groups on the basis of the
amounit of fines (materials -passing ‘a No.
200 sieve) which tiey c&‘tam

’ Note If fines interfere with free drainage
- -properties, as may occur with plastic
fines, use double symbol (i.e., GW-GC,
' ete.) meaning that such soils will be
classed with soils having from 5 to 12

percent fines.

-

- the predominant fraction ang-the minor frac-
tion is used as an adjective. For examplé, a ,

*  tail in the followitig paragraphs and in charts

charts which.present information an the Uni-

classifying soils undgr this system. Prmcxpal w

\}

more than half the éoarse fraction by weight o
.. not meet the gradation _requirements

as far as behavior is concerned, the exact ,
point of division is ‘relatively unimportant. -.

. L.
-b. Coarse-gralneﬂ' soil; with less than
the 5 percent passing No. 200. sleve

T (1) Principles. These soxls may fall
into the:groups GW, GP, SW, or SP, as,
ows, where the shape of the grain-size
distribution curve determines the second
letter, of the symbol. However, as denoted
above, if the fines do interfere with the free
drainage properties a dual or double symbol
will be used. :

€2) ‘GW and SW groups In the GW -
groups are well-graded gravels and gravel-
sand niixtures which contain little or no non-
plastic fines. The presence of the fines must

* not noticeably change the strength char-
acteristics of the. coarse-grained fraction, and
must not interfere with its freédraining char-
acteristics. The SWsgroups contain well-
graded ‘sands and gravelly sands with little
or no nonplastic ﬁnes

-

[
. -

Y (8) GPand Sngronps The GP group - ¥
includes-poorly graded gravels and gravel-
sand mixtures containing little or no non-
plastic figes. In the SP group are contained
poorly
little or no nonplastic fines. These soils will,
tab-
lished for the GW and SW groups...

Ac. boarse-gmlne&soils-cbntainin more
than 12 percent passing No. 200 sieve. -

T

(1) Principles These goils may fall
into the groups designated 'GM, SM and-
.SC. The use of the symbols M and CNgs based .
upon the plasticity characteristics of the Ina-

terial passing the No. 40 sieve. The liquid
limit and plasticity.index are used in specify-

- . SOF 5% — ing the laboratory criteria for these groups. .
N purpose of systematizing our discussion, it is - l&

Reference also isinade to the plasticity chart

shown in, gehart I which is based upon estab- “"“""-% \.

lished rela.ti%ﬂshxgs betwegn the liquid- limit
*&and plasticity index for many different ﬁne-
grained sQils. The symbol M is used to in-
dicate, that "the material passing théNo, 40
sieve is silty in.character. M usually desxg-
nates a fine-grained soil of little ér,no plas-

"+ ticity. The symbol C 18 used to indicate that |

%12

the binder soil ‘is predominantly 2layey, in
character. -

\
s I Y

""&
HIR 4
»
3_."3
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ded sandé and-gravelly sands with « -

»
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(2) GM and vSM groups. Typical of

gglge soils included in the GM group are silty

gravels and gravel-sand-silt mixtures. Simi-
larly, in<the SM group are contained silty
sands‘ and sand-silt mixtures. For both of
these groups, the Atterberg limits must plot

. below the A-line of the plasticity chart (chart

I) or thé plasticity index must be less than 4.

(3) GC and SC groups. The GC group
includes clayey gravels and gravel-sand-clay
mixtures. Similarly, SC includes clayey sands
and,sand-clay mixtures. For both of these
groups, the Atterberg limits must plot abozc‘
the A-line with a plasticity index of mote
than 7.

d. Borderline soils. Coarse-grained soils
which contain between 5 and 12 percent of
material passing the No. 200 sieve are classed
as borderline and are given a dual symbol
(for example GW-GM). Similarly, coarse-
grained soils which contain more than 12 per-
cent of material passing the No. 200- sieve,
and for which the limits plot in the shaded
portion of the plasticity chart (chart I), are

‘classed as borderline and require dual symbols

(for example, SM-SC). It is possible, in rare
ingtances, for a soil to fall into more than one
borderline zone and, if appropriate symbols
were used for each possible classification, the
result would be a multiple designation con-
sisting of three or more symbols. This ap-
proach is unnecessarily complicated. It is
considered best to use only a double symbol
in these cases, selecting the two that are
believed to be most representative of the
probable behavior of the soil. In cases of
doubt, the symbols representing the poorer
of the possible groupings should bt used. For
example, a well-graded sandy soil with 8

, percent passing the No. 200 sieve, with LL

28 and a PI of 9, would be designated as
SW-SC. If the Atterberg limits of this soil
were such as to plot in the shaded portlon of
the plasticity chart (for example, L1120 and
PI 5), the soil would be designated either
' SW-SC or»SW:SM, depending on the judg-

ment of the engineer, from the standpoint:

of the climatic region he is in.

2-9. FINE-GRAINED SOILS

a. Definition. Fine-grained soils are

’

b. Groupings.

. (1) Principles., The fine-grained soils
are not classified on the basis of grain size
distribution, but according to plasticfty and
compressibility. Laboratory -classification
criteria are based on the relationship between
the liquid limit and plasticity index which is
designated as the plasticity chart in chart L
This chart was established by the determina-
* tion of limits for many soils, together with
an a.na.lysxs of the effect of limits upon physi-
cal charatteristics. Examination of the chart
will show that there are two major groupings
of fine-grained soils. These are the L groups,
which have liquid limits less than 50, and
the H groups, which have liquid limits equal
to and greater than 50. The symbols L and H
have general meanings of low and high com-
pressibility, - respectively. Fine-grained soils
are further divided with relation to their
position above or below the A-line of the
plasticity ¢

. (2) ML ‘and MH groups. 'I‘yplcal soils
of the ML and MH groups are inorganic silts;
those of low-compressibility in the ML, group,
others in the MH. All of these soils plot below

__the A-line. In the ML group-are included very

fine sands, rock flours, and silty or clayey fine
sands or-clayey silts with slight plasticity.
Loess-type soils usually fall into this group.
Micaceous and diatomaceous’soils generally
fall into the MH group, but may extend into

. the ML group when their liquid limits are

less than 50. The same statement Is true
of certain types of kaolin clays which have
low plasticity. Plastic sﬂts will fall into the
- MH group. .

Ve,

. (3) CL and CH groups. »In these _

groups, the symbol C stands for clay; with
L and H denoting low or high liquid limits.
These soils plot“above the A-line and are
principally inorganic clays. In the CL group
are included gravelly clays, sandy clays, silty
tlays, and lean clays. In the CH group are
inorganic clays_of«hi icity, including
fat clays, the gumbo clays of the southern
United States, voléanig clays, and bentonite.

2—13 -7

7

those in_ whi<;h more than half the ma'i:eri;al
i% smaller than {passes) a No. 200" sieve.
p .

-~




The glacial clays of the northern Uhited

States cover a wide band in the CL and CH

groups. :

(4) OL and OH groups. The soils in
these two groups are characterized by the
presence of organic matter, hence the symbol,
O. All of these soils plot below the*A-line.
Organic silts and organic silt-clays of low
plasticity fall into the OL group, while organic
clays of high plasticity plot'in the OH zone
of the,plasticity chart. Many of the organic
silts, silt-clays, and clays deposited by the
rivers along the lower reaches of the Atlantic

—-Seaboard have liquid limits above 40, and
plot below the A-line. Peaty soils may have
liquid limits of several hundred percent, and
will plot well below the A-line due to their
high percentage of decomposed vegetational
matter. A liquid limit test, however, is not
a true indicator where a considerable portion
consists of other than soil matter.

(5) Borderiine soils, Fine-grained soils
which have limits which plot in the shaded
portion of the plasticity chart are borderline
cases, and are given dual symbols . (for ex-
ample CL-ML). Several soil types, exhibiting
low plasticity, plot in this general region on
the chart, where no definite boundary between
silty and clayey ‘soils exists. b
1

2-10. HIGHLY ORGANIC SOILS

~ A special classification (Pt) is reserved for

the highly organic soils, such as peat, which
hdve so many undesirable characteristics
from the standpoint of their behavior as
foundations and their use as c¢onstruction
materials. No laboratory criteria are estab-
lished for these soils, as they. generally can
be readily identified in the field by their
distinctive color and odor, spongy feel, and
frequently fibrous texture. Particles of
leaves, grass,-branches, or other fibrous veg-
etable mattér are common components of
these soils. ”?*” . -
2-11. FIELD;IDENTIFICATION OF SOILS

a. Introduction. Ldck of time and faci-
lities often.make-laboratory $oil testing im-

possible in military construction. Even where
» =laboratory tests are to follow, field identifica-

: ﬁne-g;ained
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tion tests must be made during the soil
exploration to distinguish between the differ-
ent soil types encountered so that duplication
of samples for laboratory testing will be
held to a minimum. Several simple tests that
may be used in field identification are des-
cribed “in this lesson. Each test may " be
performed with’a minimum of time and
equipment, although seldom will all of them
be required to identify any given sample.
The number of tests employed will depend
on the type of soil, and on the experiengg of
the individual performing them. Using these

tests, the soil properties can be estimated )

and the.materials can be classified. Such
classification should be recognized as an ap-
proximation, since even experienced personnel
have difficulty estimating detailed soil proper-

.'ties with a high degree of accuracy. The

material which follows-is intended as an aid
in the identification and classification of soils
according to the Unified Soil Classification
System.

b. General procedure,

(1) Coarse-grained soils. An approxi-
mate identification of a coarse-grained soil
can be made by spreading a dry sample on a
flat surface and examining it, paying particu-

- lar attention to grain size, gradation, grain”

shape, and hardness of particles. All lumps
in the sample must be thoroughly pulverized
to expose the individual grains and obtain
a uniform mixture when water is added to the
rtion. The use of a rubber-
faced or wooden pestle and a mixidg bowl
is recommended for this purpose. The ma-
terial also may bé pulverized by placing a
portion of the sample on a firm, smooth
surface and mashing it with the feet. The

use of an iroh pestle for pulverizing will break -

up the mineral grains and change the char-
acter of the soil.

(2) Fine-grained soils. Test for iden-
tification of the fine-grained portion of any
soil are performed on the portion of the
material which passes a No. ‘40 sieve. This
is the same soil fraction used in the laboratory
for Atterberg limits, tests, such as plasticity.
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tion may be made by spreading the material
on a Hat surface and removing the gravel
and larger sand particles. Fine-grained soils
are examined primarily for characteristics
related to plasticity. C°

c. Equip.ment required.

'« . (1) Principles. Practically all the tests

to be described may be performed with no
equipment or accessories other than a small
amount of water. However, the accuracy and

uniformity of results will be greatly increased -

by the proper use of certain items of eqmp-
ment. The following listed items of equipmiéiit,
will meéet most requmements are available.,

- in nearly-all engineer units or may be im-

provised, and are easily transported.

(2) Sieves. A No. 40 U. S. standard
sieve is perhaps the most useful item of equip-
ment. Any screen with about 40 opemngs
per lineal inch cquid be used, or an approxi-
mate separation may be made by sortmg the

.materials by hand, No. 4 and No. 200 sieves

are useful for separating gravel, sa.nd, and
fines.

© " (3) Pioneer tools. A pick and shovel

dr a set of entrenching tools is used in ob-
taining samples, A handeanthauge?uéf' Wl
if samples are desired from depths e than
a few feet below the*surface.

(4) Stixrer. The spoon issued as part
of mess equipment serves in mixing materials
with water to desired consistency. It alo will
aid in obtaining samples.

(5) Knife. A combat knife, or engi-
neer pocket knife, is useful in obtaining sam-
ples and ‘tnmmmg them to the desired size.

(6) Mixing bowl. A small bowl with
a rubber faced pestle is. used in pulverizmg
the fine-grained portion of the soil. Both-may
be improvised, such as by using canteen cup
and wood pestle.

. (7) Paper. Several sheets of hea.vy
paper are needed for rolling samples.
‘ (8)' Heating samples. \A pan and heat-
ing element are used for'd.ryaig samples. .

s
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used in wexghmg samples.

d. ~ Factors considered in ldenti,ﬁmtion
of soils.

(1) Principles. The-soil properties
which form the basis for the Unified Soil
Classification System~are: the percentages of
grayel, sand, and fines; shape of the™grain-
size distribution curve; and plasticity. These
same properties are, therefore, the primary
ones to be considered in field identification,
but other ‘characteristics observed should be
included in descrxbxng the soil, whether the
1dent1ﬁcatxon is made by field or laboratory

“methods.

‘ (2) Soil description. Properties nor-
mally included in a description of a soil are
as follows:

Color. ’
Gra.ip size.,
Estimated maximum gram size.
Estimated percent by weight of

fines (material passing -No. 200
. sieve).

Gradation. )
. Grain shape. .
Plastlcxty

Predominant soﬂ type.
Secondary components of soil.
Classification symbol.

Other remarks such as —
Organic, chemical, or metallic
content.

L] . L}

Compact}xess.

Consistency. =~ - '
Cohesiverress near plastic limit.

Dry strength.

Source — resxdua!“?or transported
‘ (aeolian, waterborne, gladial,
deposit, ete.). e

(8) Examples of soil description. An
example of a soil ‘description using the se-
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quence and cbnsidering the properties re-
ferred to in- (2) abovee might be,as follows:
Dark brown to white,
. grained soil, maximum par-
ticle size 2% inches, estimated 60% gravel,
36% sand, and-4%. passing No. 200 sieve.

. — > Poorly graded (insufficient fine gra-

Vel) gap'gradEd) .

Gravel particles subrounded to
rounded.

Nonplastic,
Predominantly gravel.

of nonplastic fines (silt).
. GP.

- Slightly calcareous, no dry strength;
dense in the undisturbed state. .

(4) Importance of description. A com-
plete description with the proper classification
symbol obviously conveys much more to the
reader than the s¥hibol or any-other isolated
portion of the description used alone.

2-12. VISUAL EXAMINATION . o

a. Principles.- By visual examination, it
is possible to determine the color, grain size,
and grain shape of the coarse-grained portion
of a soil, and estimate the.grain size distribu-

—tion. To observe these properties, a sample
- -of-the material is first dried and then spread
on a flat surface.,..

SN,

b. Color.”In field soil surveys, color is
often helpful in distinguishing between var-
9 ious soil strata, and with sufficient prelimi.
nary experience with local soils, color alsg.
may be useful for identifying soil types. Since
the color of a soil often varies with its mois-
-ture content,.the condition of the soil when
color is determined must always be recorded.
- There is generally more contrast in thesé¢
colors when the soil is in a moist condition,
__With_all the colors becomipg lighter as-the
- moisture-contents are redﬁgg‘.’ In fine-graded
soils, certain dark or drdb shades of gray
or brown, incjuding, almost:black colors, are
indicative of organic golloidal matter (OL, *-
OH). In contrast, clean and bright looking

——

Considerable sand and small amounts... -

L] - . 2.__;16
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colors, including medium and light gray, olive

green, brown, red, yellow, and white generally’ -

\aré associated with inorganic soils. Soil color
also may indicate the presence of certain
chemicals. Red, yellow, anfl yellowish brown
soil colors may be a result of the presence
of iron oxides. White to pinkish/colors may
indicate presence of considerable silica, cal-
cium carbonate, or aluminym dompounds in

_ some cases. Grayish blue, and gray and yel-,

low mottled colors, frequentl
drainage, .

c. Grain size. The
size should always be es
sample ‘considered, thereby establishing the
upper limit of thé grain size distribution curve
for that sample. To aid in determining some-

indicate poor

. thing about the lower limit of the grain’size

distribution, it is useful to know that the
naked eye can normally distinguish the in-
dividual grains of soil down to about 0.07

" millimeter. This means that all of the par-

ticles in the gravel and sand ranges are

. visible to the naked eye. All of the silt

particles and all of the clay particles are
smaller than this size and are therefore in-
visible to the naked eye. Maferial smaller
than 0.07 millimeter will pass the No. 200
sieye. ’

d. Approximate grain size distribution.

(1) Principles. The laboratory me-
chanical analysis must be performed when-
ever the grain size distribution of a soil sample
must be deterinined accurately. However, an
approximation of the grain size distribution
can be made by visual in§pection. The best
method of observing a mhterial for such a
determination withoutlising laboratory
equipment is to spregfl a portion of the dry
sample on a flat sftface; then, using the
hands or a piece of paper, attempt to separate
the material initb*its various grain size com-
ponents._By this method, the gravel particles
and.some0f-the sand particles can be sepa-
rated from the remainder. This will at least
give the observer an opportunity to estimate
whether the total sample is to be considered
coarse-grained or ﬁn\e-graineﬁf, depending on
whether ‘or not, more than 50 percent of the
material would pass the No. 200 sieve. Per-

-
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centage values refer to the dry wei?ht of the
soil fractions indicated as compared to the
dry weight 6f the original sample. ,

(2) Coarse-grained soil. If the ma-
terial is believed to be coarse-graxﬁed then
there are two other criteria to consider: first
" there is less than 5 percent passing the No.
200 sieve; and, second, the fines are non-
plastic. If both these.criteria can be satisfied
and there appears to be a good representation
of all grain sizes from largest' to smallest,
without an excessive amount or a deficiency
of any one size, the material may be said to be
well graded (GW or SW). If any intermediate
sizes appear to be missing, or if there is too
much of anpy one size, then the material is
_poorly graded (GP or SP). In some cases,
it may be possible to take a few of the

standard sieves into ‘the field. When such is

the case, the No. 4, No. 40, and No. 200 sieves
should be included.” Using the No. 4 and No.
200 sieves, the sample may be separated injo
the three man fractions -—.gravel, sand, and
fines. However, if there is a considerable
quantity of fines, particularly clay particles,
the fines ‘can only be readily separa;ed by
washing them thirough the No. 200 sieve. In
such cases, a detérmina#ton of the percentage
of fines is made’by companng the dry weight
of the original sample with that retained on
the No. 200 sieve aftep washing. The differ-
ence between these two is the weight of the
fines lost in the vmashmg/p ocess. For de-
termination of plasticity, only hat portion of
the soil which will pass through a No. 40
sieve should be used.

(3) Fine-grained soil. Estxmatmg the
grain size distribution of a sample using no
equipment at all is probably the most difficult

part of field identification and obviously places,

great importance on the experience of the
individual making the estimate. A better ap-
proximation of the relative proportions of
the components of the finer soil fraction may
sometimes be obtained by shaking a portion
of this sample into a jar of water and then
allowing the material to settle to the bottom.
The material will settle.in lwrs the gravel
and coarse sand particies settling out almost
immediately, the fine sand particles within
a minute, the silt particles requiring as much

L o<

as ap hour, and the clay particles remaining
in suspensmn indefinitely, or until the water
is clear. In using this method, it should be
kept-in mind that the gravel and sand will
settle into a much more de: formation than
will either the silt or clay. ,

e, Gr;a.in shape. The grain-shape of the
sand and gravel particles cafl be determined .

by close examination of jhe individual grains.
The grain shape affect§ the' stability of\the
soil because of ‘the increased resistance\to

, displacerhent that is found in the more irregu-

‘lar particles. A material°whose grains are
rounded has only the friction between.the
surfaces of the particles to help hold them
in place. An angular material has this'same
friction, which is increased by the roughness
of the surface and the area of contact. In
action, an interlocking action is developed
between the angular particles which gives a
much greater stability than frigtion alone.

f. Undisturbed soil properties. A com-
plete description of a soil should include
prominent characteristics of the undisturbed
materials. The aggregate properties of sand
and gravel are described qualitatively by the
terms “loose”, “medium”, and ./dense”, while
those of clays are described by “hard”, “stiff”,
“medium”, and “soft”. These characteristics
usually are evaluated on the basis of several
"factors, including-the relative ehse or difficulty

of advancing the drilling and sampling tools (

-and the consistency of the samples. In soils
that are described-as ‘“soft”, it should also

be indicated whether the material is loose and -

compressible, as in an-aréa under cultivation,
or spongy or elastic, as in highly organic soils.
. (Moisture conditions will influence these char-
" acteristics and should be included in the re-
port.) -

2-13. BREAKING OR DRY STRENGTH TEST

a. Preparation of sample. The breaking
test is performed-only on the maten#l sing
the No. 40 sieve. This test, as well he
roll test and the ribbon test, is used to meas:

" ure the cohesive and plastic characteristics
of the soil. The test normally is made on a s

small pat of,soil about a ! inch thick and
about 1'% inches in diameter. The pat is
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prepared by molding a portion of the soil in
the wet plastic state*xigto the size and shape
desired - and then allowing the pat to dry
completely. . Samples may be tested for dry
strength in -their natural condition as they
are found in the field, but too much reliance
must not be given to such tests because of
the variations that exist in the drying condi-
tions under field circumstances. Such a test
may be used as an approximation, however,
and verified later by a carefully prepared
.sample,

b. Bmlnng the sample. After the pre-
"pared sample is thoroughly dry, attempt to

break it using the thumb and forefingers of -

both hands. If it.can be broken, try to
powder it by rubbing it with the thumb and
fingers of one hand.

c Typlcal reactions.

(1) ”’Prinaples. Typical reactions that
are obtained in this test for various types of
soils are described below,

(2) Very highly plastic soils (CH).
Very high dry strength. Samples cannot be
broken or powdered by use of finger pressure.

(3) Highly plastic soils (CH). High
dry strength. Samples can be broken with
great eﬂ‘otﬁut cannot be powdered.

(4) Medium plastic soils (CL). Me-
_dium dry strength. Samples can be broken
and powdered with some effort.

(5) Slightly plastic soils (ML, MH, or
CL). Low dry.strength. Samples can be
broken quite easily and powdered readily.

(6) Nonplastic soils (ML or MH).
Very little. or no dry strength. Samples
crumble and powder on being picked up in
the hands.

d. Precautions. The test described
akove is one of the best for distinguishing
between plastic clays and nonplastic silts or
fine sands. However, a_word of caution.is

appropriate. Dry pats of highly plastic clays

quite often display shrinkage cracks. To .

= break the sample along such a crack will give
an indication of only a very small part of the
true dry strength of the soil. It is important

- — to dist'mgujsh between a break along such a
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crack, and a clean, fresh break that indicates
the true dry strengttof the soil.

2-14. ROLL OR THREAD TEST

a. Sample.*The roll or thf"ead test is
performed only on the material- passmg the
No. 40 sieve. The soil sample used in this
test is prepared by adding water until the
moisture content is such that the sample
may be easily remolded without sticking to
the fingers. This is_sometimes referred to
as being just below the “sticky limit". ing
a nonabsorbent surface, such as glass,
sample is-rolled rather rapidly into a thread
approxnnately'% inch in-diameter. -~ -

b. Rolling. If a moist soil ‘can be rolled
into such a thread at some moisture.content,
it is said to have some plasticity. Materials
which cannot be rolled in this manner are
nonplastic, or have very low plasticity.

c. Typical reactions.

(1) Principles: After reaching the
plastic limit, the degree of plastlcxty may be
as described below.

(2) High plasticity (CH). The soil
may be remolded into a ball and the ball
deformed under extreme pressure by the
fingers without cracking or crumbling.

(3) Medium plasticity (CL). The soil
may be remolded into a ball, but the ball wili
crack and easily crumble under pressure of
the fingers.

(4) Low plasticity (CL, ML, or MH).
The soil cannot be lumped together into a .
ball without completely breaking up.

(5)“Organic materials (QL or HO).
Soils containing -organie materials or mica
particles will form soft spongy threads or
balls when remolded.

(6) Nonplastlc soils (ML or MH)
These cannot be rolled into a thread at any
moisture content.

> d. Description of cohesiveness.+ From
this test, the cohesiveness’ of the material .
near the plastic limit may also be described
as weak, firm, or tough. The higher the—.
position of a soil on the plasticity chart (chart
), the stiffer are the threads as they dry
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out and the tougher are the lumps if the 5011
is remolded after rolling.

2-15. RIBBON TEST

The ribbon test is performed only on the
material passing theNo.AO sieve. The sample
prepared for use in s test should have a
moisture content that is slightly below the
“gsticky limit”. The ‘“sticky limit” is the
lowest water,content at which the soil will

,adhere te a metal tool. Using this material,
form a roll of 'soil about % to 34 of an inch
in diameter and about 3 to 5 inches long.
Place the material in the palm of the hand
and, starting with one end, flatten the roll,
forming a ribbon % to !4 inch thick by
squeezing it between the thumb.and fore-
finger. The sample should be handled care-
fully to form the maximum length of ribbon

that can be supported by the cohesive proper- *

ties of the matérial. ‘If the soil sample holds

together for a length of 8 to 10 inches without . '

breaking, the material is then considered to
be both highly plastic and highly compressive
{CH). If the soil cannot be ribboned, it is
nonplastic (ML or MH). If it.can be ribboned
only with difficulty mto -short lengths, the
soil is considered to have low ’plastxmty (CL)
The roll test and the ribbon test complement’

each other in giving a clearer picture of the °

degree of plasticity of soil.
2-16. WET SHAKING TEST -
a Sample preparation.. The wet shak-
ing test is performed only on the materiai
passing the No. 40 sieve. For this test, enough

material to form a ball of material about 3
inch in diameter is moistened with water; -

This sample should be just wet enough that’
the soil .will not stick to the fingers ypon
remolding or just'below the “sticky limit”.

b. Testing. The sample is then placed
in the palm of the hand and shaken vigoro /
ly. This is usually done by jarrifig the hand
on the table or some other firm object, o
by jarring it against the other hand.. The
soil is said fo-héve given a reaction to this
test when, on shaking, water comes to the
surface of the sample producing a smooth,
shiny appearance. This appearance is fre-
quently described as “livery”. Then, upon
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squeezing the sample between the thumb and,

forefinger of the othér: hand, this surface
water will quickly disappear, the surfacegpvll

become dull, the material will become firm,"

resisting deformation; and cracks will occur
as pressure is continued, with the sample,
finally crumbling like a brittle material. The’
vibration caused by the shaking of the soil
sample tends to reorient the seil grains, de-
crease the voids, and force water, which had
been within these voids, to the surface. Press-¢
ing the sample between the ﬁngers tends to
disarrange the soil grains and increase the
voids space, and the water is drawn into the
soil. If the water' -content still adequate,
shaking the broken pieces- w:ﬁ cause them to
liquefy again and flow together!, and the com-
plete cycle'may be repeated. Thxsgprocess can
occur .only ‘when the soil grains are Bulky in

. shape and foncohesive in cha.racter

. Typical reactions. " y

1) Pnndples._ ‘Very fine sandse and
silts fall into this category and are readily
identified by the wet shaking test. Since itis
rare that fine sands and silts occur-without
some amount of clay mixed with them, there
are varying. degrees of reaction to this test.
Even a small amount of clay will tend’ to
greatly retard this reactxon Some * of the
descriptive terms applied fo the different rates
of reaction to this-test are as follows: '

2

(2) Sudden or rapid. A rapid‘reaction

. to the shaking test_is typical*6f néhplastic,

fine sands and silts.

(3) Sluggish or slow. A sluggish re-
action indicates slight plasticity such as
might be found from a test of some-organic

L~
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silts, or silts containing a small amount of H

clay

(4) No reaction. Obtaiping no .reaction-

at all to this test does not ifidikate a complete
absence of silt or.fine sand. '

2-17. ODOR TEST . \

Organic soils of the OL and OH groups
usually have a djstinctive, musty, slightly
offensive odor which, with experience, can be
used as an aid on their identification. This
odor is especially apparent from fresh

-
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Samples. It'is gradually reduced by exposure
to air, but can again be made ‘more pro-
nounced by heating a wet sample.

'2.18. MITE OR GRIT TEST

-

. . 2. Principles:' The bite and grit test is
" aquick and useful method of identifying sand,
silt, or clay. In this test, a small pinch of the
soil material is ground lightly between the
teeth.and the soils are identified as follows:

b. Sandy soils. The sharp hard par-
ticles of sand will grate very harshly between
the teeth and will be highly objectionable:

- This is true even of ‘the fine sand.

c. Silty soils. The silt grains are so
. much smaller than sand grains that they do
not feel nearly so harsh between the teeth,
and are not particularly gritty although their
Presence is still easily detected,

v

d. Clayey soils. The clay grains are not .,

N .atall gritty, but feel smooth and powdery like
.. flour between the teeth. Dry lumps on clayey
soils will stick when lightly touched with

the tongue. ' .

- 2.19. SLAKING TEST

The slaking: test is used to assist in de-
termining -the quality of certain soft shales

~and other soft “rocklike” materials. The test

is performed by placing the soil in the sun

or in an oven to dry, and. then allowing it

“ Y to soak Jn'water for at least 24 hours. The
strength of the soil is then examined. Certain

type of shale will completely disintegrate,

>, losing all strength. ¢ . °

# . 2420 ACID TEST

" The acid. ’%est is .used to -determine the.
presence of calcium carbonate and is per-
formed by placing a ‘few drops of hgdro-
chloric acid on-a piece of the soil’ A fizzing
reaction (effervescence) to this test indicates
the presence of calcium carbonate, and the
degree of reaction gives an indication of the
concentration. Calecium carbonate normally
is desirable in a soil because of the cementing
action it provides to add to the stability. (In

.
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some very. dry noncalcareous ‘soils, the ab-
sorption of the acid creates- the illusion of
effervescence. This effect can be eliminated in
all dry soils by moistening the soil prior to
applying the acid.) Since this cementation
- normally is developed only after a consider-
. able curing period, it cannot be counted upon
for strength in most military construction.
.The, primary use for this test is, therefore,
to permit better understanding of what ap-
pears to be abnormally high strehgth values
on fine-grained soils which are tested in-{
place, where this property Mgy exert con-;
siderable influence. .

B

'2-21. SHINE TEST

The shine test is another means of meas-
uring the plasticity characteristics of clays.
A slightly moist or dry piece of highly plastic
clay will give a- definite shine when rubbed . .-
with a fingernail, a pocket-knife blade, or any
smooth metal surface. On the other hand,
lean clay will not display any shine, but will
remain.dull. - | ' .

'2.22. FEEL TEST ‘

" a. Principles. The feel test is a general ¢,
purpose test, and one that requires consider-
able éxperience and practice before reliable -
results can be obtained. The extent of its .
use will grow with increasing familiarity with
soils. Some of the following characteristics
can be re:hxestimated by proper use of this
test. - e

b. Maisture content. The natural mois-
ture content of a.soil is of value as an in-
dicator of the drainage characteristics, near- *
ness to water table, or other factors which”
may affect this property. A sampie of undis-

. turbed soil is tested by squeezing it between
the thumb and forefinger to determine its
consistency.- The consistency is described by
such terms as “hard”, “stiff”, “brittle”, “fri-
able, “sticky”, “plastic™, or “soft”. The soil
‘is then remolded by working it in the hands,
and changes, if any, are observed. By this
test, the natural water content is estimated
relative to the liquid or plastic limit of the

-
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soil. Clays which turn almost liquid on re- .

molding are probably near or above the liquid
limit. If the clay remains stiff, and crumbles

’ upon being remolded, the natural water con-

tent is below the plastic limit.

c. Texture. The term “texture”, as ap-
plied to the fine-grained portion of a soil,
refers to the degree of fineness and uniformi-
ty. It is described by such expressions as
“foury”, ‘‘smooth’’, “gritty”, or “sharp”,-
depending on the sensation produced by rub-

“bing the soil between the fingers. Sensitivity

to this sensation may be increased by rubbing
some of the material on a more tender skin
area such as the wrist. Fine sand will feel
gritty. Typical dry silts will dust readily, and
feel relatively soft and silky to the touch.
Clay soils are powdered only with difficulty
but become smooth and gritless like flour.

a. Principles. With the standard meth-
ods of field identification supplemented with
a few simplified field tests, ax approximate
and hasty classification can be obtained of
almost any soil. The three simple or hasty
tests outlined below will, for the most part,
eliminate the need for specialized equipment
such as sieves. The results of these tests,
when used or supplemented with the resuits
of the tests described in the previous para-
graphs, will give at least a tentative classi-
fication to almost any soil. The schematic
diagram (fig 2-3) may be used as a guide
to the testing’ sequence in the process of

— 4Ssigning a symbol to a sample of soil.
g

b._ Sedimentation test.

. (1) Principles. From the visual ob-
gservation test described previously, it is rela-
tively simple to approximate the comparative
proportions of sand and gravel in a sample
of soil by spreading a dry sample out on a’
flat surface, and separating the gravel par-
ticles by hand. Separating the fines from the
sand particles is more difficult although just
as important. Smaller particles will settle
through water at a slower rate than large
particles. By placing a small representative
amount of soil (such as a heaping tablespoon
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measure) in a transparent cup or jar, cover-
ing with about 5 in¢hes of water,and agitating
by stirring or shaking, the soil will be com-
pletely suspended in the water. With most
cohesive soil it will be 'necessary to break up-
the lumps of soil before adding.the water.
This can-be done by grinding the soil in a.
canteen cup with.an improvised wood pestle.
After the soil particles haye been thoroughly
dispersed in the water and then leftthey

Lo

will .start to setfle out, beginning with the
larger size particles, in time periods approxi-
mately as indicated in table 2-2. "

TABLE 2-2. Settling Times for Small Particles

A ioren ‘hﬂme o Gram Differentia
se t . tes
5 ine;:,l‘:ees ?t ::t‘e‘rb diameter eren
2 seconds 0.4 mm Coazfse sand—fine
sand _
T TTT T "307 Séconds | 0.072 [Sand—fines
10 minutes 0.03 Coarse silt—fine
silt
"1 hour 0.01 [Silt—clay

(2) Difterentiation of coarse and fine
fractions. The most important use of the sedi*
mentation test is to differentiate the coarse

(0.072 mm) fractior from the fine, fraction ™

of a-soil. Since-all of the particles of soil
larger than 0.072 mm ‘will have settled to
the bottom of the cup or jar 30 seconds after
the mixture has been. gitated, it. follows
that thé particles still remaining in suspension

* are fines. If the water containing the sus-

pended fines is carefully poured into another
container 30 seconds after agitation, if more
water is added to the cup or jar containing

~ the coarse fraction, and if the procedure is

221"

repeated until the water-soil fhixture becomes
clear 30.seconds after mixing, then the cup |
or jar will contain the coarse fraction of soil
and the- pan'containing the suspension will
hold the fines. "If the water can be wicked or
evaporated off, the relative amounts of fines
and sand can be determined fairly accurately.
Otherwise -a direct measurement of the set-
tled out fines can be obtained as a guide. Thus,
in a sense, the test acts like a #200 sieve.

b




TR e a e

£

IS 9 R
k¥ 5

™

r “SELECT REPRESENTATIVE

-

SAMPLE OF SOIL -1 PigT
CANTEEN CUP FULL)’

o

,
R

R TNIPTE PN (¥

GRAVEL . 50 %,
oY voluwe

.

SEPARATE PARTICLES /8"
"TOR LARGER (GRAVEL SiZ€E )

“

7y BY VOLUME

¢

. ESTMATE ¥,
FINES

SEDMENTATION
TEST

ESTIMATE %
“FINES IN"ORIS.
INAL SAMPLE

SEOMENTATION
TESY

~

TEST FOR
ORGANC
MATTER

SHNE TEST
MBBON TEST
HREAD TEST

SHAKING TES T Masw 16T
VHREAD TEST

SMEAR TEST
RIBSON TEST

OUST rESY

CHECK
GRADATION




\g) Separation of No. 40 sieve. soil
fraction. Most field identification tests are
performed on the No. 40 sieve soil fraction
(fines and fine sand portion). This fraction
can be separated by using a procedure siptijar
to that outlined above, -except that the water

is poured off within 1 or 2.seconds after

completion of “agitation. The suspended por-
- tioR will then include the particlﬁof the fine
sand range, e ’

(4) Clay lumps. A difficulty that will
be encountered with many clay soils stems
from the fact that the clay particles will
often form small lumps ( flocculate) that will
not break up in water. Usually this condition
can be detected by examining the coarse frac-
tion of the soil after several repeMtions of
the test. If substantial amounts of clay are
still present; the sand will have a somewhat
slippery feel and further mixing and grinding
with a wood stick will be necessary to help
break up these lumps.

¢. Cast test. -The cast test refers to

the strength of a moist soil sample when °

squeezed in the hand. It is used to indicate
the approximate type and quantity of fines
present in the sample. The correct amount
of water to add to the soil must be estimated
by trial and error, although it can generally
be stated that maximum cohesion or attrac-
tion between the individual soil particles
normally will occur when the soil is damp
but not sticky. ‘Thetest consists of com-
pressing a handful of the moist soil into a
ball or cigar-shaped cast and observing its
ability to withstand handling without crum-
bling. While experience is desirable in making
predictions based upon this test, table 2-3
Mmay serve as a general guide of the behavior
of different soil types when formed into a
cast and tested. .

. d- Wash, dust, and smear tests. A
small amount of silt (less than 5 percent),
when intermixed with a coarse-grained soil,
normally ‘will not lessen the value of the soil

]

)
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TABLE 2-3. Cast Test Reactions

Soil type Reaction to handling

GP. SB_SW, GW [Cast criffubles when touched.

' 8M, sC « }Cast withstands careful handling.
ML, MH . Cast can be handled frylﬁ.u
CL..CH Cast withstands rough han ing.

as a construction material. However, increas-
ing quantities of silt will sharply reduce the
strength and interfere with the free drainage
characteristics of the coarse-grained soil, thus
making it less desirable as a road or aitfield
construction material. To decide what con-
stitutes a harmful concentration’ of silt by
the field identification methods generally re-
quires extensive field éxperience. If the dust,
wash, and smear tests are first practiced on
soils of known silt contents, they can be
used to produce a fairly G
the dust test, when a complethy dry sample
of soil (with the gravel portion emoved) is
dropped from a height of 1 or 2 feet onto a
solid surface; a silt content higher than 10
percent will generally cause a fairly large
amount of dust to be produced. In the wash
test, an identical soil sample, as above, is
Placed in the palm.of a hand, ahd covered with
aboutt Y inch of water. If the water becomes
completely discolored and hides the sand
grains, this indicates that the soil sample éon-
tains a silt content higher.than' 5 percent.
In the smear test, 3 sample of soil, again with
the gravel portion removed, is moistened to
* just below the “sticky limit”, and then smear-
ed between the thumb and forefinger. When
it produces a gritty, harsh feel, thisgindicate‘s
that it contains a silt'content of less than 10
percent. A rough, less” harsh feel,_however,
indicates that the sample contains more than
10 percent,silt. It should be emphasized that
all of the above tests require the testing engi-
neer to have some experience in their use
before they ¢an“be considered as reliable in-
. dicators of the"silt contents,

-

.




SELF TEST . | -

/

to, a paragraph containing informatlon related to the question. Write your answer
in the space beloew the question. When you have finished ering all the questions
% for this lesson, compare your answers with those given for\ this lesson in the back
* of this booklet. Do-not send in your solutions to these review' exercises.

’ )

ficance as possible about the subsurface conditions for a specified area. List as many specxﬁc
items of engineering sxgmﬂcance concerning soils as you can think of (2-1c)

IS

2, When using air photographs to delineate and identify soils, the-drainage pattern is
very important. What does a very simple drainage pattern frequently ipdicate? '(2-2d(4))

———

3 - -
ERS o4

. 8, In planning a soil survey in a theater of operations, how deep should prelimmary bor-
ings be made in cut areas, measured from the final s_ubgrade elevation? (2-3¢(2) (b)Y -

s
-

s u'\ ' Y
'

<+

)

4, A soil profile can be developed from the mformatxon obtained ina soﬂ survey Give
8 brief definition of a soil profile. (2-4a) . .

LI

-
~

5. - The information obtained in a soil suryey will form the basis for fhe technical soils
report. What part of the technical soils report receives the most emphasis? (2-6) ~_-/

’
s 2

8. Under the Umﬁed Soil Cla.sslﬁcatioq/System, all goils~are dmded into three major
categories *What are these: three categories? (2-7b) . .

\
9. The USCé further divides soils which have been classified into the major soil gate-

gories by uging letter symbols ‘What is the symbol used to designate a sxlty sand? (2-7c,
. chart I)

Q

Note: The following exercises compnse a self test. The figures followmg each question refer -

1. The objective of soil surveys is to gatherfas much information of engineering sigm:
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8. Course grained soils are defined as those in which at least half the materia] by weight .

is retained on a number 200 sieve. Course grained soils are divided into gravel and sand. De- '’
fine gravel and sand. (2-8a, chart I) _ \ ’ . Tl

4
v —
-

. ¢ . - . \ ‘x. * .
. . - !
‘ 9. ~One of the subdivisions of a course-grained ggavel is “more than 12 percent passing )

number 200 sieve.” Give three soil groups into which this material could eventually be. desig- .
. nated (us€ chart m).qz-scu), chart OI) . T \ .

¢

¢ v

1

’ . 10. Under gourse-grained gravel containing\more than 1% percent passing the number. Lo

‘ 200 sieve, you have to run the liquid limit and plastjc limit test.\If the /liquid‘,and plastic limit

Yo plot below the A line of the plasticity chart (chart I)¥ what type ‘of soil do you have? (use
chart IIT) (2-8¢(2), chart IIJ) BT &

. . s - \ .

o 11. Assume a course grained gravel containing more than 12 percexi%xpassipg a number 2
200 sieve, and with liquid and plastic limitg plotting in the hatched zone on the plasticity chart
(chart I). What type soil is indicated? (use chart IIT) (2-8d, chart ) . .

. : N
Ve K .

. 12. Assume a fine-grained soil, i.e. more than 50 percent passing a number 200, sieze. “
If the liquid limit test indicates less than 50, what type soil(s) is it possible to have? \(use
chart IIT) (2-9b(1), chart III) \ .

N\

\
A ~

’ . . . | ] . . \\
. 13. Highly organic soils are given the classification Pt. Why are there no laboratory \_ _
\ j tests established to identify and classify these soils? (2-10) \

N -
& -~ ' L \ ]

= R 14. Lack of time and facilities often make laboratory testing of" soils iz;zpi'acticable. el
What is the one most useful item of equipment for field identification of soils? (2-11c (2)) '

t
-

" t » 15. Toan experienced soils analyst, color may {we of g:on.siderable hélp°in identifying soil N
types. What may be indicated if a fine-graded soil appears in-dark or drab shades of gray or
brown, or almost black?. (2-12b)" \ oo

% » *
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16. The breaking test is performed on number 40 sieve material which has been molded
* into a small pot and allowed to dry completely If the sample can be broken with great eﬁort
but eannot be powdered what type of soil isit? (2-13¢(3)) s

% °
O A

/
17. The ribbon tat is performed on material passing a number 40 sieve and squeezed
between the thumb and forefinger to f orth a ribbon Vs to %4 'inch thick. If the sample cannot
be ribboned, what type soil could it be? (2-15)

-

ﬂI

N o ' .
‘
' -
@ <
: i . .
o S .
- , . .

18. During the wet shaking test the sample developes a~ “livery” appearance readily if
it consists of fine sands and silts. If this reaction is very sluggish, what can be said of the °
content of the sample? (2-16¢(3)) . .

<. . . Lt
. . <

19. When performmg the sedimentation test, a small representative sample of sml is
aced in a transparent cup or jar, agitated, and then allowed to settle. What is the approxi-
%ate time it will take for particles of 0.4 millimeter .diameter to settle through 5 inches of

.7 water? (2-23b(1), table- 2-2) (oA .
s [ ’ -/ -
o, 20 In performmg the cast t.est, a  moist soil sample is squeezed in the hand. If the cdst

P crumbles when touched, what type of soxl(s) could be present? (2-23c, table 2-3)

. . . oy P
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LESSON 3 | \
) .
. : SOIL COMPACTION . -
CREDIT HOURS . ___ ______ . ____ - ~___3
TEXT ASSIGNMENT _ _____ e Attached memorandum.

LESSON -OBJECT!VE S A— oL

o »

1. Moisture-Density Relationships. Be
able to explain the relationship between mois-
ture content, dry density, and compactive
effort., - - -

2 Opﬂmum Moisture Content, ‘Deter-
mine by test the optimum moisture content
for a soil under investigation.

3. Compaction. Select type of com-

Chart Il, Characteristics Pertinent to° Roads

and Airfields. ) ‘ .

Upon completion of this lesson you should be _
able to accomplish the following in the in-
dicated topic areas:

paction equipment most suited for each soil
condition and control compaction in the field
to attain the degree of compaction required
for a specific project.

4. Trafficability, By use of special tools
and instruments developed for the purpose,
determine the capability of the'soil to support
traffic according to type and quantity.

5 -

- - .

3-1. PRINCIPLES N

Compaction is the process of artificially
densifying a soil., Densification is accom-
plished by pressing the soil particles together
into a closer state of contact,"with air or !
waf(er being expelled from the soil mass in
the process. With relation to compaction, the
density of a soil is normally expressed in
terms .of“dry density or: dry unit ‘weight,

. common units of measurement being pounds

per cubic foot. Occasionally, use is made of
the wet density or wet unit weight.

3-2. MOISTURE-DENSITY RELATIONSHIP

a. Principles. Nearly all soils exhibit
a similar relationship between moisture con-
tent and dry density when subjected to a

ATTACHED MEMORANDUM 3

given compactiv-e effort. This relationship is

Jndicated in figure 3-1. For each soil there is

developed a maximum dry density at an

optimum moisture content (OMC), for the
N ]

compactive .effort used.

b. Hydration. Upon the addition of
small increments of water to a completely
oven-dry soil, subsequent compéctionmwith a
constant compactive effort causes a small

increase in the dry unit weight B¢ the soil.” .

During the initial hydration phase the water
being added to the soil is of the solidified type
ie, is adsorbed to the soil particles. Thii"
- water does not did compaction by- acting. as
a lubricant, since it is firmly attachedsto the,
soil particles. )

-

@ . 8—1.
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e
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Maximum dry unit weight

cohesive

Dry-
Unit
'W;i;hf

< Adding \

Swell water

begins forcing

grains apart

. Figure 3-1.
c. Lubrication. ‘Adding more 'jvater
brings the soil to a point where a slight

increase in density. The lubrication phase
of the compaction curve has been reached
when the additional water produces a co-
hesive film around the individual oil particles.
e The lubncatlon effect_of moxsture produces

to decrease with further increases in
moisture content.

d. Swell. The addition of water in-
creases the film around the soil particles thus
forcing the soil particles apart, decreasing the

compaction curve has been reached, and char-
acterizes this .phase. . :

e. Saturation. PFinally, with further in-
creages in moisture content, free water added
mmn_mung_thg void spaces. This is

change in moisture begins to produce a large -

dry density. This sharp decreasé of dry -
density indicates that the swell phase ofsthe_

eater densities to the pomt where the co-
gesxve films bécome so thick that density

w' (Moisture Content)
]
*Compaction curve.

a soil when the voids are completely filled.
“with water and serve as a. control to the

compaction curve. Any values of the dry

- density curve which plot to the right of the -

zero air voids curve are in error. The error
may be in the test measurements| the cal-

. culations, or the specific gravity. Compute
- points for-plottmg-th&zemmnvmd&um as

et

follows:
624 G

1+L'!9_

100
where.: . : -

w = water content for 100 per-
cent saturation
dry density of soil

unit weight of 1 cubic foot
of water, and

yd.=

vd =
82.4

G = speciﬁc'éravity of the soil

Computed values “for plotting the zero air.

voids curve are shown in tabular form on

known as the saturation phase:

f. Zero air void curve. This curye rep-
. resents the dry density and water content of

TR -

. Cpw e .
3—.2 {6 res™ }(;':

table-3-1 :
3-3,, COMPACTION REQUIREMENTS
"a. Factors of compaction.
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increased energy will cause the particles to
be rearranged to a greater extent thus int

ased the dry- -~ —¢reasing-the-mass—of -soil-particles*per unit— -
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given soil there is a corresponding optimum

moisture content and a maximum density.
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volume. If the compactive effort is decreased
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the particles-will not be rearranged to any
great extent, thus decreasing the dry density.
The relationship between compactive effort
and densxty is not linear, and a considerably

* greater i xncreasg in compactive effort may be

4 reqmred,#to increase the denmty of & clay
8oil than is required to bring about the same
change in density of a sand. In the field the

.- compactive effort is a function of the‘weight
. of the roller and the number of passes for

the width and depth of the area of soil which
is being rolled. Increasing the wexght of the
roller or the number of passes increases the
compaetive effort. Other factors which may
be of, consequerice include lift thickness, con-
tact pressure, and .in the case of sheepsfoot

Y

LA

rollers, the size of the tamping feet. One
" should note that in the forthcoming parts of
this lesson each roller has a recommended
depth of soil to be compacted at one time (lift
thickness). The lift thickness should be close-
ly adhered to. Figure 3-2 shows how the dry
density will vary with compactive effort. The

* OMC varies indirectly as' the compactive

effort. .If the water content ih a soil is in-
creased, it makes' the soil more workable.
However, if the compactive effort is increased,
the soil does-not have to be as workable to
obtain the maximum dry density. In other
ords, the OMC will be decreased, with in-

u © iasing compactive effort,

yd-#/603

w % ' .

Figure 3.2,

$—4

Compuctive cffort. . .
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(2) Soil types. Different soils will
have varying compactive characteristics.
Soils which are very light in weight may have
maximum densities under a given compactive
effort as low as 60 pounds per cubic foot.
Under the same compactive effort, the maxi-

“. mum density of a clay may be in the range

°

~

___collar approximately 2!.

of 90 to 100 pounds per cubic foot, while that
of a well graded, coarse granular soil may
be as high as 135- pounds per cubic foot.
Moisture density relationships for seven dif-
ferent soils are shown in figure 3-3. Informa-
tion relative to the compacted dry unit
weights of the soil groups of the Unified Soil
Classification System is given in Chart II,
Characteristics Pertinent to Roads and Air-
fields. Chart II is bound in the\back of this
booklet. Note that moisture content is much
more critical in obtaining maximum density
for coarse grained soils than for fine grained

'soﬂs.\(s) Moisture content. As explained

previously, regulated quantities of water are
essential for proper compaction. Excessive
water hinders compaction. At OMC the_ soil
particles are lubricated so that they can be
compacted into the densest mass possible with
a given compactive effort.

b. Modified AASHO test.

(1) Principles. The compaction con-
trol test used by the Corps of Engineers is a
modification of the standard AASHO (Amer-
ican Association of State Highway Officials)

Method T-99-49, and conforms entirely to

ASTM Designation D 1557-58T. This method
of test is intended for determining the rela-
tionship betweén the moisture content and
density of soils when compacted in a mold
of a given size with a 10-pound tamper
dropped from a height of 18 inches.

(2) Apparatus. The apparatus used
in the modified AASHO compaction test .is
described below. .

(a) Proctor mold: A cylindrical
metal mold of 4.0 = 0.005-inch diameter and
4.584 = 0.005-inch height, having 1/30 cubic
foot volume. This mold is fitted. with a de-
tachable base plate and a removable extension

mold may be of the “split” type, consisting

-

inches_high. This

of two half-round section$ or a section of
pipe split along one element, which
securely locked in place to form a cydinder.
The 4.0-inch diameter mold is used for sam-
ples composed entirely of material passing
a U. S. Standard No. 4 -sieve (0.18-inch
diameter).

(b) CBR mold. A cylindrical metal
mold (fig 3-4) 6.0 inches in diameter and
4§ or more inches in height. If the mold
is more than 4.5 inches high, generally 7
inches, the height of the compacted sample
is controlled to 4.5 or 5 inches by means of
a 2.0 or 2.5-inch spacer disk, which is inserted
as a false bottom in the mold. This mold is
fitted also with a detachable base pla‘e and
a removable, extension collar approximately
2Y, inches high. The 6.0-inch diameter mold
is used for compacting samples containing
material retained on the No. 4 sieve (0.18-
inch diameter). Thg volume of the mold is
0.075 cubic foot at § internal h&ight of 4.584
= 0.005 inches and 0.0818 cubic foot at an
inside hexght of 5.00 inch == 0.005 inch.

(c) Compaction tamper. The com-
pactioh’tamper, is of the sliding weight type
as shown in figure 3-5. it consists of a 2-inch
diameter steel tamping foot, a 3-inch steel
rod, a 10-pound weight with an 11/16-inch
hole through the center, and a handle. Con-
struction of the tamping foot and weight are
such that tamping blows can be applied ad-

-jacent to the sides of the mold. The rod is

attached to the tamping foot With a sprihg
cushion. Distance between tamping foot and

» handle is such that when the weight is raised

until it touches the handle, the fall to the
tamping foot will be 18 inches. The maximum
allowable weight of the assembled compaction
tamper is 174 pounds.

(d) Laberatory balance. One 25-
kilogram capacity, sensitive to 1 gram, and
one 5-kxlogram capacity, sensitive to 0 1 gram
are needed. .

(e) Sieves. 2-inch, %;-inch, and No.
4 sieves conforming to the requirements of

_the specifications for sieves for testing pur-

poses are necessary. -

3—5
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/ . SOIL TEXTURE AND PLASTICITY DATA

Sand Silt Cley L.L.

16
16

22

28
26

P.l
NP

A N

! Well Graded Loamy Sdnd 88 10 2
‘ 7 2 Weill Graded Sondy Loam 72 15 13
3 Med. Graded Sandy loam 73 9 18
4 Lean Sandy Silty Clay 32 33 35
5 Loessial Silt S 85 10
6 Heavy Cloy é 22 72
: 7 Very Poorly Graded Sand 94 6
132 £ \\\
128 - \ ®
124 Vi \ \ .
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Figure 3-3. Moisture density relagionshipy for seven soils compacted\ccording to the standard

AASHO compaction procedure.
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x N Figure 34 CBR mold ~
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—

(1) Straightedge.  steel straight-
edge 12 inches in length and havmg one bev-
eled cdge is used. -

\Q
(g) Mixing tools Miscellane'ous
tools-such as mixing pan, spoon, trowel,
spatula, etc., or a suitable mechanical device
for thoroughly mixing the sample of soil with
increments of water 1s needed for mixing.

(3) Preparation of sample.

(2) Minus No.4 materials; For soils

whichcontainrno-material retained-on-a-No. 4

7.
formed in the CBR mold on matenal passing
a %-inch sieve. First air-dry and screen
through a 3;-inch screen. If the soil contains .. ..
gravel particles larger than 3-inch, it re-
quires processing for size correction. Ap-
proximately 75 pounds of dry weight of
material so processed are required for the
test. The procedure for this processing is as
follows:

Step 1. Separate the material on the % inch
and No. 4 mesh screens (0.18-inch).

sieve, approximately 30 pounds of dry weight
(approximately 5 pounds for each Proctor

Step 2. Compute the percentage by weight
of material retained on each screen and pass-

-~

el 0 . -

. moald) of soil are normally required for the ¥ ing the 0.18-inch screen.
test. First air-dry the soil sufficiently to per- *
mit ready passage through a No. ¢ sieve.* :All Stqp 3. Discard the material retained on the
lumps in the; soil should be carefully broken % -inch screen and replace by an equal per-
by rolling with a rolling pin. After screening,  centage by weight of sizes 3 to 0.18-inch
thoroughly mix the sample, make 4n initial (No, 4 sieve). The percentage of material
. water-content determination, and*store the fine .th the No. 4 h .
sample in an alrtlght container until ready ner than the No. & mesh screen rem‘ax.ns 3
for use. constant:
e M .« . *
(b) Gravelly samples. For.soils con-. Step- 4. Recombine vthe two constitpents of
tammg gra.vel the compaction test is per- material ¥ inch to 0.18-inch and the material
i 3—7 -
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passing the 0.18-inch (No. 4) sxeve and mix -
well. .

The above adjustment insures that the
proper amount of gravel is in the soil tested

and that the maximum particle size is not
exceeded. :

(c) Example. Assume total weight -
of natural sample airdried = 110 pounds.

Natural sample Processed sample
*Se nin, Weight 9, . Computed

reen opening retained, o Desired %, retained weight,

im. “Ib R«etame_d b

34 16.0 14.6 0 -0
0.18 44.0 40.0 400 H+ 146 = 546 . 44.0
(Passing 0.18) 50.0 45.4 - 454 < 365
Total" 110.0 100.0 . 100.0 80 S

An initial moisture content is taken from the processed sample and the sample is stored in

an a,xrtxght container until ready far use.

(4) Procedure. .

(a) Minus No. 4 sieve materials.
The soil is compacted in the 4-inch diameter
mold except in cases where the compacted
specimens are to be used for CBR test or
some other test which requires a different
size compacted specimen. The step-by-step
procedure for compacting samples in the
4-inch diameter mold is as follows:

" Step 1. From the previously prepared ma-

terial weigh quantity of airdried soil equal
to about 2000 grams ‘dry wexght

Step 2. Moisten and thoro mix the ma-
terial with a measured qu tity of water
sufficient to cause the soil to adhere or ball
together slightly when squeezed firmly in
the palm of the tgmd

Step 3. Store material in an airtight con-
tainer for approxxmately 24 hourg to permit

" moisture content to become uniform.’

Step 4. Repeat step 1 for at least four addi- ,

tional specimens. For each specimen, in- .

crease test water content by approxxmately
2 percent over that of the previous specimen ,
and repeat step 3 for all specimens.

Step 5. Cover the mold with a light coat of
oil or wipe off excess oil. Weigh the com-
paction mold to the nearest gram and record

-

)

the weight on a data form similar to that"
shown in figure 3-6.

Step 6. Attach mold with collar to base plate
and place the mold on a concrete floor or
other rigid support such as a pedestal.  If
using the CBR mold, place the 2.0 or 2.5-inch -
spacer disk in the bottom and insert a filter
paper on top of the spacer disk.

Step 7. Place a sufficient amount of the pre-
pared sample in the compaction mold to yield
a 1l-inch compacted layer.

Step 8. Compa.ct the material in the mold
with 25 blows, uniformly distributed over the
area, using the 10-pound tamper with height
of drop of 18 inches. Using a sharp-pointed
instrument, scarify the surface of the com-
pacted layer to a depth of approximately 14
inch prior to placing the next layer.

Step 9. Repeat steps 7 and 8 for the next
four layers. The fifth layer should extent
slightly above the top of the mold.

Step 10. Use a knife or spatula to cut around -
the inside edge of the collar. Remove collar
from the mold and carefully trim the excess
portion of the compacted material to the
exact level of the top of the mold, using a
straightedge. .

Step 11. Remove mold, with comp;.cted sam-
ple therein, from base-plate, weigh the mold

N 3—-9
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CORPS OF ENGINEERS ) ' 4. S. ARMY -
COMPACTION CONTROL TEST o
PROJECT , : R - * | DATE E
. ArormorE, AFA . 9 Junve 68 .
SAMPLE NO., .| JOB NO.
3243 - L 3281
. o ], [o] D ;
INITIAL WATER CONTENT, w_ = 475 ¢ T[S MOLDED | SOME s '
. " f
S35 __ BLOWS PEREACH OF * __ 5 1avers _/0__ .in wawer /8 .. DRop , |
# R — _ e -
Specimen - . A B c Remarks . bos
Desired dry veight FLS ‘15000 - - i . !
-+ v 1.045 |1. L. |Svbgrode Moteria/ /
Sotl veight H‘s' (1w°)= Wo 5005 - : .
Bowl tare Hb :
‘Ho * wl:)
Test vater content W' G % .- % %
Add vater, W ' (v' - w | 75 / . .
Mold i 4 Y . . )
Weight mold + Soil w1787 R )
! Mold\ tare W Vo742 ‘
less \are, L Hm = Hc Lous ] ' - ,
Average water content |w 53 4 4 % . )
Mold Constant C 100298 | o. 0. j
: Wet density, C‘lc » ] 120 5 ?
. Dry density, ™A + vld e 4
WATER CONTENTS A * .B C .
Tare y 29 : .’
- Tare + wet 8oil - 159.8 11803 - . . :
, Tare + dry soil 153.0 |172.5
Water . - W, 6.8 7.8 N -
i Tare . 25.3 T 25.4 v
Dry soil "s|127.7 lr47.1
¥ater Content v 5.3 % £3% % %l 1 )
' Densities in pounds per cubic foot. Weights in grams. N .
TECHNICLAN COMPUTED CHECKED P . .
ACAB. JITH . TH ’

.

Figure 3-6. Data form fi)r compaction control,

N ’ ' .

3—10




L4

o

plus wet soi} to the nearest gram, and record
“the weight.

Step 12. Remove the compacted sample from
the mold and obtain“two specimens for water-
content determinations, one from the. top
portion of the compacted \sample and the
other from the bottom. ThEX water-content

specimens are weighed to .1'gram and the

weights recorded on the data sheet.

Step 13. Repeat steps 6 through 12 for the

remaining specimens

In general five compacted specxmens pre-
pared according to the above procedure will
completely define a compaction curve. How-
ever, in some cases more points are necesgary.
Compare the wet weights of the various com-
pacted samples to determine if the optimum
water content has been reached. The optimum
water content and- maximum density have
been reachied if the wettest samples com-
pacted show a marked decline in weight over
drier specimens.

(b) Gravelly samples. Procedure

for compacting gravelly samples is the same

.as for minus No. 4 sieve material, except that
‘the test is performed in the 6:0-inch diameter
CBR mold and the number of blows of the

compaction tamper is increased to 55 blows

per layer igstead of 25 as used n the 4.0-inch

diameter Proctor mold. This results in equal

compactive efforts for the two molds.

© (5) Calculation. From the data ob-
tained the following calculationd can be made:

(a) Wet unit weight. As the five
camples are compacted the wet unit weights
can be computed. Having the weight of the
mold and base plate and the weight of the

mold and base plate plus compacted sample,

you can take the difference in weight as the
weight of the compacted sample. The volume
of the compacted sample is 1/30th cubic foot

for the Proctor mold or 0.0818 cubic foot for -
the 7 «nch CBR mold with the 2 inch and *

0.0750 cubic foot for the 7 inch CBR mold
with 2.5-inch spacer disk. The wet unit
weight is equal to the wet weight™f the com-

pacted soil divided by the volume of the com-*

pactedssoil.

(b) Moisture content. The water

content is equal to

(weight of wet soil) - '(weight dry soil)

weight of dry soil
x 100

(¢) Dry umit welght After the

- moisture content samples have been dried in
the oven (4 to 24 hours) and the water con-
tents computed, the dry unit weights are
computed usingsthe following formula:

Dry unit wexght

&

Wet unit weight

Moisture content (w)
100 °'

#
The OMC curve is plotted on arithmetic graph
paper after the moisture contents and the
dry unit weights are known.

(d) Récording test"data. A sug-
gested form for use in recording the test data
is shown in figure 3-6. The-resuits are plotted
in the form of a moisture-density didgram
and a curve drawn through the points. Figure °

1 +

.3-7 shows typical moxsture-densxty ¢iagrams

for compaction tests, in a CBR mold made
with 12, 26, and 55 blows per layer. The
maximum point on the curve obtained with
95 blows per layer (Modxﬁed AASHO com-

* +pactive efforts) is desxgnated 100 percent

modified AASHO densxty and the moisture
content at this point is the optimum moisture
at 100 percent modified AASHO density.

(6) Adjustment of water content. Re-
fore beginning the discussion on .how the

water content is varied it is”impdrtant to -

remember that the only soil density that can
be determined during the period of testing is
the wet unit weight. Yow will recall that the
relationship between wet unit Wexght and dry
unit weight is:

. .. Dry unit weight or dry density =.
Wet density
1+ X
” 100

Thus, it is necessary that “w” be knowr in

order to convert wet unit weight into-dry— ~—>--

~
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unit weight. Since it may take as long as
' 24 hours to complete the water content tests,
the dry unit weights will not be known as
the soil samples are compacted; however, the
wet unit weight can be computed. The prob-
lem of adjusting the water -contents of the
five or more prepared sgil samples is simply
one of having enough water added to each
of the five samples so that they are at five
different water contents ranging from below
to well above the optimum. As the Modified
AASHO compactive effort is applied to these
sanﬁples at ‘different water contents, enough
test data will be provided to plot the OMC
curve. At least two points are needed-on each
side of OMC & éstablish the curve. Beginning
compaction with the first sample wet enough
to just ball- together when squeezed and re-
leased in the hand, and having each subse-
quent samplé 2-4¢; wettef, in order that the
fourth and fifth samples will produce a de-
crease in the wet unit weight, should insure

.

that the dry.unit weights when computed will
provide an acceptable compaction curve. One
qther hint that will be of aid in selecting the
increments by which the water contents Ofem
the five samples should be increased (from
2-477) can be taken from the shapes of typical
combaction curves. Generally, the more plas-
tic the soil, the flatter will be the OMC ¢curve
and the higher the OMC. By estimating'the
OMC from experience, it is possible to selgct
appropriate water content increments during
the test.

c. Compaction specifications.

(1) Optimum, moisture content. The
OMC-is that moisture content at which the
maximum. dry density is obtained. By de-
termining the highest point on the compaction
“curve (apex) and dropping a vertical down
to the horizontal moisture scale or line, it is
“found that OMC for this particular soil (figure
3-8) is 10%. ’

>
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(2) Maximum modified AASHO dry
density. The maximum modified AASHO dry
density or 100% effort may be obtained by
running a tangent from the hlghest point on
the compaction curve for the particular soil,

to the vertical dry densxty scale (fig 3-8), in e

this case 120 pounds/cppxc feet.

% (3) Percent moisture.

1f moisture

content is not kept -close to the OMC it will |

require extra time and equipment ¢ffort to
obtain the maximum dry density, because
more passes will be required of the rollers
to compact the soil properly. In the specifica-
tions for each job the limits for mofsture con-
tent should be speciﬁed. The limits otherwise
should be assumed as % 2% arfund OMC.
Using figure 3-8, where. OMC is 10%, the
moisture limits would be#rom 8% to 12%.

N C 3 Pereent compaction Figure 3-9
gives TO compaction specification. 100%
compaction is the maxirhum modified AASHO
dry density. ' .

4
3-4 COMPACTION EQUIPMENT

a. Prineiples. ..Some types of compac-
tion equipment work well in ‘one material but
are entirely 1nadequat%m others. It may
prove, necessary to use seﬁgral types of equip-
ment in conjunction with each other on one
project. The equipment must be-capable of
handling the material needed for an entire

depth of lift in one operation. N

‘'b.,, Rotary-tiller mixer. The rotary-tiller
mixer 1s used to pulverize or mix matenals
in place. Itis capable of mixing different size

aggregates, inclu®ing gravel, crushed stone,

" sand, clay, and broken up bituminous paving, :

‘with any suitable binder material, to build

* .. - roads, runways, or p‘arkmg\areas The action
which takes place in the machmeﬁ‘xs shown in

figure 3-10.
c. TPandem gang dxsks‘%dem gang

disks are good for all types of ‘material except

coarse stone: They are very good for prepar-
ing foundatlons and breaking down chunks.

_ They are also good for blending thaterjals and ,

uniformly \mixing moisture into the material.

Tho welghtmg of the gang disks to penetrato e

the entire lift of loosé material to be com-
pacted is of pnme importance,

d. Gang plow. The gang plow may | be
used for all types of materials. It mixes mois-
ture uniformly. It blends materials well but
will not break down chunks,

e Sprmg-tooth harrow. The spring- -
tooth harrow is used in low-plasticity- ma-
terials only. Weighting of the harrow is
1mportant

f. Heavy-duty cultivator The heavy-
duty cultivator is good for low-plasticity ma-
terials.

g Grader. The grader blade is exten-
sively used for blending subgrade soils
and for aer%.mg them to reduce moisture
content.

h. Water truck. The pressure-tank

4 water truck gives a more uniform flow of

water, although the grayity-type tdnk is still
in use’w:ontrols for the spray bars should
be in the cab. Spray bars should not leak.
To insure umform water coverage the truck
should be movmg at uniform $peed “from the
time 1mmed1ately beforg the sprays are turned
on until after the sprays arédturned off.

;w

i Sheepsfoot roller The sheepsfoot
roller compacts from bottomaup and Hwalks
out” as rolling progresses. It gives ‘best re-
sults with cohesive material, being practically
useless’in clean sand. The density increases
prior to “walk.out” with the number of
passes or with the increased weight of the
roller. The weight of.the roller may be’ in-
creased by adding water or oil to the drum.
Do not add sand. _Dengity increases with ¥n-

creased foot pressure until the supporting .

power of the soil is reg.’ched Beyond this
point the soil fails in shear, decreasing the
‘bearing capacty, and the roller will not “walk
-out”. Increasing the foot contact of the roller
and maintain®.,z t# same unit or conthet -
pressure will not produce discernible benefits.
The thicknesswf lift is usually 6 inches with _
a .maximum of 9 inches (compacted), with
. TOE equipment. The sheepsfoot roller leaves
the upper 2 to 3 inches in a loose uncompacted
state. but obtains an excellent bond with the

°
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BASE COURSE

COMESIVE COMPACTION
COMESIONLESS ~ COMPACTION

SUBBASE COURSE -~

ENT STRUCTURE

COMESIVE COMPACTION
COMESIONLESS — COMPACTION

-

SELECT MATERIAL

-

FLEXIBLE PAVEM

COHESIVE COMPAETION  90% ROADS 95% AIRFIELDS

1

. COHESIONLESS . COMPACTION . 95% ROADS 400%' AIRFIELD S

COLAPCCTED SUBGRADE

CQN!SIV! COMPACTION , 90% ROADS 95% AIRFIELDS

- ~ i
CO"Es{IONIESS— COMPACTION 95& ROADS 100% AIRPFLELDS.

‘UNCOMPACTED SUBGRADE

k)
SUBSOIL :
NOTE: A COMESIVE SOIL IS ONE WITH A P ABOVE 5.
‘A COMESIONLESS SOIL. 1S ONE WITH A Pt O — 5.

PERCENT COMPACTION 1S AS COMPARED TO MOD!H!D
AASMO COMPACT!V! EFFORT. °
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S
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Figure 3-9. Compat;tion requirements for roads and airﬁeldg.
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" DEFLECTION INTO ROTOR
FOR RE-MIXING

CARRY OF
MIXED MATERIALS (7

w

preceding construction lifts. Rolling with
sheepsfoot rollers should be followed by roll-
Qing with a lighter type pneumatic tire roller
to compact the upper 2 to 3 inches of the
subgrade and subbage soil.

J. Pneumatic-tired roller’ (50-, 100-ton,"

and latger “super” compactors). Compacts
from the "top-down. It can be used in com-
pacting almost any type soil, provided the
values of contact “and tire pressure are ad-

justed for the soil which is being compacted, .

This roller is least effective with fine-grained
plastic soils of high ompressibility. The
density increases with the number of passes.
Increased density results from increased tire
inflation pressure, just so long as-a reasonable

" minimum wheel load is maintained. Con-

versely, changing the Wheel load without
changing the tire pressure produces fo dis-
cernible results. Generally, 6-inch lifts are
recommended; however, in granular soils lifts
of 12 to 18 inches have praved satisfactory

in some cases. This type of roller is usually-

supplied with both 90 and 150 psi étjres.

k. Vibratofy é’ompactor. Compacts with
a vibratory action which rearranges the séil
particles into a-denser mass. It gives best
results with clean cohesionless sands and gra.
vels. This type of compactor requires more

maintenance than most standard rollers.

Crawler type tractors produce some of the
effects of g vibratory compactor and can in.

»

" by thé roller. .

b

FORWARD SPILL-OVER
FOR ADDINONAL
MIXING

Vo PO

Y = e AT 920 Sk 5
PETATS Rt t D o
: D lk‘; .

KIZE a
D oy IV TRE I 5
SRR s

Figure $-10. Mizing gction n rotary-tiller mizer.

some cases be used for this type of compac-
tion.

. Wobble-wheeled roller ( pneumatic-
tired). Compacts with a kneading action from
the top down. It gives best results in slightly

.cohesive soils. The thickness of lifts is from

4 to 6 inches. Density increases with passes.

m. §teel-wheeled roller (three wheels).
Compacts4rom the top down. The thickness
of lift s about 4 inches due to low unit pres-
sure.. Generally it is used for tdmpacting
‘cohesionless subgrade, base course, and wear-
ing surfaces. Care ghust be exercised in roll-
ing base course thaslmaterial is notpcrushecL

-~

n. Pneumatic-tired roller ' (15-, 30-ton
seif-propelled). Compacts from the top down.
It can be used for compaction of alnfost any
type of soil, like the towed and heavier
pneumatic-tired rollers described : previously.

o. Eqguipment list. Column 13 on.Chart

H, Characteristics Pertinent to Roads and’
JAirfields, lists equipment that will usually

produce the desired density witk a reasopable
number of “passes when moistare conditions
dnd lift thickness are properly controlled.

. :

3-5. FIELD CONTROL OF COMPACTION -

a. Pﬁnciples_. As has been emphasized
previously, sbheaifications ‘for adequate com-
p;uition of soils used ‘in military corigtruction

- . -
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generally require the attainment of a certain

“minimum density in ficld rolling. This require-

ment is most often stated in terms of modified
AASHO maximum density. With many soils
the close control of moisture content is neces-
sary to achieve the stated density with the
available equipment. In the discussion which
follows, it is assymed that the laboratory
compaction curve is available fQr the soil
which is being rolled, so that the maximum
density and optimum moisture content are
known, that the soil compacted in the lab-
oratory and being rolled.in the field are actual-
ly the same, and ‘that the required density

can be achieved in the field with the equip- .

ment available. There are many methods for
finding the in-place density. The sand dis-
placement method is presented because it is
most commonly used.

*  b. In-place moisture content of soil.

(1) Definition. Moisture content (W)
is the ratio, expressed as a percentage, of the
weight of water in a soil mass to the weight
of the dry soil matter.

(2) Apparatus. The apparatus re-
quired for thig test procedure is: oven, pre-
ferably automatically controlled for 105-110°
C; balance, sensitive to 0.01 gram; desiccator
(this is pot necessary if samples are weighed
immediately after cooling) ; sample containers
(seamless metal containers.with lids are rec-
ommended).

(3) Procedure.
consists of the following steps:

(a) First, record on the suggested
data sheet (fig 3-11) identifying information
such as project, station, pit'number, depth,
etc., from which sample was taken.

* (b)Y Place the sample in a container, *

weigh, and “record the total weight of the
container, gnid wet soil: Also, record the num-

ber and empty weight of the conta,mersv I’

the sample weighs less than about 100 ‘gram,
the weight should be recorded to the nearest
0.1 gram.

container in an oven heated to 105-110° C,
The sample should remain in the oven until

The test procedure -

- Material passing No..}O sieve

(c) Place the sample in an open

7

the weight becomes constant. Geunerally, 8 to -

12 hours are sufficient.

(d) Remove the container from the
oven and place it in a desigcator to cool.
Samples in containers too large for the desic-
cator may be allowed to cool to room tem-
perature in the open alr/\ -

. (e) Afte ﬁ\ sample has cooled,
welgh it again and record Et}e weight on the
data sheet:.” oL

(4) Computations. The moisture con-
tent is eq@‘ tg

(Weight of wet soil) - (Weight of dry soil)
Weight of dry soil

"X 100

W,
or w = —

X 100

where W, is the weight of the water and W,
is the weight' of the dry soil. :

(5) Example.- An example is pre-
sented here of the computation of the mois-
ture content of the portion of coarse-grained
materials passing a No. 10 sieve when the
moisture content of the total sample, grada-
tion, and percentage of absorption of the

N~

coarse materials are known. Assume a clay- .

gravel material with the followmg char- '

actenstxcs*}
Moisture content of total
- sample ) 3.6 percént.
Material retained on-No. 10 . o
sieve 48 percent

52 percenf

Moisture content of material '

retained on No. 10 sieve 0.6 p&:;cent

The portion of the moisture content available

to the material pasSing the No. 10 sieve would

be: 3.6 -0.6 = 3.0 percent of the dry Weight
of the total sample. On the basis of the dry

this would represent a moisture content of

3,0 ' a
— = 5.8 rcent
052 pe

’2717 .4

" weight of material passing the No. 110 sieve
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MOISTURE CONTENT -- GENERAL

.

Sheet

of

/

Date /2//5//.943

&

Project Sheppard Air Force Base

T SHA
, ]
_! a v

NE-SW Runway - Location Sra. l0+50 €
Subgrade ) Test Pit No. /
Sample No. / <%
1M Tare No. 2 ‘ -
12} w|Tare and wet soil 1283 )
3| 8 |Tare and -dry soil, //3./
b % Hatexj (2) - (3) L /5.2 )
5 E Tare . 445 . . -
6 Dry soil (3) - (5)¥s | 686
7 Moisture content v 2224, % % % % %
 Sample No,
L |Tare No. ) -
2 w | Tare and wet soil -
3{ & [Tare and dry soil .
b, 8| water (2)°- (3) |" -
o '5 R ;5 . m L
€1 | prysot1 (3) - (5) " |. : r
Moisture content Ll % 3 % % %1 . %
é mple No,
1 |Tare No. ) )
12 w0 | Tare and wet soil
3| & |Tare and dry soil
L % Water.(e) - (3) Y, -
S é Tare .
6 Dry sotl (3) - (5)|"s: -
7 Moisture content v % % ] % 2 % %
- Wo(LY
o vg = ‘7‘:737 x 100 A\
Remarks Natural/ Md/J/ure. Con f¢f; / : . '
¥ a !
0723568 Techniztan C.L.B.. computed 7. 8.5 Chie -.l"er:lj w. S
) . - Figure 3-11. Datr) \shcet for moisture content.
. . 318 '
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Aruitoxt provided by Eic:

.G S‘and-displace:ment method,

(1) Principlés. The sand-dxsplacement
method of determining the in-place density
may be used in either fine- or coarse-grained
materials. This test is so named because a
calibrated sand is used to determine the
volume of the hole from which a sample has

been taken. The test consists essentially of .

digging out a sample of the material to be
tested, determining the.volume of the hole
from which the sample was.removed, and
dgtermmmg the dry weight of the sample.
There are three requirements that must be
met: (1) the volume of the sample must be
0.05 cubic feet or larger, (2) when the sand-
displacement method, is used, a double cone

AT

-

cylinder must be used that permits calibrating
the sand for each sampling operatxon (3)
the sand moisture content must be consta
while performmgthe test.

(2) Equipment. . 4

(a) Small digging tools. The small
tools used for dlgg;ng shown in figure 3-12
are: a spatula, a chisel, a kitchen spoon,
and a hammer, Other tools such as ice picks,
screwdrivers, or pointed trowels may be used
effectively also. These tools are useful for
digging samples of either coarse or fine-
grained materials. An Iwan type auger, 3
or 4 inches in diameter, may be used in
fine-grained soils to obtain the sample.

Figure 3-12. Fteld eqmpn'ent [omtmd-dwplacement method

(b) Sample contamers’ Almost any
type of container with a capacxty of about
1 gallon or-more; havmg a- close-ﬁttmg top
or.lid, and capable of withstanding the heat

. Ed

of the drying oven is acceptable One gallon
syrup pails are satisfactory.

N

. (c) Sand The sand for use in this, - .

test should be composed of clean, airdry, wejl
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rounded, and hard particles that will pass a
No. 20 sieve and be retained on a No. 40.
(Some specifications require the sand to be
retained on a No. 30 sieve rather than No.
40).

(d) Sand-density cylinder and seat-

ing plate. The sand-density cylinder developed
by the Waterways Experiment Station is
shown in figure 3-12 at the upper right and
the seating plate used with the cylinder at
the lower right. The apparatus is composed
of a plexiglas cylinder mounted on 4 double
cone. The cylinder is 10 inches high and 7
inches in diameter. The surfaces of the cones
have a slope of 45 degrees and are jointed at
the apexes by a 3-inch valve.

. (e) Modeling clay. The modeling
clay shown in the lower center of figure 3-12
is used to seal underneath the seating plate.

Any commercial quality modeling clay is :

satisfactory for this use.

(f) Paint brush. A paint brush
_about 3 mches wide with moderately long
bristles is néeded to brush loose material
© away and help take the sample from the
hole.

“(g Drying oven. Any oven that
can maintain a constant temperature of 105-
110° C and has a sufficient sample’ capacity
is satisfactory. \

(h) Balances. A balance with a\%:

pacity of about 20,000 grams: sensitive ‘to )

about 1 gram, gnd a balance of 500- gra
capacity sensitive to 0.1 gram. N

. . (3) Surface preparation. The surface
of the material to be tested should be pre-
pared by brushing all loose particles away so
as to legve a reasonably hard surface. No
. attempt should be made to level the area
with'a spatula, trowel, or other tool|as this
disturbs the surface to be tested. The plate

Sheould be seated on the surface and the.

space under the plate sealed with modeilmg
clay.

(4) Sand cahbratibn The volume of

the cylxnder and connectmg cone up through

v %

-

*
A -

the valve and the empty Weight of the ap-

paratus must be known before the sand can -

be calibrated. Thig determination may be
made by pouring water into the apparatus
until the cylinder, bottom cone, and valve
are filled and water stands some distance up
in the top cone. Then close the valve, pour
off the excess water, dry the cone with a
cloth, and weigh. The weight of water in
the apparatus in grams is equal to the volume
in cubic centimeters. This priocedure should
be repeated a number of times; the results
averaged, and the volume expressed in cubic
feet. The airdry sand is _calibrated by pour-

. ing it into the upper corne with the valve open

until the apparatus is filled above the valve.

“The valve is closed, the excesd sand is poured

termined. The weight of \sand in the appa-
ratus in pounds divided By the volume in
cubic feet equals the calibrated density in
pounds per cubic foot. The calibration should
/be repeated for each test as the value will
change with temperature and humidity;,

Note: beratlon of the sand either by
bumping the jar.or by heavy equip-
* ment shaking the ground during
any sand- volume determination
may increase the bulk %rlsity. of
the sand'and decrease the accuracy

of the determination.

(5) Surface calibration. The surface
irregularities inside'the metal seating plate
must be taken into account. -To do this the

" volume of the space between the surface of

the cone and the surface to be tested is

needed. After the sand is calibrated, the

apparatus is placed on the metal plate, as

shown in figure ‘3-13. ‘The valve is opened-

and the space under the cone allowed to fill

with sand. ‘When the space is filled, the valve .
is closed and the weight of sand required to .

fill the space is determined. It is recommended
that as much of the sand be recovered as is
feasible without ‘disturbing the seating ring
or soil. Then the remaining sand particles
should be brushed lightly from within the

seating ring, being carefulto disturb neither
 the ring nar the soil to be tested:

3—20 -
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Figure 3:13. Sand dénsity cylinder in test position.

(6) Digging sample. All loose particles
should be removed and care taken to leave
the remaining particles undisturbed. The in-
side of the hole should be kept as free of
pockets and sharp protuberarces as possible,
since thése affect the accuracy of the test.
Care should be exercised to remove all loose
particles from the hole and to see_that all
particles removed are included in the sample.
All loosened soil should be placed in a con-
tainer, taking care not to lose any material,
the sample weighed immediately, and the wet
weight determined.

7. (7) Volume and density determina-
tion. After the sample has been removed
from the hole, the sand-denSity cylinder is
again placed{on the metal plate. The valve
is opened and the sand allowed to fill the hole
and space under the cone, The weight of the
sand requited to fill the hole is then equal to

the difference between the original and final,
weights of the apparatus and sand, minus
the weight of sand requir\ad in the surface
calibration. The weight of the sand required
to fill the hole divided by the calibrated den-
sity of the sand equals the volume of the hole

'in cubic feet. The dry weight of the sample
~can be most accurately determined by drying

the entire sample in its original container.
However, an alternate, less desirable method
of determining the moisture content of a

small specimen of the demsity sample and
‘correcting the wet weight of the density sam-

ple to give the dry weight may be used. The
dry. density of the material in place is de-

. termined by dividing the dry weight of the

sample in pounds by the volume of the hole

in cubic feet, -

'(8) Volume of samipie. The minimum
test hole volumes recommended to use in de-
termining the in-plate density of various soil
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ecommend-
ed of the moisture content s#mple ini relation
to the'maximum particle sje in soil mi

v

ty of Watey and . P
Recommended Minimum Test™ Hald .Volumes..-~

)

Volumei\o\t\;wa&: :
cC per g

1.00048
1.00073 .
100103 . -
1.00138
1.00177
1.00221
1.00268
1.00320
1.00375
*1.00435
.1.00497

°C

12
14
16
18
20
22
24
26
28
.. 30,

32

-57.2
60.8
64.4
B8.0-
71.6

75.2
78.8
82.4
86.0
89.6

' RECOMMENDED MINIMUM TEST HOLE

VOLUMES

Minimum
sampie
vojume

cu {t

0.025°
_0.050
. 0075
‘0.109

pos

Minimum weight
' 6t motsture
sampie
P 4

Maximum
particie size
in.

0.187 (No. 4 sieve)
050 -

i.00

2.00

100 .

250

500 -
1000

v

(9) Calculation. The volume in cubic
centimeters of the density apparatus ig equal
to the weight 'of water in grams required to
fill the apparatus, -multiplied by the water
temperature (volume correction shown in
table 3-2). The necessary caleulations and
" suggested form for use in recording the data
and making the caleulations are ,shown - in

ﬁgu,re 3-14.

Note: The factor 0.002205 shown in line 5
) of figure 3-14 is 1 gram-expressed
in pounds as follows: 1/454
0.002205.

4'5,

.
3

PR Y

% ring and handle are

3-6. TRAFFICABILITY ¢

a. Principles. Trafficability is the ca-
Pacity of a soil to support a vehicle without
excessive settlement of the vehicle,

b. .Cone penetx;ometzrl The cone pene-
trometer (fig 3-15) is the principal instrument

" used in evaluating soils trafficability. It con-

sists of a 30-degree cone of Ys-square-inch

base area, an aluminum staff 19 inches long

and %e-inch in diameter, a proving ring, a /
;micrometer dial, .and a handle, When the
cone is forced into the ground, the proving |
ring’.is deformed in proportion to the force |
applied. The amount of force required to move /

the cone slowly throtx_gg_g_ given plane ig in-
dicated onthe dial inside the ring. This force

| is considered to be an index of the shearing

resistance of the soil and is*called the cone
index of the soil in that plane. The range of

the dial is 0.to 300 (150 pounds). The prov\m'g{
used ‘with a 3-inch

{ diameter, 19-inch long steel staff and 0.2
{ square inch cone, for remolding tests lin sands

. inches lon

iand fines, pootly drained. . /

Al

- ¢ Huorsleu soil sampler. A piston t/i'pe
soil sampler (fig 3-16) is used to extract soil
samples for remolding tests, :

/ . d! Remolding cylinder and hammer.
iThe equipment for the remolding test, shown
x‘fx.l.'ﬁg'ure 3-17, consists of a steel cylinder
approximdtely 2 inches in diameter ,and 8

mounted on an aluminum base,
2 2Y»-pound steel drop hammer slidi(;}.gl on an
18-inch stee

staff with handle, and a cone
penetrometer.\ The penetrometer is used to

measure soil strength in the cylinder before
afil after remolding. The sampler is usgd to~
obtain the soil sample and Place it in the
remolding cylinder., ‘

e. Remolding test.

(1) Principles. - Since remolding test
techniques for fine-grained soils differ some-
what.from those for sands with ﬁnesfi poorly
drained, the operator should be able to rec-
ognize the two types of soil for conditions
where remo:)cz;ing tests must be made. In
such conditions both soi types’ arc wet m
:u');l;(-ar:mcn and wet to the touch. If squeezed

e
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Aruitoxt provided by Eic:

IN-PIACE DEMSITY TIST
Sand Density Cylinder

AIRFIELD I'n:s: LOCATION  Pjf /

MTERAL  Clay grove/ Sdse cwr:re pEFTR, - 3 WIE ;7 Moreh /952

LN

4. Volume Container 02024 cu

Sand Calibration Ground Surface Cslibration

[/ A .
1 Meignt Filled /5854 ¢ 6. veight Before /2,854 ¢

2. veignt Ity 4294 ¢ 7. WVeight After /0,‘.97.3 s
3. vetgnt sand (1-2) 4,560 ¢ 8. veight Sand (6-7) /,3&/ <

Calibrated Dens. (1—‘-9-5'921"2)_,2,1&1»#-1 P

HAole Volume Determinat fon

Veight Before (From 7) /0977 ¢
Veight After 7/63 ¢
Velght Sand (9-10) 3810 ¢

Veight 8Band Used (11-8) /,979%

Deneity Determination

13. Wet Weight Sample + Container JlMO‘
1i. Dry Vesght Sample « Contatner _Z,.9/6 ¢

15. Weight Contsiner 273
16. Wvelght vater (133-1“) : /64 ¢
17. Vet Veight .ample {13-15) 2,807 ¢
18 Dry veight Saaple (14-15) 26.'4 ;

19. Water Content (%%) 6:& 3
20. Vet Density (H-[%-i) /Jé;é 1b/eu £t
2l. Dry Denaity (-lugri—z) 1278 1v/eu

rens: Moteriol appeared well compocted. - Density vovue moy be high gise |
lo sight oisturbonce fo wolls of Aole, _

“
L

-

,40.5' ’ . 8ET

4

Figure 3-14. "Data form for sand-displ.acement method.

-
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6 Al j

and rolled between the ﬁngertxps
grained plastic soil will feel soft ahd smooth
because such soil particles are $m
in shape. The other soil type

definite abrasive feel because of th presence
of the larger rounder particles of spnd. How-
ever, there will be many cases in jwhich the
operator- cannpt conﬁdently ‘distinguish the
twe types.- In such cases! botmt pes of re-
molding :tests should be made ahd the. re-
molding indexes obtained compared. If the

lower remolding index is the one obtained

with the rexpnoldxng test for sands with fines,

poorly draified, it may be agsumed that the .
soil is a Sand with fines, poor]y drained, and

the test for this soil type should be employed
throughout the area under invéstigation. It
is emphasxzed that a good rule to follow in

1/2 sq. IN. END

30° CONE

the fine-

3

-
1-IN. GRADUATIONS

Fighire 3-15. Cone penetrometer, -

all cases pf doubt is to run both types of
tests and use the lower remolding jndex. = -°

(2) Test procedune for fine- gra.med
soils. Take a sample with the sampler, eject
it diréctly into the remolding cylipder, and
bush it to the bottom of ‘the cylinder with
‘the foot of the drop hammer staff. Measure .
the strength with thg‘ penetrometer (alumi-
num staff) by taking cone index readings ‘as
The-base of the.cone enters the surface, of

4
the soil. sample and at each successxve inch,
to a depth of 4 inches. Next, “apply 100 blows: .

s with the'drop hammer falling 12 inches and

measure the remolded strength at each 1-inch
depth to 4 xnches. as was done before re-
mordmg Occasxonally a sample is so hard
that it cannot be penetrated +the ful] 4‘mch’es.r .

@ 3u-;— 24 '
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In such cases the full caipaciﬁ/ of the dial

(300) on the penetrometer is recorded for *
each ineh below the last reading .obtained.
The sum of the five cone index readings after
rémolding divided by the sum of’the five cone |
index readings befofe remoldmg gives the
remokding index.

(3) Test procedure for sands with
- fines, poorly drained. The procedure is gen-
." erally the same/as that for fine-grained soils

’

4= PISTON ROD
<
¥

Soil sampler. -

: . . 325

except that the cone index measurements aré -
, made’ with the slender staff and small cone,
"and the sample is remolded by dropping it
(along with cylinder and base) 25 times from
a height of 6 inches onto a firm surface.

f. Rating cone index. The product of
the cone index "times the remolding index
gives the rating cone index for that soil. This
vaﬁ:e then represents the capacity of that
soil to” _carry traffic under repeated loadings.

. *
»
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Figure 3-17. Remolding test equipment. ‘

| Its value (RCT) must then be compared to"~ g considere{a ‘significant measure of traf-° ', -
the vehicle cone index, or in other words  feaility, orthe layer of soil which is regarded
- strength of soil. must be compared with the as being most pertinent to establishing rela-

strength reqiired t& pass a given vehicle. If ) g ) .
the sojl strength s greater than the stren gth tionship between soil strength and vehicle

required by the vehicle, then this type of ‘perfgrmance. Its depth varies with the weight

vehicle may pass over this soil. . and type of vehicle and the soil profile, but
) " g Critical Iayer. The critical layer is. it is normally the fayer lying 6 to 12 inches ~
the soil layer in which the rating cone jndex below the surface. . . -
S - ) SELF TEST - - S ,

Note: The following exercises comprise a self test. The figures following each question re-
< fer-to h paragraph, containing information related tothe question. Write your answer

N

CLo . 3—2 : e




N 2
~ - 2 4

. . in the spage below the guestion. When.you have finished answering all 'the questions
" for this lesson, compare your answersiwijth those given for this lesson in the ba.ck
of this booklet. Do not, send in your\so} tions to.these review exercises.

[al

once.,

. "1 Compaction is the process of a.mﬁgally densifying a soil. In the process of densxfy-
mg a so% what is normally rem%)ved from it? (3-1? (,—u

‘ Al
. ) N - , ) N
\ .

. 2. Why is xt necessary to determme the optimum moisture content for a soil tha.t must °
’ ’ to compacted to support a heavy load?" (3-2a)

L . : -

N4
-~

' : / e
t ]
3. The maximum dry density of a soil may be attained by the correct combination of.
~ compaction effort and moisture content. What is the normal relationship between compactlon

effort and the optimum moxsture content? (3-3a(1)) - "
¢
. . ‘ ~ ! y

1)

) */»4, -Within a ra.nge of twenty pounds, what is the compacted unit dry‘ weight of well-
graded sands or gravelly sands (SW) in pounds per cubic foot? (3-3a(2), chart II)

.

< - ’ !
- »

- ‘ - - L I o’ "
. 5 "The compactxon control test u/Sed by the Corps of Engifteers is called the “Modlﬁed
A.ASHO Test.” What mformatmn is provided By this test? (3- 3b(1))

[

N

8 The “Modxﬁed A.ASHO Test" may be run using either a Proctor mold or a CBR
\x}xold How would you determine which mold to use? (3-3b(2) (a), (b))

. ]
P - .
. - . e
I3 . .

o

°

o~ 1
-

ﬁ 7. When using the Proctor mold, describe the procedure used in compa.ctxng the_soil
. sample (3-3b(4) (a))

’

} -

8. Compa.ctlon &ocedure for usmg the CBR mold is the same as for the Proctﬁr mold
- % except for one major d1fference What is this difference? (3 3b(4) (b))

h ) - "‘"\\ ~ 57
\ . « » . .
- “ ~




What is the dry unit weight in pounds per cubic foot, of a soil having a wet unit
'142.6 and 8 moisture content ‘of 10 37 (3-3b(5) (c))

- . '
\

If the maximum modified AASHO dry density of a particular soil is 110 pounds per
cubic fioot at the OMC of 18 percent, what is the lowest apceptable compactive effort, or density,
. you cquld :f;;:ept for a su_bgmde for a road in a TO if the material was coheswe" (3-3c(4), fig

[ 4
] -
]

2
1. In a road construction project you have a reguirement to mix some broken up bitumi-

pz;vement with the m-p}ace clay\ What piece of equipment would you select for this
ject? (3-4b) . .

.

‘2 An area proposed for use as open storage has large chunks of, earth and excessive
surface moisture. What item of construction material is best suited for breaking up these
ch and Ioosenmg the surface S0 the water can penetra.te" (3-4c)

’

.
l(\/ . . . -

~

.13. What type of compaction equipment is most likely to produce the desxred compac?
- tion in GP soﬂs (poory graded gravels‘or gravel-sand mlxthres, httle or no fines)? (3-4o,
chart II)

.

-

14. Befox\'e determining the in-place moisture content, it is necessary-to understand what
water content is. What is water content as regards moisture in soil? (3-5b(1)) "

s e

=3

v

15. What is the moxsture content, in percent in a soxl if the wet soil wexght is 1231
‘- grams and the dry soxl weight is 108 2 grams? (3- 5b(4)) )

A3

) L ¥

. ‘ *
16. When determmmg the in-place density of a soil by the’ sand-dlsplacement meth—d‘
what purpose is served by the ca.hbrated sand? (3-5¢(1)) <




i . ' "'/
()

S

17. * The sand used in the sand-displacement method should be composed of clean, air-
dried, well rounded, and hard particles that will pass a number 20 sieve and be retained on a
\ ) number 40 sieve. What does it mean to say that this sand must be calibrated? (3-5¢(4) )

i

e e ———— e

.
-

. . s
18. . H(g: is the volume of the hole, oz in eother words, the volume of the soil -sample, then
finally determined by this sand-displacement method? (3-5¢(5), (7)) .
L] . ' ‘
. ' \
. . : ‘ o

. \
. * f ! \ '
19, . What is the function of the proving ring on the cone penetrometer? ~(3-8b) .
- ﬂ ~ , s . ‘ " l’ l’ f
a A ' b ) k ° —I | K< =4

- - — . . B , > . ®
20. What mathematical process mu‘s\t be performed to determine the remolding index

: ' " of a soil after the required number of penetrometer readings have been made? (3-8e(2))
< \ [y

' 2 \
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L LESSON 4- -
Py \ ..
o . STRENGTH DESIGN USING CBR -
CREDIT'HOURS ______ _____"__ Nl 3 _
TEXT ASSIGNMENT S S e Attached memorandum. \
MATERIAL REQUIRED e gm— e Table 4-3, Aircraff Data Sheet — Air Force
' ' ) Aircraft.
LESSON OBJECTIVE"_________. - -~ -.-.Upon completion of this lesson you should be

¢

L4

<1t Introdnctlon. Expla.m the development.

and use of the California Bearing Ratio
(CBR) method for desxgn of flexible pave-
mefts,

2. Laboratory Tests. Describe the equxp-
ment ‘used in a laboratory CBR -test, the
preparation. of soil samples, the performance
(of the test itself, and the ) proper recordmg

* the test data.

3. Field In-Place T&st. "Explain the ‘cir- .

con

ablé to accomplish the follqwmg in the in-
dicated topnc areas: )

., 13

cumstances under which the CBR test is run
on undisturbed samples in the field, the pro-
cedure, and the recording of the data “ob-
tained.

4. Design CBR and Soil CBR. Deternine
the design CBR for the anticipated traffic|
utilizing available tables and graphs, and uti- .
s lizing the data obtained from the laboratory
“and ﬁeld CER tests to determine’the moisture
t and compactive effort required.

-

’

‘-. _ . .

4-1. DEFINITION | ’ T

The California Bea earing Ratio ((‘BR) meth-
od of design for flexible pavements started
as an essentially empirical method. Develop-

ments and thorough testing have led to the

establishment of a distinct pattern for désign
relations. From-this, pattern;-standard pro-

Ledures havé been evolved for constructmg

any desired set of CBR curves. The CBR test"
is essentially a ‘penetration test having they’
function of measuring the soil resistance to °
penetration- prior to reaching its ultlmate
shearing value. -Ityis a duplacatlon of the
actxon which wheels exert on a flexible pave-

ment (nota shearmg modulus because of the
14

ATTACHED MEMORANDUM

i materxals containing gravel or

L l . 4-;-1

s

confining effect of the molds). Hence it is .
defined as the ratio in percentage from 0 to

. 100, with a standard well graded crushed

limestone serving as the 100 percent material. -

LI

42. PERFORMANCE OF LABORATORY CBR TEST
Exp@nence has shown that minor -varia-

tions .in the CBR test procedures -will cause - g

wide variations in test results. For this rea-

son, step-by-step procedures are detditeth + °

Even-with these - §tep-by-step procedures, xt

is reahzed that difficulties will %nse For .
stones, the-

procedures have not proven entxrely satisfac- .

tory, and it’ wxll be necessary to-conduct’ a

- - . : B . hd

tog . @

R
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number of tests to assure a reasonable aver-
age value. In some cases where gravel-or
stone is present in such small quantities that
it does not affect the stability of the soil,
the particles can be removed and inconsis-
tencies in test results will be avoided. For
thé majority of soils, however, the methods
presented have proven satisfactory. In the
following paragraphs, -procedures and sug-
gested equipment -are presented for tests on

, remolded and compacted samples and undis-
turbed samples.

43. EQUIPMENT FOR PERFORMANCE OF -
LABORATORY CBR TEST * \

a. A mold 6 inches in diameter and 7
inches high with a detachable collar and with
, & perforated base plate shall be used. Per-

fordtions in base plate must not be greater
{

than 1/16-inch in diameter. The base plate
and collar should be made td clamp on either

" end of the cylinder. For any group of molds,
.one extra base plate is desirable as two plates
are required when a mold is inverted during
the preparation of the test specimen.

A spacer disk 5 15/16 inches in
dxa:meter and 2 or 21, inches high is used.

~— ,. 'bc

‘e A compa,ctlon tamper identical with

‘that previously described in Lesson 3 is used..

d. Adjustable stem and perforated

plate, tripod, and dial gage (reading to 0.001-

mch)» are needed,® suxtable to measure-the
.« ~expanSion of the soil.' Perforations in the
plate should not be greater than 1/16-mch
in diameter.
(9 -

e. One annular weight'57% inches in
»  diameter with center hole 214 inches in diam-
. eterisneeded. Also needed are several slotted
. weights weighing 5 pounds each, suitable to
apply as surcharge loads on the soil surface

during soaking and penetration,

f; A penetration piston having an end
area of 3 sqbare inches (1.95 inches in
~  diameter) is used. It must be sufficiently long
“to pass through the surcharge weights and
.penetrate the soil €7 inches long if, for
use in a large }aboratory compression, ma-

¢, chihe). ¥ . .

[ 43

8 A laboratory testing machine, or
screw jack and frame arrangement, is needed, #
either of which ¢an be used to force the pene-
tration piston into the specimen at a’rate of
0.05-inch per minute.

h. Also needed is other general lab-
oratory equipment such as mixing béwls,
spatulas, stfaightedges, sca]es, soa.kmg tank
or buckets ovens etc

i: Figure 4-1 111ustrates a typlcal get of

e

- equipment needed to prepare and test a soit

sample in the laboratory. _ -
4-4. PREPARATION OF REMOLDED SAMPLES

‘a. Principles. The procedure is such
that the CBR values are obtained on test
specimens which ‘have the same .density and
moisture content expected in the field. In
general, for most materials, the most critical
condition in the prototype will exist when the
maximum amount of water has been ab-
sorbed. For this reason,. the CBR is usually
made after the specimens gave been 1mmersed
in water for a 4-da soaking period while
contained in molds a¥d confined with a sur-
charge €qual to the weight of the pavement.
and base that will be above the material. The
following procedure has been formulated as
a result of studies and should generally be
followed. \

b, Size of material. The soil ~Sample -
shall fiest be dried until it becomes friable
‘under a.trowel. Drying may be'int the air or
by use of drying apparatus such that the

2 ,temperature of the sample does not exceed

4140°F. The aggregations shall then be thor-

oughly broken up in such a manner as to
avoid reducing the natural size of the in-
divignal particles. An adequate quantity of
representative pulverized soil will be screened
first over the 3j-inch sieve and then on the
No. 4 sieve. .Coarse aggregates retained on
the (%4-inch sieve will be discarded and re-
placed by an additional equal portion of the
original material passing the 3j-inch . sieve
* and retained on the No. 4 sie or as explained,
“in lesson 3. The sample is then recombmed
and thoroughly mixed. * ~_

. Compactmg samples Samples shall
be prepared and compacted for the CBR test

- -~
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. usmg the same procedures as outlined for

compaction contral tests (see lesson 3), usmg ’

the compactive efforts and the molding Water”
" «content as recommended. Molding moisture

‘content may be obtgined by-drying a portion

of the sample (100 for clays or 500
grams for gravelly soils) at the time the
specimen is compacted. After compactmg the
sa.mple, the collar is removed, the specimen
is trimmed; a fine wire mesh or coarse filter
paper is placed over the top of the specimeng
and a perforated base plate ls clamped to the
top of the mold., .

d. «Soaking. Place _the perfora‘.z'ted plate
. with the adjustable stem ‘on the surface of°

the mold and apply #n annular weight to
. produce an intensity Of loading equal to the
weight of the base material and pa.vement
within plus o¥ minus 5 pounds, except that in
no-case shall the weight be less than 10
pounds. Irimerse’ mold and\wéxghts in water
to allow free access of water to top and bot-
tom of the specimen: Take initial measure-
ments for swell and allow to sdak for 4 days.

. A shorter immersion period is -permissible-

if tests show that shorter period. does. not
affect ‘the resuits for soils that take up mois-
ture readily. - TaKe-final swell measurements

d compiite the swell in percentage of initigl -

specimen height,

» *Figure §-1. Sgil test apparatus, laboratory C'BR‘ test.

N

e. Draining. Remove free surfate water
and allow the specimen to drain downwa
for 15 migutes.  Care should be taken not
disturb the surfaceé ‘of the specimen durmg
removal of the free water it may be neces-
sary to tilt the samples 'I!pe perforated plate
and surcharge weights are temoved and the
specimen weighed. The specimen is then
ready for the penetration test.

- .

4.5, PENETRATION TEST

a. Principles. Since the actual penetra-
tion test procedure is constant for all types of

. Specimens, it is presented here and; will not

be repeated for other types. The procedure
outlined in the following ‘subparagraphs is
also applicablé for updisturbed and field in-
place tests after the testing surface has been
prepared. A suggested form for use in re-
cordmg the test data is shown in figure 4-2

b -Surcharge. Apply a penetration sur-
.charge on all soils sufficient to produce an
intensity of *loading equal to the weight of
the base material ang pavement (within =
. 5 pounds), but not less than 10 pounds. If
“the sample has been soaked previously, the
penetration surcharge should be equal to the

. soaking surcharge. To prevent upheavel of

soil into the, hole of the surcharge weightg,
it is advisable to place one 5-pound annular

\




mmom BEARENG RATIO (CER) TEST
Penetratiop .

-~

XS HODE® 1 [SoAKD

Surcharge weights,' in pounds:
Soaking Penetration

Reading Swell BEARING FATIO DATA
< (3-aq-in. piston. 0.05 in. per min,
,| Penetra- Bearing
tion g::l Value#
in. | 1b/in.

0.025
0.050
0.075

0. 100+
0.125 _

WATER CONTENTS Whole Specimen * lo.150
-« AFTER :SOAKING Dreiged 0.175

Corr.
CBR

¥

’

Tare ‘ 0. 200t
Tare + yet 'aoil 0.2%0
< Tare + ary soil ) 0.300
Haf:er 0.350
Tare : . 0.400
Solids ‘ ) 0.450
Water Coﬁteht' ‘ < < 10,500
Note: Stand.ard load at 0.1-1in. penetmtion = 1000 psi.
+Standard load at 0.2-1n. penetntion = 1500 psi.
* (0.73h x total load in kilogmn) or (total load {n pounds + 3).
#* Total load in poupds + 30 = CER. ]
+ Total losd m_go\‘(m- + 45 = CBR.

A v

>

Mgure 4-2. I?fzta form for CBR test.

.
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disk surcharge weight on the. soil S\}rface
~prior to seating the piston and finally apply-
ing the remander of the weights.

c. Seating piston. .Seat the penetration

piston with a 1 pound load (or until reason- _

able pressure) and set both the stress and
strain gages at zero. This initial load is re-
quired to insure satisfactory seatmg of the
" piston and should be considered as the zero
load when determining sn‘ess-penetratlon re-
"lations.

“d. Application of load. Apply load uni-

| formly orto the penetration piston through

the sciew or hydraulic jack so the progressive
rate of application is approximately 0.05 inch
per minude. Obtain load readings at 0.025,

- 0.05, 0.075, 0.1, 0.125, 0150, 0.175, 0.200,

0.250, 0.300, 0.350; 0.400, 0.450 and 0.500
inch depths-of penetration. In manually op-
erated loading devices it may be necessary
to take load readings at closer intervals to
control the rate of penetration. «

e. Moisture. Determine the moisture
content in the upper 1 mch and, in the case
of laboratory tests, average moisture ‘content
for the. entire depth of the sample

f. Stress-penetration curve. The' pene-

tration load, in pounds per square inch, is ,

computed and the stress-penetration curve
is drawn. To obtain true penetration loads
from the fest data, the zero point of the curve
is ad;usied,to correct for surface irregulari-
tiés or disturbances and the initial ‘concave- .
upward shape of thé curve, if present. The
correction is made by sxtending downward a
line tangent to the steepest portion of the

curve which extends for a distance of not less _

0.1 inch in the penetration range. The -
poin{ at which this line intersects the zero

load Yine then becomes the zero penetration
point of the curve. In figure 4-3, neeessary
corrections have been made to two of the

curves shown. Corrected unit loads are en- °

" tered in the appropriate places on DD Form

+1212,

g. California bearing ratio. Determine
the corrected load values in psi at 0.1- and 0.2-
inch of pgnetrations. From these tHe. GBR
valués are obtained by dividing the loads at
0.1- and, 0.2-inch by the standard loads of

- . .

<

N\

1,000 and 1,500 pounds per square inch, re-
spectively.  The standard loads of 1,000 and
1,500 psi are always constant and represent
the load required to penetrate a well graded
minus ¥-inch crushed limestone sample at

. médiﬁed AASHO maximum density. Multiply

each ratio by 100 to obtain the ratio in per-
cent. The CBR is usually selected at 0.1-
inch penetration. If the CBR.at 0.2-inch
penetration is greater, the test should be
rerun. If check tests give similar results, the
C&R at 0.2 inclf should be used.

h. Testmu]ts Test results should con-
tain the following information: compaction
procedure’ (modified AASHO); compaction
effort (12, 26, and 55 blows/layer) ; molding
water content (moisture content prior to

soakmg) density (prior to soaking); soak- -

ing and penetration surcharges expansion

of sample (% swell) ; moisture content after

soaking (saturated conditiox_l); density after
soaking (saturgted condition); optimum
moisture content and maximum dry density

“determined by modified AASHO compaction

test (55 blows/layer); plot and correction
(if .necessary) of stress-penetration curve:
calculations and selection of.a corrected CBR
value, .

.

4-6. TEST PROCEDURE FOR REMOLDED SAMPLES

. a. Principlés. In testing remolded speci-
mens for the California method of design, all
subgrades and-base courses have been group-

ed into three classes with respect té behavior -

‘during the saturation: (a) cohesionless sands
and gravels, (b) cohesive soils, and-(¢) highly
swelling soils. The first group ‘usually includes
the GW, GP, SW, and SP classjfications. The
second group is usually in the GM, GC, SM,
SC, ML, CL, and OL classxﬁcatxons Swelling
soils usually comprise.the MH, CH, and OH
clasgijfications. Sepax%te procedures are given

for each of these groups below.

b. Coligsnonless sands and gravels. Co-
hesionless soils usually compact readily under
rollers or traffic and specimens should be pre-
pared at high densities and at a range of

. water contént covering.those anticipated in

the field, including water contents as high

4L5
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as, practicable. If soaking does not lower the
CBR, it may be omitted for further tests on
the same material and the material should

be placed in ‘an almost saturated condition _
during the construction phase.

c. - Cohesive soils. Soils in this.group are
tested in a manner to develop data that ‘will
show their t;ei?gr over ‘the-entire range
of anticipate isture conténts for repre-
sentative samples. Compaction eurves ate
developed for 55, 26, and 12 blows per layer
and each specimen is soaked and penetrated
to develop a complete family of curves show-
ing the relationship between density, molding,
water content, and corrected CBR.

d. Swelling soils. The test procedures

" for--highly swelling soils are the same as

previously descmbed for cohesive soils; "how-
ever, the objectives of the testing program are
not exactly the same as; for cohesive soils. ~

.- Tests are performed on soils with expansive

.

* characteristics to determine a -moisture con-

tent and a unit weight which will minimige
exparsion. The proper moisture content and -
unit weight are not necessarily the optimum

- mgjsture content and unit weight determined

by modified AASHO compaction tests. Gen-
erally, the minimum swell and highest soaked
CBR will-occur at 2 molding moisture content
slighly- wet of optimum. It may be necessary,
when testing highly swelling soils, to prepare
samples for a wider range of moistures and
dengities than normally used in order to
establish the relationship between moisture
content, density, swell, and CBR for a given
soil. A careful study of the test -results by
an experienced engineer will permit the selec-
tion of the proper moisture content and unit
weight required in the: field. It should be
noted that the possibility exists that thicknéss
design may be governed by compaction ‘re-
quirements rather than CBR in some cases.

a7 PROCEDURE FOR UNDISTURBED SAMPI.ES ’

Tests on undlst}xrbed samples will be used
for design where the uncompacted condition
governs, such as over a highly compressible

-

“clay subgrade where normally this type of

soil will Bse strength upon remolding, and
for correlating field in-place tests to the de-

-,41_

sign moisture condition. For the latter con- -

dition duplicate samples ‘should be tested to

. determine the correction necessary for the

in-place tests. ‘In this instance, the reduction
in CBR that occurs from 4 ‘days of soaking
‘should be applied as a correction to the field
‘in-place test. Considerable care and patience
are necessary if disturbange to the relatively
undisturbed spec@

mum. Satisfactori;' undisturbed samples may
‘be obtained by use of steel cylinders, expansi-
ble galvanized metal jackets, or box samples.

" If proper lateral support is not afforded on
the sides of the sample, erroneous’CBR values .

will result. Molds and metal jackets are satis-
factory for use in fine- gramed mate&als, The
annular’ space. between ‘the sample °(cut or
trimmed from a pedestal) shay be filled with

paraffin and 10 percent resin'to offer support.”
For gravelly soils the box method'is désirable..

The sample is covered with wax paper or
paraffin to prevent muisture loss. during trans-
portation to the laboratory. The soaking and
penetration tests are performed as previously
outlined after the removal of paper or paraffin

from the end of the specimen in the case .of '
. molds or metal jackets, or after the surface
of the box samples is leveled, with a thin layer -

of sand if necessary.
DY
FIELD IN-PLACE TEST

a. Principles. The field in-place test is
used primarily to check*the CBR of subgrade

4-8.

certain conditions, it is a sa sfactory test for
determinipg the load- -carryilg capacity of a
soil. - Basically, the penetration phase of. the
test 1s the same ‘as described previously.

and base courses dunng coitructxon Under -

b Condltions for use, The field in-place
test is used under any.one of the followmg

conditions:

(1) When the in-place densxty and
moisture content are such that the degree of
saturation (percentage of voids filled with
water) is 80 percent.of more.

(2) Whenthe materil is eoarse gram-
ed and cohesionless’ so that the changes in
moisture content will not greatly affect it.

(3) When, the material has been’ in-
place and undisturbed for several years. The

N

7 -

)

—
-

en is to be held to a mini- -

I

-
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moisture content in such material does not
become constant, but fluctuatés within rather
narrow ranges. The field in-place test is con-
sidered a satisfactory indicator of the load-
carrying capacity. The time required for the
moisture content to stabilize cannot be stated
definitely, but the minimum time is approxi-
mately 3 years.

c. Apparatus.

(1) Soil test apparatus, field in-place
CBR. This includes a jack to apply the load,
calibrated proving rings, penetration piston
with extensions, dial gages and support, sur-

-charge weights, and surcharge plate. This

apparatus is furnished in a field CBR chest as
patt of the soil test set. This in-place test is
performed ih conjunction with a loaded truck
to provide resistance for the CBR screw jack.

(2) Beam kit, field CBR. This kit in-
cludes a loading beam, a, penetration beam,
and a beam clamp placed in a beam and weight
chest as part of the soil test set.

(3) Other equipment. This includes
the moisture content cans, truck -jack, car-
penter's level andplumb, stopwatch, and
wrenches. These items are all included in
the soil test set.

d. Preparation.
(1) Principles. The apparatug is as-

" sembled on the rear bumper of a standard
Army 2-ton truck, which is positioned _

directly over the spot where the test is to
be performed.

(2) The truck is jacked up so that no
weight rests on the springs. A short section
of 6-inch’ I-beam to bridge the bumpers and
a clamp for securing’ the jack to the beam

®e provided.

(3). The ground surface is leveled and
prepared by removing loose material. The
apparatus is assembled and positioned under

‘ the bumper (fig 4-4). The swivel head must

be adjusted so that the penetration piston is
plumb, and the device locked in position. The
dial foot must rest upon a firm, hard objéct
which has a solid foundatibn far enough from
the area affected by the test so as not to be
influenced by the reaction of theitest through
the soil: Except in the case of an’extremely

. high CBR material which is thoroughly in-

terlocked or, cemented, this influence will
seldom extend beyond I foot with sufficient
magnitude to be of any consequence.

4 (4) The steel i)late (as an initial 10-
pound surcharge weight) should he seated in
a layer of fine sand to distribute the surcharge
reaction uniformly below all points of the
plate. The penetration piston- is séated and
an initial load of 1 pound is applied to estab-
lish a firm bearing. The deflection gages and
the l6ad gages are zeroed before starting the
test. Surcharge weights are applied to the

Figure 4-4.- Assembled apparatus, field in-place
P CBR test.

steel plate to establish the equivalent'load
intensity* of the expected load (table 4-1).

e. Procedure.

(1) Principles. With the penetration
piston and the surcharge weights added, and
the load and penetration dials set to zero,
the test can be performed. -

- T 4—8
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TABLE 4-1.

Surcharge Weights, Depth Versus Density

Wet Density, Ibjcu ft -

8 90 95 100 105 110

113

120 125 130 135 140 145

15 16 17 18 19 20
23 25 26 28 20 30

5

21 22 23 24 25 25 26
31 33 3¢ |3 31 38 40

31 33 [ 35 3 38 40

10 30 41 43 45 48 50
.12 46 49 582 55 57 60
14 54 5T 60 64 67 70
16 62 65 69 73 716 80
18 70 74 78 81 8 90

42 44 45 47 49 5 83

°

'52 55 571 59 61 64 66

63 65 68 T1 T4 T6 19
73 76 8 83 8 89 92
8 87 91 95| 98 "102 105
9¢ [ 98 102 106 110 115- 119

20 7T 82 8 91| 96 100
22 8 90| 95 100 110
24 93{ 98 104 109 115 10
26 100 106 112 118 124 130
28 102 108 114 121 127 134 140

30 ° 109 116 123 129 136 143 1%

éZG 131

105 109 114 118 123 127 132
115 120 125 130 135 139 145
136 142 147 152 158
136 142 148 154 150 165 171
146 153 159 165 172 178 184
157 164 170 177 184 191 198

¢ 30-ib surcharge on surface and above line.

\

** 90-]b surcharge is maximum surcharge that will be used for ordinary test. In special cases additional
weizht may be needed thersfore surcha:g,e weight up to 198 1b has been computed. .

(2) Jack the penetration pxston at a
rate of 0.5-inch per minute.

(3) Read the proving ring (loacﬁ
readings at the following depths of penetra-’
tion: 0.025, 0.050, 0.075, 0.100, 0.125, 0.150,
0.175, 0.200, 0.250, 0.300, 0.350, 0.400, 0.450
and 0.500 inch. .

'(4) Using the proving rirg calibration,
détermirie the bearing value (in pounds per
square mch) j .

(5) PIot the penetratxon vergus load
deformat:on curve, with correctibns if neces-
sary.

(6f Compute the corrected CBR (in
percent).

(7) Obtain a sample of the soil ‘at the
point of penetration for a moisture content
determination. ‘

" (8) Repeat the procedure in (1)
through (8) above, two or more times (for a
total of three tests) in the same type of soil.

£—-9

(9) If the results do not sghow reason-
able agreement, three additiongl tests should
be made. The numerical aver&e of the six
tests is used as the CBR at that location.
Reasonable agreement is designated as the

following: Pe ble

CBR Range tolerance

3

unimportant
For example: Tgst resuits of 6,‘8, and 9 are
reasonable and average 8; 23, 18, and 20 are
reasonable and average 20. Values below-20
are rounded off to the nearest unit,-and aboveQ
20.to the nearest 5 units.

4-9. COVER REQUIREMENTS

a. Roads. The cover requirements for .
roads are computed using figure 4-5. To use
figure 4-5, enter the 18,000-pound single-axle
dual-wheel load operations on the bottom of
the chart, move straight up to the correct

103
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UBR line -and across to the cover required
in inches. These cover requirements must be
used in conjunction with table 4-2 which in-
dicates the minimum thickness of pavement
and base coufses.

b. Airfields. The cover requirements for
~airfields are computed using a series of curves,
Table 4-3, which is bound-in the back of this
booklet, contains a list of USAF aircraft with
tire and ‘weight data and recommended pave-

»

3

4

ment and bage thickness. Figure 4-6 is a
typical curve/for computing the cover require-
ments for aiyfields. To use these curves, make
sure the right curve for the applicable air-
craft is used. Enter the applicable chart on
the left-at the correct assembly load in kips
obtained from table 4-3. Note that when en-
tering the chart from the left, the type of
traffic area must be known. Go across to

- the correct CBR curve and down to the cover
P aman

requirement in inches,

TABLE 4-2. ?Recommended Minimum Thickness of Pavement and" Buse *

Equivalent 18,000 1b

100 CBR BASE

80 CBR BASE 50 CBR BASE

single-axie, dual-

wheel load
operations

Pavegnent
in

Base
in

Pavement
in

Base
in

Pavement

Base
in

3x16-" or e

ST

MST*

3x10¢ - 1.5x10¢
1.5x10¢ - 7x10¢
X104 - 7x10%
TX10° — 7x108 ° |
Tx10° - 7x107
X107 - 7x108
X108 - 7x10°

ST
MST®
MST

00 =3 UL 03 b
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R

ﬁ
2Ya

A
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. MST
1%,

3%
3t
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.
* Single "bituminous surface treatment

\
* Muitiple bituminous surface treatment
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Figure 4-6. Typical airfield flexible pavement design and evaluation 1wmif§r!{§€ycle type landing

gear, twin, tandem assemblies, full operational.’
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4-10. DETERMINATION OF CBR

a. Principles. The data from the CBR
tests and the resulting family of CBR curves
‘represent characteristics for a wide range of
field conditions. The CBR data, the molding

J-.m...%‘

water content, and the dry Tiensity can be
combined to present the test results in a
highly. usable form. This. combination is an
e¢xtension of the-compaction curve data and
is illustrated in A, B, and C, figure 4-7.

-
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b. Procedure.

(1) Figure a, Figure 4-7a, is the com-
Paction' graph using the- moisture content
"and density.as coordinates. A curve is drawn
for each of the three compactive efforts; 55,
26, and 12 blows. The optimum moisture con-
. tent’(OMC) and maximum density are de-
. termined as explained. The 95 percent modi-
fied AASHO maximum density is computed

. (1165 X .95 = 110.58) and the result plotted -

on the graph. A horizontal line (dashed on
the figure) is drawn through the plotted point
until it intersects the drawn curve. Values
of % 11% percent are plotted either side of
the OMC (14.1 %= 1% = 126 or 15.6). For
ease in plotting, the lines have been drawn
at 13'and 16 percent until they intersect the
55 blow curve and the 95 percent density line,
The shaded-area in a, figure 4-7, represents
values greater than 95 percent modified’
. AASHO density and within about = 1% per-
cent of ‘the OMC. These values will be used
latet as explained in (3) below. oo

(%) Figure b. Figure 4-7b, is a,graph
using the relation of corrected CBR values
for the same moisture contents as used in
grapha. For ease in plotting, the CBR versus
water content graph is drawn directly above

the density graph and uses the same abscissa -

as the graph a,

(3) Desired presentation. The desired
Presentation ig a graph showing the relation
of molded density to corrected (JBR (c, fig
4-7). The graph is plotted by seldting some
whole percentivalue ofmoisturecorkent below
the lower one computed in (1) above (11
Percent in the example). The density (from
graph a) and the CBR (from graph b) cor-
responding ‘to ‘this' %Sefected value are de-

termined for each of the three compactive

efforts.

) Step 1. To determire the values, .
place 4 straightedge or draw a line vertically
through the point along the bottom ‘edge
correspending to the selected moisture con-
tent. ' ‘

.Step 2. Move up the line until it

intersectsl the’ ;~2-blow curve on the density

graph (a, fig 4~%) and read the density cor-
responding to this value.

Step@. Move up the line to the
12-blbw gurve on graph b, and read the CBR
corresponding to this value. .

) Step 4. On graph ¢, plot the
CBR versus dénsity (read‘in steps 1 and 2 /
above) and mark the point.

Steﬁ 5. . Using the same sAected
moisture line, determine the CBR versus den-
sity for the 26- and the 55-blow efforts and
* plot these values on graph c.

w ‘Step 6. Draw a smooth c¢urve
through the three plotted points.
Step 7. Repeat this process
(steps 1 to 6 above) fon additional moisture
contents using incremer&s of 1 percent until
. the curve shows a Mefinite falling off. Note
%he 18 percent curvg ing, figure ¢-7. . ©  °

Step 8. Transfer the 95 percent
line (110.6 1b per cu ft) and the maximum

A 4

0

. allowable dedsity, line (115 Ib per cu ft) from

graph a. The hatched vertical lines in graph
¢ indicate these valueés. § '

i

. (4) Interpretation. To interpret the
test results from graph ¢, consider the hatch-
ed portion. This illustrates that the CER
can vary from 11 (13 percent moisture; 95
percent’ density) to 26 (15 percent moisture;
maximum allowable density). For design
purposes, a CBR of 11 or 12 would he used
and the moisture content specified to stay
between 13 and 16 percent. Thus, when 95
percent density (or better) is attained in {he
field with a moisture content maintained be-
tween 13 and 16 percent, the CBR would
definitely be above jts design valCe.

(5) Hlustration. Note hoW the graph
illustrates the effect of moisture content

 variations orl the CBR. A drop to 12 percent

would require a maximum compactive effort
to reach a CBR of 12. Maintaining this same
effort and achiéving this same density at 13
percent moisture increases the CBR f{o 16,
and at 14 percent moisture to above 20 At
the upper limit, as little as 1 percent ease
in moisture (16 to 17 percent) will cause a

) _ {b-ls '

3
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drop, in CBR: frOm 18 to 8 at 95- percent. . ‘trates the importance¥of maintaining,the‘

_ density. At 18 percent moisture, the CBR _ " moisture content within the specified rarnge

N

would decrease to 3. This preseptation illus- ‘ ‘until the 95 percent density is reached.
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v SELF TEST

1Y

>

Note "The followxné' exercises comprise a self test The figures. follong each qdestxon re-
fer to a paragraph containing information related to the question. Write your answer
in the space below the question. ‘When you have finished answering all the questions
for this lesson, compare your answers with those given for this, lesson in the back of
this booklet Do not send in your solutions to these review exergses

L. Define and give the function of the CBR te§t. (4-1)

»
» A

2, If gravel‘and ston.es are present: in consxderable quantxty, what is the procedure rec-

ommended for obtaxnmg a reasonably reliable CBR test resuit? (42) - .

~
—

. .
< ’ ".

3. Whyis it desirable to have one more base plated.han you have ‘molds in a Iaboratory
CBR test set? (4-3a)

)
) . -
. .

-
L4

4. Test’ equxpment rust be available which can be used to force the penetratlon piston

into the® specimen at a. certam rate. ‘What is the rate of penetratloh in inches (per minute?
(4-3g) - .

s st U

P -

-
°

5. Test specimens for the laboratory CBR test should have the same density and mois-
ture content as that expectedrin the field. How is this. condxtxon attained in the laboratory"
4da 2
w_moo- 0™ SR i
. . . ) \

I3

. .
. -
. . . .
4y . . ' .
SN .

b In the preparation of a remolded sample for the ldboratory CBR test, all matenal‘r;e-
tained on a certain sxeve size must be eliminated. What i8 this sieve size? (4-4b)

.
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(4-4e)

-

M
1 8

~

Y

7. . After the sojl specimien
fu;;;her action must theh be tak

3

R

has soaked for 4 days, it is remov
en before the specimen is ready for the penetration test?e

-

L

ed froln'the water, What

.

. ‘s

Y

. N
- .
B
s . . 1
<

poundy placed-on the penetration piston? (4-5c) -
[ . M /

¢ 17
¢ L4

-

4

.~
Rl

»
s

. -
, .

Y

- of penetration. Whjt use is made of these figures ?- ( 4{35f, fig 4-3)

. & o . ~ - M .
8. In getting up the equipment for the penetration test; why, is an initial lozad of one

. : c : A %as e’ -~ :
9. ;During the penetration test, load ;eadmgs‘are‘taken.at severalfj)redetgrmmed depths .

7

o

¢

10. In order to c'leterminghe CBR of the speéimén, values from the plotted curve must

(4-5g, fig 4-3) -

- Al
.

T

<8 &
-

- A\

[y

N

» ~

°

-

.~ be compared to related values from a standard-curve. How is the standard curve determined ?

”~ ~

EY

A
H

“ .

~ 11. For the purpose of testing remolded sbgcimens for the California method. of design,
all soils have_been grouped into three sclasses: cohesionless sanglé and gravels, cohesive soils,

. «and highly swelling soils, Why 'is this done? (4-6a)
. X . :) vt ® ‘I
~ < . > » - - ' _t\
- AN S s '
! " 12> The objective for tests on highly swelling soils is ’no:t the Same as for tegts on cohesive
p soils. What is the objective? (4-6d) / S I -
) , . - e .3 b NUR
.,{ - . - , ¢ J L3N . ; e -
» - . - ’ ’ ~
‘ — . i ; -~ "
.-13. "When the penefration test_is to be performed on undisturbed samples, much care
» °  must be exercised to obtain specimens which are relatively ufidisturbed. What method is rec-
¢ , ommended for gravelly soil ® (4-7) ‘ T
. N - —/} “‘ - . . -«

o~
’

.

-8
LY . ,.*‘ €

- 14, What is the primary. purpose. for making a field in-place CBR test? (4-8a)
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CL -15. When performing a field in-place ‘CHR test, some preeaution must be exercised in
placement of the dial foot. What considerations must be given in this respect? (4-84(3))
e <. . -” - . . - @ - - /—-

¢ -

. N

. 16. When performing the in-place CBR test, three tests are made ir th.e\same type of soil
providing they are within tolerance of each other. What is the permissable tolerance between
- the three results in a CBR range from 30-60? (4-8e(9)) ‘ ;

[ 4 .
- . ' . !
~ ’

.

¢
S—

*First special requirement. Exercises 17 through 21 will give you practical work in the selec-
tion of cover requirements and base and pavement thickness for roads assuming the following -
‘special situation: You are to design a rbad for 18,000 pound single-ame dual-whee] load opera-

- « tions of 2.3 X 10°. Two borrow %g\ug available, ope with a CBR of 30 and the othér with a ’

’ CBR of 50. The subgrade has a: CBR of 15. You have the equipment and material for a pave-
ment, ' 7 ’ ' .

L.,\' ‘ . 1i. What is the cover, in inches, required above a CBR 15 subgrade? (4-9a, fig 4-5)

3y . .

L4

18. What is the cbyer, in inches, required abqye a CBR 30 Bubbas:e? (4-9a, fig 4-5)

Vi . - - e - Id

-

. 7
Fl
- Ve N -
- L]

e ) . | |
i N 19., What is the cover, in inches, required above a CBR 50 base course? (4-9a, fig 4-5)
. & .
e ’ ) . .
i ~ . Y .
~ 20 What is the minimum thickness of the base course¥in inchés? (4-9a, fig 4-2)

. . . P

-

LEP}

A Y - ' . s .. _@.
21. What is the minimum thickness o\f pavements, in inches? (4-9a, fig 4-2)

. . ?
. N .
- ’ 4

Second special requirement. Exercises 22 through 25 will give you practical work in the \
selection of pavement and base thickness for airfields. These exercises 4re based upon the fol- )
lowing special situation:, A design is required for a rear area full operational airfield, capable -
of handling C118A aircraft. Frost is not a problem. Tests indicate the CBR as:. subgrade .
CBR 8, select’ material CBR 15, subbase CBR 50, base course CBR 80. The design of type “B”

(_ . traffic areas will be covered here. Note: use figure 4-6 and 4-8, and table%-3.
. < e t
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22. What is the design load in kips for the C-118A aircraft? (4-9b, table 4-3)

- ~

- {) , ~ -~

-’

. 23. What is the total thxcknesses in inches of cover required above the CBR 8 subg'rade"
(62 .3 klps design gear load) £4-9b, ﬁg 4-6)

\." K\‘ {

25. What is the thxckness 1n xnches of pavement (in final design) ? (62 8 klps design gear
load) (4-9b, ﬁg 4-68) ’

o

-

.
L N . .
- v < .
3 . - N
Y. N
.

Third specxal» requirement. Exercises 26 thr -ough 30 will give you practlcal»work.in determin-
ing minimum and maximum water content and design CBR using the follawing special situa-
tions You have a family of CBR curves and a family of gompaction curves Hlustrated in figure”
49" You haVe to combine the two-graphs to obfain the corrected CBR versus molded dry
density in order that you may pick a design CBR and specxfy a moisture content range.

3

What is the CBR for a water content of 10 percent dry wexght and a 5;@ blow/layer
comiactxve effort? (4-10b(3))

I4 ¢ »
) . . , . K y
' ° ‘/ . ‘e \ .
N . . ‘v‘ _
- 27. What is the minimum design water content (percent?) (4-10b(3)) o
E) ¥
AN - ) - WS “
28. What i is ,the maximum desxgn water content (percent’) 44-10b(4)) »
¥ 29 What ig the minimum design CBR? (4-10b(4)) » -
’i__._/ . . -
- m~
\ )
) e
. ' .
e -
o - -

: o <v
What 1s the total thickfess in inches of cover reqmred above the CBR 50 Subbase"’?
(62 kips deslgn gear load) (4-9b, fig 4-6) ot
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LESSON OBJECTIVE . ___
I

» -
LN .y

P

- . 1. Considerations in Flexibie Pavements.

A — - List and define the major factors which must
- S be considered in the plans and design for a
oy flexible pavenient construction project.

g:\_‘. ‘2. Airfield Categones. Explain the dif-
L ferent airfield categories, the reason for dif-
M fererit categories in a theafer of _operations,

and the basic desxgn differences.

ot | FLEXIBLE PAVEMENT STRUCTURE .

- ——— - - - g -

S LESSON\S | :

<

\ N

e e mm—— - Upon compleﬂon of this lesson you should be

able to accomplish the following in the in-
dicated topic| areas: .
l

3 Airfield D&ign'. Des;gn a flexible pave-
ment for an axrﬁeld utilizing the desxgn curves

:and other da, a7and criteria as given in this *

A Road Design. Desxgn a flexible pave-
ent for a road utilizing the data and cntena
as presented in this lesson

.
i’;\

LR

¢
%
2l

e

N~
a. '.l‘ests. Soils are subjected to classx
ﬁcatxon tests (Lessbn 3) to permit selection
.-of representative samples for ‘more detailed
tests to determine compaction characteristics,
* CBR value, and other properties needed for
" designing the flexible pavement ‘structure.
Subbase and ‘base coursé materials are tested
“for compliance with specification require-
ments, to deterfhine suitability of materials,
and also to ascertain CBR values in certain
_ instances. When the eXploratlons and tests
. are completed, lumtmg conditions in the sub-
grade and subsoil must be determined, ma--
terials selected,.and CBR or other design
values selected forf/the various layers.” These
' procedures require good judgment on the part
of. the mlhtary engineer.

b

51

um Y
° b.%wement composition.’ Figure 5-1
shows two- typical sections of flexiblé pave-
ments, one with thick and one with thin base
course. In either case the subgrade is the
foundation which gventually carries any load
applied at the surface. _The airfield or road

usually m be leveled and shaped; con-
sequem:ly,r the subgrade ig customarily defined
as the natural soil which is compacted or
otherwise treated to Teceive. the base and
wearing courses. The base and subbase are
" composed of higher quality material than the
subgrade, ejther imported or seleeted at the
site. The design of ﬂexxble pavement is based
on the prmclple that the" ‘magnitude of stress
‘induced by a wheel Joad decreases with depth
. below the surface. Consequently, the dtresses
induced in a given subgrade material can be
. decreased by increasing the thickness of the

-~ ° . 1
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Figure 5-1. Distribution of pressure.upder ﬁngk-@heel loads.

superimposed base and pavement. Figure 5-1
illustrates this point. In the diagram at the

left, the base ( mcludmg subbase) is thick, the‘
load at the subgrade level is spread over a

wide area, and the pressures there are%mall.
In the dxagt‘am at the right the base'is thin
and the load‘ at the subigrade level,ls confined
toa much smaller area, with the result that
the- pressures at subgrade level are corres-
- pondingly higher.-This pattern of decreasmg
stresses with increasing depth is the basis
6f the conventional flexible pavement design

in-which subgrade materials, of low bearing
capacity are covered with thick.base courses,

* - whereas thin base courges are adequate for

subgrade- materials mth high bearing ca-
pacitiee

c Eﬂects of wheel assemblies a.nd tire
pressure.

- N

(1) Wheel assembly - The dxagram in”’

figure 5-1 mustrateé the distribution of pres-
sure under a smgle-wheel load. Multiple-
wheel assembhes are beneficial in the case
of ﬂenbLe pavements having high subgrade
strength and a thin base course because the
.stresses’ produced by the tires of multiple-
wheel assemblies do not overlap apprecxably

" 5—2

©

at shallow depths. This is illustrated by plane
A:-A in figure 5-2. In thecase of flexible pave-
ments with, low subgrade strength dnd thick

. ‘base course, the stresses produced overlap
(plane B-B, fig 5-2), and less benefit is gained
from the use of multiple-wheel assemblies.yy,
Criteria are given herein for designing and
evaluating multiple-wheel assemblies for both
road and axrﬁeld desxgn

?

(2) Tire pressure The mtensxty of
stress at a given point in 4 flexible pavement
is directly affected by the txre-contact area
_and the tire pressure. The major difference

stress intensities caused, by variation in
x:re pressure occurs near the surfacg; conse-
quently, the pavement and upper base course
are most senoqsly affected by hlgh tire pres-
sures. i

5-2.

-

COMPONENTS OF FLEXIBI.E PAVEMENT
S‘I’RUCTURE . .

A typlcal flexible pavement strui:ture is
shown in fighre 5<3 which illustrates the
terms used in this lesson to refer o the
~yarious layers.- All the layers shown in figure

‘5.3 are.not present in every flexible pavement.
For-éxample, a two-layer structure consisting
of only a compacted subgrade and a base’

"%

-
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course is a complete flexible pavement. Also course, while the words “flexible ;;avément"

the word ‘pavement” when uSed by itself _ refer to the entire pavement structure from
refers to only the leveling, binder, and surface the subgrade up.

-
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Figure 5-2. Distribution of pressures produced by multiple-wheel ass@mblies.
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5-3. CONSIDERATIONS RELATIVE TO EACH
MATERIAL MAKING UP FLEXIBLE
PAVEMENT

a. Subgrade.

(1) Factors to be considered. The in-

formation obtained from the explorations and
tests prewiously. referred to should be ade-
quate to enable full consideration of all
factors affecting the suitability of the sub-
grade and subsoil. The primary factors are
as follows: the general characteristics of the
subgrade soils; depth.to ledge rock; depth
to water table; the compaction that can be
attained in the subgrade and the adequacy of
‘the existing density in the layers below the
‘zone of compaction requirements;> the CBR
that the compacted subgrade, uncompacted
subgrade, and subsoil' will have under future

‘= conditions; the presence of weak or soft layers

X
>
b

-
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AR

1
‘\«.
v

in.the subsoil; susceptxbxhty to detrimental
frost action.

®  (2) Selection of subgrade and snbsoll
dedgn CBR values. The CBR test described
in Lesson includes+procedures for making
tests on samples compacted in test molds to
the design density and soaked 4 days, for
making in-place CBR tests, and for making
tests on undisturbed samples.” These tests

" -are used to estimate the CBR that will de-

velop in the«prototype structure except tha
whex:e the’ desxgn CBRis above 20 the

grade must meet the requirements for sub-
baswt ' ' ’ "

. b. Select materials and subbase courses.

(1) Procedures. Itis § common practxce
.in ﬂexxble pavement demgn to use locally
available or ‘other relatively cheap materials

'between theé subgrade and base course for

economy. ‘Those layers are designated as
select materlals or subbases. Those with de-

" . sign CBR values below 20 are arbitrarily
_called selett materials, while those with CBR

values of 20 and- above: ATe. called subbases.
Minimum thickhesses of. pavemenLand base

may not be needed. However, the subgrade
cannot be“assigned design CBR values of 20
or higher unless it meets the gradation and

, Dlasticity requirements for subbases. In some

cases, where subgrade -materials meet ;glas-
ticity requirements but are deficient in grad-
ing requirements, it may be possible to treat
an existing subgrade by blending in stone,
limerock, sand, etc., to produce an acceptable
subbase; however, it is emphasized that
‘‘blending in" cohesionless materials to lower
the plasticity index will not !3e allowed in apy
case,

(2) Materials.

(a) Select material, Select ma-.
terials will normally be locally available
oarse-grained soils (prefix G or S), atthough
e-grained soils in the ML and CL groups
may be used in certain cs Limerock,
coral, shell, ashes, cinders, caliche, disinte-
grated granite, and other-such materials
should be considered when they are economi-
cal. Recommended plasticity requxrements
are listed. These are suggested to insure a
material that can be processed readily- Ma-
terials not meeting these requirements may
be considered where it can be shown that they
can be procéssed readily. A maximum size
f 3 inches is suggested to aId in meeting
grades. ~

(b) Subbase materials, Subbase ma-

terials may consist of naturally occurring -
_coarse-grained soils or blended and processed

soils. Materials such as limerock, coral, shell,

ashes, cinders, caliche, and disintegréted
granite may be used as subbases when they
meet the requirements described. As noted.
in the preceding paragraph, the existing sub-

grade may meet the requirements for a sub- "

base.course or it may be possible to treat the
exxstmg subgrade to produce a subbase. Also,

.48 noted, admixing nativé or processed ma-

terials will be done only when the subgrade,

'unmxxed meets the liquid limit and plasticity -

have been established to eliminate the’ needsg,  index requirements for subbases, because it

.. for subbases with design CBR values above

"has been found by experience that “cuttingi#

&..Wheree«the-demgm GBﬂ.-vaiue*vf‘the—"“‘p‘lnucxty inthis"way does not work out satis-

subgrade without processmg is in the range
of-20 to 50, select matenals and subbases
W "

¢

factorily. Material stabilized with commercial

admixes may be egonomical as subbases in

K
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7 certain instances. Pertland gement, cutback
asphalt, emulsifjed asphalt, and tar are com-
monly employed for this purpose, also, it may
he possible to decrease the plasticity. of some
materials by use of lime or portland, cement
sufficiently to make them suitable as sub-
bases.

(3) election of design CBR for select
material and subbases. Tests are usually made
on remolded samples; howevgr; where exist-
ing similar construction ‘is ‘vailable, CBR

"tests should be made in-place on material’

when it has attaiped its maximum expected

water content or on undisturbed soaked sam-_

ples. IThe procedures for selecting test values
described for subgradeés apply to select ma-
terials and subbases. The CBR tests are

supplemented by the following gradation an
Atterberg limits requirements for_subb:

TABLE 5-1.

<
-

/13

as indicated in table 5-1. Suggested limits fop
select materials are also indicated. -In addi-
tion to the requirements shown in the table,
the material must also show in the laboratory
tests a CBR equal to or higher than the CBR
assigned to the material for design purposes.
Cases may occur in which certain natural
materials that do not meet the gradation re-
quirements may develop satisfactory. CBR
values in the prototype. Exceptions to the
gradation requirements are permissible when
supported by adequate in-place CBR tests on
construction that has been in service for
several years. The CBR test is not applicable
for use in evaluating materials stabilized with
chemical admixtures, and they must be rated
by judgment in terms of an equivalent CBR.
Ratings as high as 50 can be assigned these
materials when proper constructxon proces
dures are followed. *

Recommended Ma:mmum Permissible Values of Gradation and Atterberg Limit“Require.

ments in Subbase a;t_d Select Materials

) 4 Maximum ( GM‘“;: pr::l::lnr:ments Atterberg Hmits

Material design CBR ‘| Size inches

: . #No. 10 No. 200 LL 4 . PI

’ Airtelds "“:' oiiee| monas | A%l moads| A% | Roads geiie | Rosds| A | Roas

Subbase ________ 50 50 3 2 50 501 15 15 25 251 5| 5
Subbase .__....] 40 40 | 3 2 80| 8| 15| 15| 251 .25 5 5
Subbage .. ____.. . 30 30 3 2 100} 100 | 15 15 25 25 |,5 5
Select Material ._| Below 29 20 3 R T P SRR 25 |[..... ]l 35.] 3 | /12 12

¢. Base course.

1) Essential features. The urposé

of a base course or courses is to distribute
od~stresses from the wheel load

i not exceed the strength of
Byre 5-4 shows an idealized
p the distribution of stress

through two base courses. When the sub-
" grade strength is low, tHe stress must be
reduced to a’low value and a substantial
thickness of base is needed. Where the sub-
grade strength is hlgher, a lessér*thickness
will provide adequate distribution. Since the
stresses in the base course‘are always higher
* than in the subgrade (fig 5-4) i ds to

*

strength. Similarly, where two or more dif-

* ferent types of base courses, are used, the

N
/

befter quahty material is placed on top.
(2) Base course requirements.

¢ (a) Prmcxplw Careful attentlon

should be given to the selection of materials

for base courses and to their construction.
The materials should be dense and uniformly -
compacted so no differential settlement oc-

" curs in adjacent areas.- For continuous sta--

reason that the base course must h7 higher

°

5—5 " .

bility, all base courses should.meet the
requirements listed-below.

{b) Gradation requirements. Gra-
dation of particle size must, whenever feasi-
ble, be within specifiedlimits as determined

°
~

1

\
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thickness.

-

by mechanical analysis. HoWever," in con-,

struction in forward areas it may not be
practicable to hold to close gradation require-
ments. For deliberate construction, base
course material shéuld contain no more thah
15 percent passing a No. 00 sieve. -

(¢J Plasticity requirements. Ma-
tenal passing /the No. 40 sieve which acts as
a bmder in a base course/material must have
desirable properties. Requirements for me-
chanically stabilized soil bases are given in
lesson-7. No xga:terial which has a liquid limit
greater than 25 or a ‘plasticity index greater
than 5 should be used for a base course in
deliberate constmcﬂgn ,

(d)’ Compnctlon and strength re-
quirements, Thickness of layers in construec-
ting courses must be within the limits
which will insure proper compaction, Thick-
ness of layers depends upon type of material,

used. All base coursos must

.equipment used, and. method o:gonstructmn

compacted

Comipaction should meet the requirements

. base course must conform to that used in
the design, and the total compaéted thickness
must equal that obtained from the design *
curves ast discussed. Table 5-2 lists nine

f materials and/or processes that-may

ed as base courses for roads and airfields. \

types
- be
A design CBR is 3iven for each type. .

TABLE 5-2 Assigned CBR Ratings for Base

Course Mateny

Desi

No. Type - , CBlgtn
1 Graded crushed aggregate __...... 100
2 Water-bound macadam cepeme-e--z 100
3 Dry:bound macadam .._.......... 100

4 Bituminous base course, central

plant, hot mix ... ... _..____ 100
5 Limerock ...cacceooao..- [ ....... 80
6 Bituminous macadam ............. 80
#7 Stabilized aggregate ... _...._._.... 80

8 - Poil cement
‘9 Sand shell or shell

' *It is recommended that stabilized’ aggregate base
course material not he used for tire pressures in excess

given in lesson 3. The CBR of 'the.finished of, 100 psi.
- ~ . A5 — 6 . ) : * n ‘o o /
Novy = ' ) M *
%g?. 12 8 . .
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5.4. DESIGN CATEGORIE (AIRFIELDS)
a. , Basis of design.

.
(1) Principles.” Each of the different:
types of airfields in the basic airfield complex

is included for a specific purpose. Since-the
type, volume, compekition, and character .of
anticipated traffic is much greater in the rear
area, a different pavement structure and a
_ resilient, waterproof, load-dxstnbutmg medi-
um which protects the base course from the
detrimental’effects of water and the abrasive
»action of traffic  may be required- This section
then
of airfields that may require & flexible-pave-
ment structure: the heavy lift, rear area;
the tactical, rear area; and the Army rear
area.

(2) Heavy lift, rear area. This is a
facility that must accept a high volume of
-C-141, C-135, or other healy transport air-

.craft carrying the strategic intertheater ton-,

nage from the continental United States to
theffheater of operations. These airfields

'.pmst +in.most cases, have an all-weather
'surface of adequate strength to fulfill the1r
mission,

« . (3).Tactical, rear area. This is a
facility that must support high performance
fighter aircraft for ﬁghtmg the air war and
conductmg aerial mapping and reconnais-
.sance missions.’. The design life is expected

to'range from 6 months to 2 years. The sur-_

facmg may be a Iandmg mat on an adequate
base or a flexible pavement, if ‘an adequate
existing surface is not available.

& - A

in only deal with: the following types

)8

4) Army rear area. This is a facility
that must actept a hxgh volume of Army
\ aircraft: to perform command and control,
observation and surveillance, and _logistics
support. The surfacing may be a landing mat
on an adequate bage:or a flexible pavement,
if an adequate existing sirface is not avaxl-
able .

b. Pavement thickness. The full~design
thickness of a pavendént for any aircraft is
- known as the ‘full operational” thickness.
* 'Thisythickness will support traffic of - the
desxgn aircraft equivalent to 1,000 coverages

* with only moderate maintenance. For greater

traffic intensity’ the maintenance will be
heavier. A coverage is defined as the equiva-
leng of trdcking the full width of a runway
or taxiway pavement by successive nonover-
lapping passes of aircraft tires. The term
“cycle” is defined as one landing and one
takeoff operation by an aircraft. When traffic
is less than the equxvalent of 1,000 coverages,
- the pavement thickness required is less than
full operational. Theré are two pavement
design standards which ere Jower than the
.full operational. These are -the “minimum
operational” desigh, suitable for traffic equi-

- valent to 200 coverages, and the “emergency’’.

design, suitable for traffic .equivalent ta 40
?verages Pavements w;il rarely be designed
or the “emergénty” category which antici-

pates only a 2-week life.”’ This category, -
" however, may be used for rear area airfields.

/ as an initial construétion effort, or fer use
- while longer life fields-are under construction.
The general gelationship between pavément
thickness, anticipated life, traffic, and main-
tenance is shown in table 5-3. The te’mja “full

@

..

TABLE 5-3. Relation Betibeen Traffic and Pavement Design Thickness -
{
y . Maximum - Anticipated -
Classification b Approximate No. ' Pavefient -
cbnsttuctl_on tyge c o\z:.age ! of cycles psv'ﬁ;texent . thickness Malntenance
Emergeficy . 40 | 100-500 Cargo | - 2 weeks | 60% Full | Heavy ‘and
. 800 Fighter . operational con&'x}pous
~Minimum operatiopal .200 . { 500-1800 Cargo 6smonths 809 Full |. Daily
. ' 4,000 Fighter LS operational .
- Full ".;i’rational T 1,000 2,500-12,000 2 years Full opera- Weekly .
L Cargo; 20,000 . tional
. . . .| Fighteg A R :
5—1 . :
- ‘ -
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rational”, “minimum operauonal", and,
ergency”’ are used in this suMtourse only
to rder to the pavement thickness and the re-
. lated traffic mtensxty and desxgl‘ curves.

c.Tra.mcsms.

%L (1) Principles. On a theater of opera«
_tion§ airfield, the pavements can be grouped
, “into two traffic- areas, designated as types
* B and C, defined below and shown in figure
5-5.
/ .,
(2) TypeBtr:.ﬂlcam TypeBtraﬂic
areas are those in which the trafic is more
evenly distributed over the full width of the
pavement facility but which received the full
desxgn weight of the aircraft during traffic
operations. Pavement facilities conmder
betypeBtraﬂicareasareasfollo end
- 1,000 feet of runways; pnmary tanways, all
parking aprons, waymup pads, hardstands,
anrcraft power-check pads .

(8) TypoCtnﬂ!care&. TypeC't:aﬂic >
areas are those in which the volume of traffic

'is low or the weight of the operating aircraft

is generally less than the design weight. In

the interior portion of xunways, there is_

- enough-lift on the .wing.of the aircraft at’
the speed-at which the aircraft passes over
’the pavements to redyce considerably the ,
Stresses applied to the pavements. Thus the.
pavement thickness can be reduced in these
portlomr of the runways. Pavement facilities

-™- considered to be type C traffic areas are as
, follows: interior portien of runway between
" 1,000-foot ends; maintenance aprons/ ladder-
tazmways

T @4 Smootlmbss requirement for Jet
“~"Vaireraft. Smoothness design for all paved
surfaces has become extremely critical with

. \*‘ high performance jet aircraft, which have
stakeoff and landing speeds approachmg 200

miles per hour. On uneven surfaces at high .

speeds, jet aircraft havé a tendency to’ “por-
poise” and “vibrate”. Therefore, it is recom-
mended.that no pavement surfa2e should de- ,
part moré than 1% inch from the design grade
and that local smoothness should have no
more than ¥ inch deviation from % 12-foot
straightedge . (longitudinal). As 'a minimum

-

. tra;ﬁc records, ginkle

4 ' - 5—8 . )

" the smoothness should be such as to insure

that no damage will occur to operating air-
craft. L. ' L4

§5. DESIGN PRocénuns (AIRFIELDS)
"a® Design curves. “The design curves

" were developed by the Corps of Engmeers

eels.at 100 psi tire
pressures were general, the correla-
tion shows that traffic repord
stantial agreement with the indicated thick-
nesses where the overlying layers were of
adequate quality so that no shear defo txon
occurred in them. The curves for the loadin

d traffic areas were obtain by-resolving the
" single-wheel 100 psi curves into curves for
hxgh pressure tires.and multiple wheel landing
gears by theoretical methods. These curves
have been'spoftchecked by accelerating traffic
tests and correlated with aircraft traffic.
These curves are available from numerous
sources although only an .example of gne will
" be given here. Table 4-3 in back of this book-
let, contains a-list of USAR aircraft with their
gear characteristics, tire, and weight- data,

and“recommended minimum pavement and
base thickness. The design curves represent .

the recommended required thickness of stable
matenal overlymg the layer under. considera-
tion. “There may be some difference in the*
stress-distributing characteristick of subbases
and‘bases with differént -CBR values. How-*
ever, until further invéstigation shows the
need for a change, the same total thickness
will be used for de'signg' that incorporate low
CBR materials in subbase as for designs that

_are composed of material with a high CBR

. for the full depth. Experience has shown
that thin layers of material may not act as
mdependent structura.l elements adding their
" proper strength to the eptire construction.

Accordingly it is recothmended that no struc-
tural layer ‘except the pavement shall be less"
than 6 inches thick. This is not, however, to
be construed as a limitation on life thickness
within a layer. In regions where the annual
Precipitation is less than 15 inches gnd the
water table (includingperched water table)

will be at least 15 feet below the finished pave-

" '

ds are.in sub- .
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ment surface, the danger of high moisture
content in the subgrade is reduced. Where
infoérmation on existing construction in these
regions indicates that the water content of
the subgrade will not increase above optimum
as determined by the modified AASHO com-
paction test, the total thickness above the
subgrade as determined by CBR tests on
~~ soaked samples, may be reduced 20 percent.
The reduction will be effected in- the select .
material or in the subbase courses having
the lowest CBR value. The reduction applies
to the total thicknegs dictated by the subgrade
CBR and in no case will be additionally ap-
‘plied to ‘that portion of the total thickness
required by-the CBR of thher layers. When
only limited rainfall records are availahle, or

W‘;}‘ precipitation is close to the 15
inch criterion, careful consideration wil] be

given to such factors as the number of‘cén- -

- secutive years in whilh the annual precipita-
. tionexceeded 15 inches, and the sensitivity of
- the subgrade to small increases in moisture
content, before any reduction in thickness 4s
made.

s

b. Air Force airfield dwign examples.

(1) Statement of, reqmrement "A de-
sign is required for a rear area full operational
airfield, capable of handling C-141A aircraft.

* Frost is not a problem. Tests indicate the
CBR as: ‘subgrade, CBR 5, cohesive; select
materials, CBR 15, cohesive; subbase ma-
terials, CBR 40, cohesionless; base course
'materials. CBR 80, cohesionless.

(2) ’{‘hickness requirements.

Step 1. Table 4-3 indicates that
a C-141A aircraft has a design load of 149,500
. Bounds. This table further indicates that for’
a_base course of CBR 80 the recommended
thickness of base course is 6 inches and pave.
ment thickness is 314 inches. '

‘ Step 2. Figure 5-6 indicates that
, for 149,500 pounds (say 150,000 pounds)
- design load a{xd a subgrade of CBR 5, the

be the select material with a CBR of 15, the
curve indicates that tHe cover required for
the select material is 18 inches for type B
areas and 14.5 inches for type C areas. The
next layer will be the subbase material with
a ‘'CBR of 40. The curve indicates that for
the type B area the  thickness above this
material must be 8§ inc{xes and for the type C

. area 6 inches. For the 80 CBR base course

the curve indicates a cover of 3.5 inches or
3.5 inches of pavement for the type B area
and 2.5 inchés for the type C area. A tentative
sketch (raw design) can now be made for the
traffic areas.: -

Step 3. Raw design and final de-,

sign, sketches (figs 5-7 and 5-8) are prepared
for type B and type C areas, respéctively.

Step 4. The raw design for the
type B traffic area must now be revised to
conform to all the requirements for thickness
of pavement and base course as given in
table 4-3, minimum thickness requirements of
6 inches, and the indicated compacti re-!
quxrements for each matena.]g

- Step 5. Table 4-3 for this air-

craft for a full operational airfield and a CBR

80°base course states that the _pavement must

be at least 3.5 inches in thxckness and the-

base course 6 mches in thickness. The final

design is then computeq as shown in figure
5-7.

Step 6 The amount.of cover
over the-CBR 40 material is therefore 9.5

- inches to comply with the criteria of 3.5

inches of pavement and 6 inches of base
tourse. This decreases the thickness ‘of the
CBR 40°’subbase material from 10 inches to
8.5 inches, which is still greater than the

minimum of 6 inches. ,
o Stz)f. For type C traffic areas,”

raw design a
figure 5-8.

final design are shown in

. L

5-6. DESIGN CATEGORIES FOR ROADS

~total thickness for type B traffic area is 42
inches, and for type C traffic area is 34 inches.
Using the same design cirve and assuming

- that the next layer above the subgrade will

-~ 5 . ’

o S 510 .

a. Step 1, Estimate the number of
operations each type of vehicle {s expected fo
use the proposed road during its design life.
This may be based on knowledge of traffic

~
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o, imin_g similarly used roads or on anticipated
traffic;- It must be borne in mind that the
greatest influence.on thickness design is the
type and numbetof operations of very heavy *

“ velticles. . This*will be ‘made clear in the foi-

* lowing example problem. - v

I "b. Step 2. Estimate how long £ period
i of time the proposed“road will.be needed.
| This is ¢alled its “design life".
. c.. Step 8. Convert the operations of
_». eachstype of vehicleinto. equivalent -18,000-
* + pound, single-axle, dual-wheel load operations

£ ‘ Hoy - e o

b} ~

- 0

Figure 5-1." ,Raw and final design and compaction requirements for type B iraffic areas for C-1}14
aircraft. .

v
- - -~

. ? - 4
through the use of equivalent operation fac- .
-tors shown in figures 5-9 and 5-10. o -

d. Step 4. Sum up total number of
" equivalent 18,000-pound, single-axle, dual-
wheel load,operations and apply tc the design -
curves shownin, figure 4.5, “-
A 1. g

e
e. Design example.
Ay

- (1) Problem. To illus,‘._i‘ate thickness’

. design by the. CBR method, assume thaf a
main supply roiite is to be designed for a
2-year design life on a subgrade with’ 4:design -

-
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5 . CBR value of 10. “The road is to be an.all-
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"+ weather road and ‘materials and equipment

are-available, to construct an asphalt concrete

. Surface. Ample quantity of base course ma-

° terial with a CBR value of 50 is available. In

addition, a pit has been located adjacent to

the road site that will furnish materia]. for
subbase with CBR value of 40. - -

(2) Sgep 1.  Assume furthis that as
a result_of Atudy of previous main. supply
routes, it is dstimated that this road will be

subjected to the average daily volume of
traffic (step 3). . '
A

(3) Step 2. The estimated design life

- is given as 2 years.

(4) Step 3. Convert operations of -
these and gross loads into equivalent
18,000mg;single-axie, dual-wheel load dp-
erations through use of the equivalent opera-
tiens factor curves ghown ‘on figures 5-9 and

v 9-10 fo_llows:
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using similarly used roads or on anticipated
traffic. It -must be borne in mind that the
- greatest influence on thickness design is.the
" type and number of operations of very heavy
vehicles. This will be made clear in the fol-

lowing:axample problem. - '

b Step 2. ,Estimate how long a period
of time the proposed road will be needed.
This is called its “design life”.-

¢. Step 3. Convert the operations of
' each type of vehicle into equivalent 18,000-
. T~._ pound, single-axle, dual-wheel load operations
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aircraft. "
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through the use of equivalent operatibn fac- .
tors shown in figures 5-9 and 5-10. A

-

¢ . !

) /.. . .
d. Stép4. Sum up total number of - |

equivalent 18,000-pound, single-axle, dual- ' ’ )

wheel load operations and apply to the design o
curves shown in figure 4-5. - - S

‘e

e. Design example. - .

> (1) Problem. To illustrate thickness .
design by the CBR' method, #ssume thaf a *
main supply route is to be designeg/fqr a
2-year design life on a subgrade with(a :iesign
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- Total equivalent operations per day .. 5071.55

. " ) 124 ] \ .
@ ) / . \:,
N L
— ,,/ (5) St‘é;; 4. 'The first step is to-deter ) |
' . . s - C e
Aetose e tome Toperations ~ vehiclo mine the amount of cover required over the ;
; losd per day per day °?,::‘§:;," 'CBR 10 subgrade. Entering figure 4-5 at
- 3.7 x 10¢ of equivalent operations, going ver-
1,000 500 « e I tically up to CBR 10 value, thence horizontally . .
. 1,500 400 . o to the. left, it is found that the CBR 10
3,000 300 | " L material must have a cover of 13 inches. (See
4,000, 100 - S dotted line and ws figure .4-5.) Table
5,000 o & —_— 4-2, “Recomme Minimum Thickness of
10,000 50 100 e5 Pavement and Base”, indieates that the mini-
20,000 20 200 A mum thickness ‘of pavement -and‘base course __
30,000 — 50 -—- ¢ worth CBR value of 50 with an antlcxpated
32,000 e —_— 15 -traffic of 3.7 x 10° equifylent operations is
80,000 ——- v 10 3Y inches of pavement ihches of base
course, w is in exceM¥Pof cover require-
ment- of 4 inches over the CBR 40 material. *
Axle or . Eq wivalent These values of thickness of base and pave-
gross  Operation 0;‘:‘3:;,“ operations ment were determined as follows: since the -
1b* Per day equivalent operations #f 3.7 x 108 (3,700,000)
- . falls within the value of 7 x 10° (700,000)
. Single axle "and'7 x 10° (7,000,000), line 5 of the above
1,000 0.00016 X~ 500 = 0.08 table is used. Enterlng line 5 and proceeding-
1,500 . 0.0003 x 400 = 012 horizontally to the right and reading under 2 L
3,000 - 00012 X 300 = 0.36 the column of 50 CBR base, the values listed o
‘lgzm“ . ggggs o .1% = .‘3°°§g~t - above aré found. Figure 5-11 indicajes the . N
. 20,000 1.80 "X . 90 = 3800 >  proposed design for the flexible -Jpavem‘em -
. c e s A e structure, *
.o » - o 40.34 .
*  Tandem sxle -, s g - (6) Alternate approach The most .
: ‘Y . v
5,000 - 0.003% X° 20 = 0.082 ‘common type of bituminous wearing surface ..
10,000 ~0.024 X 100, = 2400 . that can,be expected to be constructed in the
20,000 0.360 X 200 =\*‘/7§}000 " theater of operations is surface treatments
* 30,0000 2.30 X' 5 -~ 115000  From experience in the use of surface treat-
o * 1gg46z  ments on base courses with CBR less- than’80
Tracked vehicle < . it has been found that constant maintenance
10,000  ,0.05 "X 95 = 195 °  is a necessity. Assume now in the above ex-
32,000 24 x 15 = 4050 . - ample that pavement could net be placed due
80,000 480.00 X 10 =% 4800.00 to lack f materials and equipment and sur- ©  F ‘
o 484175 facing would be limited to multiple surface

treatment. e construction in this example
problem is limited to the use -of materials of

*#xle loads apply to wheeled vehiclgh, Gross loids
apply to tracked vehicles and forklift -trucks. '

**Values read from figures 5-9 and 5-10.

Equivalent operations in the 2.year life
days X 2 years' X 5071 total equivalent opera-
3,701,830 or 3.7 X 10° (It ¢an be seen
that the equivalent operatxons per day for the
slngle axle vehicles'could- have been disregarded
without affecting the result. Note, however, the
tremendous value obtained from tracked vehi-

tions =

T . !

D o R R R A

CBR 40 subbase’and CBR 50 base course.

When figure 4-5 was-used in aboye example

it was found that a minimum of 31, inches,

of pavement was required over the 50 CBR
material. However,. neither pavement ma- .

“teridl nor material better than CBR 50 is

" available so it is necessary to use the CBR 50

to fill this gap, and accept the fact that heavy

.mdintenance will be required. The design

. for use of multxple surface treatment is as

365
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“
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“Figure. 5-11. Thickness design.
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Figure 5-12 ‘Thwl%ss des {alternate approach).

~

shown in figure 5-12. Note that the design of airfields the wheel configuration and tire

requirements also include the compactwn re- pressure are taken care of by, specifying the

, qmrements given in lesson 3 : - type of aircraft. In roads, the different types

of wheel configurations and tire pressures are

57. slmunmss oF oesmu smvsm ~ changed to 18,000 pound single-axle dual-load

"ROADS AND: AIRFEIDS . ' eq valents and +gpen -applied to &ne set of

’ es. Once the design category has been

The design of roads and airfields is based determmed for either basic design, it*is then’

upon the California Bearinig Ratio. The curves ' just g matter of entering the &ect chart

-for tluckness design usmg the CBR arealmost and reading the coyer required. The cover

xdemtxcal for roads‘and axrﬁelds These: curves . requlted must be in correlation with the mini-

‘use as their cntena wheel conﬁguratxon and ™ “ mum base and pavement thickness and design

' hre contact area in ‘both cases,'In the; case ", 16ads set up'in tab_ées provided.
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' 1. E:Kla:n briefly the purpose ofLa base course in flexible pavément construcjgon. (5-3c
tan o : , - e

/

‘ SELF TEST

- '] 4 ¢ ©

The following exercises comprise a self test. The ﬁgureslfonowing each question re-
refer to a paragraph containing information related to the question. Write your answer
in the space below the question. When you have finished answering all the questions
for this lesson; €ompare your answers with those given for ‘this lesson in the back of
this. booklet. Do not send in your solutions to these review exercises.

\) -1. In any flexible pavement, the subgra&e is the foundation which eventually must carry
the load. In the design of a flexible pavement what is done to compensate for variations in the ™~
bearing strength of a subgrade? (5-1b)

-

~

L] -

L] : " -

2. The distribution of pressure depends to a large extent upon the wheel assembly.
When are multiple-wheel assemblies most beneficial? (5-1c(1))
) , .

, . | BN

-~

\ 5 - . .

3. Explain the meaning of the two terms, “pavement” and “fexible pavameht.” (5-2).

—

- -
~ - .

) 4 Relatively cheap, locally avaﬂanle materials are frequengy' u%e,d ag a course between
the subgrade and the base course of a flexible pavement. If the matgrial has a CBR above 20, .
what is it called? (5-3b(1)) - .

L] \(\_
=~ )

° -
’ ; 1
N

AN s . -
5. | Another*course sometimes used bmﬁ the subgrade and the beke _course is called
the select material course. How is this.soil ally classified under the Unified Soil Classifi-
cation System? (5-3b(2)(a)) ) )

. o, Ve

a

. =

‘values of gradafion‘and Atterberg. limits'.@Whét is the maximum liquid limit of select material

for airfiélda? £5-3b(3), table 5-1) . :

6. Select ;ima nals and subbases have certain recommended «maxfmum permissable

. . ) . , © A
[ . \ .
L4 - -
e s . . .

»
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* What percent of full operational is the pavement thickness? (5-4b, table 5-3)

" course CBR 80. The design of type C traffic areas will be used here. Use figure 5-6. |
[ S ' .

\

i

2
&
~
[

»

N

8. In the tactical rear area certain-types of airfields are constructed. What is their ¢ |
minimumm design life?, (5.4a(3)) _ . )
-~ ] ‘ R L] ) ‘. N
‘ v ‘} 1 ) . -

. 9. The full design thickness of airfield pavement is called “full operational”’, What num-
ber of coverages will this thickness support? * (5-4b) N ]

) A 3 \ .
10. The emergency classification—for pavement thickness anticipates oply a 2iweek life.

. .

) » s . RN | SR ’ X
S e e SR a5
11. Pavements ark grouped into two ‘traffic areas, types B andl C. What is cons dered to . ‘_
be the type B traffic.area? (5-4c(2))

o % .
. 4 ’
« 4 . ¢ i N
. . 1 ;
N . @ . - -

- . N Y e \
12. Smoothness requirements for jet aircraft are extremely critical. What 'is thé maxi-
mum-recommended deviation (inch) from design grade? (5-4c(4)) -\
e v “
.
» N
~
: '

Special situation. A design (éxercises 13-15) is required for a rear area full operatiodal air~ -
field capable of handling C-133 aircraft (145.0 kips design gear load). Frost is-not a prpblem.
Tests indifhte the CBR as: subgrade CBR 5xselect miaterid] CBR 10, subbase CBR 40, base

-

!

. 4 . ’ .
" 13. What i§ the (final design) thickness of pavement (inches)? (5-5a, b, fig 5-6,\ table

43) = | v l : ’
~ N ’ .\\ | )
. 14L What is the (final design) thickness of base course (‘inches;? (5-5a, b, fig 5:6, table. -
4-3) i : ' - e
‘ . - 3 \ . ’ .

v

4
hd Ve

- . - o N - PN .
15. If the minimum thickness of base course is 5 inches 47 the minimum thickness of
pavement is 2 inches, what is the ﬁlxicluxess of subbase (inches)? (5-5a, b, fig 5-6) b

POCL A NP ‘ - PR
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axle, dual-wheel load equivalents? (5-6e, fig.5-9, table \5-4 R .y
% e L vt ~
B S - :
4 “ - ~ ’
17. What is the tandem-axle total equivalent Operauons per dg.y in 18 000-pound single- >
axle, dual-wheel load equivalents? (5-6¢, ﬁg 5.9, table 5-4) . T
. s )
" 18. What is the tracked vemcla/tota.l equxvalent operations per day in 18 000-pound\ ) i’
single-axle, dual-wheel load equivalents? (5-6e¢, ﬁg 5-10, table 5-4) .
. . @ P . )
. ‘ * oo mp a3 A 4 J
\ ) \ ’ .‘"&‘ ' . v"’?”‘{:\’%
19. The previous total equivalent operatxons for the desxgn life: ( years) in 18,000-pound, P ————
single-axle, dual-wheel load is assumed 9 X 10°. The cover reqmred a §BR 15 gubgrade -,

, 18 10%4 inches. If the tracked vehiple (80,000
day, what is the new cover required above a
.5-10)

« Special situation. You are to «design a road for a 3-year 'fe spag, on‘a subgrade with a CBR
of 15. Two borrow pits are available, one with a CBR of 3 and the other with a CBR of 60.
You have the equipment and material for a multiple surface t{eatment for a pavement. You
have an estimate of the average daily volume of traffic (tabie 5—4)

TALBE 5-4, For Use wsth Ezcrcms 16 through 18

o ot mawma NI -
T dmd A sy Opemtio .
. 1000 - 250 @L‘ -
RO 1/ . - -
3,000, + 200 .. --- -
L4000 _ 100 — .. )
. 5000 150 . _. - g .
PR < 10,000 --- 300 40 ) a
20,000 --o_.. 300 h
. 30000 50 50 ’ .
) - '80000 . .. - 30 i .

!

16. ‘What is the smgleoaxle totdl equivalent -ope.ratxo

pex; can in 18 OOO-pound smgle- .

7z .

Ib. gross loa®) is increased by 15 operations per
CBR 15 subgrade (inches)?. (5-60, d, ﬁgs 59,

-
. . R .
~ " 5—-20 . . 4
-
N . 148 - .
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L ess of base is assumed 7 inches and thickness of pavement i5 as- .

) ) sumed 3 inches. A multiple surface treatment has to be placed due to lack of materials for & -
: ‘g?vex_ne'xgg;‘s What is' the new (final design) thickness of baSe course (inches)? 5-6e(6), figs ’
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~ _LESSON 6

T > FROST ACTION ANDsPERMAFROST -

% CREDIT HOURS oo 22 - ;

TEXT ASSIGN;AENT ____________________ Attached memorandum, ———-—r-

[P

i3
X1
i

;

BSH

MATERIAL REQUIRED _______ ______.____
LESSON OBJECTIVE ___ o _o.

*" 1. Principles of Frost Action. Explain the ’
theory of frost action, the conditions under
which frost action is moot likely to occur and

* the effect of degree days, freezing index, and
water source upon the problem. . =

2 Effects of Frost Acﬁon,- Describe the
effect of froet action on the subgrade and
upon rigid and flexible pavements,

Upon completion of this lesson you should be

able to accomplish the following in the in-
dicated to&o ic areas: :

3. Counteractive Techniques and’ Design.
Determine the most effective counteractive
measures that can be taken to reduce or pre-
vent frost action damage.

4. Permafrost. Define permafrost and ex-
plain the -special problems permafrost

presents in construciton. Present accepted -

methods for meeting these problems.

1 ATTACHED ‘MEMORANDUM

PRINCIPLES

oy .
Frost action refers to any process “which,

. as-a result of either freezing or thawing, ~

affects_,the ability of the soil’ to support a
structure; sXOne of the most difficult problems
related to* “frost action- wluch  the engineer
encounters is'that pavements are-frequently
‘broken up-or. severely damaged ds subgrades
freeze dunng ‘the winter and:thaw out in the.
- spring. ‘When' frozen subgrades afe: thawmg
out;: :they may become extremely unstable. In )

-
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gome- severely” ‘dfféctedTareas, it has been
necessary*“to completel#%gdchse a facxhty to -
‘traﬂic untxl the subgra %%;ecovers its' stablhty,_

- .,f &t@g

, “;_j’»;‘nosr ACTION PHoCESS . ~*, < ¢

d‘

contained in soil voids
facts, however, ‘indicate
: w‘*“‘*‘thefmzmg -of_additional water that ‘is
attracted from the nonfrozen‘soil layers. The
process of ice segregation ay be pictured as
~follows' ‘The thin layers of wate? adsorbed to
soil grains (which do not act like water)
become supercooled meaning this water re-
mains liquid-below 32°F. YA strong attraction
exists betweén-this water and the ice crystals
,which form in- larger void spaces, and this
supercooled water .flows toward the already
formed- crystals and freezes ol contact. Con-
tmued crystal growth leads to the formation
of an.ice lens wh1ch ‘continues to grow in
sthickness and w1dth lintil the source of water

n freezing, The

[ Freedng., aEarly theones attributed is cut off or the témperature rises above the
expanaion of the water normal freezing point (fig 6-1
o =l " -

IR e TR g e SR

t heaving is due’
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Water in large void
space freezes into
ice crystals along
i " Lo Tt \ plane of freezing
. AR . TEMPERATQRE ) PR ATR _temperature.
“‘“‘”BELOW‘ FREEZING' ; i -

00. .

. : MOVING WATER
*BASE - .UNFROZEN

FROZEN . SUBGRADE
Qx> .

e

Ice crystals

‘ attract water from
’ . . Ll N acent voids

PLANE - OF FREEZING w RO ;‘gjich freezes on

TEMPERATURE " O ) contact and forms

larger crystals.

FAL AL 444

. MOVING WATER
CAPILLARY WATER ] UNFROZEN

~ UNFROZEN " SUBGRADE.

Crystals continue
to grow and. .join,
forming iceflens.
Vertical pressure
-, éxerted by dce
w HEAVING ] —ICE ENS: lens heaves surface.

Ty eyeYy

MOVING® WATER
UNFROZEN

Figure 6-1. Formatum of ice lenses. " . . - - )

b '.l:hawing. ’I’be second.phae of frost- w»smla.tmg blanket of-snow tends to-encourage——
damage occurs toward the end of winter, or this type of thawing. Such a thawing gondi-
in early spring when thawing commences; tion is highly desirable, because it permits the
The frozen subgrade thaws both from the top‘ 'fmeTted waterfrom the thawed ice lenses to
~and from the bottom. (1) If the air tempera-. seep: vhack throu% ‘the lower soil layers &g%the
. ture remains barely below the freezing point water table from'whence it was drawn during
for a sufficeint length of timie, deeply frozen the freezing process. Such dissipation of the
'soils will gradually thaw from the bottom -melted water places no load on the surfaée
upwards because of the outward conduction ~ -drainage system, and no tendency exists to |
.of heat from the earth’s interior. An in.  reducesubgrade stability by reason of satura-

6—2 | *
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tion, thus, there is little difficulty in main-
taining unpaved roads in a passable condition.
(2) Thawing occurs from the top ‘ﬁownward
if the air temperature suddenly rises from
below the freezing point to well above that
point and remains there an appreciable time.
It leaves a frozen layer beheath the thawed
subgrade. The thawed soil between the pave-
ment and this frozen layer contains an excess
amount of moisture resulting from the melt-
ing of the ice which it contained. Since the
______ frozen layer of soil is impervious to the water,
adequate drainage'is almost impossible. The
poor stability of the resulting supersaturated
road and airfield subgrades accounts for many
pavement failures. Earth roads may become
impassable when supersaturated. (3) Thaw-
ing from the top and bottom occurs when the
. ‘air temperature remains barely aboye the
freezing point for a sufficient time. Such
thawing results in soil stability, the
duration” of which, ver, would he less
than for the case where thaw is only from

6-3, CONDITIONS NECESSARY FOR FROST
ACTION

a. Frost-suscepﬂble soil. The potentxal
intensity of ice segregation in a soil is de-
_pendent to a large degree dn the void sizes
- which may be expressed as anrempirical func- )
tion of grain size. Thus, inorganic soils with /
3% or more of grains by weight finer than
0.02 millimeter in diameter are conside
frost susceptible. Frost-susceptible soils ha
been classified in the following four groups:
F-1, F-2, F-3, and F-4, (table 6-1), listed ap-
proximately in the order of increaging
ceptibility-to frost heaving and/or weakening
as a result of frost melting. The o
listing*of.subgroups under groups F-3 and
F-4 does not necessarily indicate the order of
susceptibility to frost heaving or weakening
of these subgroups. There is some overlap-
. ping of frost susceptibility between groups.
The soils in group F-4 are of especially high
frost susceptibility. Soil names are defined in
the Unified Soil Classification System. .

the top downward.
TABLE 6-1. Class of Frost- Susceptable Smk
- Percentage ' T -
. ypical soil types under =
v Grow Kind of soll ; finer than Unified Soil Classification
" . by weight Systems
- F-1 | Gravelly soils _ 3to10 | GW, GP, GW-GM, GP-GM
N F2_| (a) Gravelly soils 10 to 20 | GM, GW-GM, GP-GM
R (b) Sands . 3to15 | SW, SP, SM, SW-SM, SP-SM
"4  F8 | (@ Gravelly soils Over 20 | GM, GC .
'% ~ - 17 (b) Sands, excepf” Very fine silty | ~ Over 15 SM, SC =
e sands -
= 4 () Clays, PI > 12 — | CLCH
o F4 (a) silts — ML, MH
. ~(b) Very fine silty sands Over 15 SM
(c) Clays, PI < 12 —_— GL, CL-ML
(d) Varved clays and other fine- — * |. CL and ML;
grained banded sediments * Y. CL, ML, and SM;
- CL, CH, and ML;
- CL, CH, ML, and SM

A}

b. Freezing temperatures. Tempera-
“ tures below 32°F must penetrate the; soil: In
general, the thickness of ice layers ‘(and

gy

amount of consequent heaving)” 1somversely '

. 63 )

152

proportional to the rate of penetrat:on of

freezing temperature into the soil. us,
- winters with fluctuating air temperat res at

the begmmng of the frcezmg season_ will




produce more damaging heaves than cxtrcmggz-
ly cold, harsh winters where the water is

more likely to be frozen in place before'ice

segregation can take place. The daily average
temperature is commonly obtained by aver-
aging the maximum and minimum tempera-
tures for one day, but in some cases by
averaging several temperature readings taken
at equal time intervals during the day, gen-
crally hourly. The degree days for any oue
day equal the difference betwéen the average
-daily air temperature and 32°F. The degree
days are minus when the average daxly tem-
perature is below 32°F (freezing degree days)

and plus when above (thawing degree days)."

Figure 6-2 shows atypical curve for a speci

e

winter obtained by plotting cumulative degree

' days against.time. The freezing index is the
number of degree.days-~between highest and
lowest points on a curve of cumulative degree
days versus time for one freezing season._ It
is used as a measure of the combxnaz dura-
tion and magnitude of below freezing tem-
peratures occurring 'during any given fr mg\
season. The index determined for g‘z?:em- \
peratures at 4.5 feet above the und is . |
commonly designated as the alr/freezmg in-
dex, while that determined for temperature
immediately below a surface is known as the
surface freezing index. The freezing index
determined for a specific winter is illustrated
in figure 6-2. oy
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Figure 6-2. Determination of [reezing index.
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¢. Depth of frost penetration. The depth
to which freezing temperatures penetrate be-
low the surface of a pavement dépends
principally on the magnitude and duration of
below freezing air temperatures and on the
amount of water which is subject to being
frozen in the'subgrade. A rélationship be-
tween air-freezing index and depth of froat
penetration is shown in figures 6-3 and 6-4.

d.~ Water. A source of water must be
available to promote the accumulation of ice
lenses. Examples are: from a high ground
water table; from a capillary supply from
an adjoining water table; from infiltration at
the surface; from a water bearing system
(aquifer); or from the water held in the
voids of the fihe-grained soils. A potentially
troublesome water supply for ice segregation
is present if the highest ground water at any
time of the year is within § feet of the
proposed subgrade surface or the top of any
frost susceptible base ‘materials. When the
depth to the uppermost water table is in
excess of 10 feet throughout the year, a
source of water for substantial ice segrega-
tion is usually not present. In addition to
the conditions stated above, it is necessary
to consider all reliable information concerning

_pastfrost heavingand performance during

"th? frost meltig perig

yof airfield and high-
way pavements constructed in the area being
investigated, with a view toward modifying
or incrcasing the frost design requirements.

6-4. DETRIMENTAL EFFECTS OF FROST ACTION

a. Heaving. Frost heave, indicated by
the raising of the pavement, is directly as-
sociated with ice segregation and is visible
evidence on the surface that ice lenses have
formed in the subgrade and/or base material.
Conditions conducive to uniform heave may
exist, for example, in a section of pavement
constructed with a fairly uniform stfipping
or fill depth, uniform depth to ground water
table, and uniform soil characteristics. Con-
ditions conducive to irregular heave occur
typically at locations where subgrades vary
between clean sand and silty soils, or at
abrupt transitions from cut to fill scctions
with ground water close to surface. Lateral

drains, culverts, or utility lines placed under
pavements on frost-susceptible subgrades
frequently cause abrupt differential heaving.
Wherever possible the placing of such facili-
ties beneath pavements should be avoided,. or
transitions should be provided so as to mod-
erate the roughening of the pavement during
the period of heave.

b. Loss of strength of subgrade pave-
ment. When ice segregation has occurred in
a frost-susceptible soil, reduction of its
strength with a corresponding redyction in
load supporting capacity of the pavement de-
velops during prolonged frost-melting periods.
This occurs particularly in the spring, be-
cause the melting of the ice from’the surface
downward releases an excess of water which
cannot drain through the still-frozen soil
below and in the shoulders, or redistribute
itself readily, thus softening the soil. Sup-
porting capacity may be reduced in clay sub-
grades even though significant heave has not
occurred because water for ice segregation
+is extracted from the voids of the uniform
clay below, and the resulting shrinkage of
the latter largely balances the volume &f the
ice lenses formed. Further, traffic may cause
remolding or develop hydrostatic pressure
within the pores of the soil during the period
of weakening, thus resulting in further re-
duced subgrade strength. The degree to which
a soil loses strength during a frost-melting
period and the length of the period during
which the strength of the soil is reduced de-
pends on the type of soil, temperature condi-

tions during freezing and thawing periods,_

the amount and type of traffic during the
frost-melting periods, the availability of water
during the freezing andsthawing periods, and
drainage conditions.

c. Effects of frost action on pavements.

+ (1) Rigid concrete pavements. Con-

" . crete has little tensile strength and a slab

is designed to resist loads from above Wwhile
receiving uniform support from the subgrade
and base course. Hence, slabs have a tendency
to kreak up as-a result of the upthrust from
;?nur;iform heaving soils causing point bear-

ing. As a rule, if rigid pavements survive the |

6—~5.
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produce more damaging heaves than extreme-

more likely to be frozen in place before ice
segregation can take place. The daily average
temperature is commonly obtained by aver-
aging the maximum and minimum tempera-

averaging several temperature readings taken
at equal time intervals during the day, gen-
crally hourly. The‘deg;ee days for any oie
day equal the difference*between the average
- daily air temperature and 32°F. The degree
days are minus when the average daily tem-
perature is below 32°F (freezifig degree days)
and plus when above (thawing degree days).
Figure 6-2 shows a typical curve for a specific

ly cold, harsh winters where the-water is-

tures for one (day, but in some cases~byw. .

+ determined for a specific wintet is illustlated
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winter obtained by plotting cumulative;degree

- days against time. The freezing index is the ~ -
numberof degrec days betwcen highest and Ty

lowest points on a curve of cumulative degree
days versus time for one freezing season. It
is used as a measure of the combined dura-
tion and magnitude of below freezing tem-
peratures occurring during any given freezing
season. The index determined for‘air tégi- °
peratures at 4.5 feet above the ground: is
commonly designated as the air freezing in-
dex, while that determined for temperature
immediately below a surface is known as'the «
surface freezing index. The freezing index

. -
A4

in figure 6-2. .
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e Depth of !root peaetration. The dezg
to which freezing temperatures penetrate/
low' the surface of a pavement depends
principally on the magnitude and duratiop of
below freezing air temperatures and on the
_amount of water which is subject td being

_ frozen in the subgrade. A.relationship be-

tween air-freezing index and depth of frost
penetraﬁonkshowninﬁgumwandu

d, Water. A source of water must be
available to promote the accumulatipn of ice
lenses. Examples are: from a”high ground
water table; from a capillary supply from
an adjoining water table; from infiltration at

-—--—————the surface; from a water bearing " system
) - (aquifer);

or from the- water held in the
voids of the fine-grained soils, A potentially
troublesome water supply for ice segregation
is present if the lughest ground water at any

time of the year is withih 5 feet of the.

proposed subgrade surface or the top of any
frost susceptible base maferials. When the

" depth to the uppermost water table is in

excess of 10 feet throughout the year, a
Source of water for substantial ice segrega-

tion is usually not present. In addition to
the conditions stated above, * it is necéssary .

to consider all reliable: information concerning
past frost heaving: and performance during
th> frost melting, period of mrﬁeld and high-
way pavements ¢onstructed in"the area being
investigated, with a View toward.modifying

-or increasing the frost design requirements.

&-4. "DETRIMENTAL EFFECTS OF FROST ACTION
F: Heaving Frost he'ave, indicated by

the raising of the pavement, is.directly as-

socidted with xce segregatxon and is visible
evidence on the surface that jce lenses have

formed in the subgrade and/or base material. .
- ‘Conditions tonducive to uniform heave may

exist, for example, in a sectio ‘of pavement
constructed with a falrly uniform stripping
or fill depth, uniform depth to ground water
table, and uniform soil ‘characteristics. Con-

ditiens conducive to irregular heave occur -

typxcally at locations where subgrades vary

- betwéen clean sand and silty soils, or at

abrupt transitions from cut to fill sections

with ground water close to surface, Lateral

drains, culverts, or utility lines-placed under .
pavements on frost-susceptible subgrades
frequently cause abrupt differential heaving.
Wherever possible the placing of such facili-
ties beneath pavements should be avoided, or
trdnsitions should be provided so as to mod-
erate the roughening of the pavement during
the period of heave.

b. Loss of Strength of subgrade pave-:
ment. When ‘ice segregation has occurred in
a frost- -susceptible soil, reduction of its
strength with a corresponding reduction in
load supporting capacity of the pavement de-
velops during prolonged frost-meltmg pe‘xods
This occurs partxcularly in the spring, be-
cause the melting of the ice from the surface
downward releases an excess of water which
cannot . drain through the Stlll frozen soil
below and in the shoulders, or redistribute
itself readily, thus softening the soil. Sup-
porting capacity may be reduced in clay suh-
grades even though significant heave has not,
occurred because water for ice segregatxon
is extracted from the voids of the uniform
clay below, and the resulting shrinkage of
the latter largely balances-the volume of the
ice lenses formed. Further, trafic may cause

sremolding or develop hydrostatic pressure -
within the pores of the soil durmg the period |
of weakening, thus resulting in further re-s

duced subgrade strength. The degree to which

" a soil loses strength during a frost-melting

period and the length of the period during
which the strength of the soil is.reduced- de-
pends on the type of sojl, temperature condi-
tions during freezing and thawing periods,
the amount and type -of traffic during the
frost-melting perxods, the‘ava.xlabxhty of water
during the freezing and thawing perxods and
drainage conditions.

0
.c. Effects of frost actionon pavements.

- (1) Rigid concrete pavements. Con-
crete has little tensile strength and a slab

. is designed to resist loads from above while
- receiving uniform support from the subgrade

and base course. Hence, slabs have a tendency
to kreal’ up as a result of the upthrust from’
nonuniform heaving soils causing point bear-
ing. As a rule, if rigid pavements survive the
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* Figure 6-3. Relationships between air freezing index and frost penetraiion into granular non-frost-
susceptible soil beneath pavements kept free of snow and ‘ice for freezing indexes below 800.
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i1l effects of upheaval, they will generally not

fail during thawing. Reinforced concrete will
carry a’load-by heam action over a subgrade
having both-frozen and supersaturated-areas.
The average rigid pavement will carry a
limited amount of traffic, but less than the
design load, over an area which has become
entirely supersaturated and semiliquid.

(2) Fisxible bituminous pavements.
The ductility of flexible pavements helps thelk
to deflect with heaving and later resume their
original positions. While heaving may pro-
duce severe bumps. and cracks, generally it

. is not too serious for flexible pavements. By

contrast, a load applied to a poorly supported
flexible pavement during the thawing period
will usually produde small mounds called frost

boils, at the weak spots in the pavement.
r areas afflicted with.

Sustained traffic
frost boils sets up #pumping action that re-
sults in complete failure of the road in the
immediate vicinity of the frost boil.

“ (3) Slopes. Exposed back slopes and
side slopes of cuts and fills in fifle grained soil
have a tendency to slough off during the thaw-
ing process. The additional weight of water
plus the soil exceeds the shearing strength
of the soil and the hydrostatic head of water
exerts the greatest pregsure at the foot of
the slope. .,This causes a sloughing off of the
soil at the toe, multiplying the failure by
consecutive shear failure due to inadequate

- stability of the altered slopes.

6-5. COUNTERACTIVE TECHNIQUE

a. Lowering water table. Every effort
should be made to lower tHe ground water
table in relation to the grade of the road or
runway. This may be accomplished by the
installation of subsurface drains, or open side
ditches, provided suitable outlets are availa-
ble and provided also-that the subgrade soil
is drainable; or it may be accomplished by
raising the grade line in relation to the water
table. Whatever means are employed for pro-
ducing the condition, the distance from the
top of the proposed subgrade surface (or any
frost-susceptible base material used) to the
highest probable elevation of the water table
should not be less than 10 feet. When the

6—38

.of pervious, coarse grain
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depth to the highesf level of the water table

s in excess of 10 feet throughout the year,

a source of water for appreciable ice segre-
gation 1s usually not present.

b. Preventing upward watermovement.
Tréatments whith successfully prevent the
rise of water include placing a 6-inch layer
d soil 2 or 3 feet
beneath the surface. layer must be de-
signed as a filter to prevent clogging the pores
with finer material and subsequent defeat of
the original purpose. If the depth of frost
penetration is not too great, it may be
chéaper to backfill completely with granular
material. Another method, successful though
expensive, is to excavate to the frost line, lay

+ prefabricated bituminous surfacmg (PBS),

and backfill with granular material. In some
cases, soil-cement and asphalt stabilized mix-
tures, 6 inches thick, have been used effec-
tively to cut off the upward Xovement of
water.

-¢. Removal of frost susceptible soil.
Even though the site selected may be on ideal
soil, invariably on long stretches of roads,
or on wide expanses of runways, there will be
localized areas subject to frost action. These
must be recognized, removed, and replaced
with select granular material. Unless this is.
meticulously carried out, differential heavmg
or frost boils, upon thawing, may result.

d. Insulating the subgrade against
frost. The most generally. accepted method
of preventing subgrade failure due to frost
action is to provide a suitable insulating cover
so that freezing temperatures do not pene-
trate the subgrade to any significant depth.
This insulating cover consists of a_suitable
thick pavement and a thick non-frost-
susceptible base course.

e. Snow removal. During freezing
weather, if the wearing surface is cleared of
snow, it is very important that the shoulders

"also be kept free of snow. Where this is not

the case, freezing will set in.first beneath
the wearing surface. This permits water to
be drawn into, and accumulated in, the sub-
grade from the unfrozen shoulder area which
1s protected by the insulating snow. If both

»
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areas are free of snow, then freezing will the shoulder area. As freezing progresses s

* hegin in the shoulder areas because it is not  to include the subgrade, there will be little -~
protected by 'a pavement. Under this condi- frost action unless more water is available /
tion water is. drawn from the subgrade to from ground water or seepage. '

- >

6-6. FROST MT%N DESIGN -
N a. Limited Subgrade frost penetration design: .
® Step 1. Determine the freezing index. (If in the arctlc or subarctic regions also de-
termine the thawing index.) ~

Step 2. Conduct combined mechanicai-analysis—and-strength—determinatiomof sub-— -~

grade and borrow, soils and establish heave characteristics of the natural
subgrade ‘soil, locate depth of the ground water table and any other neces-

¢ sary characteristics.

’ / Step 3. Determine design load tire contact area or pressure, gear conﬁguratlon and

wheel spacing, and any other “classification characteristics of the type field
required: \

Step 4. Classify sibgrade-soil into group of frost susceptibility (F-1 tMouéh F4). ., '

Step 5. Estimate or compute the average moisture contents in, the granular non-
! frost-susceptible base course material and:the natural subgrade soil at the

e start of the freezing period. Also determine the dry unit weight of the"
. - granular non-frost-susceptible base course material at maximum modified :
AASHO compactive efforts. .

Step 6. Determine the total frost penetration whlch would occur in a granular n
frost-susceptitle base course material, assumed of unlimited- depth in thh
design freezing index' year, figures 6-3 and 6-4. Use straight line interpo-
lation where necessary. The solid moisture content lines shown on the charts
represent 12 inches of portland cement concrete pavement or.a bituminous *
pavement over 6 to 9 inches of high quality non-frost-susceptible base

*+ course material. The dotted moisture content lines represent 20 inches of
portland cement concrete pavement. The minimum thickness of asphaltic
concrete pavement and high quality base course materials required in d tem-
perate climate are tabulated on tables 6-2 and 6-3. i

Step 7. Get familiar with the pavement cross section on upper left of figure 6-5, and -/
then . compute the base course thickness (¢) required for zero frost penetra-

- tion into the subgrade soil using a pavement thickness (p) as required by
the tabulations on tables 6-1 and 6-2 as follows: ¢ == a -p

*Where:

Rl
a.= the total thickness ,of pavément and. non-frost-susceptible base
- found in step<6 above. = ¢ 3
p = the minimum required thickness of asphaltic concrete pavement
tabulated on tables 6-1 and 6-2. - \

Step 8 Compute the fratio (r) of the in-place subgrade moisture content to the
moisture content of the non-frost-susceptible base course material after
dramage as follows::

moisture content in. _percent of the‘natural subgrade
r =

moisture content in percent of the drained base course
- o

- P ) 6—9 * h
e 3 167
Cok

W, -




| , § N/ y 3 '
"TABLEG-2. Pavement and Base Thickness Design Criteria for Single-Wheel Loads - “

Single wheel >
*  Tire inflation, 100 psi

LOAD T - CBR
(KIPS)

Pavement . Base  Total .-. Pavement

- , ‘. THICKNESS, IN.

10 -
20
30

40
50 -
60
70

Single wheel
~ Contact area, 100 sq in. each wheel

THICKNESS, IN.

LOAD
(KIPS)

80-CBR " - 100-CBR
Total Pavement Base . §ATotal

Base
6 8 2 6
6
6
6
6

Pavement ;

— —

10
15
20
25

30

‘9

9

10
‘11

—h

s

It is important to note that:\ -

»

If the computed “r” valué above exceeds 2.0 use 2.0 for r. The reason
. for limiting r to a maximum of 2.0 is that not all of the moisture content
in a fine grained soil will actually freeze at the temperature which will be

reached in the portion of the subgrade into which freezing temperatures -
will penetrate. R - ’
Enter figure 6-5 using the ¢ value, as computed in step 7 above, as abscissa
and progressing vertically until intércepting the computed or applicable r
value, then progress horizontally to both left and right scales giving you a
direct reading of the design base thickness b and allowable subgrade frost
Penetration s respectively. This is the design for “limited subgrade frost
penetration”. A double check should be niade using figure 6-6 of values b
and s, as this plot illustrates the basic subgrgdé penetration assumption on

.

which this whole design procedure is based.
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. It is important-to note that: o ‘
_____ - _(a). Only this method of frost design may be used to determine_the combined -
- thickness of both rigid and flexible pavements and non-frost-susceptible base in the following
“cases: R
N 1:" Over all group F-4 subgrade soils. . :
= 2. Over other frost-susceptible subgrade soils, when crackmg of mgxd pave-
meénts or unacceptable pavement roughness caused by nonunxform frost heave may be ‘ex-
pected, with lesser design thicknesses. . R I .

-

(b) The limited subgrade frost pznetration design shoyld always be mveStxgated
over other groups of frost-susceptible subgrade soils as well and.sHould be‘selected for use
based on economy of design. * .

(c) Under average field conditions, the above procedures will result in sufficient
thickness of material between the frost-susceptxble subgrade and the pavement so that frost
penetration of the amount s should not result in excessive differential heave and cracklng of
* the pavement surface durmg the. esxgn “freezing index year.

m’ 4 inches of the design base-as a ﬁlter material satxsfymg
both of the follo ng conditions: ' L

. e YN epmem -

,,, . 15 percent assing size of filter blanket - Z s T4

Al

85 perceni/ passing size of subgt'ade soil

50 percent passing 'size of .filter blanket

and 25

Al

50 percent,passilig size of subgrade soil

I is important to note that in the above cage, the filter blanket prevents the
frost-susceptible subgrade sol from penetrating through thd ‘filter: however.*
. . the filter material itself musts.also not penetrate the nop- frost-susceptible
base course material. 'I‘horvrnu- the following additiona roquxrcmon‘ T

-
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15 pércexlggp‘gssing size ‘of base,course

NI

85 percent passing size of filter blanket >
. . 50 pércent passing size of base course _
and —es - = 25
. _rg . 80 percent passing size of filter blanket

Ay

Where: Z means equal to or smaller than . . '

In addition to the above two requirements, the filter material will, in all
. : cases, have less than 3 percént by weight finer than 0.02 millimeter.

. : “For rigid pdvergents, the 85 percent size of filter or regular ‘base course
) «f¢  material placed directly beneath the pavements shall be equal to or greater

“

- : . than Y inch in diameter, This requirement prevents loss of support by the
.. e pumping of soil through the joints of the rigid pavements.
\W ) ' Step 11. When the maximum combined thickness of pavement and base obtained by
o this.procedure exceeds 72 inches, special study should be made of the follow-
. - ing, possibly more economical, alternatives:

¢ {(a) Limit the total gombined thickness of pavement and non-frost-susceptible
base to 72 inches and use steel reinforcement to minimize and limit the cracking that will
oCCur. ) ' . .
K¢ (b) Reduce the slab dimensions to as little as 12.5 or 15 feet without reinforce-
" “ment. ' _— A
NN It is important to note that both of the above alternatives will produce
greater surface roughness than obtained using the basic design method because of greater
subgrade frost penetration. ' »

N b. Reduce subgrade strength design.

. Step 1. Investigate’the reduced subgrade strength design for, both flexible and rigid
o pavements on subgrade soils of groups F-1, F-2, and F-3 when subgrade |

- conditions are sufficiently uniform to assure that objectionable differential
B . - heaving or unacceptable cracking of pavements will not occlir or where sub-

S, . grade variations are correctable to this condition, On less important slow
L ' = speed flexible pavements this design may be used over nonuniform heaving

v

N 7 - . y . f
i I3 o B -
) R . R 4 (
- h =
. N .

£

R ; and F-4 subgrade soils.

et . Step 2. Use the applicable charts, figures 6-7 through 6-12; enter the charts with
: . - the design load on the bottom horizontal scale; progress .vertically up to
intersect the appropriate soil group (F-1, F-2, or F-3); then progress hori-

. zontally to your left and read directly the minimum combined thickness of

pavement and nonfrost-susc-ptible base course material required above this

subgrade in inches. It is important to note that: .
(8) In no case should the thickness of pavement and non-frost-susceptible base
be less than 9 inches where frost action is a consideration, regardless of loading.
for the runway, interior as follows:

. ‘ 1. Light load pavement and theater of operations pa«v-,exfents: Traffic
— Area HC” . R ’ . h

(by ‘Figures 6-7 through 6-11 state that the thickness will be reduced 10 percent

Heaw%ead—pavements;-—’?rafﬁmre&s—“e”—and‘ “pr S




A

S Step 3.

.

- "\

Design the bottom 4 inches of the non-frost-susceptible base as a filter blan- —
ket, as outlined in step 10a, above, if theé total depth of frost penetration
_ - - {(a), found, in step 6, exceeds the total combined thickness of pavement and

S base required in the reduced subgrade strength design, found in step 2.

Y

NOTE FOR DESIGN OVER F4 SUBGRADE SQOILS SEE TEXT
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' % . (meaning the one design requiring the least expenditure of materials and

. ble materials. (This may occur between base and subgrade, but may also occur ‘between base

Step $.~ Compare the two designs “limited subgrade fmst) penetration” and_“reduced
. *  » subgrade strength” and select the most economical of the two designs

& effort, etc.) as your frost design.
'Step 5. (Arctic and suberctic regions) ’

Use the ‘thawing index found in step 1 and enter figure 6-13 at, the upper

- scale; progress down until intersecting the curve; then progress horizontally

" left and read directly the thickness of non-frost-susceptible granular base
.~ required in inches; multiply this numbet with the appropriate correction
_factor for the various moistare contents tabulated. This will give youda

T e to o
e — B
Step 6. . Compare the total depth-of thaw, from stép—5,-with the reduced subgrade

8 design, from steps 1-3, and select the more economical of the two,
then s\lecbyonnﬁnal design based on the choice.af outlined in step 4 above. \

W

Step 7. Incorporate the ﬁnal frost design into the regular “temperate chmate des;gn” : -
as follows .

-~

(a) The required. tluckness of asphaltic concrete pavement for the “temperate . '
clxmate design” will remain unchanged.

(b) Change the depth of the non-frost- susceptxble base course, if necessary, to
fulfill the requirements of both the ‘“temperate climate design” and the appropriate selected
“frost” design. (This may in many instances require that the total pavement structure of
base, subbase, and select material be changed to a non-frost-susceptxble granular base course
all.the way through and may m addition require an mctease in depth of the total pavement

' structure). _) ’

+  (e) If at any time the depth of frost penetration (a), found in 'step 6, exceeds

. the total depth of asphaltic concrete pavement and granular non-frost-susceptible base cqurse ° .?

material, a 4-inch filter*blanket, as specified in stép 10, must be placed in the bottom of the
non-frost-susceptible base ‘at the transition between frost-susceptiblé -and non-frost-suscepta-

and subbase, as well a3 between base and select matenal) -

Step 8. Add the compaction reqmrements as tabulated in table 6~4 Make sure that .
all of: the requirements written in the upper portxon of the table are fulfilled
prior to entering the table below. ‘.

The table is based on two types of subgrade soil, “Cohesionless”,, me;.ning .
a soil having a PI'from 0 to 5, and “Cohesive”, meanu' a s&xl having a_

PI of more than 5."“Also be aware of the dxﬂ’erence in requirements be-
tween ‘areas of cut or fill.

4 LY

67. PERMAFROST DEFINITIONS : is defined as the top stratum that is exposed

y to seasonal freezing and thdwing. The thick-
ness of the active layer and of the permafrost
layer depend primarily on the mean annual

L

-

Permafrost is perennially frozen groux.xd.
Note that this is a ‘condition of soil tempera-

ture and does not n.ecessaril.y' imply an un- . . temperature and the ambient air temperature. -
satisfactory foundation condition (fig 6-14). The farther north you go, the lower the mean =

Suprapermafrost is the entire layer of grourd  apnual temperature and the fewer the number

‘above the permafrogt table. This may or may - of thawing days: therefore, the thicker will

not coincide with fhe “active layer”, which be the permafrost layer and the thinner the

' 6—18 . .




;~NOTE:  ‘CURVE IS FOR 5% MOISTURE. -
.57 CONTENT IN BASE. FOR OTHER -
; VALUES OF MOISTURE CONTENT,

MULTIPLY THICKNESS SHOWN BY ———
FOLLOWING VALUES. -

- 2%, 140 6%, 093
3%, LI19 7%, 0.87
. 4%, 1.08 8%, 0.80
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« Pigure 6-13. Thickness of base required }?revent thawing of subgrade.
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; : *x Figure 6-1;. Typical sections. through groynd,\contain;ng permafrost.
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active layer. The permafrost layer varies

from a foot or less in the southern part of
the Arctic, to an estimated 1,600 feet in the

1 - .Q/S*’{.'

6-9 CONSTRUCTION PROBLEMS

a. Permafrostisa construction problem
because of its effect upon the foundations of

® »

& ... .. yicinity of Thule, Greenland. Likewise, the
: active layer may vary from 8 to 10 féet in struc ?I}d pavements. The p rqb lem 2 f
th the supporting strength of frozen soil is dif-
e more-southerly latitudes, to 2 to 4 feet ficult to evaluate and only general guide lines
in the vicinity of Thule. Permafrost occurs » have been developed. The general char-
. . - in regions where the mean annual tempera- acteristics are known and are described as
. , ture is below freezing. The southern ‘limit of below.
JRC permafrost generally coincides with the mean / &
. annual 32°F isotherm. Permafrost is common b. Spil with a high bearing value when
ot g
~ ih northern North America and northern ' frozen may lose €onsiderable strength when
. sia. It underlies several million square miles thawed, due-to the escape of water which is
- ol “the arctic and subarctic reglons Abouta  ‘rgleased upon thawing.
° of the world's land area is involved — L .
K N Practically all of Greenland four-fifths of nonuzﬁoif‘get:::seseo;u:hu;eﬁze;mm;’;?na*gg
- s ;\I.laska, half of Russia, and lirge portions of tion of soil moisture andyor segregated ice in
: orthern Canada. . - the soil
: <. 7 e soil.
A 6-8. . PERMAFROST GROUNDWATER ~d. I the frozen state, the bearing ca- |,
P °i . : pacity is directly related to ground tempera-
abo v:: withinmglf'es’bélow :hng wi:;:fzzg 12. m::D ture which, in turn, varies with mean surface
. ! . 1€ per ¥ temperature and numerots other factors.
. depending on physiography, climate, and sea-
‘sonal weathér. Since free ground water is e. Soil moisture is dependent on soil
above freezing temperatures, its- unaccus- typ@ annualgprecxpxtatxon,q\water table, and
tomed presence may_%t:xaw permafrost. Ground glatial geology of the,area under study.
- water is thus an imiportant factor to consider . . N i
~ ~ f. The complexity of this problem is
;. $a:;nss:ucf on;e:%a:: from just the usual increased by the fact .that a sbil profile fre-
\ WPy q quently does not exist in the Arctic, making
b. “Warm season behavior. Wﬁen the a desxgn ‘based on the weakest known condi-
annual frost zone is unfrozew, gromnd water tion mandatory. - .
above the permafrost behaves like any ground 0
. . . . One of the intéresting things .about
water above an impervious stratum. In fine .-y, groblem of construction’ %n pe;::mftost
grained peaty soils, common in arctic regions, is that, generally, the farther north one goes
the water movement is extremely slow. the less difficult ;:he foundation constru c%:.ion
c. Cold season Yehavior. When sea- « becomes. When the. pef‘mq.frost temperature -
sonal freezing begins, the top surface of the”  is near the freezing point (as'is frequently
annual frost zone becomes .impervious. This the case in the subarctic) it becomes very
~ confines the ground water and, gften puts it = difficult to predict the thermal behavior after
: under pressure.” As pressure increases by - construction and provide an adequate deaign.
K deepened freezuig, the ground water seeks to
, escape. Often it is forced up through weak » 610, GENERAL DESIGN APPROACHES FOR
- spots to the surface whére it. spreads and FOUNDATIONS ) .
freezes into fields of surface ice. This aetion a. Pri ciples, . There are three ‘general
is found especially in hilly, terraced, and roli- design approaches for foundations in perma-
. ing terrain where the gradient of the ground - frost areas. The first of these is to retain the
- water table is exceedingly steep and surface  thermal regime, to avoid upsetting the pattern
icefields contiriue to grow rapidly as long.as of freeze and thaw established by.nature over
N - - . water js available to*feed them.— % —~—--g-long period of time; the second is to prethaw
s, B ° | 6—22
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_ . and esfablish a new thermal regime; and the consideration i i ‘ S~
..+ third is to find'a stable soil-location. The surfacer?h‘ai?i:lg:sitsb:liz:: mposstoe in the
sy first, to rétain the thermal regime, is the _ Arctic. In many cases, it is m datory to
= \..* design approach corimoniy used in thé mdre - orient a runway, for example 'anth o
‘northerly regions where soil temperature in directi " existi inage pattern to i
. 1 / ‘regio pe . lirection as the existing drainage pattern to
wpermafrost is generally well below the freez- eliminate hWarmful cross:drainage. Movi
. ing poifit. Design for a facility here aims at - surface or. subsurface water is B bal ! the
« ¢ retaining. the frozen ground at’ 3 ; ner probavly the
" Petaining ground at or near’its worst enemy of a thermal regime in-arctic
_ %gxnal temperature following the construé- soil. As an example, ‘water seepage under a
o fon .Of t..he fgcxht’y. SN ) i ‘kta.va.'ayfin Greenland caused a 20-foot deptho
:g: b. First method. There are three com- ;of thaw in the permafrost. The surfacing of
. mon methods of designing construction so as  2irfields and roads is of particular impdrtance,
g ** to retain the thermal regime. The firat is to Ftlgmble pavement is normally employed for, |
" raise th&Etructure above the ground surface, airfield surfacing for two chief reasons: First,
co allowing free ge of air beneath. The air .t 18 2lmost impossible to provide a base where )
6 provides an { p“l stmaf g blanket to prevent heat  1© Vertical movement will occur. Bituminous
from infiltrating to the ground during the  Pavement provides enough flexibility to allow )
. er. Likewise, this provides free ge for this' slight”movement - without requiring
. of cold air to-insure the normal backfreeze . ufldue maintenance. Second, the lower am-
during the wintef. This:is the method com-. Cient temperatures during the summer season.
: monly used for relatively light-load buildings, ¢ . ProRibit tth; placement and curing of rigid .
; avement ' duri i 3
+ € Second method. The second method’ Et‘ructidnzse:?onns ‘g:uﬁeggii&% cﬁ:& . &
., - of retaining the thermal regime’ls to provide  one decided disadvantaige in the Arctic: Th °
T &/ a fill of non-frost-susceptible material on top  color of thig pavement absorbs th s rays
=, . of the subgrade — & granular fill with ' ; sometimas
! . a and produ&w surface temperatures sometimes  *
. minimum of fie : m - i
Ly ; _of fifle 0 as td prevent ice segrega- as-much as-25°F in excess of ambient ai .
N tion and detﬁmmtal frost action, thus pre-. temperature. Since the de tjx of thaw i “n )
venting a heaving or buckling action during - direct propé}ﬁon to surfap tem " :s o
. ‘the winter freeze and settlement during the rather-than air temperatur? the -el;fil;: ,t}re ’
< summer thaw. .This is the method commonly’  ‘black pavement on thaw pei’xetration ca: b:'.
, used for -airfields 'and roads in the Arctic  readily seen. -
where no influx of ‘heat, as from a heated Ry ' .
: building, occurs during the winter months +» d‘ Third method. The third method of :
- and seasonal backfreeze is readily obtained.  ctaining the thermal regime: is a sort of v
. The depth of non-frost-susceptible material combination of these two previous methods —
nécessary to retain’ seasonal thaw- should e -~ D€ granular fill and the passage-of cold air . )
.. ¢omputed. In theé subarctic, where. the thaw-  “rderneath the floor. It“ig.used for -large -
__ing irldex may be higher,than 1,000,t may - Structures which are required to support
bé entirely-féasible to providescomplete thaw-  12¢8VY floor loads such as hangars and heat- o
L protection. In this case, ~°fhg' design must be ' and-power plants. It ig essentially a slab-on-. .t o
* made for seasonal weakening during the frost g((ra(!e construction in ‘which the under-floor
©, melting periqd?‘“@modemte,cﬁmaies,-airﬁeld—»wﬂo**g—i’ accomplished either by natiral or
| " construction Yesign norinally follows & eat - forced air circulation, or mechanical refrig- T
" versus 8l balange, wheréin areas of cut.are ° eration. In this method a Subflooring is placed - T
» balanced as nearly a8 possible by. argas of fill. on-top of a granular fill. . Corrugated metal
- In areticiand subarctic regiofs, cut should be -« Dipes or a,series.of metal pan run thrdugh
<o eliminated to the maximum extént practicable, . the subflooring ang, connect to plenum’ cham- ’ A
e Ipsd&omg,-pdvantageistaken'o( the existing bers on,,oppc;site sides of the buildings, and ' )
oo s;xfnmpemafrmt“wlfiéh alr.éafly fopms a'”gen- extend vertically to prodice a “chimne’y ef-
N ée X y trogble-free insulative la.y?r. S‘p\e‘cial‘“:. fect” to px:ovidej'a gontinuous flow of cold :
R 68 R
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outside air through the subflporing. Above
the pipes is a layer of concrete, a layer of
foam glass insulation, and then the finished
floor. This was the method used in con-
structing foundations for hangars and other
heavy-floor-load buildings at Thule Air Force
Base. On the Nike installations surrounding
Thule ‘Air Force Base mechanical refrigera-
tion is used to keep the material supporting
portions of the launcher buildings frozen year

" round. To meet ordnance safety requirements,
the. launcher box_at each installation® had to .

.
L3

be placed below the surfaee, with earth
mounded above the exposed portion. The area
was excavated to the required grade, ex-
posing the permafrost, and was immediately
backfiled with a thin layer of non-frost-

* susceptible material to retard melting. A

refrigeration pipe grid system was installed
in the foundation to prevent heat transfer

-from the building. All of the above methods

can be used for foundations where the soil
temperature is well below the freezing point.
The purpose is to prevent extension of ‘the
activelayer, or to prevent thawing of it at all

* (as in the refrigerated foundations) so as to

prevent degradation of the permafrpst table
with resultant harmful effects. o

e. New thermal regime. 'mzro.ughout

~ large areas of the Subarctic it is almost im-

possible to design for retention of the existing
thermal regime because ground temperatures
of the permafrost are very close to the freez-
ing point. In these areas a different design

-

deep into the permafrost. Frequently a com-
bination of these two methods is used in
actual design. Where piles are used they
are generally set into the Permafrosfto a
minimum depth equaj to twice the thickness
of the active layer. Because of the rock-like
characteristics of permafrost, it is seldom
Practical to drive piles. They are usually
placed by one of three methods: drilling,
Jetting, or trenching.

(1), Drilling. In the drilling method,
the  pile is placed in a prev.érilled hole and
embedded in a soil slurry whith quickly back-
freezes in the permafrost portion of the soil.

(2) Jetting. - Jetting is accomplished

: \ with steam point or water jets. This method

°

A

approach is necessary. If itgwere possible to

, design for the bearimg capacity of the soil in

a thawed condition,-that would be the solu:

> tion, but since most buildings need greater

support, foundations must be placed eithex:,,gii‘%

a fill of satisfactory granular material afts;
excavation of the permafrost, or on piles set

'S

can only be used where the soil type is of
the sandy silty or sandy type, -

(3) Trenching. Sometimes the most
economical method of setting piles, especially
where clusters are involved, is to excavate
a trench to the dgsired depth, place the piles,
and backfill. "In all .cases, a suitable period
for backfreeze around the pifes must be al-
lowed before construction can proceed.

1. Satisfactory soil location. The possi-
bility that an 'entirely satisfactory soil loca-
tion can be located in arctic or subarctic
regions should not be overlopked. The cost

of an extensive subsurface investigation can’,

be completely justified by locating an area
.where little, if any,, ~pecial treat'ment is?e-
quired to develop a‘suitable foundation or

. )57

L]

structures or airfields. A typical example of.

this condition would be an outwash gravel

terrace located along a stream bed. The com- .

plete.lack of patterned ground, as determined
from a thorough study of aerial photographs,
is a good indication that a suitable subsurface
condition may exist.Q

-

e SELF TEST

s . a " ' : £
°’ Note: The following exercises comprise a self test. The figures following each question re- '
L _fer to a paragraph containing information related to the question. Write your answer ,
CEes *in the space belgw the question. When you have finished answering all the questions -
P, . for this lesson, compare your answers with those given for this lesson in the back of *
/ . . this booklet. Do not send in’'your solutions to these review exercises, .
f.\/ toe ¢ . . ) o 6— 24 -
' e - s a v
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1. Frost action is a process which results from freezing and thawing of soil. This can
present difficult problems to an engineer. Describe the nature of these problems. (6-1)

-
. .

2. In the freezing process ice formations, called ice lenses, form in the subgrade and
seem to continue to grow. Explain this phenomenon briefly. (8-2a, fig 6-1)
. & 2

\
/

"8, Inlate winter and egrly spring, the ice lenses thaw either from the top down due to
warming of the atmosphere, or from the bottom up due to outward conduction of heat from
the earth intérior. Which is desirable from an engineer’s position, and why? (6-2b)

4. What conditions must be present in order to have sxgmﬁcant frost aotion’ (8-3a,
bo d) s . v

[
! . ;
5. Frost heave, indicated bymsing of the pavement, may be- either uniform or ir;egu

lar; the latter causing the most severe problems. What conditions generally tend to cause irreg-
ular heaving? (6-4a)

.- 4 e
. .
- N *«,
* N - <
B .~

6. Expla.in briefly the theo;:y 6f losa of subgrade supporting strength during the spring
‘thawing period. (6-4b) L

¥

- o

.An (- o w : £
7. Explain how frost boils are developed in flexible pavements. (8-4¢(2) )*&
‘“..; . r . ' C e N .
T g 5,
T . ) £ . 3 n . L |
‘o . h ’ l < ° v w,.‘#

8 At what depth should the highest level of the ‘water table be below “the topbof ‘the -

proposed subgrade surface (of any frost-susceptible base material used), to insure that there

vin only a minimum sourice of water for ice segregatmn" (6-5a) " *

o
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9. A counteractive technique to prevent frost action is the pacing of a layer of pervious,

coarse grained soil 2 to'3 feet beneath the surface. What is the recommended thickness of this
layer? (6-5b)

. &
10. One of the first things to calculate in limited subgrade frost penetration design is total
frost penetration. If dry unit weight is 115 pounds/cubic foot, moisture content is 15 percent,
and the air freezing index is 500 degree days, Phat is the depth of frost penetration (inches) ?
(6-Ga, step 6, fig 6-3) d .

.
.
2

11 Inlimited subgrade frost Penetration design, the results of the design are the base
thickness b and allowable subgrade froet penetrations. Ifr = 1.4 and ¢ = 50 (base thickness
for zero penetration into subgrade), what are band s? (6-6a, step 9, fig 6-5) :

-

=

" 12 For both fléxible and rigid pavements at least the bottom 4 inches of the base will be

designed as a filter. This filter material will, in no cpse, have more than a certain percent by

weight finer than 0.02 millimeter. What is this percentage? (6-6s, step 10) .
—

45,000 | on twin assembly tricycle. gear, spacing 37 inches, contact area

| 267 square-inches each wheel, what is the combined thickness of pavement and base? ' (6-6b,

© '\ step 2, ig 6-9) e . . ‘. : 9
‘l ‘ i e

Iy
S

_14. N6 matter what the lba.ding, thexé: is a minimum for the thickness of pavement plus .
&ptible base. What isthis minimum (inches)? par 6-6b, step 2) ) CT

o
N
-

~ : ’ ‘e ‘ A * )
M i ’ - . “ * 1]
15. Permafrost is perennially frozen ground: Does this imply an unsatisfactory founda-
tion condition? (6-7) : +




, :
16. Why does the presence of ground water in a permafrost area present special and im-
portant considerations in construction? (8-8s, 6-9b)

° !

17. Of the three genéral design approaches for foundations in permafrost ares, retaining -

v

/60

'Y

the thermal regime is orfe. What method of retaining the thermal regime would you ysé for a .

relatively light-load building? (6-10b)

18, Retaining the thermal regime avoids upsetting the pattern of freeze and thaw estab-
lished by nature over a long period of time. What miethod of retaining the thermal regime
would you use for roads and airfields in the Arctic where there is no influx of heat? (6-10c)

19, What method of retaining the thermal regime would you use

for.a largé structure
" which is required to support heavy floor loads? (§-10d) : .

i
- {

v 3
. ] /

J +
. -

20,1t ground temperatures of the permafrost are very close to the freezing point it is
almost impossible to design for retentioff of the thermal regime. Another method is piles. What
is the accepted minimum depth to which the piles should be placed? (6-10e) :

-
=

St
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“Hent — increase the stability of the exikting
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IMPROVEMENT OF SOIL CHARACTERISTICS

CREDITHOURS ___________ _________ 2 ~ , h
TEXT ASSIGNMENT __________ Attached memorandum. :
MATERIAL REQUIRED __________________ None. '

Upon completjon of this lesson you should be

1. Moisture Contro} and Blending. Deter-
mine the reason for stabilization and the most
appropriate method under the circumstances .
existing. Describe the procedure for adjust-
ing moisture céntent and for blending of
available soils for improved compaction.

2. Chemieal and Bituminous Stabilization,
Define the situations under which soil stabi.

. Iizatign by the application of chemicals such .

~ -

L4

able to accomplish the following in the in-
dicated topic areas: .

as portland cement and lime, and bituminous
materials, may be effective in improving the
- construction qualities of the-natural soils.

3. Dust Palliatives and Waterproofing.
Explain the five general clasgifications of
materials available to the engineer for dust
control and/or soil waterproofing, how they
are best used, and ‘the advantages and dis-
- advantages of each, '

.* . ATTACHED MEMORANDUM °

7.1. SOIl CHARACTERISTICS

Improvement of soil, characteristics is ag-
complished by the alteration or preservation
of one of more properties of a soil to improve
its engineering characteristics and perform-

* ance. A wide selection of ific processes

“and- materials is- availabie :
hone of which is capable of solving all soils
problems. The selection ofa specific process

: , or materidl depends upon the particular rea-
-+ 80n why you need to improve the soil char-

acteristics. There are three primary reasons
why one needs to mechanically or cheéﬁcally

_Stabilize g soil. They are: strength improve-

soil to enhancé its- Ibad-éai;ry'ing capacity;
dust control. —: eliminate or ‘alleviate dust
during dry weather or in arid climates; soi] -

- wai;erprooﬁng—-prgsen;e the natural sf¥ength
of a soil by preventing the ingress of surface )
water, " »

-

7-2. - MOISTURE' CONTROL .

e B .Compaction. '

(1) Description. "The process of com-
paction of a soil is perhaps the oldest and

. most important means of soil stabilization. .

By compaction, particles are rearranged. to -
. form a denser mass with a resultiig change
~in engineering properties. such ag stréngth,

permeability, and compressibility. The extent -

" -of alteration which can be- achieved by com-

paction depends on the soil” type, moisture

» content,'amount and method of compaction.

Generally, fine-grained soils are more difficult
.‘ / R , ¢ .

7—1 i o
' ¥
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to compact than coarse-grained soils and are
more sensitive to the effects of overtompac-
tion.

(2) Uses. In the construction of a

theater-of-operations airfield, compaction

alone might 'suffice to increase the bearing
strength of an existing soil from a borderline
condition to an acceptable one for-unsurfaced
operations or for the placement of landing’

mat. o
(3) Procedures. To achieve the’best

results from compaction, a soil should be at
or near its optimum moisture content. Since
water content may or may not be controllable
in expedient airfield construction, good judg-
ment should be used in each instance to
establish the feasibility of compaction. In
general, plastic soils cannot be compacted if
the moisture is more than about one-fourth
above optimum. Cohesionless soils should he
placed:at a sufficiently high moisture content
to prevent bulking. Depending on the soil in-
volved, its condition, and the type of com-
t in
depths.ranging from 6%o 12 inches. In gen-
eral, rubber-tired and sheepsfoot rollers are
best equipped to compact cohesive soils. Co-
hesionless soils can best be compacted by
vibratory compactors, heavy tractors,. and
to a lesser extent by rubber-tired rollers. -
Smooth, steel-wheel rollers are used normally

" paction applied, densification will re

‘ _to maintgin a smooth surface dur;ng com-

paction and finishing operations.

‘' i, Water content above optimum. Scari-

fy and dry out. Do not compact when tod

wet. This will ‘cause settlement when drying

out and load is applied. Soil particles will

take the place of water.

_¢. Water content.beldw optimum. .

(1) Principle. Scarify and add water;

recompact the, soil. This will cause slight

settlement under the right conditions when .

water is added and the Jbad is app:j.

. (2) Quantitative moisture contgpl: If

optimum, t‘h;l: amount of -water which must
be added for effitient. compaction generally
is computed in gallons per 100 feet of length
(station). The computation is based upon
./‘)the drfy weight of soil conitained in a ‘com-

content of the soil is less fhan

L T=2
A

LN

»

-

é

pacted layer. For example, assume that the
sooilistobe‘placedinalayersm es™in
compacted thickness at a dry unit wéight of
120 pounds per cubic foot. The moisture con-
tent of the soil is determined to be 5 percent,
while the optimum moisture content is 12
percent. Assume that the #kip to be com-
pacted is 40 feet wide or 40°station feet per
station. The wieght of water required per
cubic foot (with no allowance for evapora-
tion) is equal to 120 (0.12-0.05) = 120(0.07)
= 84 pounds. Allowance for evaporation
varies from 5 percent to 10 percent dependin

- on temperature, humidity, work conditions,

type of soil, and length of time between. plac-
ing and rolling. In this example an allowance
of 10 percent is made for evaporation.. Then,
84 X (1.0 + 01) = 84 X 11 = 924
pounds of water required to be added per
cubic foot of s6il to obtain optimum moisture
content and allow 10 percent for/ evaporation.
Since water weights 8.33 pounds per gallon,
the number of gallons required per cubic foot
of soil .= 9.24 =+~ 8.33 = 1.109. The volume
of compacted soil per statiog = 40(100) 6/12
= 2000 cubic feet. The amount of water
required per station for the 40 foot wide strip
is then 1.109° X 2000 =.2,218 gallons. Table
7-1 can be used in lieu of computations of the
type discussed (except allowances for evap-
oration cannot be uséd). Adjustments for the:
effect of rain during the laydown may be
made by use of table 7-2. ¥ .

.

7-3. BLENDING . '
a. Principle. The overall objective of .

mechapical stabilization™is simply to_ blend

* available soils in such a fashion that, when

properly compacted, they will give the de-
sired stability. In certain areas, for example,
the natural soil at a selected location may
be of low supporting power:because of an
eéxcess of clay, silt, or fine sand. Within a
reasonable distance there may exist suitable
granular material§ which may be blended
with the-existing soil td effect a marked im-
provement in stability of the soil at a very
much lower cost in manpower and material

. than is involved in applying imported surfac-

ng, 4nd it may even produee better resuits in_
the end. T
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' TABLE T-1. Moisture Content — U. 8. Gallons/3q ¥4 or Station Foot for §-inch Compacted Lift .
— ——e__ . : _ ' s
Moi:tuu coutent . o Dsy unit weight (Pounds/cubic foot) /’ N L -k

".' Gallong 5078516765 70 )75 }|8 |8 )9/ es 100 IO6| 110 | 115 | 120 IJS 130 , 135' ?0' 145 }150 N
LS .[0.27] 3010.32(0.35/0.38]041}0.43[0.46/0.45/0.51/0_54l0. 57'0 50(0.62{0.65 0.630.70 73|o ‘76L) 78'0‘81

Station foot. .. .........._.. [3.0/3.3 /3.6 3.9 524548 (5.1 |5.4 5.7 .0 . 3fe.6 ]e o f7.2]1.5 7.8 8. |§T|F|9—o_
T lo.54}0.60/0.650.70/0. 760..81 0.86{0.92(0.97[1.03)1 .08]1 . 14|1 18)1.24}1.30}1 . 36}1 . 402 43'1 51|1 57]1 62

Station foot - ....1:....._.... 6.0 6.7 17.2 |7.8 (8.4 |9.0 [9.6 J10.2{10:8f11.412.0012.7)13.1/13.8)14 4!15. 5.1[15. 6{16. 2'16 817.4 4hs 0
; Bqyd.ooie L 0.81/0.89 .971.051.131.gg|x.m 1.38[1.461.54/1.62{1 . 7001 .78]1 . 861 . 94:2 032.11}3. 19[2 262. 352 3
| Btationfoot. ... ... 0.0 9.9 [10.811.7)12.6/13.614.4]15.3)16.2017.1/15.0 18.919.820.72'22.6'23 4f24. 3|25 l|26 1}27 0
s Sayd.. 1.08{1.19]1.3011".4001 .511 '62{1 . 73[1 .84]1 .94{2_05(2. 16]2. 27 2.332.482.59]2.702.81 2. 5123 023. 13]3 2

Stationfoot. . _.._........... 12.0/13.2]14.4/15.6(16.8(18.0[19.2/20. 421 .622. 8/24.0]25 2|26 4|27 6 28.8/30.0)31 .2]32. 4'33 sla4 8'35 0
s | Savdeoooooooonl.o 21350 4001 621 76]1 8912 03(2.16[2.30/2.43]2.57]2. 70]2. gal2. 973 11 3.24:3358!3.51 3.653.78'3.92‘4.05

Station oot ... ............ 15.016.6/18.0/19. 5121 .0122.5(24.0(25..527.0/28. 5/30.0[31.6{33.0 34.6'36_.0:37.6 39.0[40.6}42. o:ﬂhﬂ
6 £ R IO -J1.621. 78119412, 11(2.27]2. 4312.50/2..752. 20]3.08]3. 243 40[3. 56/3. 733 .59]1 .05 4.21 |4 37134_|4l)4_8_6

Station foot. .. ...\ ......... 18.0/19:8121..6}23..4125.2027.0(28. 8130 6[32.4/34.2136.0/37. 8130.641..4/43.2/45.0146.8/48.6/50.452. 2,54 0
, TR 1.89[2.0812.27]2.46/2.65[2.84{3.02(3. 2113.40[3.59(3.78]3. 97‘4 1e|4 4.5414. 73'4/9 5. 1o|5 29‘5 48’5 67

Station f00b . . .. cooeenon.... 21:0123.125.2]27.3 297]31 -5{33.635.7/37..8[39.9/42.0[44. 1|4e 28. 39_45_2_?2'5_6_7'5‘;860_9 ﬂ)
g 1Sad e @2.382 592.81[3 .02)3.24 3.463.673.89[4.10 4.324. alﬂ]ﬁls_wls_ﬂs_ezlﬁale_fe 266. 6.48
| Station foot ... ... ... |24.0126.428.831 2133 6/36.0]38. 4/40.8]s3. 245.6/48.0/50. 4ls2.855. 55.2,57.-6/60. 0jez.4les .867.280.572,0 -
i Sqyde.. .. ereeenn |2 43267 5_;2|3 16[3.40/3.65{3.89}4..13/4.3714.62(1.86]5 l0|5 3s(5..50]5. 5.83/6.08)8.32 32/5.86 56|o 7.0517.29
Y | Station footr .....[27.020.7[32.4035.1}a7. s|4o 543.2]45 9/48.6(51..3/54. o|56 75_9_1|E|64_8 e_7_5|l2 72.9175. ﬁsn_o
o SqQYdeuennneeenen a2 7002, 97,3.2413, 51]3 78l4.0sl4. 32:4.594.885.135 4057_&4‘_21[6 a8le. _7_5,7_0_27 297_&6&8_:_38 10

*| Station foot.. .......... e 30.033.olse.o;w.o|42.o|45.o48.0'51 .0{54.057.0]60. olsa .066. oleg ol72 0'75. 0,78 olan .084. 087 oloo .0
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. . .
b. s‘::lequlrennmts for mechulenny sta- mbreplace by t;:apxllanty moisture which -
bilized bases. y evaporation. )
(1) Experience in civil highway con- (2) Emergency airfields which have
struction: has indicated that best resumits will surfaces of this type require a mixture which
be obtained with this type of mixture if the - haga plasticity indéx between 5 and 10. Civil
fraction passing the No. 200 sieve i8 not. experience indicates that road surfaces of
greater than two-thirds of the fraction pass-  thig sort should have a liquid limit not in
ing the No. 40 sieve. The size of the largest  oxcess of 35, and that the plasticity index
particles should not exceed two-thirds of the should be “Between 4 and 9. The surface .
thickness of the layer in which they are in-  should be made as tight ag possible and good
.corporated. The mixture should be well surface drainage should be provided.- It is to °
zrafiedfromcometoﬁne be noted that, for best results, the plasticity
(2) A basic requirement of soil mix- °;index of a stabilized szxif which i 1; tﬂ'1 function
tures which are to be used as base courses js _ _ St 88 a wearing surface and then as)a -
that the plasticity index should not exceed 6. ~ Pase, with 2 bituminous surface being pr
%Under certain circumstances, this require-. vided at a latliex;i cti:te should be held within
- ment may be relaxed if a satisfactory bearing ~ Very narrow : :
¢#* ratiois developed. Experience also indicates ; i i -
that under ideal circumstances the liquid limit pactiox;(sbeanng) Cgm?&?ol;dremeactgonccge
should not exceed 28. It may be posaible to as xmpc;rtant for surfa::es of this type as for
relax these requirements in theater-of-opers-  pageq
tions construction. The requirements may be o . : .
lowered to a liquid limit of 36 and a plasticity d. Rule-of-thumb proportioning. A
index of 10 for full-operational airfields, and rough estimate of the proper proportions of
to ¢, liquid limit of 45 and a plasticity index of ~ available soils in the fleld is possible, and de-_ —
'15 for“emergency and minimum-operational pends upon manual and visual inspection. ,
airfields, when good drainage is yprovided. Each soil should be "moistened to a point
» where it is moist, but not .wet; in a wet soil
‘fa,ctonl(;s)otllfx e:h e base xsent; f;::tx::;g;ﬁ: the moisture can be seeri as a shiny film on '
latin ! req the surface. What is desired is a mixture -
g.to the soil ‘mixture alone must be met. N :
The base must normally have a high beann;_ which will ?:l gri ttywal.ln d I&Whlfllsl the sand ,
grains can be seén en the soils are com- ]
raatlxlzl:e toDe nfr?stz :g:;m;l:ni:’;g pt::;zular bined in t,hg proper proportion a cast formed v
im itance . by squeezing the moist soil mixture in the . . 3
po , #iand will be able to withstand normal han-
c. Requirements for mechanically sta- . dling without breaking. With practice, the
bilized soil surfaces. optimum blend of two soils can be reasonably -
i (1) Preference should be given to mix- accurately established. This'procedure is
tures which have a maximum size of aggre- most applicable to the blending of clays or
gate eq\zal to 1 inch*or perhaps 114 inches, silty clays with sands or moderately coarse -
as experience has indicated that particles  soils. If gravel is available, this may be
larger than this tend to work themselves to added, although there is no real rule-of-thumb
the surface over a period of time under the to tell how much should be added. Iti is a.lways A
faction of traffic. Somewhat morg fine soil is demgble to have too little gravel rather than
"desirable in a mixture which is to serve as too rhueh. . , ‘ -
a surface, as compared-with one for a base, . .
80 that it will be more resistant to the abra- e. The problem. This process of pro-
sive effects of traffic, more resistant to the  portioning will now be illustrated by a numeri-
penetration of precipitation which falls di-  cal example. Two materials are gvailable,
‘rectly upon the surface, and cat, to some ~ material B in’the roadbed and material A_ ~ .
‘ ‘ —i -
- ~y «
* e c : s o Isg X , o,




from a nearby borrow source. The méchani-
cal analysis of each of these matexials is
given below, together with the liquid limit
- and plasticity index of each. The desired

TABLE 7-3. Results of Laboratory Tests on Soil Samples

grading of the' combnation is also shown,

- together with the Hesired plasticity char-
acteristics, Results of laboratory tests are
shown in table 7-3. ’

s

. Percent passing, by weight
. Sieve fesignation Material A Material B Specified
‘ ° Mechanical analysis
l-inch ... ol e 100 100 100
%einch ___-¥ . . 92 , 72 70-100
3 ICh <o 83 45 50-80
No, 4 o 75 v 27 35-65
No. 10 o .- 67 i5 . .20-5)
No. 40 . ... __ e 52 5 15-30
No. 200 ..____ e ————e e 33 1 5-15

¢ Plasticity characteristics
‘ - — - T Percent by weight .~
Liquid limit . ____ 32 12 Not more than 28.
"9

-t > > - > > > " -

0 Not more than 6.

1. Proportioning to meet specified gra-
dation. ©

(1) Figure 7-1a shows the first steps
in plotting the data obtained from mechanical
analysis of soils A and B. The percentage
by weight of soil A passing each sieve is
plotted on the vertical axis along the left
margin of the graph; soil B is plotted on the
vertical axis along, the right margin. For

‘each sieve, a line is drawn across the graph
connecting the plotted values of percent

" passing by weight for each soil. These diag-
onals are referenced with the sieve size,

(%) So thdt the-percentage of each
soil, in any combination of the two, may be
read directly from the graph, percentages of
"soil A are referenced”in the top margin in
descending values from left to right; per-
centages of soil B are shown in the lower
margin in descending values from right to
left. Reading directly from the graph, yow
will note that when a mixture has 80 percent
of soil A, it will have 20 percént of soil B."

. (3) Desired ghadations of the com-
bination (specification limits) are drawn in

the margin to.the right of the graph (fig

7-1b). This desired gradation also corres-
ponds to specifications given in table 7-4.

" (4) Now that the basic data has been

. plotted, we must graphically establish the

limits of combination of the two soils that

will meet specified gradation requirements.

This is done by first extending the upper limit *
" of the specified percent for each sieve size

until. it intersects its' respective sieve line,
Figure 7-1c shows these lines  extended and

- intersecting the sieve lines at points A,B,C,D,
" and E. Through the point of intersection
which is nearest to the right side of the graph
(point E in this case) a perpendicular is
drawn to intersect the top and bottom per-
“centage scales, This perpendicular iy the
left limit line and shows the maximum 3shount
of soil A and the minimum amount of soil B
that the mixture should include in order to
satisfy grading requirements. This procedure

is for soil-mixture graphs in which the di-
agonals descend from left to right. When the
diagonals ascend from left to right the left
limit line is determined by the intersection of
the lower limit of the specified percent with

%5
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TARLx 74, Desired Gradation for Crushed Rook; Gravel, or
. ’ . dggregates for Base C.
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Slag and Uumihodsudyazdm
ouraee

Percent passing each sieve, by weight ’ ¥
Sieve -designation ' Maximum aggregate size
/_/‘\ 8-inch 2-inch | 1l%-inch |. l-inch 1-inch i
d+meh ... Loand 100 | oeee SRS SNSRI EUSUIPIY S
2inch 65-100 100§ el e
Yoeineh o] L 70-100 100 jooooooo) el
ldneh oo ___] 45-75 55-85 70-100 100 100
Sh-ined . do__ ~.--} '50-80 60-90 70-100 | -
Ykeineh . ___] 30-60 40-70 45-75 50-80 | ——o_.._.
No. 4 o] 25-50 |° 30-60 30-60 3565 | —coooo-.
No.10 - _.______ S mccmme—m————— 20-40 20-50 20-50 .20-50 65-90
No.40 - ] 10-25 10-30° | 10-30 .15-30 33-70
No. 200 -] 3-10 5-15 515 5-15 8.25. -
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PERCSNTAGE OF SOIL B i .
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@ . - Figure 7-1c. Graphical method for proportioning soils. -
its respective diagonal sieve line which lies ~until ‘they intersect their respective sieve
furthest to the right on the graph. ‘ . lines. The right limit line is defined by the
) (5) Figure 7-1d shows the right limit ~ perpendicular passing through the point
line established by extending the lower limits . which is farthest to”the left on the graph
to. the specified percents for each sieve size (point 1 in this case). The right limit line
=1 ’
9 N - " ~
b "’ o ‘s' = 9 ° N
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_ shows the minimum amount of soil A and
- the maximum amount of soil B that can be
included in a mixture meeting specifications.

P

graphs in which the diagonals descend from
left to right. When the diagonals ascend from
left to right, the right limit line is established

- - Any combination of the two soils with per- by extending the upper limits of the specified
_ centages of each soil Talling within the right percents until they intersect their respective
. and left limits will meet gradation require- ' sieve lines, and is the perpendicular through
ments. As in 7-1d, above, this method is for * the intersection which is farthest to the left.
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" PERCENTAGE OF SOIL 8

(6) With some soilg (dxa.gonal sxeve
lines descending from left to right) the upper
limit of a specified sieve size may fail to -
intergect its sieve line. This condmon means
that the soil plotted on the, vertical axis on
the left side of the,grdph will satx%fy grada-
-ction requirements-for that sieve size thhout
any addition of the other soll If a'lower limit
"of a. specxﬁe& sieve size fails to’ m*ersect its
sievé ling; the soil plotted on the vertical axis'
on the right will satxsfy grading requirements
by itself. When the diagonal sieve lines ascend -
“from left to right, failure of an upper limit
to intersect its sieve line-means the soil plotted
on the right dide will be satisfactory for that.
. sieve size by itself; failure of a: lower limit
> to intersect its sieve line indicates: that the
soll plotted on the left 31de ‘will satisfy the ~

< -

Figura 7-1d. Graphical method for proportummg smls

speclﬁcatlons for tl@t sieve size by itself. If °

" both upper and lower limits of a specxﬁed )

sieve size.fail to intersect the siéve line, either
%0il, by itself, will satxsfy specxﬁcatlons for
that sieve size:

s Proportionng to meet plasticity re-

- quirements. An approximate method of de-
. termining thé plastxclty index (PI) and liquid

limit of the combined soils will serve to

. indicate if the: proposed trial mixture is sat- -

isfactory, pending the performance of labora-

© tory tests. -This’may be dene either. arith-

metically or graphically. A graphical method

for getting these approximate values is shown

in figure 7-2. The values shown in figure 7-2
require additional explanation, as follows:

Consider 500 pounds of the mixture tenta- °

tlvely sgelected (30% A 70% B): Of this

* '\

7-—8 ‘s.

190
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300 pounds, 150 pounds will be material A

and 350 pounds material B. Within the 150
poungds of material A, there will be 150(0.52)
= 78 pounds of material passing the No. 40
sieve. Within the 350 pounds of material B,
there will be 350(0.05) = 175 pounds of
material passing the No. 40 sieve. The total
amount of material passing the No. 40 sieve
in the 500 pounds of blénd = 78 + 175 =
95.5 pounds. The percentage of this material
which has a PI of 9 (material A) is (78/95.5)
100 = 82. As shown in figure 7-2, the approx-
imate PI of the mixture of 3Q% material A
and 70% material B is 7.4 percent. By similar
reasoning, the approximate lig limit of
the blend is 28.4 percent. Th “i«values are
somewhat higher than permissible under the
specifications. An increase in the amount of,
-material B.will somewhat reduce. the plas-
Hcity index and liquid limit of the combina-
tion. '

h. Limjtations of mechanical stabiliza-

»

tion. Without mmxmmng the importance of

mechanical stabxhzatlon limitations of this
method should also bé' realized. The prin-
" ciples of mechanical ‘stabilization haye fre-
quently been misused, partlcularly in areas
-where frost action is a factor in the design.:
For example, clay has been added to granular.
. subgrade mbterials in order to “stabilize”
them, when in ty all.that wgs needed was
adequate comppgtion to provide a $trong,
easil drg.med base which would not be sus-
ceptible tp détrimental frost' action. An un-
derstanding of the compaction which can be
achieved by modern rolling equipment should
prevent a lpistake of this sort. .

.
74. METHODS OF APPLICATION OF SOIL  °
STABILZING MATERIALS

Before deecnbmg specific chemical stablh

+ zati®h processes and materials it i desirable
_ that the engineer be cognizant of certain basic
methods by which stabilizers are applied. One
of two general application techniques is com-
mon to all soil stabilization processes; these
are (a) admix application and (b) surface
penetration application. ‘THe particular tech-
nique which, will be. used depends on the
stabilization/process involved, the type of soil

N -

¢ R

.

.

to be stabilized, and the function to be
accomplished by the stabilization. Prior to
selecting a specific stabilization process, the
implications of the two methods of applica-
tions to the particular job requirements
should be considered. ‘

a. Admix applications. An admix ap-
plication is the blending of 2 soil with another
material to achieve a uniform mixture of the
dissimilar materials. An admix applica!ion
must always be used where it is necessary

- to incorporate solid forms of soil treatment

materials with an existing or imported soil.
It may be used to incorporate liqyid materials’
when' it is desired to achieve treatment to a
depth greater than that which can be achieved
by a surface penetration application. Where
stabilization forsstrength improverent is re-
quired, the admix method’always must be
used in any soil blending operation or to
incorporate a chexmcal stabxhze;' It may or
may not be required in’ .applying materials
for d:‘f}tgcontrol or soil waterﬁrooﬁng In the
application of dust palliatives or soil water-
proofers, admixing shotld-be used only where
it is essential to provide a la;yer of 3 inches
or greater in thickness. This will seldom be
required on nontraffic areas, but may be
necedsary in traffic areas where ruttifg will
occur under traffic. Admixing can be accom-
plmhed either in place or off site.

. (1) In-place mixing. In-place mixing
is the blending of sou on the site. It-is
accomplished by loosenmg (if necessary) the
soil surface toa depth approximately equiva-
lent to the desired thickness of the treated
layer, adding the soil treatment material in-
the desired *quantity, blending and mixing,
and .recompacting the mixture by rolling?
Equipment which can be used for an in-place -
. mixing operatjon includes rotary tillers,
pulverizer-mixers, graders, scarifiers, disk
harrows, or plows. Where conventional stabi-
lization traveling mixers are available, good
blending generally will be achieved with two
or three coverages over the area to be treated. ’
If the ground surface is easily tilled (e.g.,

*sandy-or silty soils) the soil treatment ma-

teridls can be dispersed on the soil without
any jx}itial pulverization. If the ground is
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hardor firm (eg g;y clay) it will be neces-
sary to loosen the ‘surface and (break down
. the soil prior to applying the treatment ma-
terial. Solid materials may be spread either
by hand or by mechanical spreaders. Liquid

materials should be placed with distributor .
" equipment. Similar procedures can be used

with equipment sueh as disk harrows or

plows, but the eﬁechveness of mixing will .

generally be very poor. A grader will do a

* reasonably good mixing job by alternately

wmdrowmg and blading a soil-treatment mix-
turé back“and forth until the mix appears

uniform. The blend is then spread and com-

pa.cted.

(2) Off-site mixing. Off-site xmxmg is
generally used where in-place construction is

not desirable and soil from another source -

would provide a more satisfactory treated
surface. Off-site mixing may be accomplished
with stationary mixing plants, or can be done
expediently by windrow mi::ing with graders
(as described in (1) above) in a central work-
ing area. The maJor disadvartage of any off-
site operation is the necessity to transport
and spread the mixed material.

b Surface penetraﬁon applicaﬂons.

(1) A surface penetration application
is the placing of a soil treatment material
directly omr the existing ground surface by

« spraying or other means of distribution. This

"is the most rapid and efficient method of
pphcahon for placing liquid materials, and
will be used orily for the placement of certain
dust\palhahv& and soil waterproofers. De-

pendmg on the material, surface penetration
" applications may be accomplished by a liquid
pressure distributor, a gravity flow water
distributor, or by hand hosing or spraying. -

Hoses or hand sprayers should be used only
for small areas, maintenance, or where good

'uniformity of a treatment is not critical.

(2) The effectiveness of the surface
penetration method depends primarily on the
viscosity of the treatment malerial and the

/ 7/

readily penetrated than.soils which are pri-
marily fine grained. Where the soil is ex-
tér;:ely clayey, it may. be virtually impossible
to achieve any penetration with a liquid ma-
terial. For such a contingency, apphc9t10n
as an admixture may be the most desirable

solution, or treatment may be accomplished °

by lightly scarifying the surface to a shallow
depth (1 to 2 inches), following by spraying
and lightly rolling. In some soils, such as
silts or silty clays, penetration by certain
liquid materials can be enhanced by a light
initial sprinkling with water.

(3) Because of the limited depths of

penetration which' can” be achieved by any
hquﬁi
layer will be’ achieved. . For nontraffic. areas
of airfields subjected to the maximum intensi-
ty of propeller blast, shallow penetration
treatments may be adequate. However, non-
traffic areas of airfields subjected to a»maxi-
mum back blast of jet aireraft will likely

.be eroded very readily and no penetration

material would suffice for long. Shallow-depth
penetration treatments of areas subjected

- direct tire traffic (either aircraft or ground

7-5.

- tion trea&n

vehicles) can be worn away by traffic or, if
a'small area of untreated soil is exposed, éan
be stripped from the.surface by subsequent
traffic. Also, if ruttihg occurs as a result of
traffic, the effectiveness of a surface penetra-
ent w111 be destroyed rapxdly

CHEMICAL .STABIIJZATION ,

* 8. . Material used. Of the various ma-
terials which can be considered for chemical
stabilization, portland cement and lime have
the most applicability-to the problem of ex-

pedient airfield construction where strength.

development is the primary function. Bitumi-

. nous materials are not-'generally suitable for

application to initially weak, fine-grained

, soils; however, a brief description of the

process will be provided with respedt to its”
. possible utxhty in- special cases.

Although
many other chemical stabilizing systems have
been developed and studied bf-the Corps of

permeability of the soil sirfacg. Soils which Engingers and others, none have proven to be
are predominantly coarse ined are more as@eneyally effective as the more gomm_only
) : 7 —11 .

material, only a thin treated $urface '
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known conventional additives and thus, will dry soil weight. Compositional soil factors —

not be considered herein. " which may influence the extent of stabiliza-  °* -
, I tion with.cement include’ decayed organic
2 e T i e o e
- on several factors gsome of which include: suscgphboihty of .iatente or lateritic soils to .
«  type of soil to be treated, initial condition of  Stabiization varies from excellent to goor '

the soil, desired strength and durability of g?ﬁ‘t‘:‘;!‘g Sn the organic gontent and degree
the stabilized soil, logistical and cost require- ) ) : i
ments, and climatic environment in which the ¢ ¢ Mix‘design. The mix desigh or de-
stabilizer is useéd. Certain problem soils may  termination of the amount of cement neces- -

be encountered which ate totally unresponsive sary for-use with a particular soil to achieve - - . .+ %
to stabilization due to their chemical mature, ' desired'result is not ordinarilyya simple one. .
Such soils may-not readily be “distinguished, ~ Usually it is based on a rather elaborate

“on the basis of their classification or general\  series of laboratory tests. Such designs are
physical properties. Very often, previous_ \\ primarily concerned with satisfying long- %
stabilization experience by others ina particu- \ range durability requirements and therefore

lar locale can be used advantageously in estab- °, are no}: pertinent to the expedient airfields .
lishing the merits of a particular stabilizer problem. As a guide, the following treatments

and also may provide guidance for an appro- ,  will generally be appropriate for the indicated . e
< priate mix design. ‘ soils; - , ’ . '
7-6. PORTLAND CEMENT STABILIZATION Approximate treatment
' . Soll type © "o by dry soll weight
a. Description. A soil treated with port- ~ J
land cement will result in a mass generally - Gravels 3-4
referred to ag soil-cement.. Cement influences  Sands =~ * y 35 —~
- soil both by reducing its plasticity and, more  Silts and clayey silts 4-8 '
importantly, developing cementation which Clays . 68 =« -, ®
imparts early and long-term strength im- )

provement. Portland cement is regarded as . Not le%s(tl;an 3 Y.
. A L percent cement should be ‘.
the most generally suitable stabilizer for & congidered for any treatment: To check the {
wide range of soil types, but its effectiveness  amount of cement necessary to stabilize a ' "
g‘m;gmh“ rapidly as 'the plasticity index.of  particular soil or to examine the adequacy
- 801l exceeds about 15 to 20. This is prin- -of 5 treatment, the following simple field pro-
cipally because of the increased furface area  cedyire can be used, Using soil (approximately : "
of the finer soils and the difficulty of achieving . g9 pounds dry soil weight) obtained from the
an intimate blend of soil and cement i a wet, *  gita and at the existing moisture content, pre-
coheswg soil. A soil-cement layer is reason- pare-mixes at varying cement contents by
ably .r;ﬂwtant toattack by water, butdoesnot  pjending with a shovel. Place the mixtures in .
provide a good wearing surface. " 1-foot-square molds constructed of two-by- -
b. Use. I reference to the’ ent fours (open at top and bottom), and compact .
airfield requireInI:ents, cement can me?n the mixture as densely as pgssib_le by, the most )
all j ces to pro duce the minimum convenient means available. Cover the mold e
. strengths needed for faced operations with a wet cloth and let stand for 24 hours.- e
.Orto improve the -subgrade under landing After this cure period, the strength of the
. mat. Generally, if a soil is responsive to sﬁﬂ-cgment can be determined by testing with
" cement treatment, the minimum- strengths ~ (¢ airfield penetrometer. | :
-given in table 7-5 can be achieved in from . d.. Construction procedures. Soil cement
1 to 3 days aftgr placement with quantities stabilization will be constructed hy use of
. of cement ranging from 3 to 8 percent by the admixing techniques.described previously.
’ ¢ N J N
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, . . TaBLE T-5. Summary o{ *80il Stabilizers for Strength Improvement Function = R
.8, - : -
R e ' ) (5)
. a (@) - 8) : Estimated range Minimum
M te)lal Form of . Applicable of quantity curing time
ater material ¢ soll range requirements ‘ requirements
. , , : . (%) t
Portland cement . Powder - Gravels ) 34 . 24 hours
B i Sands 3'5
. . Silts, clayey silts . ‘4B
3 ¢ : Clays \ 68 _°
¢ - Lime , ) » .
. * 1. .Hydrated Powder Clayey gravels . . 2-4 7 days
e o Silty clays * 510 .
: ] - Clays 38 -
- \ J . '
-2 2: _ Quickline | Powder Clayey gravels x 23 ) 4 hours °
U I , ' - Silty clays’ 38
- b < ' _— LT Clays : . 3-6
~ ' Bituminous material | I . ) ) -
. 1.-° Asphaltic cutbacks( ' . ' :
- ) - a. RC-70 to RC-800 ,  Liquid .~ Sands . . 54 i1 1-3 days
vl . ) b . . -, . 3 Silty Baqu N ’ Y 6'1 -t
Loe - s - - * Clayey sands 6-10
j‘. © s oS B !'M@'\ - . ’ e
Lo S b. -MC-70 to MC-800 : -, . Liquid _Sanda \osT . 1-3 days
' - o . Silty sands 6-10 .
’ ¢ T Clayey sands - 6-10 ) LY
\ ;- " 2. Asphaltic emuisions " Liquid . Sands ¢ ¢ 51 . . 1.3 days
' ) R ) L e ) i Silty sands . 6-10. - . Lo
: ‘ . T * o - Clayey sands - 6-10 - s
__1 Based on dry density.of exlatlng .soll RS ’ ‘ . ;
K . . tt_All quantltlel Ilated for. asphalts are actual-bitumen requlremenu exchulve of volatllea - L] O J
A N . * ) ’ hd
196 oo L e | 197
.. . ) - e O . - - y
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(1) For construction of soil-cement
layers no greater than 8 to 10 inches, the
existing soil is scarified to the desired ‘depth’
of treatment. The soil is then pulverized as
best as poesible at the prevailing moisture
content. If the soil is a wet clay, this opera-

) ‘tion may be particularly dificult. The approx-
" ae¥Manate amount of cement is then spread over
- the loosened soil surface either by hand or

. mechanical means. Since cement will usually

be supplied in 94-pound sacks, these can be
spotted along the surface in rows of prede-

termined spacing. This spacing can be de-

» termined by estimating the dry density of
the existing 'soil and computing the cement
weight requirement for a prescribed area and
depth of treatgment. The soll and cement are
then thoroughty blended by admixing and the
resulting mass compacted to the maximum
densification ible. Compaction should be
accomplished as quickly as possible after
completion of the mixing, preferably no longer
than 1 hour afterward. Water content will
generally not be controllable in expedient con-
struction. Where bearing strength of a clay
is the predominant problem, the existing soil
moisture content will usually be greater than
optimum for compaction. In silts or clayey
silts, situations nmay occur in which water is
deficient. In these instances, water should be
added to achieve a condition suitable for
good compaction. Water is added with 2

. water distributos, and must. be thoroughly

" mixed with the
sands are stabilized 'with cement, the addition.
of water will almost glways
Following compaction, the surPace is shaped,

wetted down with wa}éi', and allowed to cure -

-
N

for 1 to 3 days.

(2) Where thicknesses in excess of 6,

- to 8 inches are needed, the soil cement must
be placed in multiple lifts. The existing soil
must be excavated to a depth of the required
thickness‘minus 8 to 8 iaches _and remoyed
to the side. The exposed s grade is then
scarified or loosened to a 6- to 8-inch depth;

" cement is applied in the approximate quantity,
the soil and cement are thoroughly blended,
and the mixture. is compacted to maximum

densification. Subsequent lifts of 6 to 8 inchds

s@{'ivluang cement mass. If -
o be necessary. -

. ~
(¢

 are similarly constructed using the /material
3 which has been excavated. .

7-7. UME STABILIZATION

a. Description. Lime stabilizition is the
process of stabilizing soil in which the addi-
tive is lime. The term “lime" is uséd to denote

either hydrated lime (hydrous o slaked) or.

quicklime (anhydrous). There ard two chemi-
cally different types of me: (a) calcitic or
high; calcium lime and (b) dolontitic or high
magnesium lime. Although both types of lime
have been used successfully for stabilization,
- the caleitic type (calcium hydioxide or ocal-
cium oxide) is the most wid ely used and
known of. the two basic types, While there
is no reason to suspect that oh. type is better
. than the other, if both are avdilable it mighf
be well to evaluatg each ope by a simple test
similar to that described previously for soil-
cement. Lime may be- obtained in- different
granular sizes, but is-most often used in the
“pulverized” state (i.e., essentially 100 per-
cent padbing a No. 20 sieve and 85 to 95
percent passing a No. 100 sieve for quicklime;
95 percent sy more pasisipg the No. 200 sieve

for hydrated lime). Lime influences A2 soil

#through the combined actions of ion exchange, .

* flocculation® and a sementitious mechanism:
b Uses.

(1) Hydrated lime. Through its re-
action with soil, hydrated lime can influence:
(a) grain size distribution, (b) soil plasticity,
(c) volume ¢hange characteristics, (d) com-
paction properties, (e) strength, .and (f)
durability. In:addition, hydrated lime has a
drying effect on a soil which improves its
workability. In this respect, hydrated lime

" has been used successfully as a pretreatment
of wet, cohesive soils prior to stabilization
with portland cement. Hydrated lime is most

- applicable for stabilization of clay soils or

‘coarse Soils "containing excessive clay fines.
It has limited application in predominantly

- silty soils and no application for sandy. soils,

“unless used in combination with a pozzolanic
material such as flyash: The use of pozzolanic

- material will generally not be feasible since
quantities' ranging from B to 20 percent by

T—14 N v




goil weight are normally reqmred, and no
further discussiorl of this technique will be
given herein. The cementing action of hy-
drated lime with soil is a slow one and requires
considerably more time than that required
with portland cement. Generally, 7 days: or
longer of curing are required before any signi-
ficant strength changes are achieved. Hence,.
the use of hydrated lime would be limited
only to a situation where time may not be

- L acritical factor. Hydrated lime-soil surfaces
[aY

N

will generally be more resistant to the de-
trimental effectgs of water, but are abraded
readily by traffic. .

(2) Quicklime. The reactions of
quicklime and soil and the functions which
can be performed are the same as those ‘with
hydrated lime. Quicklime has two significant
advantages over hydrated lime in the treat-
ment of very wet soils in that strength bene-
fits will occur very rapidly .(in a matter of 2
to 4 hours) and that a very marked drying
effect of the soil will be achieved almost im-
mediately upon blending with a wet soil. Since
quicklime is simply a more concentrated form
of hydrated lime, less additive is required to
accomplish a more effective job. Perhaps the
major deterrent to the field use of quicklime
is its burn hazard due to its caustic nature.
Quicklime can produce. severe burns quickly
when in contact with perspiring ¢ or moist skin.
Prolonged exposure to hydrated.lime may
also cause minor skin iryjitation, especxa.lly in
hot humid climates.

¢. -Safety precautions. If proper pro-
tective precautions are taken, both form.* of
lime can be used safely: '{

(1) Clothing. A long-sleeved ghirt
should always be worn. High shoes or laced
boots should be worn and trouser legs ; should
be tied over the shoe tops. A hat and’ gaunt-
let type gloves should {be worn. Clothing

. should not bind t{oo tightly around the neck

or wnsts

(2) Face protectibn Safety glasses
or goggles with side shields should be worn

_at all times when working with lime. A pro-

tective nose and mouth filter mgsk should be
worn. A protective cream should be applied

»

. 415 :
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to all exposed parts of the body when prao- .

longed exposure to linie dust istexpected.

. (3) Cleansing. After a day of expo-
sure to lime, the body should be cleansed
thoroughly with soap and water. Génerally,
the personnel most vulnerable to lime burns

are those handling the bags of lilne, empty- ' :

ing the bags, and spreading the lime. Under
no circumstances should an open bag of lime

be dropped on the ground, since the impact

can cause a dense cloud of lime dust to rise
directly into the face. Should lime dust ever
get into the eyes, an immediate, thorough
flushing with water should be done and medi-
cal attention obtained as soon as possible.

d. Mix design. .Many factors will influ-
ence the developéd properties of a soxl-hme
" mixture and thus no single mix design can
be specified that would be applicable for a
Jpartiular soil or ‘situation. Generally, arapid
‘field procedure similar to that prescribed for
soil-cement cowtd be used to establish a suit-

» able mix design. The only exception is in the

length of time for curing. For hydrated lime,
no strength evaluation should b€ made before
7 days of curing. For quicklime, strengths
may be measured after 4 hours or longer if de-
sired.. As a-general guide, the following ra.nge
of treatménts may be considered:

Approximate treatment,
% by dry soif weight

Solltype

Hydrated lime . Quicklime
"Clayey gravels, 2-4 2-3
Sﬂ'ty clays 510 3-8
Clays ‘ 3-8

e. Construction procedures. The pro-
cedures used in lime stabilization are-the
same as those described previously for sbil-
cement, with the following exceptions or ad-
dxtlonail congiderations.: Since the hydrated
lime-soil redction is a slow one, there is no
need to have abstnct limitation on the elasped
time between mixing and compaction. For
heavy clays, a tigie lapse of as miich as 24

" hours may not be detrimental to the ultimate

developed properties; however, a greater
compaction effort will generally’ be required

X




" an oil, low viscosity bituminous cutback, or

N

to achieve good densification. Algo, ‘ogerexpo-
sure to air can result in carbonation of the
lime which is detrimental to its effectiveness. .
In quicklime, certain reactions occur extreme-

.

ly rapidly and to obtain the benefit of these -

reactions, compaction should be done no

longer than 2 to 3 hours, and preferably

sooner, after mixing. In the curing of hy-
drated lime-soil, the surface should be kept
moist during the.total time of cure or about -
7 days. For the quicklime-soil layer, the sur-

/ face should 'be moistened immediately~after

compaction [and as necessary thereafter to
prevent ce spalling and peeling due to
shrinkage. If desirable, a light application of

-y

an asphalt emulsion can be used as a curing

7-8. . BITUMINOUS STABILZATION

a. Description. - Bituminous stabiliza- . .

tion is the process in which soil and bitumen
are combined to achieve a more,stable sdil
mass. '

b. Uses. The primary application of
bituminous materials in expedient airfield
construction is to provide dust control or
serve as a soil waterproofer. The use of bi-
tuminous_materials for these functions will

"be discussed later. Few problem situations

will exist where bituminous Etabiliza.tion

* might ke useful in satisfying a strength im-
* provement function in expedient airfield con-
Struction. However, where a sand or essen-

tially cohesionless soil may pose a problem
areas of limited traffic use, such as shoulders
or overruns, bituminous stahilization certain-
ly can be considered as a possible solution.
As a general rule, only thoge soils which can
readily be pulverized by mix-in-place con-
struction equipment are satisfactory for hitu-
minous -stabilization. Soils having more than

- 30 percent by weight of particles passing the

No."200-sieve_and/or a plasticity index
greatér than 10 ‘'generally “are-not_adaptable
to bituminous stabilization. Micacgus soils
and those containing high organic cod{ent do
not respond favorably to bituminous treat-
ment. Some of the major-disadvantages to
stabilization with a bituminous material are:-

.

(a) a comparatively large quantity of bitu-
men generally is required, (b) the range of
soil types which can be trested effectiVely is
limited, (¢) the ultimite results-are highly
dependent on the mix design (too little as-
Pphalt will accomplish nothing and too much
#will result in an overly “rich” mxtuye) ; and
- (d). long curing times are required. -

5 - ¢ Types of bitumens, The most suit-
able ‘types of bituminous matetials for soil
stabilization for strength development pur-
poses are cutback asphalts and emulsified as-

halts. Of the cutback asphalts, grades RC-
J0 to RC-800 (rapid curing) or grades MC-70
“to MC-800 (mediwm curing) are most fre-
quently uysed. Soils in which MC cutback is
used should have some fines or natural binder
and must be well graded. The RC grades of
cutback agphalts are primarily applieable to
relatively cohesionless soils. Of the emulsi-
fied asphalts; the slow-setting anionic emul-

sion SS-1 (for cool weather use) or SS-1h

(for warm weather use) can be used. As-
‘phalt emulsions, wilk generally be diluted with

water in proportions of from 3:1 to T:1.

(water to emulsified dsphalt by volume). The
grade of bituminous material which can be
used depends on the type of soil, method of
construction used, and weather conditions.

~
d. Mix design. The necessary amount
of bituminous material to be added to a soil
can be determined expediently: by the proce-

. dures outlined‘previously for soil-cement.

Curing times before testing of the trial speci-
“mens will range from 1 to 3 days for the RC

and emulsified asphalts and fromt3 to 5 days.

- for the MC asphalts. Generally, the amount of

7—16 =
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bituminous material’ required increases with

- an increase in percentage of the finer sizes.

Unlike other stabilizers, the quantity require-
ments of a bituminous matérial can vary sig-
nificantly. Normally, no less than a 5 percent
treatment by dry sofl, weight of asphalt (ex-
clusive of voltatiled) will be used and it may
be necessary to provide as.much as 10 or 12

percent. Since<there can be no simple rule-

of-thumb guide for the design of a soil-bitu-
minous mixture, trials should be made until

a mixture is produced which will give the de-

sired stability. -

]
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\ e. Moisture content. For proper use of where s v .
. asphalts, the soil moisture contents must be* ° Q = total quantity pf material re-
y - held to certain'maximum limits. For cutback quired, pounds -

a asphalts, the moisture content of the soil nor- -

N mally should be less than 2 percent, although A = .area to be treated, square feet
some- sands may be handled successfully at . T = required thickness of stabilized
moisture contents slightly in excess of this. “ - layer, inches
For emulsified asphalt the moisture content _ . - .
should be such that, when the material is ° D = dry density of °’f“”ttmg sol,

> - mixed with soil, the particles will retain-a - pounds per cubic 00 =
uniform cpatingigf bitumen. Some moisture " ) = percent treatment specxﬂed
to assist in coating the s0il particles is desir- .
’  able, but the mtl'ng re content of the finished " b For asphalts: ‘
mixture should be low enough to permit the _ T S 100
emulsion to break prior to compaction. - Q'—A XEXD xﬁx‘ﬁ”,
. A
o s . f. Construction procedures. Bitumi-  Where ,
" nous materials may be added to soils by mix- R = percenit residual asphalt in cut-
' ing in place, or by tifz-use of a traveling plant ' back or emulsion forms

- or statidnary plant. The traveling and-sta- The ;
. ) : quantity R in the formula for asphalts
- tonary plants generally will produce the best 5 1ieq with the particular asphalt type and
fuult.s. Th‘e usual sequence for construction grade. The following values may be used as “~—
is ag follows: (a) pulverize the soil-to the an estimate of R: :
required depth,-(b) adjust moisture content, - :
if necessary, to that required for proper mix- - Type and R Type and R
ing, (c) add bitumen and mix thoroughly, .- and grade ype and grade

(d) aerate to proper consistency for compac- MC-70 50 RC-250 - 65
- tion, (e) compact with gheepsfoot or rubber- L
tired roller, and (f) fine grade the surface. -« MC-250 60 SRC-800 5
79. SUMMARY OF SOIL STABILIZATION MC-800 0 M52 831 or
_ SYSTEMS FOR STRENGTH IMPROVEMENT - RC-70 .55 $S-1h © 80
FUNCTION. —a -
_ A summary of the soil stablization mate-  7.10. DUST PALLATIVES®
rlalsandquunﬁtqutﬁrementsforusefor
the strength improvement function is given in 3. The problem of dust,
_ table 7-5. From knowledge of the areas which (1) Definition and effects. A major
. , may be stabilized, the depths to which stabil- . problem which can exist during operations

. ization is necessary,. ‘and -the determined or of aircraft on unsirfaced or limited-surfaced
o estimated dry density of the existing soil, the airfields i that of dust. The term “dust” can

total material requixgments canwbe - deter- be defined simply as particles of soil which

mined by the information contained ‘In table ‘have become airborne. .As a general mle,

_ _15. More reliable quantity estimates éan be  dust will consist predominantly of soil of

oo - e ed gnce a specific mix design has been' *  particle size finer than 0.074 millimeter li.e.,

-t ‘established.. A simple formula procedure ap-  passing the No. 200 sigve). The presence of

plicable, to the diﬂerent‘stabilizeu is as fol- ° dust can/have significant -adverse effects on

v . lows: - = .. " the overall efficiency of aircraft by increasing -
a.. For cement and lime: . s down-time a.nd maintenance reqmrements
. _ +shortening engme life, reducing vmxbxhty. and
Q = A X _'-_l'_ X D X i affecting health and morale of personnel. Ip .
. - . 12 p 100 ' addition, dust clouds can aid the enemy by
R - L 717
. - N : - .O




- revealing positions and the scope of opera-

tions,

" (2)- Factors jnfluencing’ dust ' forma-

tion, The presence of, or relative antount of

(4

.dust-size particles in a soil surface is not -

necessarily indicative of a.dust prohlem or -
of the seventy of dust which will result in

various situations.- Some of thefactors which

contribute to the generation, seventy, and

perpetuity of dust from-a potentxal ground -

source include overall soil gradatlog, moisture’

content, density, and smoothness of the
ground surface, ‘presence of salts of organic
matter, vegetatwn,, wind velocity and direc-
tion, and air humidity. When conditions of
soil and envxroz;ment: are favorable, the im-

. posxhon of an external force to a ground sur-

-

face will generate ‘dust which will exist in
the form of clouds of various density, size,
and height above ground. In the case of air-
craft, dust may be generated as a result of'
erosion by propeller wash, engine exhaust
blast, jet-blast, and the draft of moving air-
craft. Further, the kneading and abrading
action of tires can loosen particles from the
ground surface which may become airborne.

airfields the soyrce of dust may be the run-
way, taxiways, shoulders, overruns, and park-
ing -areas. In areas 'of open - terram and
preva.ﬂmg winds, soil particles can be blown
in from distant locations and deposited on’
an airfield. This can contribute to the dust
potential despite adequate L{unal control

measures for’ the soil within the constructed,

area. Where such,a cofidition exists and is
severe enough to be a problem, it may be
necessary to make additional applications of

{ dust-palhatlves to an a1rﬁeld site to maintain

control.

b. Dust pamatlves. The pnmary ob-
jective of a dust palliative 'is to prevent soil
particles from Becomxpg airborne. Dust pal-
liatives may be required for control of dust
on nontraffic or traffic areas, or both. If

prefabricated landing mat, membrane, or con- -
ventional pavement surfacing is used in the _

traffic areas of an airfield, the use, of dust

* palliatives would be limited to nontraffic

* (8) Sourcés of dust. On unsurfaced

o’ - 7—18 - .'

areas. For nontraflic ‘areas,-a palliative thus

" 8 needed- which is capable of resisting the

maximum ‘intensity of airblast impingement
by using aircraft. Where, dust palfiatives are
considered’ for traffic areas, they must with-

-stand the abrasion of the wheels in addition ‘
to blast impingement. Although a palhatlve L

may provide tid nec resistance dgaingt-
air impingement, it may be totally unsuitable
as.a wearing surface. An important factor
hmxtmg the applicability of a dust palhatlve
in traffic areas is the extent of surface rutting
which will occur under traffic. If the bearing
capacity is such that the soil surface will
rut undeér traffic, the effectiveness of a
shallow-depth pallidtive treatmept could be
destréyed rapidly by breakup and Subsequent
stripping from the ground surface. Some
palliatives will tolerate deformations better .
than others, but normally ruts of 11% to 2
inches will result in the virtual destruction -
of any thin layer™or ‘shallow-depth penetra- )
tion dust palliative treatment.

7.1, WAT!!PROONNG
a. The problem of water. _ -

(1) Effects. The ability of an airfield
to sustdin operations depends on the bearing ~

strengthof the ground. Although an unsur-
* faced facility may possess the. necessary

strength when initially constructed exposure
to water can result in a loss of strength fo

the detriment of traffic operations.. Fine-

" grained soils or granulag
tain an’excessive amount} of fines generally

X.tehalp which .con- -

are moge .sensitive to water changes -than -
coarse-grained soils. Surface water also may

. contribute to the development of dust by

eroding or loosening material from the
ground surface which can become dust durlng
dry weather conditions. ;

(2) Sources of water. Water may en-
ter a soil either by the leachmg of precipita-
tion or ponded surface water, by &apillary
action of underlying ground water, by a rise

in the level of the water table, o by condensa- -

tion of water vapor-and accumulation of niois-

ture under a vapor-impermeable surface. As ,

a general rule, 2n existing ground water table .

LI
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at shallow depths will have a low bearing
strength and will be avoided wherever- possi-

ble. Discussion of the various.means to pro-.

tect against moisture entry from sources

other than the ground surface will not be |

considered herein. In most instances, the
problem of surface water can be lessened
considerably  through good grading, compac-
tion, and dramage practxces

b. Soil waterproofers. a8

(1) The objective of a soil surface
waterproofer is to protect a soil against
attack by water and thus preserve its in-
place or as-constructed strength during wet
weather operations. The use of soil water-
‘proofers generally will be limited to traffic
areas. There may be instances. where it is
desired to prevent excessive softening of
areas such as shoulders or overruns which
are normally, considered as nontraffic or
limited traflic areas. Also, soil waterproofers
may be useful in preventing soil erosion re-
sulting from surface water runoff. As in the
case of dust palliatives, a thin or shallow-
depth soil waterproofing treatment will lose

its effectiveness when damaged by excessive

rutting and thus can be used efficiently only
'in areas which are initially firm. -

(2) Many soil waterproofers also
function well as dust palliatives, and there-
“fore a single material might be considered as
a treatment in areas where the climate.will

result in both wet and.dry soil surface con-

"ditions. .
"7-12. MATERIALS FOR DUST CONTROL
" AND/OR SOIL WATERPROOFING
& . Materials classifications. A wide se-
lection of materials for dust control and/or
soil waterproofing is available to the engineer.
No one choice, however, can be singled out
as being the most universally acceptable for
all problem situations that may be encoun-
tered. To simplify the discussion of the
various types of materials, they have been
grouped into five general classifications as
follows: Group I, bituminous materials;
Group IJ, cementing materials; Group III,

terial.
¢
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resinous systems; Group IV, salts and Group
V, miscellaneous materials.

b. Table 76.° Ageneralsummaryof\

77

thevaﬂonsmatenalsandagmdetotheir\

application as either a dust palliative or soil *
waterproofer is given in table 7-6. .This sum-

_mary is considered to represent the best

estimate of the applicability of the materials
based on existing information.

e Information in table 7-6. The follow-
itig information is provided in table 7-8:

Column 1. Identification of .the ma-

. Column 2. The usual form in which
the matérial is supplied.

Column 3. The acceptable method of
application. Where a material may be applied
either as an admixture or as a surface pene-
ti'a’\ﬁnn treatment, the preferred and most
generally used method is indicated*first.

Column 4. The applicable soil range.
The‘range of soils indicated is that which
will normally result in reasonably satisfac-

- tory results with the particular material.. In

ingtances, the materials may be used
outsxde of this range, but with recognition
that the effectiveness which may be achieved
will be decreased. In general, the granular

"type:soils (gravel to coarse sand) may or

may not require treatment for dust control
or waterproofing depending on the amount of
fines présent. Fine sands (e.g., dune or wind-
blown' sands) will probably require a dust
palliative, but will not need to be water-
proofed. Soils ranging from silty sands to
highly plastic clays may require a dust pal-
liative and/or soil waterproofer.

Columns 5, 6, and 7. Show the primary
function of the materials as either a dust
palliative or soil waterproofer and, where
known, the relative degree of effectiveness
which can be expected for the indicated func-
ti‘oxf'. The applicability to both the traffic
area (column 5) and nontraffic or limited
traffic area (column 6) is given under the
dust palliative function. The waterproofing

_ function is given for the traffic or limited

&
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S . TaBrE 7-8. Summary of Soil Biabilizing Materials for Function of Duat Control :qd/or’ 8oil Wabrpro?m .
& Primery Functicn, Area of Applica~ MK
- tion, and Degree of Effectiveness t N
) AN . 7 .
. . . Dust Palliative  Waterproofer Quantity (10) - .
. (3) . (6) {Traffic or, Requirements 4 Minimum . R
(2) Acceptable (%) Nontraffic Limjited 9 Ouring
. (1) Form of Applfcation Applicsble Soil (5)  or Limited Traffic Areas gal per  1b per  Time, (11)
Material Material Methods Range Traffic * Troffic __.0nly) 8q yd. 8q yd  Requirements Remarks
. Group I: Bituminous Materials ‘ . o
Cutback Asplalts J oo . ’ “
8. RC-TO to RC-250 Liquid Admix Gravel to sand M Yy - M 0.18-0.25 1.5-2.0 12-24 hr A1l cutback asphalts L .
Penetration Gravel to 8ilty M Vs X 0.25-0.50 2.1-4.0 . 12-24 hr Wil require pre-
snad . heating for pene-
, : tration or sdmix*
L . - application.
-2 .
l l b. MC-70 to MC-250 Liquid Admix Sand to silt M v - M 0.25-0.55 2.0-k.5 24 hr
: ¢. MC-30 to MC-250 1iquid Penetration Gravel to si.ty M « v X 0.25-0.50 2.1-4,0 24 hr
. . . sand h .
* g a. SC-70 to SC-250 Liquid Admix Send to claydof 3 v M 0.55-0.72 't.5-6.0q 24 hr '
¢ moderate . ’ .
N plesticity . °
v Penetration Gravel to silty M v X, 0.25-0.50 2.1-4.0 24 hr . .
sand ° .
. Road Ters ' ~ . N
a. RT-3 to RT-6 Liguid  Admix \ Grqel to clay v v v 0.30-0.50 2.5-4.0 Several days Same.comments as
.ol moderate - ° above for cutbacks.
. plasticity . ’ e
t. RT-1 to RP-6 Liquid Penetration Gravel to silty X X X 0.25-0.50 2.1-4.0 Several days
‘ sand -
- , Zulsified Asphalts By - ' . 4
: ° a. $8-1 or Liquid Admix Gravel to silty X X b 0.10-0.50 6.8-'9.0 Severpl hr Require uster for
$S-1h (Anionic) sand . (d11uted) - dilytion gnd. . .
Peretration Gravel to silty X . X X 0.10-0.50 0.8-4,0 Several hr requires careful ° .
sand control for proper
- emulsion breek.
Dilutions up to S:1

by water ere used, ! N

. J .
t Relotive degree of effectiveness is m;lt;l es follows: S = slightly, M = moderatel’, V = very, X
Flerk = not applicable. p
tv For all admixture treatments, the quantities indicated are for a 1-in. depth of treatment ‘snd assume
3 ¢ Proprietary material.

S

.

8 compacted dry density of 100 1b pex'- cu ft.
n. «

= Applicable, but effectiveness unknown,

@ <
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» TaBLE 7-8. (Contimidd) * -~
it . Primary Function, Area of Applica- . .
¢ ) tion, and Degree of Effectivencss D o
. . (1}
s Dust Pallistive  Waterproofer Quantity | 4 (10) .
(3) . (Traffic or Requirements t?\ Minimum
. (2) ., Acceptable (&) « Nontraffic Limited lgf t9; Curing, :
. ! (1) . Form of Application Applicable Soil . (5) ' or Limited Traffic Areas gal per 1b per Time . (11) Toe
! v, Materisl ° Material Methods Range Traffic Traffic Only sq yd 8q yd Regquirements Remarks ° )
Special Asphalts < ¢ ool
a. Peneprime & .Liquid Penetration Gravel to clay M v M 0.25-0.5 2.1-k.0 k&8 hr Excellent penetration
. B of moderate . ability; requirea
plasticity . . heating for sprsying
7 . Group II: Cefienting Matertal ‘ d «
Portland Cement Povder  Admix All 8 S 8 - 1.5-4.0 12-24 hr Normally used for *
- . s strength, but vill -,
' , 2180 provide modest
: benefits for duat
- ,.\ ¢ . ¢ control apd vster- J
° . N ¢ » . proofing when used
et , T in lov quantities
-2 . - » s a s0il modifer.
. . « - . by
. L fm= (Hydratead) Powder  Admix Clays of moderate S S S - 1.5-k,0 12-24 hr Same as cement above.
ﬁ, N to high plasticity s . . b
- ot > .
", Group IIX: Resinous Systems ‘ . .
Vv a ? Lignin Liquid  Admix Sand to clay of 8 8 8 - 4,0-8.0 12-2k hr  Benefita may be:only
or Powder { lov plasticity . temporary since resin:
v Penetration Sand to silty . X X "X 0.50-1.0 4.0-8.0 2-6 hr is wvater soluble.
, snad .
Lt Concrete Curing Liquid Penetrstion Silts to clays S M X 0.1-0.2 1.0-2,0 2nhr - Fairly viscous; requires
’ ° Compound (with - . special spray not- N
parsffin base = zlea; forms thick
resin)’ . R moderately flexible
. film on surfsce when
T . - - . cured; curing depends
Ea : , on temperature and .
. > . . . mamidity. ., %
(S Sodium Chloride Granules Admix Grevel to ailt 8 E] R 0.k-0.8 0 ‘All saltas are corrosive
3 . (vith fines to metal; subject to .
. ¢ . present) leaching; rely on
s Calcium Chloride Powder Admix Gravel to silt .~ 8 N .- - 0.4-08 © sbaorption of moisture
K J or ith fines L X , from air to palliste .
- flake present) . dust. Bripe solution
. : - forms surface crust.
Vd .
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traffic area only (column 7) since there will

not be-a general need for maintaining strength
in nontraffic areas. If such a requirement
exists, the materials indicated ‘as suitable for
traffic areas can be considered acceptable for

use in non(raﬂic areas.
I~ .

Columns 8 and 9. Indicate quantity

requirements applicable to the soil range in-
dicated in column 4. The lower quantity of
the range shown ig generally suitable for the

coarser soils, whereas the greater quantity

is needed for the finer soils. ' These quantity
requirements are given only as a general
guide and, in some cases, effective results may
be achieved with lesser or greatér amounts

-than those given in the table.

Column 10. Indicates minimum cur- -
ing time requirements_for the various .

materials. The curing requirements are
specifically pertinent to the function as a dust
palliative and/or waterproofer in traffic areas,
In nontraffic areas, curing is not usually

-critical and adequate dust palliation can be

cxpected immediately after compacting ‘an
admixture or inthe case of penetration ma-
terials,, immediately after complete absorp-

" tion of thé liquid by the soil surface.

Column 11. Self-explanatgry.

7-13. GROUP I, BITUMINOUS MATERIALS

Conventional types of bituminous materials
that may be used for dust palliative and soil
waterproofing include cutback asphalts, road
tars, and emulsified asphalts. .A patented
commercial cutback” asphalt- called “Pene-
prime” has been listed separately in this
group, since it has unique penetrating _and
curing characteristics which are not inherent
to conventional cutback asphalts, Asphalts
are perhaps the most versatile of soil treat-
ment materials, since they can be applied
either by admixing (prepared in place or off
site) or by surface penetrations, and are
generally effective both as ‘dust palliatives
and soil waterproofers. They can be used
to treat Yyaffic and riontraffic areas, but have
a general disadvantage of requiring fairly

* long curing times and are particularly sensi-

tive to adverse climatic environment,

IS -

£ -

.
: ~
i . . N - . ¢
- 3
. I

a. Cutback asphalts. Either RC, MC,
or SC types of cutback asphalts of low to
medium viscosity grades are applicable for
dust palliation or soil waterproofing. Cut-

backs, when appliéd as admixtures to depths )

of 3 inches or more on a firm subgrade, will
produce a fairly durable wearing and watey-
proof surface. They are less satisfactory
when applied by penetration, especially in

- soils containing a high percentage of fines.

The best results for either an admix or pene-

tration application are obtained by preheating

the asphalt. (The MC-30 grade may be
sprayed without heating if the temperature
of the asphalt is 80°F or above.) In applying
the cutbacks as admixtures, blending should
be accomplished until a uniform mix is
achieved. For SC or MC grades, it may be
Decessary to allow the sofl-asphalt mixture
to aerate for a period of time before com-

- pacting to remove the volatiles. Soils should
, be fairly dry prior to incorpotating cutbacks

(2 to 3 percent for granular soils and up to
6 8r 8 percent for fine-grained soils depending
on the amount of fines). -For penetration
applications, a slightly moist soil surface:may
assist penetration. ’ .

b. Road tars. Road tars of grades RT-3

to RT-6 can be used as_admixtures in the
samx::annegaas cutbacks, to include use as
a waterproofer. Grades RT-1.to RT-6 also
can be applied as surface penetration treat-
ments. While the road tars will produce
! excellent surfaces, curing proceeds very slow-
ly and several days or even weeks may be
required to achieve a completely cured layer.
Road tars would probably be most.acceptable
for use on nontraffic areas where curing is
less important,

c Aéphalt emulsions. For application
as either admixtures or penetration treat-
ments, the anionic eémulsion SS-1 (for cool
weather use) or SS-1h (for warm weather
use) can be used. The emulsions are normally
diluted with from 1 to 7 parts water by
volume prior'to use. As a general rule, a
3 to 1 water .to emulsified asphalt dilution
will be satisfactory for most applications.
Emulsions have an advantage over putba;c‘ks

T—22-
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in that no preheating of the material is neces-,
sary for applieation as an admixture or pene-
tration trgatment. For application by pene-
tration,

and should provide good teeults m most in-
stances.

d. Peneprime, Penepnme is a special
-proprietary asphalt product® which is char-
acteristically similar to an MC-30 grade cut-
back, but which has certain chemical additives
to enhance its soil penetrating characteristics.
It is suitable for application by penetration
to soils which are relatively impervious to
conventional cutbacks and emulsion systems.
Silts and moderately plastic clays (to PI of
15) can be treated effectively with Peneprime.
The rate of curing of Peneprime is rapid and,

1fusedm&a.ﬂicareas,theycanbetraﬂkked .

in from 2 to 8 hours after placing. As with
other cutbacks, heating to a temperature of

130° to 150°F is necessary to permit uniform

' spraying with ar asphalt distributor.

7-14. ‘' GROUP 1[I, CEMENTING MATERIALS

The conventional cementing-type stabiliz-
ing materials, portland cement and hydrated
.lime, are primarily used to improve the
strength of weak soils. However, when ad-
mixed with soils in relatively low quantities
* of 2 to 5 percent by dry soil weight, & modi-
fied soil is achieved which can be more re-
sistant to dusting and will maintain a higher
strength than the untreated soil. The use of
portland cement er lime as a treatment, for

dust palliation or waterproefing is recom-,
m<:nded only as ‘a very temporary measure

end ‘when other ndore effective materials are
not available. Cement is generally suitable

for all soil types, provided reasonably good -

mixing can be achieved, whereas lime is suit-
able only to soils containing a_high per-

centage of clay. For maximum Msults, the

watet content of the cement- or lime-soil
fnixture should be at or near optimim for
compaction. —

*Marketed by the Empire Petrdleum Company,
Denver, Colorado, with various licensed refineries
throughout the U. 8.*

ulsions are relatively simple to use °

7-15, GROUP Iil, RESINOUS SYSTEMS

", a Lignin, Lignin s a byproduct of the
manufacture-\of wood pulp. It is usually
available in a liquid form, but.can be procured

_in dehydrated or powder form. It is most

suitable as a binder additive for granular
materials and sands, but can be-used in silts
and clay soils with limited effectiveness. In
the liquid form, it can be sprayed on a soil
ace as a temporary measure. Lignin is
solible in water and is readily ledched from
the soil; thus, repeated applications would be -
reqmred in areas of periodic rainfall. :

b. Concrete curing compounds. For
treatment -of silts and highly plastic clays
where- penetration cannot be readily accom-
plished, resin systems which will provide a
thin plastic coating on the soil surface may
be considered. Such compounds are used to

- seal the surface of freshly laid concrete durmg

the curing phase. Resinous concrete curing
compounds are available from many com-
mercial sources. Because_of the thinness of
the resulting'film, such resins are only mod-
erately effective under fraffic and applicable
only in traffic areas on extremely firm sur-
faces. Standard asphalt pressire distributors
can ke used to place such ‘materials, but the
conventional spray nozzles need to be re-
placed with smaller-opening spray nozzles in
order to achieve a,uniform distribution” at
the specified low rate of application of from
0.1 to 0.2 gallon per square yard. Also, special
care must be taken. to clean the distribute
after application of the resin to prevent Tt:;?

. fesin from setting up in the equipment.

¢an be done by flushing the equipment with

~gasoline, naphtha, kerosene, diesel fuel, min-

crol spirits, or other geheral solvents.

7-16. GROUP IV, SALTS  __axi®
Salts, partictlarly sodium chloride and cal-
cium chioride, have been used with varying
dsgrees of success as a soil treatment ma-
terial. Calcium chloride is deliquescent and,
if the relative humidity is about 30 percent or
greater,-will absorb and hold moisture from
the air. Itg primary function is as a dust
palliative, (not a soil waterproofer) and its.
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‘usefulness, genergliy will be limited to non- _

traffic areas. Sodium chloride achieves some

dust control by virtue of retaining moisture

. and also by séme cementi g due to salt

crystallization. Both calcium. chloride and
sodium chloride-are soluble in wWater and are
readily leachéd from the soil ¢; thus, -

frequent applications will usually be required.
Salts may also. be applied by surface “pene-.

tration in the form of a concentrated solution~

or brine. Frequent applications of a salt

solution can ultimately build up a thin crusted -

surface which will be fairly hard and free
of dust. Salt applied as a solution also is
susceptible to the leaching of rainfall. Salts
are highly corrosive to metal and should never

‘be used where they may result in damage

to aircraft.

u-ﬂ -
7-17. GROUP V, MISCEI.I.ANEOUSMATERIA;S
3. Water. As a very temporary meas-

- ure for allaying dust, a soil surface can be

sprinkled with water. As long as the ground
surface remains moist or damp, dust can be
controlled to a slight degree ‘with water. De-
pending on the soil and climate, frequent
treatment may be required. Excessive quanti-
ties should not be applied to clay soil surfaces,
since a muddy or slippery surface may result
when wet and a more severe dust condition
atter drying. .o

b. Various oils. Waste oil, bunker oil,
crude oil, or other types of oils which may be
available can be used ds temporary dust
palliatiyes. Sugh materials will be mostly
applicable to nontraffic-areas of airfields.
Periodic treatment or multiple application by
spraying may be necgssary. After several
treatments, a packed oily-soil crust is usually
developed which will have good resistance to

abrasion by traffic, and which can be mod- °

erately resistant to water. Good penetration
can be expected in the more permeable soils;
but clayey soils or tightly knit surface may
resist tredtment. For such surfaces,. it may
te desirable to lightly scarify the surface,
apply about 0.5 gallon per square yard, and
lightly compact. :

“e. Turf. Although not indicated in table
7-8, turfs or grasses are extremely effective

»

- A2
~

for preventing dust. Although time will gen-
erally not_permit the growth of turf at|most
airfield complexes, every advantage of exist-
ing. ground vegetation should be taken in
planning an airfield. Unnecessayy stripping
of natural grasses during construction should

be avoided wherever-possible.

7-18. APPLICATION CRITERIA %
a. Traffic areas. The traffic area or main

' elements of an airfield include the runway,

parallel and lateral taxiways, and parking
aprons. In the proposed use of a soil treft-

" ment in the traffic areas, application will be
‘required over the entire design area of the

main elements. \ .
b. Nontraffic areas. The nontraffic areas
refer to th areas adjacent to the main

elements whi¢h are not normally designed to

carry traffic, or @t best will sipport limited .

trafic. Th areas include shoulders and
overruns. The-primary purpose for treatment
of nontraffic areas is to control dust, and the
extent to which this is done depends on the
width of the treated area which is provided
adjacent to the traffic areas. This width varies
with the type of aitcraft involved. This area
is based on the consideration that treatment
will be provided to'a width adjacent to all
main elements equal to the wing overhang

(Of tire critical using aircraft when the aircraft

is positioned with its wheel at the extreme
edge of the traffic areas. Treatment to such
a width will assure virtually complete dust
control under the most severe qust generating
condition. In many cases, adequate but not
necessarily complete dust control may be
achieved by treatment -to widths of about
one-half of ‘Eye width used to establish the
area values:” Where such control is accept-
able, the total area of treatment (and the
mateFial requirenfents) will be reduced by a
factor of one-half, '

c. Treatment depth requirements. Re-
quirements for depth of treatment apply ex-
clusively to admixture applicatichs.
proposed admixture application,
treatment depth of 3 inches igy
A 3-inch depth generally will adequate for
all nontraffic areas; for traffic areas, a depth

1—24
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| ranging from.3 to.6 inches should"be con-
«__gidered, depending on the ability of the spil

surface to resist rutting. This' is a mnction
of the soil strength.

o

factor influencing the applicability of either
< - a surface penetratipn or admixture treatment

is the bearing capacity of the e;xshng Oor pre- .
.pared ground syrface. This is particularly ’

d. Soil stmngth requlremonis. A majo:-

'

Iy

by chﬁerent axrcraft are not presently avail-
able. As a-general rule, the effectiveness-of .
a surface penetration treatmexgt will be de-
stroyed rapidly when surface rutting exceeds
11% 4o 2 inches. Similarly, the value of an
admixture treatment is lost.when the depth
_of rutting approaches the depth of the treated
layer. In the absencé of specific' strength
criteria, considerable judgment: will need to
be exercised by the engineer. As & very rough

- significant to treatment of the traffic areas. . gyide, rutting will be within tolerable limits ¢
Specific stréngth criteria by which the per-  if the soil strength is two or three times
‘formance of various soil treatment materials . greater than the minimum strength require-
N can be predicted for different levels of usage ments for operatﬁns on unsurfaced soils.
. . i \ . . » ) * N
. S »_ssl.rrssr' L N .
Note The followng exercises comprise a self test. The figures following each question re-
fer to a paragraph containing informatiod related to the question. Write your answer
in the space below the question. When you have finished answering all the questions
for this lesson, compare your answers with those given for thig lesson in the back of
this booklét. Do not send in youz solutions to these revxew exercises.
1. Soils are moat frequently stabmzed by either mechamcal.or\chemlcal processes sze
the three primary reasons forstablhmngasozl. (9 <. .
N—
.\‘ o B o
K, 2. 'To achieve the best results from compaction, a soil should be at or near its optimum
moisture content.. If the water content of a soil is above optimum, what should you do? (7-2b)
3. i 4 the mo:sture content of a soil is less than optxmum, it should be scarified and water.
. { . - added. With the following mformatlon,,,compute the number of gallons of water that should
o * be added. (7-2c(2)) i
l 4 ~
ary unit weight ¢ | N. 120 bjenft
in-place moisture content - 7% s A
optimum moisture content 10% ‘ ,
lift thickness . 4 inches / ' )
lift area 6000 sq ft . .
5 pereent allowance for evaporatlon ¢ ’
L2 - . -
3 ) ! ’ l" ) . INY
/ bl - A Id \ i
’ .
. . ’.
. & Tt .
N’ ] ‘ 725 ‘ ’ -

[~
L
]
N
i
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i 4, B:v use of table 7°-1 determine the amount of water that ust be a.dded to-attain optl-
»#mum moisture content of a soil under the fonowmg conditlons (7-2o(2) table-7-1) ) .
ey " .dry unit weight - 95 Ibjeu & RN £
N in-place moisture content ™ 49% - e S ' o
- .optimum. moisture content . &2 SR . : )
. thickness . 6 inches-
v °lift area .. 11000 sq yd °
Juse no allowance £or evaporation R . . -
, . PRI ,,w, . “, .. '. lj ’,—-—\ o
' SR A T
, C <. .
R $5. If it hn.s been determmed that 2 500 gallons of watér must be added to attain opti-
mum moisture 1'ontent in an area of.1000 squre.yards with a lift thicknegs of 6 inches, hdvr
many gallons wéuld be" reqmred if 0.2 inch of rain fell immediately a.fter the in-place moxsture
content was determined? (7-2’c(2) table 7-2) '
’ ‘ ./ o ". . . s .
;3 : e ! < ! - N - ’ v
s N .7 .
m.' Specia.lsitmﬁonfor exerdsethhroﬁthO. Two materials are to be blended, material B, the . -,
" in-place soil, and material A from a nearbﬁ’ borrow sougce. The mechanical analysis, . liquid
limit, and plasticity index of each plus the speclﬁcatxons are given in tdble 77. \Note figures
A - 73 and 74. - . « .4 . . Vo, . \)
. . TR e R . ~ .
<. Lo P .
4 . "+ TAMETT. For Use'with Bzercises 6 Through 10
. . ' o Mechsnlcal analysis ' - c
f R Sieve designation - <4t Percent puslné by weight _
’ = y Borsow, “A”. 7 Existing ")" Spémed
1Y%-inch ___..__ SR S 100 1100
e meh o %0 LT~ .70-1oo
. "34eineh oo e . 857 ’ 50 60-90
/Q—- - . . ° f - [
e-inch ___________ RN e 80 - RS 45-75
"NO. 4 oo e P IS 40 *- 30-60. o
. No.10 ... G e, ; 5. . . -1 ‘2080, T
\ , ‘s . e by , i . o ' |
No.40 .____ Tl ___________*"_ 40 Voap 10-30
No.200 ____.____ e fgo I 5" 515
-0 ) ‘ j’lssﬁcity chmcterisucs : .
: ) o R . Percent by weight I ,’
[Id . 1 .
Liquid limit _._.______ S A— 0 . - 15 Not more than 28. !
" Plasticity index ._._____1.________ .- 65 0 Not nfore than 6. .
o . 2 —
o l T—28 ’ [
g‘ . 7. "
* Lo ‘ e
”~ ¥ . ® = .
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'SIEVE

%/I\STIN(? SolL

PERCENTAGE PASSING EACH

A}
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. = < Lo
e, PERGENTAGE OF BORROW SOIL &
Q - . -
- . 90 @& , \ .
100 _ ™ 6. %0 40 30 2 .0 0.
¢ 7 < — =S $ u = .
‘ 4
- 90+ : 90
] 80 F 0
CgT ’°
g ? 60} o
a X
1] = 2 b { \
b § w w
<y § A .
\ . & 40 3 40
- W -
. % 1y
. ¢ , 20
N 7
A * ¢ T > 10
i 3 L
. |r jidl] g B | . h
= o ~ T 11 a o
o 20 30 a0 % e 70 -8 0 00
- - [T ,
PERGENTAGE OF EXISTING SOIL
. R
PR ‘ Figure 7-3._. For suse with “table 7-6 and exercises 6 through 8.
6. What is the maximum percentageof borrowsonlthemxxturecancontmna.nd sﬁll ’
\
; . meet the gradat:on reqmrements for 9?0. 4 sxeve" AT-31(4), ﬁg 7-1c)
» /“ .
N\ 7. What i ‘the maximum percentage of borrow soil that the- mixture can contain and
" Atill meet the gradation requirements? (7-3f(4), fig 7-1d)
- "';{"4‘1“ - ‘\‘ -
st . _ -
- s T —21
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8. What is the maximum percentage of existing soil the mixture can contain and still
. meet the gradation requirements?" (7-31(5), jﬁg 7-1d) -~ - v

. N
(3 4

9.

in-place.goil? (73, fig 7-2)

S
*10.

. " ~ )

- ~

t

‘ -~ i <7 ) ' - ) o
What is the plasticity 'index (apgroximate') of a mixture of 30% borrow and 70%

/
©

'
L d

B ~

. What is the liquid limit (approximate) of & mixture of 30% borrow and 70% in-
Place Boil? (7-3g,fig7-2) (. : \ *

.
s
-

v °
1

.

. 11 The two general application techniques common to all soil stab_ilization'procesm are
" (1) admix application. (2) surface penetration. When stabilization for stre&h improvement
 is required, what must be done? (7-4a). _ . '

-~ 12

cement. Portland cement’s effectiveness as a stabilizer will
index of the soil exceeds what point value? (7-6a)- =T

.
x s
.

13.

-

7’

.
<

14.
the stab

)

T 418.
* soil stab

78y

Hydrated lime is most applicable for stabiliza tion of véhiclijypg of soils? (7-Th(1))

& ¢ € “ ! - . \d
I3 . f

0 . -

*

R Q
.. e i - . . .« - "

°A soil treatéd with.pgrtlind ceprent Will result in a mass generally referred to as soil-

rapidly diminish as the plasticity~

- - -
3 LI S
e ke
. ‘ . . ) ~ »
- , i
. o . . .

Lime stabilization is the process of stabilizifg a soil in Which The additive* lime.

-l

@
-

N .

Under what circumstances doés qui?:klime have an advantage over hydrated lime in
ilization of soils? (7-Th(2)) . '/

-~
<
1 -
I .
' ' .
-

-

-

It has been perviously. stated in this lesson that there are three primary reasons for
ilization. Which of these reasons are well satisfied by the use of bituminous matérials?

. ' & N N LI
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16. In those circumstances where bituminous materials are effective in strength im-
provement of soils, %ow is the most effecitve soil-bituminous mixture determined? (7-8d)
s »

=t

-

- M
- M Q

. i
" 1%.. Before using chemical stabilization, one must know how much stabilizer is needed.

How many pounds of cement are needed to treat a 4,000-square foot area of soil (90 Ib/cu ft .
dry density) to a depth of 6 inches with a 3 percent treatment? (7-9a)

. ¢ : .
13, Before using chemical stabilization, one must know how much stabilizer is needed.
How many- pounds of MC-70 are needed to treat a 5,000-square foot area of soil (90 Ib/cu ft .
. dry density) to a depth of 6 inches with a 6 percent treatment? (7-99) ‘

I
.

. 19, Give a definition of the term “dust” and an indication’ of the size of dust particles.
T (1-10a(1)) : N

©

" 20. The objective of waterproofing a soil su;face is to preserve its in-place or as con-
structed gtrength during wet weather operations. What types of soils are most susceptible
+ - to changes of water content? (7-11a(1)) P '

.~\

-

- 21, %Referx;lng to table 7.8, what mater_iﬁi would you select as a soil waterproofer if curing
time was not critical? (7-13b, table 7-8) -

14

- o -,
5 -
L]

bﬁzz. What is the most common method- of applying peneprime as a waterproofer? (7-13d,
table 7-8) . . LN r e

) 23. Givea brief statement concerning the uge of caleium chloride as a soil stabilizer.
. (7-18)




. 2. Explain the recommended method of application of waste oil, crude oil, etc. as dust .
- po.llhtiveo, to a clayey soil. (7-17b) o

. . o
. A}
- - s
0

. 23. What is cne of the principal means of determining depths to which admxxture treat-
‘ ments should be accomplished ? (7—18c) N
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LESSON 8

CONSTRUCTION NiETHODS AND PRACTICES

q

LESSON OBJECT VE __ . —~—-Upon completion of this lesson you should be

1. Reconnaissance and Sife Selection.
Carry out Jeconnaissance and site selection

in'a logical and orderly sequenée utilizing

maps, aerial: Phowxﬂphl, intemgence m'=

ports, etc. as ava.ihble.

° TN

able to accomplish the following in the i in-
dicated foplc areas:

A

2. PhnnlngandConstmcﬂon. Plan and

- supervise the constructionofsubgrade sub-

base, and base courses keeping in mind ur-
gency of completion, economy of manhours
and materials, availability and utilization of
equipment, and utility of the finished product..

Ny f\
ATTACHED MEMORANDUM

" 81. RECONNAISSANCE

~ & Sources of information. Frequently,
. mformation»pertment to the areas or sites
* selected for reconnaissance may be obtained
from various sources such as: military in:
telligence reports; strategic and technical
reports prepared by the Office, Chief of Engi-

" . neers; national intelhgence surveys (NIS); -

maps (geographic, geologic, topographic, soil,
vegetation, weather, road, etc.); G2 and air

force -periodic mtelligence reports and aerial

photographs.
b.. Reconnaissance requirements. Where

a lstge ares ig involved, examination of a

" mosaic of airphotos oﬂers the best means of
ideRtifying possible airfield sites. Even air
reconhaissance cannot provide the broad view
and opportunity for study and restudy of the
topography, drainage, and vegetation possible
- through'the use of photograph mosaics. Air-
photo coverage should provide the overlap of

AW

_ adjacent photographs (60 percent or more)

needed for stereoscopic examination. When
sites have been tentatively selected, large-
scale photographic tovetage should be ob-
tained to permit careful study of topography,
vegetation, drainage, and cultural features.

Whenever possible, photoplottmg equipment.
should be employed to provide close contour
interval coverage of airfield sites. This will
.permit determination of the quantities of
earthwork involved,

¢ ‘Air reoonndss;noe Air reconnais
sance of possible airfield sites selected from
. study of the airphoto coverage furnishes an
opportunity to Visualize the construction prob-
lems, camouflage possxbxhtxes, and extent of
. surface access routes. An air reconnaissance
party generally will consist of a pilot and an
engineer observer. The pilot should be fami-
liar with operational characteristics of the
aircraft to be used at'the proposed airfield

‘ .
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so that he can accurately asscas such flying
problems as approaches, physical obstruc-
tions, and mental hazards. The engineer ob-
server preferably should -be the engineer
officer responsible for the ground reconnais-
sance and therefore qualified to assess design
and construction problems.

d. Ground reconnsissance. It is em-
phasized that answers to most questions rela-
tive to site selection will be found on the
ground. Ground reconnaissance is required
to provide definitive information regarding:
soil types, moisture conditions, and existing

 strength; possible sources of higher quality

or select materials suitable for ule as
strengthening layers; clearing requirements;
microgeometry of the-naturg surface; evi-
dence of flooding or high water from nearby
surface streams or rivers; ground-water con-
ditions; evaluation of existing airfield facili-
ties; ‘condition of access roads (including
bridges, culverts, etc.) and other modes of
surface transportation.” ) -

§-2. PRELIMINARY SOILS EXPORATION - °
a. General. Prior to preparation of
drawings and specificitions for a paving
project, the engineering division conducts a
detailed subgrade investigation program. This

" program usually consists of sufficient explora-

tory test pits or borings in the area of the

proposed construction to determine the gen-’

eral suitability of the sibgrade soils. If it is
evident that borrow .will be necessary for
construction of an acceptable subgrade, the
‘investigation includes the proposed borrow
areas. Sufficient samples are obtained from
-the exploratory test pits or borings, and
laboratory tests are conducted for the design
of the flexible pavement. The general char-
acteristics of each material are determined
and -the soil types classified in accordance
with the Unified Soil Classification System.

b.. Tests. The types and numbéiof
conducted during the subgrade investigation
prior to design will depend upon the char-
acteristics and locations of the subgrade soils
and the soils in the borrow areas. The tests
performed will generally include: classifica-
tion (washed mechanical analysis, liquid limit,
plastic limit, volumetric and linear shrink-

pl N

-

/73

* .
Age), in-place moisture cuntent, in-place den-

%

aity, compaoction, and California Bearing

» ‘Ratio. Although performed primarily for de- )
8ign purposes, the results should be available
- for field use when construction begins.

e

8-3. PRELIMINARY SURVEY

The preliminary survey is a detailed study
of a location tentatively selected on the basis
of reconnaissance, survey information, and
recommendations. It consists basically of
running a traverse along a proposed route,
recording topography, and plotting results.
In the case of roads, it may be necessary to
run several preliminary surveys if the re-
.connaissance indicated more than oneroute
"ag being feasible. For roads, the route center:
line- is established, %tationed, and profiled;

- horizontal and, vertical cqntrol points .(refer-

ence points) set; and:cross sections are
taken to enable rough calculations .of the
earthwork involved. (Sometimes cross sec-
tions may be taken during the reconnaissance
Survey if the conditions warrant.) If the best
-available route has not already been chosen,

- it should be selected at this time. The airfield

survey consists of establishing controls or
references, noting terrain fegtures, measuring
glide angleclearance, making soil profiles, and
investigating' drainage patterns and ap-
proaches. The final centerline will be accurate-
ly established during this survey.

8-4. SITE SELECTION

-a&. Importance. In the theater of opera-
‘tions, for many uirfields the need wilk be
critical, and completion of planning and con-
struction within tactical time limitations will
be difficult at best. Since no amount of clevef

design can possibly compensate for a bad )

construction site, it is emphasized that site
Selection thust be made with the utmost care.
The engineer officer must visualize site re-

. quireménts relative to engineering feasibility

and adequacy for aircraft operations and

tactical suitability, each in its proper perspec-
“tive. He also must establish priority ratings

for alternate sites where construction can be
accomplished by available forces within the
time available. In certain situations, even the
“best” site in a -particular area will not be'

.
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" able by the prescribed completion date.

acceptable because it cannot be developed in

time. The engineer officer must report such
situations to those responsible for operational
planning so that adjustments can be made
to gain more construction time or to sub-
stitute other resources for the air mission.

b. G{ﬁeral site requirements. In gen-
eral, all construction sites must be: sufficient
in size for intended mission; accessible o
logmtmal supply and services; feaslble from
an engineering standpaint; adequate from an
- aircraft operations viewpoint; and suitable
from a tactical viewpoint.

¢. Procedures. Procedures fér gite se-
lection are covered generally, no detailed dis-
cussion is presented herein. Planding for

.

rapid -airfield- construction often demands-- --

unusual dependence on airphoto interpreta-

tion and study.’ By estimating construction
effort, it is possible tp quickly eliminate most
geographic areas within the tactical boun-
daries where the severity of vegetation, topo--
graphy, and soil conditions (alone or in
combination) preclude completion of con-

1

e ®
2

7

struction within acceptable time limits. The

engineer can then concentrate his efforts and
limit ground reconnaissance to those areas
that can be developed with the forces avail-

8-5. CONSTRUCTION OF SUBGRADE

. 8 General. The design of a flexible
pavement is primarily based on the support-
ing or bearmg capacity of the subgrade soil.
The same is also basically true for.rigid pave-
ment, although to a much lesser degree.
Compaction generally produces substantial
increases in the bearing capacity of the sub-

e 4

grade soils and develops a more uniforni -

foundation upon which both the subbase and
base course soils, for the flexible.pavements,
are copatructed. Both research and experi-
ence hdW\e proven that it is necessary to com-
pact all subgrade soils underlying road or

,airfield pavements to the highest densities

practical to prevent detrimental settlement
under the traffic of heavy wheel loads. There-
fore, the specified field density must be ob-

4

r

be borne in mind that at higkn:isture con-
tents, soils can be overcompatted to the
extent where pore pressure can develop and
failure occur before the pavement is placed.
This of course should be avoided and when
observed, should be corrected.

b, Construction‘prooednres. The con-

_struction equipment should be in such

number, type, and condition as to cover the
job adequately and permit completion of the

" project within the time limit required. The
area is excavated to the depth required by

the plans and/or to satisfactory material.
Where the volume of fill required exceeds the
volume of cut available, or where cut ma-
terial is unsatisfactory for fill, material will
be excavated from a satisfactory borrow area

and used for backfill. Excavatiord should be

planned, and borrow areas located to hold the
haul distance to a minimum. Adequate drain-
age should be maintained at all times. Cutting
or filling to temporary or improper elevations
should be held’ 4t a minimum as this may
impound rainwater and seriously impede
progress of the work.

¢. Moisture content. Studies have
shown that cohesive soils, compacted well on
the wet side of optimum, as sometimes neces-
sary for highly swelling soils, have low
strengths throughout their life as subgrades
in pavements because drying usually does not
occur. Also, cohesive ;oxls compacted well on
the dry side of optimum have low strengths
when subjected to future saturation. It is
generally the policy to compact cohesive soils,
except those having high swell, slightly on the
dry side of optimum as determined in the
laboratory compaction test in order to obtain
maximum strengths (for a given density)
under future ‘saturation. Occasionally, soils

. will be found where the field optimum differs

@

tained if flexible and rigid pavements are to .

give satisfactory service. However, it should

.

.

e
e
¥

f

e

from the laboratory optimum. Where this

can be established, the field optimum should *

govern. Swelling soils are compacted at the
moisture, content which will, for the required
density, result in the least amount of swell
on future saturation. This moisture content

is usually higher than the laboratory or field-

optimum. Cohesionless sands and gravels
compact best when either air-dry or almost
saturated. Since the air-dry condition can

°
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rarely be obtained, ‘they are usually com-
pacted in as wet a conditica as possible.

- d. Lift thickness. Studies have sﬁown

tiat the density within a lift after compaction
is highest at the surface of the lift and de-
creases with depth in the lift. The lift thick-
nesses mentioned previously are about the
maximum that can be used with the respective

pieces of eqm‘?mg, and still obtain an aver-

age density throughout the lift that will be

within the specification requirements. Since
the defisity within the lift is highest at the
top and lower at the bottom,’it can be seen
that an increase it density can be obtained
by decreasing the lift thickness. Also, it can
beseegthatli_ftsthatarethickertﬁanspeci-
fied are detrimental from the standpoint of
obtaining the specified average compaction.
Lift thickness is usually specified in terms of
compacted depth, ‘and Joose depth varies for

different materials, bat is generally in the

order of 1.25 times the compacted depth.;

e. Compaction. All rollers that will be
used in compaction should be inspected well
in advance of the start of compaction opera-

. tions to determine that they meet all speci-

‘e

fication requirements and that they are in
godd working order. Also, a plan for applying
uniform coverages should be worked out with
the construction unit because uniform density
cannot be obtained unless uniform coverages
are applied. If possible, the roilers should
not turn on the section being compacted as

the- turning action tears the < Also,

coverage is not uniform on the Where
turning is necessary, the radius of the turns
should be as large as poesible and extra
passes should be made on the turns so that
the turning area receives the necessary num-
ber of passes.

1. Control tests. The primary tests that

are. made for the control of the construction
of the subgrade are moisture and -density
deferminations. Moisture tests are made to
determine if the soil has the proper moisture
content for rolling. Both moisture and density
tests are made after rolling to determine if

the material was placed at the proper mois- .

ture and if the required density was obtained.

Since the optimum moisture and the fequired

[ 4

..
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density vary with soil type, it is necessary to
make compaction tests [for’ each soil
prior to the start of operations and sufficient
claasification test§ during operations (washed
mechanical analysis and’Atterberg limits) to
identify the soil type so that the density can
compared to the proper laboratory com-
paction curve. Also, in certain cases, CBR
tests are made to determine if the proper
strengths are being obitained. Control tests
aremadetofurnishabuisforthejudgment
of the construction foreman and the inspector
during operations and to insure that the com-
pleted subgrade will comply with specification
requirements. To be effective, therefore, the
results of the control tests must be reported
while the operation is in'progress. Data re-
ported after completion of a subgrade opera-
tion and after the subgrade has been buried
under the base or subbase, are of no value
in controlling construction. Normal proce-

" dures are for the inspector to notify the

project laboratory that tests are needed. The
project laboratory performs the tests and
reports the results directly to the inspector
as soon as they are completed.

g-. Record tests. Record tests are those
which represent the as-built conditions. Gen-
erally, the tests which are made for control
purposes can be used for record purposes
providéd proper notes are made on the test

.sheets. For example, if the tests made fol-
lowing compaction of g lift indicate that the

L 95
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moisture was within the desired range and °

that the density was equal to the specification
requirements, these tests could be considered
as record tests, and should be so noted. If,
however, the density did not meet the speci-
fication requirements, additional testing would
be necessary following rerolling and the
earlier group would not be the record tests

* for that area. ]

" h. Maintenance. After the iast lift of
the subgrade has been finished, checked to
final planned grade, and accepted, one must
maintain this finished subgrade until basge
course operations have covered it. He is still
liable for all maintenance and repairs; and it
is his responsibility, and to his advantage, to
see that base course operations are, “ready

and waiting”” upon acceptance of the sub-.

grade. -

- . 8—4
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"'+ 86, CONSTRUCTION OF SUBBASE

a. General. The subbase material is.a -

selected, intermediate quality material placed
between the subgrade and base so that the
flexible pavement design thickness' may be
achieved as economically as poesible. The load

distribution function of this material require-

that it be constructed according to specifica-
tion req u}rements so that full benefit of its
strength ‘may be obtained. Compaction re-
quirements must be enforced. " °

b. Material. Since the primary reason
for using a subbase is to reduce the overall

cost of the pavement, a material should. be ]
used that can be obtained locally, or

borrow areas near the job, andatacoet

somewhat less thah that of the reguiar basé”™

course material. It may very from a light
clay to a coarse gravel, but should always be

capable of developing a load bearing capacity

greater than that of the proposed subgrade.
The material in most local borrow areas is

nonuniform and frequently is stratified.
Hence care should be exercised to see that

itismxxedasthoroughlyaspoasi‘bledurmg
excavation and that it does not become segre-

-gated during pla.cement.

c. Construction procedure. The con- -

struction method used for the subbase should -
vary with the material type. A ﬁne-gxged

_materixlwxllgenerallybeprocessed,

3 .'. 845 above. The coarser '
e handled as outlined
mparagraphS—'I Palow. In general, the same
requirements apply, such as uniform distribu-
tion-before compaction, layer thickness after
compactlon, and uniform mxxing

87. CONSTRUCTION OF BASE COURSE
- ‘s General. The base course in fiodern
" flexible pavements must be a. promsed ag-
gregatethateanhesocomptctedthatitwﬂl

. not consolidate appreciably under .

fic, In no case should the density be 1
thatapeciﬂedinthecontractspeciﬂca ons.

Source of magteriali%The specifica-.

"\tions generally require-one to submit samples
of the pro; bue material for approval
gt least 30 days prior.to use. Although }t is

not the usyal policy of the Corps of Engineers -
8—5

to designate a material source, an investiga-
“ tion of material sources should be carried out
during the design stage to establish definitely

that materials meeting the design criteria axe
available. During the preliminary investiga-

. tion, or before approval of the aggregate

source is given, sufficient test holes should

be made to determine the quality of the source

and the amount of material available. Often

~“one may propose the use  of an unknown .

source. It will be his responsibility to submit

sufficient samples to permit determination of
'tae quality of materials from this source.

samples should be submitted well m
advance of the use of the material,

¢. Method of base course eonstmction

(where plant mixing is not required), roads
?d‘d airflelds for light traffic. N

(1) General. The following described
gthod may be used where the base course
material is produced as a single material and

does not require an admixture. The base
course material is hauled in approved pneu-
matlc-tired vehicles, and dumped-on the
subgrade Thesé'loads are dumped at a pre-
determified spacing to provide the reqmred
compacted thickness of base course. Control *
of dumping will eliminate excessive movement

of material, and the section will be brought

to uniform grade with the least.amount of
, effort.) >

) (2) Windrowing. Thematerialdnmp-

ed on the subgrade will be. uniformly bladed

into windrows.” Moisture is added to the

material ag it is being moved into the win-

drows by the water truck, which follows
immediately behind the blade. The addition
of, water reduces segregation and also pro-

vides moisture for compaction. Several
will be required to move the raterial into
windrows and two

“bides greatly speed, this
~dperation. As soon as the windrowing is tom-
pleted, an inspection should be made to de-
termine the uniformity of the material, and
samples should be taken for testing in the
projec¢t laboratory. ~ .

* (8) Compacting.’ The material should
be bladed to a uniform section in light lifts.
The blade is followed by water truck when
additional moisture is needed and by the com-

. ™~ .
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paction equipment of the steel-wheel, vibra-
tory, or sheepsfoot type. Rigid control of
addition of the moisture and rolling should
"be maintained at all times. The weight of the
rollers must be adequaje-to obtain the desired
compaction, and the number of water trucks
and rollers must be sufficient to achieve the
desired results. The blading, watering, and
rolling operation continues until a uriform
section is obtained. By maintaining control
of the dumping of the material, windrowing,
and lifts, the section will be uniform when the
last lift is bladed. A few passes of very light
blading will bring the section to a uniform
grade. The pnuematic-tired ‘rollers should

continue rolling during this operation, or a )

heavy pneumatic-tired roller may be used at
this time. This could also serve as tests of
proof-rolling if” desired. Usually when the
section ig brought to grade, the blade is carry-
ing coarse aggregate withdut fines. This

*. coarse aggregate should be evenly distributed

over the section and rear-wheeled (rolled with
rear wheels of three-wheel roller) into the
base course by a 10-ton steel-wheeled roller.

d. Finished surface. . :

© (1) General The nature of the finished
base course Surface is one of the determining
factors in the smoothness of the surface of
the finished pavement. In particular, it must
be recognized that if the finished base does
“not conform to the specified grade’ when
tested with a straightedge, the fimished pave-
ment probably will not do so. The surf:
of the base should be reasonably amooth and

aggregyte faces shquld be showing in the-

surface and conform to specifiéd require-
ments,

(2) Smoothness test. The surface of
each layer of the base course should 'not show
any deviation in excess of 34 inch when tested
with a 10-foot straightedge applied parallel
with and.at right_angles to the center line
of the'paved area. Any deviation in exdess
of this amount should be corrected by the
contractor or construction agency by remov-
* ing material to the total depth of the lift and
replacing with new material, and compacting
as specified above. )

- (3) Slush-rolling. The ultimate pur-
pose of slush-rolling)(rolling with enough

water to produce a slushy surface) is. merely
to smooth and tighten the surface rather then
to secure additional compaction of the base
course. Slush-rolling should be permitted on
a cured base course only. If the surface is °
generally satisfactory but there are some
relatively large areas which require slushirg,
do not slush the entire area of base course;

" confine this treatment to the rough areas
alone. Slushing makes fines and brings more
fines to the top. An excessive layer of fines
is structurally weak,and will not produce
adequate bond. In general it may be stated
that slush-rolling should not be used on 3
high type base course material and shotid =
employed only on other types of base courses
when required by the ‘specifications.

(4) Wet-rolling. All base courses re-_
quire g final finish of the surface; however,
the high-type base courses, with their im-
proved requirements for gradation, liquid
limit, and plasticity index, should obtain such
a finish automatically after the final compac-
tion and7or proof-rolling, For less critical
base courses, or where deemed necessary by
the construction agency, wet rolling as well
as slush-rolling may be used to obtain a final *
finish of the surface. Each methdd has its
strong points and in some cases the particular
Job may require a combination ofthe two.

v & Edges of base course. °

(1) With side forms, After removing
the forms, the space between the compacted
aggregate and the earth backing shall be
*filled with approved material, in such a quan-
tity, and to the height, that will compact to
the final thicknessfof the course being con-
structed and allow at least a 1-foot width of
the shoulder to be rolled and compacted to-
gether With the base course material.

- (Z) Without side forms. Approved
material should be placed along the edges.of
the base courses in such quantity as will com-
pact to the thickness of the course being
constructed, or, when the course is being
constructed in two.or more layers, to the
thickness of each layer of the cqurse; allowing
in each operation at least a 1-foot width of
the shoulider to be rolled and compacted
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simultaneously with the rolling and compac- - project laboratory during construction of a
ting of each layer of the base course. . base course are: gradation of material, soil
(Atterberg limits) teits on -that portion of

f. Curing and maintenance. The base terial
course should be adequately cured before. rad passing the No. 40 sieve, modified
priming and paving are attempted. If it is

AASHO compaction, moisture content, field -

too wet, it will not take the prime properly. density, ‘nd_m some caa?,“ﬁeld in-place CBR.,

Also, if there. is too much moisture in the
bage, this moibture tends to come out, par- % A“VAII.AILE EQUIPMENT )
ticularly in hot weather, and the prime may a.- General. Numerous types of equip-

strip from the base: under construction traffic. .ment are used in subgrade construction. Some- -

.Rain tends to strip primetrom 'd base thit = types work well in.one material but are en-
was too wet when primed. Heavy rains may tirely inadequate in others. It may prove

». strip a properly primed base to some degree, nec to use several types of eqmpment

" then cause swelling and loss of density. There- & b. Pulverizing, mixing and blending

rd

but the tendency is not nearly so great as in conjanction with each other on one project.
*on improperly cured bases. It is not possible The equipment must be cagable of handling

to designate exactly the lowest acceptable the material needed for an entire depth of lift

- moisture content for the upper portion of the in one operation. The following list of equip-
" base course prior to priming as this depends ment, with pertinent comments, may be of
- on too many variable factors, but in general help to the engineer in' determining whether

it shoul not exceed one half of the opténum the construction forces have the right anount

ro. moisture. On the other hand, it is and types for the material to bg,handled on
undesiraple for the base to dry out completely g particular job.
as ‘cracks may develop and a heavy rain will *

fore, depending upon condition of the base, equipment, pulvimixers and rotatillers. These

" length of time before priming operations be-  Specialized pieces of equipment are well

gin, and weather conditions,.it may be neces- adaﬁed to pulverizing and blending materials,

-sary to maintain the'base by light sprinkling. and for the uniform incorporation of mois- ~ .,

. N\ ture. Construction forces should have them

. g Tests.. . - or be able to get them. The equipment ayail-

‘ . able is: tandem gang -disks, gang' plows,

" (1) General The engineering division  spring-tooth harrow, and heavy duty cultiva-
laboratory will have performed theacceptance tor. .

-tests on the finished base material during the

initial operations of the crushing and screen- c. Wateting equipment. The preamrg:.

ing plant. The project laboratory, however, tank water truck gives a more. uniform 6w

tests the base throughout the construction  Of water, although the gravity-type tank is

period. Tests of the base material must be in ‘most general use. Theecontrols for the

made, therefore, on samples from (a) the spray bars should be i in the cab. Spray bars

d screening plant to aseure pro-  should not.leak. To 'insure liniform water

duchon a material that meets the grading  coverage the truck should be moving at yni-

requirements of the specifications, (b) the  form speed from the time immediately before

loosely spread base course prior to rolling . the. «sprays are turned on until after the
to assm;e uniformity of the gradation and for sprays are turned off.

oontrol and (c) the base course

durlng and .aftbr compaction for control of , d., Compaction equipment. The follow-

the construction méthods and to obtain mois’. ~ ing compaction equipment is.available: heavy

ture and density data on the compacted base “pneumatxc-hred*mllem“sheepsfoot roller,

course for conformance with spedﬂcaﬁon re- pneumatic roller, steel-wheeled-roller, and im-

qt#mments. The tests performed by the pact and vibratonx rollers.

N %
.
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Y ’ SELF TES"l‘ /

) Note. The fo!lowmg,exerclses compnse a nelf test The figures following each queetxon re-

fer to a paragraph containing ‘information related to the questlon Write your
answer in the space below the’ question, When you have finished answering all the ques-

. tions for'this dessén, compare your answers with those given for this lesson in the.back
of thig booklet. Do not "send in your solutxons to the;e revigw exercises.

1 A reconnamg,a.nce is required for tentauve construction sites. When a large area is
mvolved, what is -the best W of mowmee’ ”(8-1b) L

e Q
. . > "
c e v P
. Ed
%
o B A
»

2 Before the drawings and specxﬁc;mons are madeé for a project.a subgrade mvesuga.- .,
tion is made How is the general suitability of the subgrade soil determined? ..(8-2a)

. , - \
3. The preliminary survey i re detailed study of a tentauvely selectéd location for
**  construction. Of what does /it/ng;mmt" (8-3) ‘ ]

.
2 ) : <\
-
.
.

4. Planning often demands unusual dependence on airphoto interpretation and study.
What is a quick way to eliminate most tentatively selected sftes? (8-4c¢)

1

A
*

Ee P l‘

-3 Subgrade soils generally should be compacted to the hxghest density pracucal Under

" what partlcular condmon would thm not be true? (8-5a) _ . ‘

. .

of the loose lift to the tlnckn&s of the compacted lift? (&5&)

DRI | ./

7. When a subbase course is used, it is placed between the subgrade and the base course.
While the material used may vary £16m light clayto coarse gravel, there is a specific criteria
concerning its load bearing capacxty What is it? (8-6by _

t. ) P - . * w

3

oo

(o
Ve

~ e
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- 8. After compacting, the base course/must be brou: hat i i ‘ —
T ‘ ght to grade. What is done with the
cm.rgs aggregate retained on the blade? (3-7¢(3)) ‘
. z ' -
- : ' . -
. , ) ] v v . )
9. The base course should be primed before paving. What is the rule of thumb for the
l&v.v7 acceptable momtt_}re content for the. upper portion of tlg base course prior to priming?
) 1 . . e . 1
i ' "“\ ' |
] o WA ° N v ’ >,
«Al0. What is the most important factor in obtaining an e¥e i
o & water truck? (8.60) ' ° ' g an even ‘?pread of water when using
A : . e . \
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