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SYNOPSIS

This report presehts the results of cold roém studieé of frost éction
in soils which were performed betwsen February 1950 and the end of Fiscal
Year 1951 by the Frost Effects Laboratory, New England Division, Corps of
Engineers.” The investigé%ions are being conducted for the Airfield Branch, .
Office of_the Chief of Engineers, Departmeqt of. the Army, as part of a
continuing progrem of frost investigations aiﬁéd toward establishing and
improving engineering design and evaluation criteria for roads, highways
and airfield pavements constructed on soils wﬁich are subject to seasonal
freezing and‘thawing° The‘sfudies are being conducted'chiefly to determine
the effects of each of the 1nd1v1dual factors whlch influence ice segrega-
tion in soils, including gradatlon, per cent finer than 0,02 mms , per cent
and size of. aggregate greater than 2,0 mm., degree of compaﬂtlor, surcharge
pressures, 1n1t1a1 degres of saturatlon in a closed system, alternate cycles
of freegze=thaw, admixtures,'capillarity, condensation, proximity of water
supply, rate of penetratioﬁ of 320F. température, mineral composition of ‘
fine»5511 ffaction, end permeébiliﬁyo

To investigate the effects of several of the factors listed, tests
have been performed onja large number of natural soils of various types,
cbtained from several locations in the Northern United States and Alaske,
" and on specimens prépared by blending vérious fine and coarse scil fractions
in prOportiOns'to»giie desired investigatiqnal’gradations. The purpose of
this report is to consolidate and summarize all test résults obtained to
date to permit review by the Board of Consultants and to aid in formulating

the direction and scope of the future investigations,



Available test data from the phases of the investigation which are
substantially complete indicate (1) The intensity of ice segregation in
sqils'is'depéndent<not 6n1ybon'the per cent of grains finer than 0,02 mm.
but glso'on the‘grain size‘distribution and/br,physico—chemical properties
of thégé,fihés; (2). Fine sdil fractions with a;high percentage .of fine:clay
sizes‘appear to be more potent than silt sizes in producing ice segregation
‘in.soils of near borderline frost susceptibility; (3) Soils in similar soil
gfoups,Awhen,classified by the Deﬁartment of the Army Uniform Soil
Clessification System, show approximately the.same rates of heave for corres-
ponding'percentages finer than 0,02 mm.3 (L) The pergentagerf material
fiﬁer than O.Q2_mm;'£or which a given rate of heave is obtained increases
progressively with each group from Sandy G;avelvand Grav;lly Soils (GW)
toward the fine-grained soils, Gravelly Sandy Clay and Clay (CL); (5);The
intensity of iée segregatién in soils is decreased appreciably by an in-
crease in overburdenfpressure, all other féctor?,.such‘as rate of frost
penetration, being equal; (6) The intensity of ice segregation in a frost
susceptible soil varies direcﬁly with the initial degree of saturation,

. where water is available oniy by'WithdraWal of a portion of that already
existing'in‘thé_voidé of‘the soil underlying the surface of freezing; and
(7) The rate of heave of the sufface is generally i#dependant of rate of
freezing ﬁithin the range of 1/l to 1-3/l; inches per dey. ﬁowévar, the heave
pér ﬁnif depth of frozen meterial is ihAinverse pfoporticn to the rate of

penetration of the freezing temperature.



PART I. -INTRODUCTION‘ :

l-Ol.ﬁ Background and Purpose. The increase in the welghts of m111tary

and commerc1a1 a1rcraft and 1ncreased use of hlghways by heav1ly loaded trucks
durlng the last decade has 1nten51f1ed problems encountered in the deslgn of

airfield and hlghway pavements, partlcularly in the northern 1atitudes where

:‘seasonal freez1ng and thaw1ng of the ground tekes place. The occurrence of

1ce'segregatlon in frost susceptlbl os01ls may result in non-unlform heav1ng

of the pavementsg loss of pavement supportlng capaclty durlng the frost melt=-

' 1ng perlod, and’ costly malntenance or repair measures may be requlred. Loss

“dcwnward by the still frozen underlylng 3011 and ice layers. Frost b011s,

Jef

of pavement strength results when rapld thaw1ng ocours from.the surface down
and the excess water released from ice lenses is prevented from dra1n1ng ' [u
s
R

pumplng, and subseg nt pavement break-up may occur under trafflc as a re=

‘sult of the nearly'llquld oondltlon of the subgrade during this period.

Interruption,of'traffic end demage to aircraft as a result of frost action

‘ mustibe avoided.

!

{

To develop pavement design and evaluatlon crlterla fcr such frost
condltlons, the Frost Effects Laboratory'was establlshed in the New England

Dlvlsaon, 1n 19hh, by author1ty ‘of the Chief of Englneers, Department of the

jArmy.” The Laboratory has since conducted field 1nvest1gatlons, 1nc1ud1ng

trafflc tests, at various alrflelds in the northern part of the Unlted States

" %o observe and study the effects of frost action, As a result of these

studles, extensive field data have ‘been assembled by the Frost Effects Labo-

.ratory in- two publlshed reports entltled “Report on Frost Investlgatlon,

19hh~l9b5", dated Aprll 19h7, and 94 ddendum No. 1, 19&5—19&7, to Report on

‘Frost Investlgatlon, 19hhrl9h5“, dated October l9b9. A-thlrd.maaor report



~ entitled "Summary Report of Frost Investigations, 194L=19L7", dated June 1951,
unlfles and summarlzes the prlnclpal results of observatlons and tests made
'and presents design and evaluation erlterla for both alrfleld and hlghway
| pavements resulting frem a study of the accumulated data.
The field studles have shown a need for comprehenszve laboratory
:;lnveetlgatlons, under controlled conditions, to study the effeot of each of
’?the varlables of 3011 characterlstles, water supply, and temperature con=
{dltlons on ice segregation in solls. To meet this need, the Chlef of Engi=-
Egneers in June l9b9 authorized the constructlon of a cold room at the Frost
‘Effeots Laboratory. The room was completed and placed 1n operatlon in Janu~- .
ary 1950. Studles whlch are belng conducted w1th its speclallyndeS1gned
'facllltles w1ll glve a clearer understandlng of frost aotlon in s01ls, and
'will result in the development of 1mproved crlterla for the design and eval-
uatlon of pavements, not only of a1rf1eld runways, taxiways and aprons, but
_also ef roads and hlghways. An unpubllshed report entitled nInterlm Report
of Cold Room Studles s dated July 1950, contalns the results of cold room
"studies whlch ‘had been completed up to 15 June 1950°
Wlth'the avallable faoll1t1es, base course and‘subgrade 80115,
.'whose frost susceptlblllty is in questlon, may -be tested in the cold room
' fprlor to eonstructlon to determlne their behav1or under freezlng condltlons.
‘The more preclse determlnatlon of degree ef frost susceptlblllty thereby
made posslble will aid in the selectlon of satlsfactory base materlals which
"wdll‘not lose strength durlng frost meltlng. Borderllne 501ls avallable in
“the subgrades or in the proxlmlty of eonstructlon 81tes, which under present
crlteria would be regected or weuld requ1re expen81ve treatment, may in many
cases be proven non-frost-suseeptible and satlsfactory for use after being

»subgeoted to laboratory testss

e



 1-02, Ovérall Prégrém of Cold Room Tests. The cold room and its

equipment have been designed to enable studies to be made, under controlled

conditions, of all frost phenomena occurring in soils which are reasonably

Hadaptable'to investigation by laboratory methods,: Theiplanﬁed*p?bgram‘in-.

cludes tests to determine the followings '

. a °

b

- de

- Bffect of particle size distribution on ice segregation in

soils.

Bffect of degree of - compaction on icé segregation in frost
susceptible soils?

Effect of surcharge or overburden preésure on ice segregﬁ— ‘

tion in frost susceptible soils,

. Effect of per cent and size of aggregate greater than 2.0 mm.

Se.

N

go
“"hRe

S K

in soil gradations on ice segregation.

Effect of initial degree of saturation on ice segregation

in a frost=susceptible soil in a closed system, i.c., &

system in which no water is made available to the bottom of

the sample during freezing.
Effect of alternate freezing and thawing on permsnence of

.. initial compacted dry dénsity and on strength of soils.

Relationship between ice segregation and soil properties

" such as void ratio, permeability, and éapillarity;

Effect of admixtures ih’preventing or retardingthe formation

of ice lenses in frost-susceptible soils,

© Frost susceptibility or non=frost susceptibility of base and

subgrade so0ils from various airfields in the northern United

St ates. .



-‘ja ~Effect of proximity of watef_tableron ice segregation in frost-

- susceptible soils. .

" ke »1Effect‘of'frost'melting'cn strengfh characteristics of eoils,
including time rquined~fer weakened soils to return to ﬁormai
strength a}ter thaw;ngd

l. . Effect of the chemical ﬁature>ef'the soil minerals and of the ., -
.6iSSolved salts in the pore waterwon ice Segfegatien«

m.,;-The-nature»of.physical.lews;go#erning ié@esegregetion,invsoils,
an understanding of'whieh is needed to sid fhe development of
deeign cfiteriee ;

- 1=03, ‘Scope of Studies Presented in This Report.: This report presents *

the‘resﬁlts of all cold room investigetions coqduqted since the iﬁitiation
of the program in February;l950,_up»to“the end of Fiscal fear 1951, The in=
- vestigation has dealt. exclusively With*items*(ajﬁ?hropgh (1) of ﬁhe “Overail
Pregram-of Cold Roomvaestsin 1iéted in Paragfaph i%029 above, Spe01al equ1p=
ment has been designed and constructed to accompllsh Ttem (j) but testlng is
not scheduled to commence until Flscal Year 1952° _‘.f:
| - Ttems (k) through. (m) of the prev1ously 1ls¥ed program elther have
not been igitiated or are in a preparatory‘stage and are, therefore, ngt

covered in.this report, - = - SR RS S 2

o - v : . L]

1=Oh Authorization,_4Frost‘Investigations dufing Fiscal Year %951 ’

were authorlzed and funds allocated by Dlrectlve NED MIC 51=2 dated 11 Oc=

tober 1950, from the Chief of Englneers to the D1v151on Englneer, New England

s

Division. . Instructlons and Outline for Cold Room. Studies were transmltted

(S

as,inclosure with letter, dated 23 October 1950, from the'Chief of Engineers . "

to the Division Engineer, New England Divisiong‘Subjecﬁk‘?Insfructidﬁs‘and

V ‘=6=’

£



- Outlines for Investigational Projects, Fiscal Year 1951".

1-05, - Presentation of Report; The results of the cold room studies

- completed up to the end of Fiscal Year 1951 are prgsented in two volﬁmes
uconsisting of thebfollowing: |
Volume l: The main report entitled ®Cold Room Studies, Second-
Interim Report of Investigationsn in which fhé results of the studies are
summarized}and discussed, | |
Volume 2: Appendices to the main report entitled “Appeﬁdix As
Equipment and Test Précedures", in ﬁhich are described th$~éold room, freez=
ing equipment,‘specimenﬂpréparation,_and'Fegt procedures; and ™Appendix B:
Investigational Data™, in which are included §1§ts ofrfreezing;temperature
pengt;ation,~heaveraﬁd water_content{distribution for all samples, snd tabue
lations of the basic test éénditions and results, o ;o v
o . , o€ Vo ,/;Z/p m,,-/l{
-AmvThikitems_invesﬁigated tp determine the effect or relationship aﬂ;}%t“
of~the folldwing on the intensity of ice sagregation are grouped in thef
fbllowing érder of presentationg
& ;Per cent finer than 0,02 mm.
b. Degree of'compaction
Co Surcharge:
- Pgr pent and size of aggregate greater than 2,0 mm.
"e.. Initial degree of saturation (closed system)
£ Altefnate cycles of freeze=thaw
 £$~v. : e .~AdmixtUres R
he Height of Sample.
i, ' Capillarity and condensation

Jje " Rate of freezing—temperature penetration

==



ko Mineral constituents in fine soil fraction
1. - Permeability
mo ‘Natufal soil gradations
The fesultsrof the investigatién afe summarizea in this report in’the order
listed and the pertinent test data for each sample are presented.in Taﬁles
Bl through Blh'in‘Appendix B; Volume 2, The plates containing the heave,
- ‘temperature penetration, and water confénf distribution data for each'sample
are cross-referenced onITableé Bl through Bll, .
1-06, Definitions. Description of tisfs and analysis of results in-
volve'spéoiélized use.éf certain terms andewerds, Definitions of these
“words and terms as employed in thiS'repoft are as follows: .
"Frost heave is the raising of éﬁﬁ; surface.oﬁf%haute$%eﬁ?eeémenf
due to the accumulation of ice lenses in thé underlying soil.
‘Thebamount of heave in most soils is approXimately equal to
Qb the cunulative thickness of ice lenses.

X

A\ . - . .
o“ - Frost susceptible soils are those in which significant ice segre~

gation will occur when moisture is available and the requisite

\?
p , .
,€ freezing conditions are present. (Previous information has

indicated that most soils containing §°per cent or more of
~'graiﬁs~finer by weight than 0,02 mm; are éusceptible to ice
segregation, and this limit has been widely applied to both
uniformly and variably graded soils. ~Although it has been
found that some uniform sandy soils may have as high as 10
per cent of greins finer than 0,02 . by weight without

being considered frost susceptible, there is some question

. as to the practical-value'of~attempting to consider such

=8



* -such soils separately, because of their rarity and tendency
to. occur intermixed with other soils,).

Frost action is a general term used in reference to freezing of

-

mqisture in materials and the resultant effects on these ma=

~ terials and on structures of which they are a part.

Ice segregation in s0ils is the growth of b?dies of ice during?
the‘freezing prébéss, most commonly‘qsvice lenses or layers
oriented normal to the direction of heat loss, but élso as
veins and masses having other patterns,

B s
Per cent heave 1s the ratlo, expressed as-a _percentage, of the.

6621né0

amount of heave to the depth of the frozen soil" before fr
Degree hour is a variation of one- Fahrenheit degree from 32°F. for
a .period of one hour. The degree hour is negative if below
- . Op '
32°F, and positive if above 32°F,

Closed system isvavtest condition in which no free water is made

available frém outside the specimen during the freezing
process, | V

Open system is a test condition in which free water is made avail-
able from outside the specimen during the freezing process,

1-07. Acknowledgements, The Frost Investigations, of which these Cold

Room Studies are a part, are being conducted by'thg Frost Effeﬁté Laboratory
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or retarding ice segregation in frost susceptiblé\soils.
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PART II - FROST CLASSIFICATION, SOILS AND PROCEDURES

2=01, General; The Frost Investlgatlons which had been accompllshed

N

in this program prlor to the 1n1t1at10n of the Cold Room Studles were prln-

01pally field studies at alrfleld sites located throughout the northern

- United States, From the results of these field studles and empirical know-

iedge ggfﬁéred"by other investigatérs, the existing Corps'of Eﬁgineers design
criferia for frost conditions (Chapter L, Part XII, Enginecring Manual, Mil-
itary'Construction) was evolved. Field investigations §t>even é large number
of sites do not offer sufflclently diversified conditions of s011, ground
water, and- temperature, also, since the variables effectlng frost actlon can~-
not be controlled, it is difficult tq isolate the variables belng investi=
gated? . L : , S

The cold room studies, in which conditions can be controlled an At
. : w4

Jedpe

varied as desired within smell limits, have been designed to simulate fiel

conditions as closely aS“practical. The soils are generally compacted to
avefage field denéify conditions and the rate of penetration of the freezing
temperature'into the samples averages I/L inch ?er day, which is copsidenéd
to be representative of field conditions. The~majofity of the tééés per=
fofmed in this investigation have had an unlimited supply of Watefta&éiiable
at the base of the specimens, which is a severe condition insofar as.wﬁter
availéb@lity is concefned and which génerally results in vi£tua11y the maxi=
mum rate of ice éegregation and heave which the soils could exhibit under ?
natural field conditions. The results are therefore not usually quantita-
tivély“épplicable. The cold room test procedures are considered satisfaqtoe
ry, however, for determining the relative degree of frost susceptibility of

of various soils,

=1le



2-02, Measures of Frost Susceptibility. To classify soils tested in

the cold room .as to thelr degree of frost susceptlblllty, Dr. . Casagrande
has proposed the follcw1ng crlterlao ‘ - '

_ Per gzzilﬁeave ' : ~ " Frost Susceptibility CiaSsifiCation
X ) 0=-5 o . Negligible
% - 5 = 10. S R " Very Low
‘10 = 20 - - . Low:
20 = Lo SO - Medium
Lo - 80 = . "High
o >v‘80 o ' g ’ ~ Very High |

. The value of the total per cent heave varies inversely with the

pate of penetration of the freezing temperatures inte the cold roem{specimens,'
if~has been found that the rate of freezing of»thé test specimens, for which
it iz desired to compare1test"results,vis difficult to maintain constant
because of fluctuations in the freezing-cabinet temperatﬁre over the entire

fﬁﬁration of a parﬁi¢u1arvtest or variations in temperatures between the

Various-cabinets.ligg;ce‘rate of heave has been found to be rels vely in=

ependent of rate of freezing, over the range of the rates of freezing em=

% ployed in the investigation, the average‘raﬁe of heave hag been utilized'as
iﬁhé‘basis’for comparison of the test results:]

Based on Dr, Casagrande s proposed frost suquept1b~11*v classifi=-

\Nggﬁigf)the following tentative scales of sverage rate of heave have been

édopfed for retes of freezing between 1/l and B/L.inch per day.



Average '
" Rate of Heave

‘mm./day o ' Frost Susceptibility Classification
.0 =0.5 - L ' Negligiblev
05 = 1,0 o Very Low
1.0-20 . Low
.2.0_T'h;o , P | ~ ﬁedium
L.0 - 8.0 S _ High
> 8.0 S . | . Very High.

- 2=03. Soils Selected for Tests., . The descriptions, classifications,

and sources of soils which have been subjected to testing in this investiga=-
tion are summarized in Téble.l. ‘As shown therein, the ;oils have been di=
vided into the fqlldwing'thtee groupss - (a) nine basic soils ranging from
& well graded sandy gravel (GW) to a medium plastic clay (CL), chosen for
- testing both at'their'natural-gradaﬁions.and‘after biending“with one ancther
to give desirable percenfages of finer soil fractions for testing, (b) base
and subgrade Soib;obtainedufrom lu;airfields in the northern'Unifed States
and (c¢) ssmples of proposed base bourse borrow materials for use on Alaskan
highways. The soils»gnder group (b) are being,tested.fof degree of frost’
susceptibility for correlation ﬁith field data available in the Frost In-.
vestigafioﬁal Reports and/br Pavement Failure Repdrts.

» 2-0L., Testing,Procedﬁre. The soil specimens were gensrally prapered

. pu)hk e . .
for freezing tests in a 5.,91-inchAdiameter steel molding cylinder to sn ap=

proximate height of 6~inches and to a predetermined density by meéns of &
~ static load and/or vibration.
The. specimens were ejected from the molding cylinder and placed

in heavy cardboard containers; the interiors of which were greased to prevent
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friction betﬁeen the specimens and the contaiher w§llsfdﬁfing heaving.
‘ThémeIded §ampiés were allowed to temper for at least 2l hours at 38°F.
-befoé the Sfart of the fréezing'tesﬁé; Thermocouplés WBré inserted at
intervhlg aiong the'lengtb in at least one sample in each freezing éﬁbinet

to meésﬁfe the‘temperatufé changés. Thégsamples~were»placed in a freezing
cabinet and g?anulated cork wﬁs placed around the sides for the full height
of the séeéimens. A free water surface was maintained approximately 1/8-inch
above,ﬁ porous stone af the bottom of ea;h sample, Avéurcharge weight of
.055 1bs. per sq. in. was placed on tbpvgf_egchbsample, The samples were
frozen from the top by gradually decreasing the femperature above the samples
~in the freezing cabinet, ‘while the bottoms of the samples Wwere expcsed to

the cold room temperature which was malntalned between 35 - 38 F The tem“
perature in the test cabinet was lowered to obtain approx1mate1y 1/h-1nch per
day penetratlon of the 32°F, temperature into the samples., -Heave measure=
ments were taken daily. ' At the completlon of the test, usually after 2 days,
the samples were removed from the freezlng cabinet, measured, split longi=
'tudinally, photographed, qxamined for ice segregation, and, fihally broken

up to detérmiﬁe'the'water content distribution. Photographs of typical
speciménS‘ﬁfter splitting -are shown on Plateé 16 to 22 inclusive of‘this re;
porte. | |

\A more detailed description of épecimen prepération and freezing

procedures is~pfesented‘in'leume II, ?Appendix A:'Equipment“and:Tésﬁvproce-
dureéé; The heave data, the penetratidn‘of thé'32°F. temperature, %heicumuu
1§tivé degree-=hours below 32°F., énd the test éabinet temperaturesﬁall plotted
'versus'time;'and tﬂefwater coﬁtent distribution in eacﬁ sa;ple, before and
after testing, for each test éeries, are pfééented in Volume Ii, "APpendixIBz
'Investigational Data®, | R
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PART III = COLD ROOM : INVESTIGATIONS \50‘ kw%vk

[
. . N . . \féﬁq
3—01. BEffect of Per Cent Finer Than O 02 mm, ' An exten51ve series

N

of tests was performed to check the valldlty of the present crlterla for

frost susceptlble 80118 and to determlne, for soils of varlous gradatlons,’

A
X

N
ranging from'wellfgraded sandy gravel to very uniform flne sand, the mini- gg

~ mum percentage-of.grains finer byVWeightethan 0,02 mm. &t which ice segre-
gation wiil occur. The basic soils séieefed for this investigation were
Limestone Sandy Gravel, Peanody Sandy Gravel,-Lowell Sand, Truaxibrumlin
Soil, Manchester Fine Sand, Bast Boston Till, and New Hampshire Silt. .‘Grag
dation curves of these soils are shown on Plate 1. » In addltlon, the mlnusg '
100-mesh fractlon of leestone S&ndy Gravel, referred to as’ Chapman Pit
Flnes, was used in thls series of tests, |

_ The aeeve bas1c s01ls were graded 1nte coarse-and fine serlkfrac-
tlons for the preparatlon of varlous speclmen gradatlons. The-gradatlon
jcurves of thesa soil fractlons are grouped on Plates 2 and 3 as “Gradatlon
Curves for Coerse 3011 Fractlons s and “Gradatlon Curves for F1ne 8011 Frac~
_tlons“, respectlvely. New Hampshlre Sllt East Boston T111, and Chapman
Plt fine 5011 fractlons were each artlflclally blended into the Peabody
Sandy Gravel Lowell Sand, and Manchester Fine Sand coarse 5011 fractlons ,
to glve in each 1nstance the de81red percentage of flnes 1n the 1atter soils.
leestone Sandy Gravel and Truax Drumlln Soil test specimens were"also pre=
pared, by flrst splrl;tlng 1nto flne and coarse f‘ractlons and recomblnlng the
two fractlons to glve the de81red per cent flner than 0. 02 mm.'

The test results are summarlzed on Plates 2 and 3 1n plots of

,average rate of heave versus per cent flner by'welght than 0.02 mm, The

test data for all samples are presented in Table Bl, Appendlx Be

. -15_
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Examinatioﬁ*qf:?latee72ﬁand-3 revealfthat for equal percentages
of materlal flner than O. 02 . relatlvely large varlatlon 1n the average
rates of heave ﬁ%&;_recorded. The average rates of heave in millimeters per

day when 10 per cent of the soil grains were finer thean 0,02 mm. are as

followss “
___Fine Fraction :

: ‘ Chepman ~  East Boston New Hampshire
Coarse Fraction o Pit Till - Silt
Limestone Sandy Gravel Lo - -
Peabody Sandy Gravel 2,5 v 1.8 - 1.0
.Lowell Medlum to Fine Sand 1.3 O 25 ‘ 0.50
Manchester Unlform Flne Sand 2. L h 0.25

The fine soil fractlon de51gnated Chapman Plt is the minus 100
mesh'portlon of leestene Sandy Gravel flpes, and constltupes thevmost potent
fine soil fractlon testeddln thls test serles. When blended with the’two

'sandyvgravels and the two eearse sand fractlons, it resulted in greater aver=-
‘-age rates of heave than when the East Boston Tlll or New Hampshlre Silt flnes
were used. In two out of three instances the East Boston T111 flnes were
more effecelve in produ01ng heave than New-Hampshlre Sllt fines., |

Based only on the grain size dlstrlbutlon, 1t appears that the flner

gkt e Prrendog, 0 F
the gralns or the mnxeAfolloldlal szzes contalned in the finer s011 fraction,
the more: effectlve the finer soil fraction is in producing ice segregatlon.
The leestone Sandy Gravel flnes when recomblned with leestone Sandy Gravel
to glve 3 per cent finer than O 02 mm, produced average rates of heave of
1.0 mms per dgy. Such a ‘soil, at the borderllne accordlng to existing cri-

terla, would nevertheless be c1a831fled as a 8011 of low frost susceptibility

. in accordance w1th the scale presented in Paragraph 2—02. For a freezing
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test of 18. days dufatign, avéhinch high sample, when frozen to the bottom,

would heave approximately.3/h,of an inch, By comparison when.the‘coarse and
fine fractions of Truax Drﬁmlin;soi1 were blended together to,givé'vaQr:cent
fiﬁér.than 6.02 ﬁm;‘an,averagg rété of heave of 0,35 mm./ﬁéy resu}ted,,,smph
& soil in accordance With'?aragraph 2-02 would be classifiéd as a soll of neg-
ligible frost Susceptibility;

Defxnlte horlzontal 1ce lenses usually were not dlscernlble to the

naked eye in the gravelly soils ef<{H ”test series) which heaved less tnan

M - ""‘-«-( ' N
15 or 20 per cent. Cﬁgg;;:;;;;ly, thin ice coatings were present e&%her on
/ : e b

the topégv bottom é;des of the stones in these s01lsé¥1d were somewhat more
frequently located on thﬁfunder51de of the stonesi)

3~02. Effect of Degree of Compaction, In a given soil, dry density

v(dry'unit Weight) is a soil property|which may be used to study the combined

effect on ice segreggtion of such physical soil characteristics as permea-
bility, void,size, and internél structure, Increasing the dry unit Wéight
of a‘sqil,by-compaction decreases thé void size and also décreaseé;the psr="-
meability,5thereby affectiﬁg the rate éf gfowth of ice lenses. ‘TestSJfor

frost action conducted on sendy clay mixtures by Wirnn and Rutledge (11) in=-

~ dicate that, for that soils P"There is one density at which frost action oc-

curs most readily, while at ﬁigher or lower densities the action is not so
pronqunced.....Apparently there is one arrangemenf of the soil ﬁarticles,
whigh might be,called the critical density, that.resulté in the moSt,favor-
able c@mbinatioh of capillarity and permeability™, |

Plots of rate of heave vs, degree of compaction, together with

4

- the gradations,of the soils used in this test series, are Shown on'?late L

~of. this report. -The,gradation and per cent of fines in the samples were (
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constant while the density of the specimens was varied as'desired; The

- test data for all samples are tabulated in Table B2, Appendix B, The re=

sults indicate that heaving increases with increase in original dry density

for silt soils as NeW'Hampdhire-Silt and Ladd Field subsoil, Tests. on Last

. Boston Till show increased heaving with increase in density up to 120 1lbs,.

per cu, ft. followed by a rapid decrease in heaving with further increase in

.dry density.  Rerun tests on this soil showed lesser rates of heave but with

heavingvincreasing‘up to the maximum test density of 120 pef. It is noted
that the initial degree of.saturation of two of the rerun test samples (ﬁBT‘
23 and 2;) was 88 per cent compared té(that of the originaljtest/samples
which was 100 per cent, Truax Drumlin Soil and Limestone Sandy Gravel show
increased heaving with increaée;in,dry density up to approximately 132 lbs,
per cu, ft. followed by =a graduél decrease in heaving with further incresse

in dry density. The results from tests on sandy soils, such as Manchester

Fine Sand, Indiana Dune Sand and Alaskan Silty Fine Send, show negligibls

variation in heave with change in density, Clayey gravelly sand (subbase )
from Fargo AFB showc an apparent decreass in hea%e‘with'increase in’densify,
~hoWev§r, this is based on the results of tests on two samples and is not
considered conclusive,

In general;bPlate ly indicates that for well graded soils such as
East Boston Till, Tfuak Drumlin Soil and Limestone Sandy Gravel the rate of

heave increases with density to a critical density above which the rate of

“heave is inversely proportional to density. This is similar to the results

of Wimnm and Rutledge (11) for sandy clay soil,
Variation in: density of uniform fine sands of borderline frost sus-

ceptibility such as Indisna Dune Sand, Manchester Fine Sand (blend), and -
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Alaska Fine Sand has negligible influerice on rate of heave. Inorganic sild
soils of medium to very high frost susceptibility afe rendered more ‘frost
susceptible by increase in density up to thé-maximum laboratory compacted
density.

There_appggrs‘tq be nq,advantage, ffom the staqdpoint,pf decreasing
the effects of frost ;ction,:in c§ﬁpacting the soils tested in this test
series except possibly the well=-graded soils. The advantage of compacting
these latter soilsvig_aiso‘questionable because, if the SOils‘are not made
virtually non=frost susceptible by‘theicompactién a loosening. of the soils
', i%%%rresult,,after a few freezing cycles. . \

3-03, Effect of Surcharge. A series of tests heSre- been performed to

- Wy

determine the effect of surchargeor overb@?degfpressures on ice segregation
in soils of various gradations. Sﬁrcharge 1oads‘of70,bl/§, 1, 2, 3, lj and
A 6 pounds‘perbsqugre.inch:were placed on 6 inch diemeter épecimens during
freezing., These surcharge weights correspond approximately to O, ;/é, 1, 2,
3 hvaﬁd 6 foot thigkneséés of pavément énd highldensity‘base course respec= -
:ﬁivélf.‘- | | |
o 'Plbts-of averagé rates of heave vs, intensity of surcharge and
gfadations’of the soils uéed in thié test series are’shoanon Plafe 5.of
‘this repoff;: The_detailed test dgﬁa f&r ail speciﬁens are tabulated in
Tabie B3 of Appénaix B; The.originalAﬁeighf of‘all samples tested'ﬁés 6 |
inches except thaﬁ New Haﬁpshire‘Silt saﬁplgs both'é inches and 12 incﬁes in
height wére testgd with similar Surcharge 1oads. | N
The test data indicate»that,.for the‘spils tested, the aver;ée
rete bf»heéﬁe'dédréases Wifﬁ incféase in‘surchargeAload; Since the semi=
1§garithmic plét of the databfesultsfin_a serieé of 1ines.near1y paréliel,
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the following equation is obtained from the average data: -

 where =
s = surcharge stress in 1bs. per sq. in.
s = rate of heave in mm/day with e surcharge stress of s.
- ro = rate of heave in mm/hay’wiﬁh a zérézsurcharge'Stress;

A11 logarithms are common logarithms.
‘:fAsince 8 surcharge of 0.5 lbé;‘per;sq;—in. has been generélij uséd'
in the cold room investigations, the effect of overburden pressures in de-
creasing the frost susceptibility'which'Was indicated by the results of the

staﬁdéfd,tests may be determined by the following equation:
log g = logl, 5 = (8=0.5)

vwhére fl;s = rete of heave in mm/héy‘with a éﬁrcharge‘étress of O.S psi.
| Addltional testlﬂg of é wider range of 501i gradatlons is bellevéd
| neceésary before attemptlng to generally apply the relationship determlned
in this test series., Although this test series indicates the rate of heave
for a 5011 W1th an overburden pressure of 6 p81 is only of the order. of 10
per cent of the rate of heave w1th a 0,5 psi overburden pressure, 1t is
visualized that the effect of overburden in decreasing rate of heave in the
field mayyﬁe bélanced'by a éldser approach to a grouhd water table., Also,
ghe t&tél.heave pér’unit of depth inythevfield usually increases with depth
as the rate of frost penetratlon is reduced. | | |

3-0h Effect of Per Cent and Slze of Aggregate Greater Then 2,0 mm,

bin 8011 Gradatlon. In applying the present crlterla for frost susceptible

~soils, questions have freqﬁently arisen cbncerning the effect of the per cent
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éﬁd graaation‘éf the coarse soil ffaétion on ice segregation., The inclusion
or exclusion bf even & small number of stones (say 2 to L inch diameter) in
a 25 poﬁnd samﬁle from a proposed base course borrow area or a construction
contrél semple can appreciably gffégt the indicated qverall per ?ént, by
weight, of sizes finer than 0,02 mm, |
.ASixvséries of tesﬁS‘Were performed in which the meximum size and/or
pef cent’df the'coafse'fractiqn wa.s alteréd. The gradations of the sampies
or of the ﬁaterialé‘Which‘ﬁere‘cdmbined to meke the test samples are shown
“on Plate 6‘of;this report. The pertinent test date obtaihed.gfe included
‘in Table Bh;Appendix B. |
| A series of freezing tests were pefformed:on four specimeh§ of
Limestone Sandy Grave;; the gradations owahich‘aré shown on Figure 1; Plate
6; ' The meximum size aggregate was vafied from 2-inches to 1/L~inch in dia-
metef‘and the weight of grains‘finer ‘than 0,02 mm. rénged from twovto four
per cent.. | | o
R vin a secoﬁd series of tesfs nine samples of Limesténqvéandy Gravel
;nd fivé.samples of'Trﬁax Drumliﬁréoillwere regraded by scalﬁing the maximum
'sizé aggregaté‘in incremenﬁsvfrom thé 2~iﬁch down to the No, 10 meéh si eve
"and allowing the percentage.bfAfines to increase as the maximum siées wefe
removgd. The weight of grains finer than 0,02 mm, ranged from 3 to 22 per;
cento'cfhe gféaatibns‘of thévsamﬁies are shown in Figures 2, 3; and 6, Plate
bégthhe average rates of heave récofdéd for these tests plotted in relation
td;ber cent finer than 0.62 mm, are shdﬁh in Pigure 7 of'Piate 6o
VThere‘does not appear fovbe ény effectkaf maximum size orvper cent
oflééérse fraction Within.théArénge of gradations tested. ﬁhen the per cent

finer than 0,02 mm, is kept nearly constent as in Figure 1, Plate 6, the rate
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: qf.hegve qus noﬁ”phangeiappreciably,.dil other conditions being equal. .In
the case Whequthe ?er centaof,the total sample finer than 0.02 mm, is in-
Acreased by the removal of stone, the rate of heave increases in the same man=
ner as if the coarse fractlon was kept constant and flnes were added to in=-
creasé the per cent flner than 0,02 mm... This is 111ustrated by comparlng the
plots of average rate of heave vs. per. cent finer than 0.02 mm. on Plate 3
_’w1th Figure 7 of Plate 6,' Both sets of curves are shown in latter figure.
~Two test series were. performed uslng New Hempshire Silt and Ladd ,
Field Sub3011 to whlch were added varylng percentages of mémus 2—1nch to plus
3/ﬁrlnch gravel sizes. Gradatlons.qf these soils are shown in Figures lj and

5 of Plate 6. The results using New Hampshire Silt showed no consistent

~trends, but the results using Ladd,Field Subsoil shqwed a.decfease in average

rate of heave as the per cent of stones were increased, which in effect de-
creased the per cent finer than 0.025mm,.in the total sampie as shown in
Table Bl;, Appendix B,

The inconsistent results obtained in the series using New Hampéhire

Silt are attributed to the non-uniform gradation of the samples as the stones-

floating in the matrix of fine highly ffostksusceptible silt resulted in the
developmept of‘large;véids in the frozen soil structure which was not typical
iq other series using naturaluSOil gradaﬁions.A

It would seem that in these tests the combined effecté,of change in
permeability, change:in_cvefall thermal properties, and change in total pro=

portion of soil material susceptible to dispersion by frost action, produced

by changing the proportion of the coarse fraction while holding the per cent

finer than 0.02 mm. constant, were negligible., On the other hand, simple ad-

~dition of coarse sizes to a given soil will result in proportionate decrease

oo



in percentage finer than 0,02 mm., withréongéquent decrease in gverall heave
potential, Whether such lesser overall heave represents also lesser reduc-
tion in bearing capaéity in the ‘spring is a matter for further consideration.

3-05. Bffect of Initial Degree of Saturation in a Closed System. A

series of ‘tests was performea‘to determine thé effect of initial degree of
saturation on ice segregation in frost susceptible soils in a closed system,
i.., & systemiin’which no water is made available to the bottom of the
sample..

- The materials selected for testing were Truax Drumlin Soil, New
Hampshire»Silt, Easthgston Till, Dow A.F.B. Clay,‘Dow'A.F.B; Saﬁéy Cldy‘Sub;
grade, and ten (10) base énd subgrade materials from airfielas in northern
United States as shown in Tablé"BS of Appendix B, .Gradation curves for these
soils are shown on Plate’?.v Smhéles were prepared at approximately 70, 80,
90  and 100 per cent saturation except for those airfield materials wﬁich‘were
tested onlybaf lOO’per cent satﬁratéops and were pfepared from rémolded mate=
riéis, For test series wherein the degree of\gatufation was varied, the sam=
'ples were prepared atrapproximatély.the.ééme,dgnéitiés.'

The pertinent test data from thése:se;ies'df tests ére pfesenﬁedbon
Pléfes"B1h2 through 3150 in Ap?endix‘B which shdwlthe‘water.content distribu-
“tion in the specimens before and afféflfréeZing,:‘These plots indicate that,
as the top of ; sample of ffosf susceptible sﬁilﬂis frozén, e considerable
‘increase in ﬁater content results in théﬁ zone aé'water'is drawn up out of
the bdttdm of the sample. °The results of'the tests in which the initial de=

gree of saturation was varied are summarized in the following tables



Before Freezing Water Content
' After Freezing

Soil ' ‘Sample Degree of Water Top of  Bottom of
= No, Saturation ;Content iSemple ; Sample
Bast. Boston EBT-5 = 69.9 9.5 . 10,6 6.4 }
Till =6 - 81.L 10,9 = 13.7 7.1 ;
-7 ‘ 90.44 12,2 13,7 8.3
-8 . 100,0 12,9 20,9 - 7.1
Dow AFB Clay DFC=-2 - 68.2 13,3 18,3 11.6
=3 82,2 - 15,2 21,5 - 13%.0
=L 92y 17.1° 20,8 - 13.,6-
-5 100,0 16.3 23,9 = 1L.o0
-1 100,0 18.0 23,1 1.9
New Hempshire NH=5  67.6 0 17.5 2l 7 6.5
Silt =6 78,7 . 20,0 27.1 6.1
"7 ’ 8706 ‘; 2295 28.0 502 ‘
-8 100.0 254 36,0 5.5
~ Truex Drumlin TD-15 70,0 - 7.8 8.3 5.6
Soil -16 68.9 - T.T 9.3 6.3
=17 87.5 97 10.1 8.0
-18 9.0 10,9 13,7 - 6.5

”The'tabulated data‘indicgtés that the water content at thg top of

~ the sample'after freezing_va;ies directly with the initial degree of gatura-
tion. The water content.at the bottoﬁ of the sample decreases to a relative—
.;y constant value which appears to be~independént of thé initial degree.of

~ saturation within theArange tested. Additional testing is scheduled to de=
“termine the relationship between the water content at the bottom of the sam-
ple and the shrinkage limits fof the various materials,

The test resﬁlts demonstrate that an outside soufce of free ground
wﬁter is not a réquisite‘fqr frost action in soils. The need of water for
ice_sagregation can be satiéfied to the exfent thaf wafep_is obtainable
thfough a decrease of the moistufe content of the material directly undef-
lying the zone of freezing. The incregse in water cbnfent at the top of the
samples in the cold room tests is not,nedessarily considered quantitatively
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“representati?e;of the rGSulté that would occuf in nature since: the -samples

were only=siitinches in height, while in nature water may be supplied for
ice'sagfegation from soil at mgch'greater déptﬁs.A'Plastic sails-;ested in

the ciése@ systembexhibited a tendency to éhrink in digmetér an@ﬂ?uil,away

from the'éontainer at the lower portionsvof the speciméns, vPrese£ce of an
appreciable consolidating force in the lower portions,of all samples is in-
dicated ﬁy the marked decreases in water content in bottoms of samples as
compared with the original water contents, In nature it is visualized ﬁf%.
that vertical shrinkage qracks;w0u1d~£end to develop, in plastic soils, pay=- ?;

. f3~"

ticularly during the initial freezing cycle.

: 3-06. Tests on .Baturated Undisturbed Clay in Closed and Open Systems.

Reéults of tests on undisfurbed samples of Boston Blue Clay, lOOVpef cent
saturated ‘and tested ih both open and closed systems, are presented-in Table
B6 of’Appendix B, The water content distribution in the specimens Jbefore
and aftér.freezing<are,shown on Plates B1L9 and 150, . All samples tested in
thé éioSéd system showed oonsiderébie ice segregation near the tops of the
samples.‘ It wéé observed, however, that the lower portions of the samples
had becdme;quite dry and brittlé, the diemster having shrunk from h.27 inches
to éﬁ Qvéfagé.of L.oh in,oné of;fhe samples.

The water contents of the;undiétufbedksamples'before freezing ranged
from 38 to bh.per»cent, In the closed system,~thefwatér C6ntents;inc;e§§éd
Féi‘thertops of the specimén to from hB to 100 per ceﬁt. At the bottoﬁs of
the samples the water contents decreased to between 21 and 29 psr cent in
all samples whlch were frozen for.more’ +han 2/3 thelr helghto The shrinke=
age llmlt of the clay tested is 22 per cent or sllghtly 1ess than the water

content at the bottom of the samples at end of freez;ng1



shown on Plates B6l through Bél.

»’Thﬁéithé'shrinkage limit represented the approximate lower limit of

watef,éontent reduction due to ice segregation in this undisturbed clay in

thisiseries of‘tests;

- 3=07, Effect of Alternate Cycles of Freeze-Thaw, A series of tests

was‘performéd onmaterials that had been used as base and subbase materials
at various airfields, to determine if highly compacted frost-susceptible
gravel and sand soils meintain their original densitieé; also to determine

if the intensity of ice segregation becomes progressive when soils are sub= '

‘jedfed’to alternate cycles of'freezing and thewing. The gradation curves
.of the materials used in the test series are shown on Plate 8., .Test re-=

.,sults'are:shcwn in Table BT of Appendix B and plots of heave vs. time are

A sample 6f Fargo Airfield Clayey Sand subbase and two samples of
Truax Drumlin Soil were subjected to three alternate cycles of freeze-thaw,

The samples were molded 6-inches in diemeter and 6-inches in height., The

measured heaves of these samples after each freezing cycle are summarized

in the following tables

o ‘ . . . . . I
Sample Heave After Freezing in Inches

No,  Soil Typs _  1st Cycle  2nd Cycle 3rd Cycle
FA-3  Fargo Airfield Clayey Sand 2.6 3,1 3.1
TD-28  Truex Drumlin Soil, Silty 2,8 2.8 2.6

TD-29 * Gravelly Sand 1.1 I 2.6 3.0
| ‘The denéifies‘qf the'Truax Drumlin Soil semples (TD-28 éﬁd 29)
aftor the third thaw cycle were 128 and 118 pef compered with 136 and 135
péf respectively af.thé start of éhe test. The Fargo Clayey Sand sample .«
was split for observation of ice lens formation; therefore, the finallthawed

density'was not 6btained.
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“Four semples were prepéfed 12 inches in height of which the top

6 iﬁéges Waslcomposed of a'base’maferial‘and the lower 6 inches & relatively
impervious subgrade material, The base materials used were Truax Drumliq//
S0il, gravelly send from Spokéne*AFB, clayenggndy‘grave} f}om'Gréat*Falls
AFB, and‘Limestbne Sandy Gravel. . Thé subgrade for”each:samplévwas'East%i
Boston Till except:that LimestonefSandy‘Qravslly Clay was used-in conjunc=
tion with Limestone'Sandy%Gfavel., The semples were subjected to three -
cycles‘of’freeze-thaﬁ in which the sample was frozen each cycle to approxi=
" mately a 6%inch depth.

~ &s shown on Plates B63 and Bély, Appendix B, the base materials had
degreased"ih denéity'betWeéﬁ 2 and 8 per cent after the third thaw cycle and
showed a progressive increase in heave for each fréezing“oycle3~é1ceptvthe
Limestoné Sandy Gravel which showed a‘slight<pr6gressive‘decreasé in heave

with cycles of freezing, -~ -

/'?'
1)
Eh Al G

" As indicated in Table B7, Appendix B, the densities at the end of

all tests were less than the original densities," HOWeverg’the'labOré+ory

,;;,/ £
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tests in- 6-inch diameter cyllnders do not ideally simulate fleld condltlons N
because the subsidence.of the sample during thawing is~undoubted1y restra1n1§
ed by the friction dnmfhe;walls'of the cylinder, which prevents the sampleii?
from returning to its original density. A method of test is needed which N
avoids this source of errbr,'and-before’final coﬁclusioﬁs arQ:made; this tﬁ

' fric£ion;$hou1d be investigated to determineqits effect upon' the results

of these tests,

3-08, Effect of Admixtures. A series of testS»was pg;formed'on'New
Heampshire Silt and Fort Belvoir Clay to determine the effectivéness of the
admixture of calcium acrylate in preventing or retardingché:formatiOn of
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vicQ 1§n§§§_;n:£hQsé frést’susceptible soils, and to &etermine whether alter=-
v;natejcyclgﬁ”of freézeéthaw result in brogressive heaving in the treated
;&soils..,_-

-An'extensiv9 research program, sponséred by the Engineer Reséarch
gnd;Davelopment Laborat@figs, Fort Belvqir,‘Virginia, is being currently con=-
Adugted‘at the Massachusetts Institute of Technology under the supervision of
Dr. T. Williem Lambe, Assistant Professor of Soil Mechanics, with the ob=
Jective of doveloping methods of solidifying soils by the use of chemicals.
The“most"proqising a&mixture?developed to date is calcium acrylate.‘.Wheh
this chemicai is mixed with & soil in correct proportions, it forms alflexiﬂ
‘ble product with significant tensile streﬁgth which can withstand the effect
,Of ﬁater. Its sucéessfui development as a feasible and economical method
of soil stebilization might also lead to its utilization in the treatment
of frost susceptible éqils to prevent or minimize the effects of frost
gcfidn, if/féuhd suitables
‘ Ig this'test series to determine the effectiveness of the admix-

. tqre‘of‘calcium acrylate in preventing or retarding ice lens formation;
 varying perCenfages of calcium aérylate,(o, 5 7.5 and 10 per cent, re-
spectively) were blended.into the dfy soil of samples numbered NH~29QA
through NH-26-A, and FB=1-A through FB-l-A. In the test series to determine
the>effectivehéssxdf this admixture with alternate cycles of freeze-thdw;
five per cent of calcium écfyléte’was blended into the dry soil of samples
numbered NH¥53~A, ﬂH~3hﬁA, FB=5=A, and FB=6-A, Latter percentage of ad-.
‘mixturé'wasvselected because the former test series indicated that a 5 per=
cent aﬁmixtu;e of calcium acrylate was the minimum required to reduce or
préveﬁt ice lens formation in these soils.
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-Semples for the above’tésﬁ series were prepared in the following
maﬁner: ‘The'desired percéntageS'of célcium acrYlaté,.based on'the dry -
weight of»thevsoil,-werérfirst-thoroughly blended”into the dry soils.ifA
five per cent admixture qf~sédium*thiosulphaté}activator, basedydn molecular
weights.of sodium thiosulphate and caleium acrylate;.was.addedutogetherfwith
"~ the molding water. Immediately prior to compacting the specimeps,fa:catav
lyst, ammonium persulfaté,:waS’added with‘a small amount of water, retained
from the measured amount of molding water, to act as a‘disperéing‘agent.,
‘The quantity of ammonium persuifate weas determined as five per cent of the
calcium acrylate, based on molécular»weight,. ihe~tota1-water added to:the
samples was sufficient to give 100 per cent saturation at the predetermined
densities.

- The test data and resulfs for this test series is given in Table B8
of“Appendii B‘and'the‘gradation curves of the soils are shown on ?}at; 9 of
this report,

. The cellulér structure of Diatomaceous Earth led to:the belief that
this SOilvmight>act as an air-entrainment agent when blended with frost sus=
ceptible soils, and . would reduce ‘the ice lens forﬁation.in these soils,

E Prior'tO‘blending Wifh frdst susceptible soiis,ftwo samples of Diatomaceéus
Earth were subjeéted‘tq freezing tests. The test results for these samples,
DTE-1 and 2, as shown in Table B8 of Appendix B, indicated that this soil
was in itself extremely frost,susceptible, so the tests'using this material
as an admixture-werevnpt initiated.
Testgfesults indicate that calcium acrylate is very effective in
preventingfthe fdrmation»of'iée.lensesjin»Fdrt*Belvoir~Cla&,pas~the-raté~

- of heave was reduced from 1l mm.’pbr-dayzin‘the'untreated'soil'fo O;l:mm/ﬁay
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or less for admixtures of 5, 7.5 and 10 per:cent'calcium a¢rylate. The
Fort Belvoir m&terialvwith;admixtureé of calcium acrylate showed no?segré-
gated ice after freezing ard specimens:with 5 per cent calcium aérylate ex~
frhibited.no increase invrate‘otheéve'after two cy&les of freezing. . | }

~- .TWhen mixed with NewﬁHampshire'Silt,ithe.calcium‘acrylate,was’not
as effective in reducing frost action. ~Theiadmixtufe of 5, 7.5 and ‘10 per-
“cent calcium acrylate reaﬁced thé"ratedof:heave~torh;5é‘2.0, and ‘0,5 mm, per
- day, respectively,'as»coﬁpared to'ﬁ rate of heave of 1l mm. per dey in the
untreated soile Samples of New Hampshire Silt with 5 per cent calcium acry=-
Iate‘were'subjected‘to“fwo'cycles cf freezing and’thawing and.didhnot show»
'fwan“increase.in’rate of: heave during the second cycle:ofﬁfréezing. ‘A1l New
Hampshire Silé samples contained ice lenses after freezing. These lerises
,varied.froﬁ hair~Iine'to I/BQinchés in thickness for the sample height.

A significant observétioﬁ‘during the test was that the specimens

with calcium acrylate admixture retained their original tough‘fubbery tex-

.. ture: during freezing and it was difficult to distinguish between the frozen

~. and unfrozen material except'where actual ice lenses were presént° In ad-
ditidn,'there‘was no observed weakening upon thawing in the New Hampshire
'8ilt specimens that had heaved. As shown on Plates B67 and B68 of Appendix B,
: -the specimens returned to virtually their original heights in the thaw period
between freeze cycles, |

A éoﬁsiderably greater number of test cycles would be required to

demonstrate the permancence of this effective reduction in frost action.

o 3»09.“~Effect of Height of Sample, A series of ‘tests was performed to
‘determine the effect of test sample height onviceAéegregation.

‘.7 The materials selected for testing were Truax Drumlin Soil-(SampIes
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TD 19, 20, and 21), LimeétoneiSapdy Gravel (Samples LSG 22, 2%, and .2L), .
Msnchester Fine Sand blended with New Hampshire Silt (Semples MFS 18, 20,
and 22) and Menchester Fine San@;blendéd‘with East Boéton Till (Samples MFS.
17,’19Q and:21?@n~3amplegheiéh£s were varied»between,bﬁgpdflz-inchesfwdth a
constént diﬁmeter’of 5.9l~inches.,&Testnresultsgarefgiven in Table B9 6f;Apf
penaiX~B and resulté ére presented in-plo£.form:gs per:cent of heavefvs.
‘height of semple togethef withvsoii_gradations on Plate 10 of this'report,

bResulﬁsjindicate that the pericentiheave and rate of heave increases
with decrease in sample height‘ovér the test height,rangéfinvestigated. The
plofs'of"heave'verSQS time, and‘water”content distribution iﬁ the samples,
are shown on Plates‘B?O'fhfough;B72,and BlSB-throﬁgh;BléO,-respectively, of
Appendix B; These referenced plates -indicate that the lower li~inch portion
of the 8 or 12 inch high samples did not heave»coﬁparable to_the»bripch high
.samples glthough'the latter'samples;were<located4in‘thé same relative posi-
tion‘inﬁreference to the water level, There~does.not~appear‘to be any obvi=-
ous explanatién of the considerably lesser amount ofdheave in the lower por-
fion of the taller samples except that the slight adaifional Weight:of,mate-
rial and 'possible side.ﬁall»friction invﬁhe.containeré during heaving may
have resulted in an effective surcharge‘én the lower portions of the samples.
Further study is needed to clarify this point,

X

N R :
{QW:B-IO.; Effect of Capillarity and Condensation. Theories.exist that a
A\

?principa1>sou:ce of moisfure accunulation in @he:base,course is'through the
'éondeﬁsation of‘fapor in the‘goil atmosphere due to either changes in tempera-
‘ture or in pressure, assuming th&tib@th;th@?ﬁ%@emegtm&ndwsubgrademdrefnela! |
Atively“imperviqgs.}}A;senie§jgﬁgtest§iwgs»genformedftoggbb&inﬁinf@rmatioﬁgon

the,effggt«prcapi11anity“ﬁnd7vapqpygondengatiqnninwpnoduéingﬁchangés innd
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moiétﬁfe”iﬁig4§é;yﬁ§ér§ioué base métériélféverlyingua relatively imper=- -
ﬁiouéiéubé;gaé;éﬁdtinﬂéﬁgelatiﬁely.imperéioﬁs'bése overlying a #ery p¢rvious
:subgfade; 4 s |
The'féSt‘s;mplés were 6 inches in dismeter and 12 inches in height
rwitﬁ the upper‘ﬁélf’of eédh'samble“cohsisting'dflbase material and the lower
whalf Subgradé matérialo Sampleé'of oven-dried materials were prepared: using
éeéboay Sand.(Q#iO mesﬁ 0 f%ﬁSImésh) and ?éatGrﬁVél (;3/Béinch'to #1/li=inch)
&5 base materiaié cvér ﬁéW:ﬁampsHiré Silt subgrade; In another test series, |
| the New ﬁampéhiré.Siit ﬁés used as fhehnﬁaseﬁ‘méterial over the Peabody Sand
: iﬁloné'ihﬁtanbéjana Peg‘Graﬁei'in ﬁnotﬂér;
uvwsamﬁléékﬁo study the effect of capillarity were molded in lucite
Sleindéré fd:facilitate“obéefvatibﬁ of the boundary betweeﬁ~dry and ﬁéiét
» métefiai. The saﬁéiéé were placed in the cold room with the temperature
”méintéihéd at é steady témperature'befwéén plus BSQF, and’pluSIBBOF, The
vJ%saﬁﬁie;Bases.ﬁére“piacea in water ana'thé‘water'leveis maintained 1/Li-inch
iaBovéjﬁhe bottoms of the samples. The tops of the smnplés were sealed to
>§revent evaporation,'dsing'a spray coat of‘vinylite plastic and a coating
of pétfoiétum;"The céﬁiliarity.samples were allowed to stand for either 20
"Af’ho days ané thén'wefe‘extracted from their containers and water content
distribution was determined.
| Thévéémpleé'to:study the effect of condensation were prépared in
‘;cardboérdvcontéiheré‘énd water was supplied to the bottoms of the Samples;
bTﬁeitops'Wére séaied in the same manner as the capillarify samples. The
s;ﬁpieS'were placed in thé"freezing 6abinéts in the cold focm‘with the sides
of the'samﬁles insulated, with granulated cork, for their full height. The

topé>of the samples were éiposed'to alternate 12 hour periods of 32°F. and
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110°F° ﬁor,either 20"or Lo cycles while the bottoms_of the samples were ex-

- posed. to the- cold. room.temperature which ranged from plus 35 F. to 38 F°

The 110 F, temperature was obtalned by the use of a 100 watt electrlc llght .

' bulb, The‘samples.were"remoyed Qrom the freezlng cablnet‘at the end of the

test and water content distribution was determined,
The gradation curves of the material used in this test series are

shown on Plate 11 of this report. The test results are‘shown’iﬁ Table BlO,

Appendix B, The degree of'setu:ation in the materials at the ehd of each

test series is presented in the following tables

Degree of Saturation
: o at End of Test v
Material , - Capillarity _ Condensation
- 20 cycles L0 cycles

Base  New Hempshire Silt 97 (1) | 95 T o9l
Subgrade  Peabody Send - 55 ] 68 -8
‘Base. - .Peabody Sand 2L (1) . ; 325
Subgrade  New Hempshire Sllt 96 90 ' 92
Base '~ New Hempshire Silt 1 (2) 1 2
Subgrade = Pea Gravel ~ 7 ' L 3
Base Pea Gravel S o3 () N 2
00 100

Subgrade  New Hempshire Silt 96 === = 10

(1) - Duration of test 20 days
(2) Duration'of’test Lo days

~ The test using New Hempshire Silt over Peebody'Sand_shcwed somewhat

'greater degrees of saturatlon in the base materla] when the surface ‘tempera=

ture. was varied than when the. temperature wes held constant but in all other

“tests the moisture accumula tion in the subgrade material was not apprec;ably

influenced by changes in’surface temperature. The data indicates that the

movement: of moisture up. through the epecimens was principally.through the
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1iqﬁid phase rather than transfer by soil vepors The New Hempshire Silt -
»_remainedupracfiééliy5free‘0f'watet5when plaQed‘over'tHe Pea Gravel, ‘but when
 'p1&ced>bver’fh¢ Péabddy Send the'New'Hampshiré Si1t'attained pfaotidaily

full satuféfidh,%wafér being supplied by capillary movement up,through the
sand. It is believed that the degreé'of'similiﬁﬁdé’between this kind of test
éﬁd hafufal field conditions sﬁould be further explored before final con=
“clusions are drawn as to-the sigﬁifibahcé of the tésts.

3211, Effect of Raete of Penetration of 32°F. Temperature. A series

of_tésts have been made to determine the effect of various rates of penetra=
tion of the 32°F§ températﬁre 6n'ice segregaﬁion in frost susceptible soiis
»,ofxvgriousfg}adﬁiiqns.; Design penetration rates of i/h, 1/@; B/h end l-inch
péfvaéy“wéreiused inifﬁé tests. The materisls selected for testing were
silty'ééndy gravels frbm’Mansfield_HolloW'Dam; Maﬁsfield Hollow, Connscticut
and from pfoposed‘gité of Ball Mountain Dam, ngéica,:Vermont (these are not
iﬁcluded’in the«selecﬁed‘listrof~$éils shown oﬁ Table;l);,Spokane AFB'Grévéi~
ly Sand, Lowry AFB Clayey Sand,; New Haﬁpﬁhire 8ilt, East Boston Till, Boston
Blue Clay (undisturbea), Dow AFB Ciay (u#disturbed) and Limestone Sandy
Gravel. Plus B/Lsinch sizes were removed from the cogrse?graiﬁed @aterialé.

The test results ére-summarized in Table Bll of Appendix B end are
shown on Plate 12 of this report as a-plot_bf rate of penetration vs. rate
‘of heave." Thé“gradatibﬁs‘Of'the various soils are also shown on Plate 12.
The réteSjof"penetfation shown on Plate 12 are the'acfual'yalues from the
“tests, which‘vafied'slightly‘from‘the'dgsign'values chosen, The single test
berformed'bn Limestone Sandy Grdvel“at 1/@~inch rate of penetfation\is not
plotted.

The results for this test series indicate that, superficially at
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least, the rate of heave is approximately independent of the rate of penet-

‘ration of the 32°F. temperature for the raﬁge'investigated (1/4 to 1-3/,

“inches pef"day). - Though the data for Dow AFB Clay shows thevraté_ofiheave

to apparently decréase,with increase in rate,ofvfreezing—temperature}panetw«

“ration, ‘the undisturbed samples of Dow Clays used for testing.contained many

fiésures:due to weathering, which may account for the results not being.

. comparable to the result s of the other tests in the series. -

This test series, besides demoﬁstrating that the faﬁé of heave . .
does ﬁot vary appreciabiy with rate of freezing within the'rangé of tests,
also shows conversely, that'the"totél per cent of heave of the frozen ma-
terial.and the intensity of ice segregation should vary directly with rate
of freezing, as has been observed. (In fie1d>éxplorations it is found that

the greatest accumulation of segregated ice results from slow penetration of

f*freezing-temperatures;) Thus, for example, if the rate of. penetration of the

‘freezing temperature is reduced to helf, with the heave per day remaining

rconstant, the heave for any one day will represent the freezing,of,énlynone

half as much depth of original soil, and the expansion of th&f;soil per unit
of “depth must be.doubled,~with twice as muchiségregated ice, in~0rder«t0’1
maintain the rate of heave.

Further plots and analysis of thevdatg‘ffom:this test seriés4might“ggf

prove~instructive; for example, a'plot‘of;ratefof.pepetrafion of_520F@~tem=

~ perature vs. the per .cent heave of the depth frozen, Per~day;:

3-12, TFrost Action In Minus 200 Mesh Soil Fractions Alone. -The magnie

‘ude qf ice~lens formation in the minus 200 mesh soil fractiéﬁélgf Limestone
Sandy-Gravel (Chapmen Pit), Peabody.Sandy Gravel, East Bostéh(&ill, and
Truex Drumlin Soil (Semples L§G-25-F, PSG-1, EBT-12-F and TD-27-F, respece
tively,) was determined by freeziﬁg tests in the cold room. Gradations of
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"~ the soils are shown an*?iate'IEA; The results of the tests are shown in’
Table B12 of Appendisz;~'The samples préepered from the fine soil fractions
of“the.féﬁr soils;%aaisubétanﬁially the same average rates of heeve ranging
“from 15,0 to 17.5;mm,'per day. This contrasts with the results from the.
“tests for effect of per cent finer than 0.024mm;-reported in Paragraph 3-01,
where the Chapman Pit finéshwerebfound more potent than East Boston Till

and New Hampshire Silt fines, in combination wifh’§érious*coarse fractions,
It contrasts’aiSO'withAﬁhe markedly different rates of heave obtained for
Liimestone and Truax sdils in the tests for effect §f per cent and size of
coarse aggregate, as shown in Figure 7 on Plate 6. However, if the data .
”for these two" soils s£own’in‘Table Bl2 were plotted on Figure 7, Plate 6,

-and the solid lines thereon were drawn so as to show scmewhat g:r'ea{:elt‘f<>on-=

vergence, then the results would not appear too unreasonable, - S

'3=13, Effect of Mineral Compoéition of Fine Soil Fraction, The tests

perférmed to determine the effect of per cent finer than 0.02 mm. on ice
‘segregation in soils (Paragraph 3-01) indicated that the particle size and
~ distribution or the nature of the fines (minus 200 mesh) influenced the
formation of ice 1ense§ in a soilo_ To explore the relation between the
mineral and chemical composition of the fines’éﬁd the soil frost suscep-=
tibility, the FrqSt"Effects Laboratory»chtracted with Dr. T, William Lambe
““of the Maséachusetts'Institute“of Technology , Cembridge, Mass., to perform
the following tests on selected frost susceptiblé soils§
| a...Identify’éach of'the'mineral cpnsfituents présent in the portion

of the éoil'passingithe'EOO mesh sieve,

b, Determine the perceﬁtage of each such mineral constituent by

differential thermal analysis,
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© Co Determine the surface area per unit mass of the minus 200

. mesh soil fractions,

- The soils selected for testing weres -

N leestone Sendy Gravel
‘b. Peabody Sendy Gravel -
c. Bast Boston Till '
d. Limestone Glacial Till
e, New Hampshire 8ilt
f. Ladd Field Silt
© go  Truax Drumlin Soil
h. Lowry AFB Clayey Sand
i, Patterson AFB Clayey Sandy Gravel-
- Jo Clinton AFB Clayey Sandy Gravel
- ko Dow AFB Clay
1. * Dow AFB Till
m. - Boston Blue Clay

The total surface area per mass of soil was determined by the

Ethylene Glycol Retention Test.* A soil sample of approximately 1.2 gms,

was uéed for the test which was perfocrmed as followse

a. The soil Sample was dried to a constant weight over phos-

phorus pentoxide (P205) in an atmosphere of less than 0,1 mm. Hg, absolute

preséureo
b, The soil sample was weighed.

‘S Approximately 3/L gm. of ethylene glycol was added to the dry

sample and allowed to soak for 2l hours.,

~d. The glycolesoil mixture was put over calcium chloride (cacly)
and subjected to an absolute pressure of less than 0.1 mm., Hg. until it

reached a constant weight.

* A detailed presentation of this test can be found in "Total Surface of

Clays in Polar Liquids as a Characteristic' Index" > Ro S, Dyal and S. B,
Hendricks, Soil Science, Vol., 69, June 1950 -
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6. The samples were woeighed and the weight of glycol retained
par'gfaglof ééil ﬁﬁszééidﬁiﬁted;

The totél Surféce areé per mass of soil was approximated from.the
glycol retention since the area covered by one gram of ethylene glycol is
 approximately 0,320l sq. meters. The computed.surfécé area is approximate -

because it has ﬁot‘yet besn éhown that the retaiﬁed giycol forms a sihgle |
molecular layer on all minerals., The dégree‘téywhich the glycol penetrates
the interior of certain mineral particles is also unkﬁcwn. ,Howa&er,
Hendricks has proved that glycol retention gives an excellent measure of the

total surface area of the expanding lattice minerals.‘

| | As a preliminary step to differential thermel analysis, the soil

sampie.was bfought to .an équilibfidm'moisture content in anvatmosphere of

56 per cent relati&e humiditj,' Since this moisture content has been found
indicative'of tﬁe composition}&nd:properties of a soil, this moisture was
meaéuréd and recérééd. - ' - ‘ .

| | The soil mineral composition of each of the soils was dgtefﬁined

by differential thermal analysis,. This analysis was performed with a dif- -
ferential thermal analyzer similar to that used by Kerr and Kulp.* :Each
-;oil we.s brdught to an equilibfium water content at 50 per cent rélative
‘hunidity before testing in order -that the absorbed.water defléctioﬁ oh.the
'wfhérmogfam éélld be used in fhe analysisgb The.éhermograms for‘ali»the
éoils tésfed areAshown on Plate 13 of this‘report; The solid lines,
thefeon,-ére the initial runé and the broken lines are the rerﬁhs used to
aeteét minéfals_ﬁiﬁhvteversiblé rea;:tions° .Théée thermograms were compared
Wifh ones of KndW'ﬁinérals for idehtification of tﬁe varipuS‘cqaponents in

-

/'\
each soil, .

# Kerr, P. F.j Kulp, Jo L., and Hamilton, P. K., "Differential Thermal
Analyses of Reference Clay Mineral Specimens®™, American Petroleum In-
stitute Report of Project L9, New York, 1951. '



l;Siﬁce‘thermal analyses showed the presence of carbonates in many
of the soils, dilute hydrochloric’acid'waé added to each soil to fest for
carbonates, -

The results of the above studies are sumarized in Table 2 of this
report., -The soils investigated~have been groupeé in the summary and on
Plate 13 so that'séiié of épprgiimately similar composition are together
R sample numbers 1 through L which contain a sigﬁifican£ amounté of
carbonatea next thé‘group of clayey soils, and finally the group'of silty
soils. The original-thermogram obtained for the minus 200 mesh fraction

of Bast Boston Till was such that if'was‘thought desirable to isolate the

‘minus 2 micron fraction by centrifuging and then analyzing it with the dif-

ferential thermal analyzer. Even though the thermal tests on the minus 2

4

micron fraction (the thermogram of which is shom on Plate 13) did not make

‘a positive analysis. of the Till possible, it did aid in interpreting the

original thermogram.

The following comments on this investigation have beeﬁ sumitted
by_be-To'William Lambe g “Generéllyg soils having high surface area and
high water content at 50% relative humidity are the more 'active® soils,
For example, it would be expected that Lowry AFB Clayey'Sénd WOuid'be a
very’dif?icult soil to Wofk with, This is i?dicated'by the high sugface
area and high water content at equilibrium, plus the high percentag; of the
expanding lattice mineral‘montmorillonitefwhiéh is the most troublesome
clay mineral commonly found in soils, followed by illite and kaolinifea"
Dr, Lambe's experience isv#hat'a grgatAnumber of the glacial_clays contaiﬁ
illite, wﬁich seems to be substantiated by the‘mesﬁlts for soils of this

type tested for this study.
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Examination-of .the test data~presented on Taﬁie 2 indicates a
directlrelationship_between.the combined percentage of montmorillonite and
iliite aﬁd tbe surface area and water content at 50 per cent reiative'
humidity, _

P._é‘ébody Sandy Gravel, New Héunpshire Silt, snd Ladd Field Silt

- 'contained at the most only traces of clay minerals, ‘Qﬁantitative analyses -
©.oon thesewsoilg were no£ made fop the feldspars, micas, amphiboles, etc.,
bescause the diffefential thermal anainer does_nbtvlend itself to this
analysis as well as other methods, Dr. Lambe did not think it justified
.to try to make quantitative énalyses‘for these mi?eréls by other methods
because their contributions to the physico=chemical properties of the soils
appear to be negligible,
In a paper‘presented before the AnnuallMeeting of the Highway
Research ‘Board, January 1951, Grim® analyzed the possible effects of clay
mineral céﬁposétion on frost action in soils, althoﬁgh substantiating fiald
‘or“labératory data ofrfrost heaving characfer;stics are not included. Two
consid’era'tiéns were used by Grim in evaluating the potential of x_rariou’s clay
mineral types in deveioping ice segregation in soils, The first consideran
tion was that a movement of water through the soil was necessary to supply
the growing ice crystal., The second consideration was that “very fine col-
* loid=siged clay miﬁérals.show:yery little or no ice segregation on freezing®.
Grim reasons fhat those clay minerals which édsorbra large quentity of water
in a’definite molecular péttérn immobilize the water adjacent to the adsorbe o
ing surface, thus reducing'thevpefmeability and the ability of the soil to

supply watef for ice segregation., = , : A ' ’ -

# Grim, Ralph B., Illinois State Geological Survey, "Relation of Frost
Action to the Clay Mineral Composition of Soil Materials™,
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- A somewhat similar concept is held by Winterkorn#® who states,.
“Directly$adj§cent to the adsorbing soil, sélidlyAadsorBed water is found,
~the center of the pore space is occupied by ordinary,water freezing at a=
bout 0°C,, and between the ordinary water end the solidly adSorbed‘water
Athere‘is a zone of liquid water possessing a melting‘point down t0.¢220Ce
which serves as & passageway for the conduction of water to freezing centers,"

v Thé'adéorption characterisﬁics_of the various types of clﬁyrminQ
eralé toward water‘and #arious ionsband organic moieQQles were discussed

by Grim together with possible effects on frost action as foilows:

a,. ?Montmorillonite'Sbils? ®Tn montﬂorillonite; adsorption .

wﬁter'penetfates between ihdividual moleqular layers, end as & consequence
~such'material has tremendous adsorptive surface end enormous'water adsorp=
tion capacitygﬁ ™. c0oThe water adsorbed on the surface of montmorillonite
particles would cénsist_of Water molecules inra definite pattern, and ...
therefore, the water would not be £iuid or mobileﬁo ﬁbooothe water initi-
ally adsorbed is rigid rather than mcbile.or‘fluia and coo at_varjihg dis=
tences from the adsorbed surface the rigid,waterfcﬁanges to liquid watér“;
QMontmorillonite haé high adsorption éapaci£y for certain cations,
énions» and organic molecules™. &;oooThe>tremendously significant fact is
thgt the character.ofAtheladéorbed ion to aAverylgonsiderable extent oontrolg.
the perfectionAof orientation éf the water molecules ana the thickness of
the water layers, shoﬁﬁng 8 definite gonfigﬁratidngAanda as a eonsequence;
exerts an enormous influende on the properties of clay=water systems“,

®In montmorillonite carrying sodium as the adsorbed ion, water

can énter éasily betwsen all the’unitylayers;fahd in the presence of an

"°‘'E?Tinnl:er‘korn‘9 Ho. . ™The Condition of Whter in Porous Systems”,' Soil
Sclences Vol, 56 (19&5)@ .
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abundeance of water adsorbed water layers with a definite configuration
of water -molecules can:build up to great thicknesses". "Thus even in
the presence of large amounts of water in which the}waterbconteht would
be in exgessvofithe»clayHmineral content, there would be no fluid water.
. Such clays are, therefore, substantially impefvidus,Aand on freezing
there.is.little or n§ concentration of ice in'layersﬁg'A o Bt

~”In‘m0ntmorillonite carrying calcium, magnesium, or hydrogen
- as the exchangeable ion, thevsituation would be quite different than for
a sodium monthorilloﬁiteo Wﬁen the alkaline earths or hydfogen are present
as adsorbed ions, water enters between the unit layers with some difficulty
~and forms relatively-thin 1qy¢rs of rigid adsorbed water, In such clays,
water present beyond & certain relatively small emount (about LO per cent
of the dry clay), in comparison with Na/ montmorillonite élay, is fluid, :
In such clays, theréforeg concentration of iog in layers may develop on
freezing only if the moisture content is fairly high,"

"In ﬁontmoril}onite ciays containing potassium, there is very

little adsorption of water with a definite configuration, Therefofe, in

~the presence of even small amounts of water, some fluid water would be

-present.”

b. "Kaolinite Soils™. "In soil materials composed of kaolinite,
the kaolinite particles occur in relatively largé‘units « 100 to 1000 timeé'
the size of the montmorillonite wmits in a montmorillonite soil = and con-
sequenfly the surface area is relatively énallo' Also because of the‘ndture
of the crystelline structure of kaolinite only about galf'éhe total surface

-~

. seems particularly likely to develop adsorbed water with a definite con="

figuration, i.e., rigid water, It may therefore be concluded that at even
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relatively small water contents kaolinite soils would contain some fluid .
water. Keolinite soils therefore are not particularly impervious, and
should reedily show a concentration of water in ice layers on freezing,"

" ¢. "Illite Soils". hMany soil materials are primarily composed

of the Qica'tipe of ciay'minéréis like illite and chlorite. The character-
istics of such soils range between those of keolinite soils and
méntmofillonitévsoilé,>but usuaily‘éfe ciésef to the fbrmer then the
latter.” "Somewhat more adsorbed water would be immobilized in illite
cléys than in kaolinife_clays, but fhelfotal.quaﬁtity would Still be
réigtively small,<andAaf réiatively low watefXCOntent”illite-clays’would
be sxpeofédrté‘contain £luid water. Iliite‘élays aréﬁﬁdt impefvioué, end
shoﬁld show'readily tﬁé concentration of water in icé layers on freezing.”
"Maﬁy;illite'soiis‘contaiﬁ’émall emounts of montmorillonite
interlaminated v}iéh »thé ilnté "'1éye:r‘s." ", .. .emall emounts of such
monﬁmoriiionite can have aﬁ effecfvén physicai‘pfopefties out of all

proportion to the amouht'abtuélly presehﬁ."Thié'cohclusion should also

.apply ﬁo frost action. A small amount of montmorillonite would, parti-

cularly if adsorbed sodium ions were present, greatly increese the smount

of water immobilized and as & consequence increase the impervicusnsss end

decrease the tendency for water to concentrate in iceé layers on freezing."

Correléﬁiﬁn 6f the minerai compéSifion of the minus 200 mesh
‘s§ii fr§ctioﬁ with ﬁhe‘intenéity of ice Segregafioh‘in natural Sdilsifs
compliéated nb% only byifhé fact that there are usually several types of
minerals present, but aisoiby'differences in the other vafiables, éuch

as grain size distribution of the fine or coarse fraction or the total
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percentage of fines present, in the soilsvbeing compared. In order to
determine the specific effects of mineral coﬁpo§ition on ice segregation,
it is believed necessary to qbtain fine soil fraction; which are as nearly
as pracﬁical of one type mineral. Specimens can then be prepared end the
relative effect of each mineral on ice segregation can Be evaluated.
The minus 200 mesh fraction of.;owfy\AFB Clayey Sénd contained -

25 per cent montmorillonite and:65‘per cent illife; this was the highest
per cent of these COhstituents present in any of the sampies tested. The
‘gradation and'relgtionshipvbetween rate of heave and per cent finer than
0,02 mm, for two samples of Lowry Clayey Send (LA-1 and LA-2) are shown
on Plate 15 of thié report with the test results of other natural soils.
7 The results indicate that thé rates of heave'for the Lowry samples are
vreason;blyvcdﬁéf%tent‘Withithe results obtained for soils of similar grada-
tion in the group identified as "Silty Sand and Silty Gravelly Sand" on
_ ?1ate'15. The Truax Drumlin soil . (Seamples TD-5 and TD-6), whose minus
200Ameéh fraction has 65 per cent illite, also shows résults consistent'
withlfhgse of soils of;sﬁnilér classification and gradatioﬁo It iéyélso
-noted on Téble B=13 of Appendix B,that, although containing montmorilloﬁite,

the Lowry Clayey Sand was generally more pervious then other soils with
equivalen£ percentages of fines. This seems to indicate that th;
montmotillonite contained adsorbed ions of a type condudive to high réthér :
than 1§w7pérﬁeability, ﬁnd that,bas-a general cohclusion, it ié neceséary ’
to kgdw.not only“thedtype of soil mineralnbUt'the kind of its adsorbed n
ions, if a correlation is to be obtained between mineral eompdsition and ‘ ‘

frost susceptibility. : . . -
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In the series of tests discussed in‘parégraph 3-01, theifineS'

ffom Limestone Sandy Gravel (Chapmen Pit) were found to be more potent in

»prbducing ice segregationffhan'the fines{from East.Bdston Till and New

Hempshire Silt. ' The Limestone Sandy Gravel had LO per cent kaolinite and
20 per cent illites the East Boston Till 20 per cent kéolinite'and 1,0 per=-
cent illite; and the New’Hampshife Silt had no keolinite, montmorillinite

or illite; ThiS"might appear to indicate that kaolinite has somewhat grea%-

~ er frost susceptibility. However, the fines from these soils were noﬁvof

similar gradation, as shown by Bhatev2,’Which also may‘account for the dif=-

ference iﬁ ice segfegatibn'invthe specimgns—info Which théy were blended.
vThefe must also be considered the’resuits of tests on minﬁs'200

mesh'fractions of soils reported‘in Paragraph 3-12, which may'be>COmpéred

as followsg

-Source of 'Avg. Rate of

Minus 200 Heave from Pfincipal Minerels
‘Mesh . Table B12 from Table 2 }
Fraction mm/ﬁgy ‘ Mineral v Per Cent
'Ch;pmaﬁ Pit
(Limestone Sandy - 15.5 Kaolinite Lo
Gravel) - . Illite 20
Best Boston Till 15,0 Kaolinite 20
I o o ‘T1lite ‘ : 20 -
Quartz 30
Trusx Drumlin Soil ~ 17.5  Tllite ' &5
Quartz .15

Dolomite - 20

ZPeabody Sandy - -
~ Gravel 17.0 Quartz Lo

Gradations are shown on Plate 12A. As pointed out previously, these rates

of heave are not substantially different from one another. It may te that
=}}5=



the suscéptibilities of these materialé are so high that the'maxiﬁum rates
of héévé afe 1imitéd by other factors, such as the rate of heat removal,
énd that inl%hésé materials the rélative suscepﬁibilities éfAthe'minerals
thémgelvé; only become impértant as theféercentage of;maferial finer than
0,02 mm, in & soil droésvtoward the boundary betWeeh.sﬁsceptibility end non=-
frost sﬁsceptiﬁility; | |

. Thé;theoriéé.preéénfgd by G:imyrelative‘té the effect of mineral
composition 6n‘tﬁé'édilypermeability mey or may_ﬁot be ofvprACtical signif—
icance in soils of borderiine frost Susceptibilitygv Since soils of thié
‘typé do not have a high percent'of fines they are sufficiently pervious to
supply water fof ice segrégatién and it'is believed that variations in the
minerai c&mPOSition of‘thé fines in thesé'sﬁiis would not render‘them sufnl
' ficiently impervious to restrict the formation of ice lenses. On the o%hér
hand, presence of a small percentage of the proper type of clay minerals
might héve.a‘very large effect on borderline soils by meking frost actipn
possiblé.in oﬁherwiée non=éus§§ptible matérialg ;n soils containing high
percentages of colloidal grains the permeébilitjhtheories may be vélid as
the mineral composition has é ﬁarked iﬁfluence on the permeability and the .
ability fo.gupply water for groﬁth of segregated ice. ﬁoid:rdom‘teS£s per=-
formed oanoéﬁon Blue Clay and pdw'Field Clay have demonstrated that these
soils ars highly frost susceptible, and also that apprediable icé‘segregan
tion ﬁill occur without an qutside water source as water is pulled from the
soil voi&s~beneath-the zbneiofbffeeZing. Additional tests are séheduledl
using more»imperviousvelay soils»inbluding bentonite. Whether or not the

-

more impervious clays are non-frost susceptible is still open to question.
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It is visualized that a relatively small amount of ice segregation in such
soils would cause a‘ﬁéakénéd condition duriﬁg'the frost_meiﬁihg:period'as
éonsiderable fiﬁe'Would be required for the-ﬁatér from the ice;lenéés to
redistribute itself through the soils However , the point is worth investi=
gaﬁing, as there would be/dﬁvibus.advantagésﬂinnbeing able to idéﬁtify cer=
tain tyéés of impervious sQils ﬁé beingjnon-fﬁost gusceptibié.‘

3-1l, Effect‘bf;Permeabiiit&; The coefficientsvofvpermeability and

thé void ratios of the cold room test materials are shown on Tables Bl to
Bll inclusive. The relatiéﬁship‘beﬁween the éoefficient of permeability
and aVérage rate of heave is éh@wn'on.Plate 1y of this réporta Lines have
been drawn thfough_a series of points;where>speciméns of one méterial were
pfepafed at several initiélvaénéitiese |

| The test results indicate that soils with coefficienté of béfhéaf
bility between 100 x 10" and 10 x 1074 om. per sec. ere from né‘gbligible to
15w froéﬁksusceptibility,_and that the frost susceptibility increases as
the coefficient of permeability decreases, until maximum rate of heave is
obféined‘between approximafelj 0,1 x.lonhﬁaﬁd 0,001 X 10"h cm;-éer-seca
The degree of frést action which actually ocecurs in a soil in the

field may not correspond with the degree of relative frost susceptibility

‘determined in the cold room tests. The unlimited supply of water at the

bottoms of the six inch high cold room samflés does not, nor is it intended
to simulate most common fiéld conditions of moisture supply. In & véry
impérvious'soil of considerable depth, water muSt.principally be obtained
frbm that existing in the soillﬁoids and icé_segregation is fhgreby limited.

Howé#ef; by virtue of its impermeability such a soil will reabsorb water

) from ﬁélfing ice lenses'rélétiVely slowly, thus tending to prolong the
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weakenlng;‘espec1a11y if the rate of thaw is fapld. In‘a less iénerv1oau
s011, such as a s 1lt, because of 1ts hlgher permeablllty,'more water mey be
avallable aod more ice segregatlon may occur, and also the melt water is’ more
readlly carrled away partlcularly when thawing/ls slow. Further study 1s
needed to evaluate the comblned effects of frost susceptlblllty, permeablllty,
dlstanoe to water source, rate of thaw and ’surch’arge upon the soil bearing
oepacity‘doring frost meltiog,

3415. Frost Susceptibility of Various Airfield end Highway Base

and Subgrade 'Soils. Tests were periormed to determlne the relstive frost

)

susceptlblllty of base ‘and subgzade 50115 from varloas alrflelds in the.
northern Unlted States and of proposed select borrowibase course materials
for Alaskan hlghways. i A |
Data from these ‘“tests are shown in Table B13 and Blh.of Appendix
B, Plots of average rate of heave VS per cent flner than 0 02 mm. and
gredatione of the varioosvmaterials are‘shown on Plate 15 of this’report.
To'p”esent~this data-in ‘plot form, the Base and subgrade soils have-been
“divided 1nto 3011 types in acoorda nce w1th thoIbDartment of the Army, Uni=
form So;;.C1as51f1catlon. »
| | Ihe‘data in tﬂesehplots indioate thet,'for_the coarse-grained air=-
field baee end suoérede soils (GW; GM, SM)é the rate of hsave increases .
with inorease ;n per oent flnor tnan 0.02 mn, The A]aanan silty fine sand
-(Samples AFS—l and AFS-Q) and the materlal from Seward and Kenzi nghways,
‘.Aleeka, (oamples BPR-l to 5) gave results "out of line® »when,compareo with
.co;respoﬁding soil types from airfielas. ~Although the.per cent of meterial
fiher then 0.02 mm. in the fine fraction of these soils is relatiﬁely low,
the portion of material passingbthe 200-mesh sieve consists principally of

-1,8-
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clay sizes whlch may be the reason for the relatlvely high rates of heave

| w1th small percentages of fIHGSo All these coarsewgralned s01ls were tested

| in the remolded state°

Only a feW'flnewgralned type alrfleld and hlghway base and subgrade

' soils have been 1nvest1gated. The se are 1dent1fled on Plate 15 as "Sandy

: Gravelly Clay and Sandy Clay (CL)“ s011s° Subgrade 5011 samples from lee-

stone were tested in both the umdlsturbed state (Samples LST=2 and LST—B)
and in the remoldsd state (Samples LﬁTthandlLST~5). Dow Field Till samples
(Semples DFT-1 and DFT=3) were remolded before testing. The data from these
tests, together with results of tests on some sther soils havinglappreCiable
clay‘content, are shown on Plate 15;'the general trend is that ths rate of
heave increases with increase in per cent finer than O;OQimn.‘

Results of tests on & number of other base and subgrade soils
which do not fall into one or the other of the larger classifisation group=
ingslére also shown on Plate'15.

An ex&mlnatlon of Plate 15 reveals that for an average sandy gravel
or gravel (@N) soil with 3 per cent of grains finer than 0,02 mm., the av-
erage rate of heave was‘approximately the seme as exhibited by a silty sandy
gravel (GM) having 9 per cent finer than 0,02 mm, and by a silty ssnd-énd'
silty'gravelly sand (SM) having 18 per cent finer than 0,02 mm. One out=

standing_excepﬁion was the Alaska Fine Sand (AFS=1 and AFS=2) vhich had av-

erage rates of heave of 0,9 and 1.7 mm. per dey with only 3 per cent of

grains finer then 0,02 mm. It is also notewarthy that Alaske Sendy Gravel
(BPR°1, BPR=3, and BPR=5) with one per cent of grains finer than 0,02 mme
had average rates of heave of 1,0, 1.0, and 0.5 mm. per day, respectively.

By the Frost Susceptibility Classification Syétem‘presented in Paragraph

=l



2-01 the susceptlblllty of these soils would be classed as low to veryllow,
although by the usual standards the se would be con51dered very satisfactory
base course materlals of negligible frost susceptlblllty. However, it is
v1suallzed that durlng the frost meltlng perlod the water released from the
segregated ice in such soils would be qulckly dralned or redlstrlbuted

through the soil so that weakenlng would be sllght.

~
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PART IV - CONCLUSIONS

: ;hrél.n Cohciﬁsidns‘pfesentéd.below'covér-those:phases of the cold-

" room studies which have been:essentiallyACOﬁpleted up to the end. of Fiscal

Year 1951;}:Exéept.fof a few resuité derivedffrom:éiosed systém tests, all

conclusions are drawn for the case of a soil with free access to water.: The

conclusions cover only the most obvious results and are subject to modifica=

“tion or ampiification on basis of,additiOnal tests and further analysis,

Soméitest sefies‘fbr which the results are considered incdnclugive,~or not
sufficiently ekpiained at present, are not -covered. -

a. = Effect of Per Cent Finer than 0,02 mm. Tﬁé intensity of ice

segregéfion in sbilg is dependeht not oniy on the per cent of grains finer

then 0.02 mm. but also on the grein size distribution or properties of these

fines, Fine soil fractions with a high percentage‘of/fihe)clay sizes appear

s

to be more potent then silt Sizés in producing ice segtegation.in soils of

borderline frost susceptibility.

be Effect‘bf Degrée:bfycgmpéétioh; The foliowing is true for the

soils tested to dates | -
| (1) In the well=graded frost susceptible gravelly soils the

intensity of:iée segregéfibn increaées moderately with inifiai density up to

a critical density, which is of the order of 95 per cent of Modified A.A.S.H.O.

‘Density, above which there is a decrease in ice segregation with increase in

density. .
| (2 In £he ﬁniférmly-gradéd‘frost Suséé?tiblé'sands the in{;.
tial density has negligible influence on intenéity1qf iée segfega%ion.
| (3) Inifhé'iﬁorganic éilt'soilslﬁhe intensity of ice segrega=
tion iﬁcfégses'wifh»initiai'aéﬁﬁity‘up to 100 per cent Modified A.A,S.H.O.

Density.
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cs Effect of Surcharge. The intensity of ice segregation in soils

is decreased appreclably by an 1ncrease in overburden pressure,vall other fac-
tors, such as rate of frost penetratlon, belng equal.

do Effect of Per Cent and Size of Aggregate Greater Than 2 -0 mm.

in 3011vGradatlon. The test results do-nctwshow any-appreclable effect of
‘per centAand maxlmnm size of coarse aggregate on the rate of heave, when the
per cent flner than 0,02 mme 1s held constant.' When coarse meterial is |
added or removed w1thout holdlng the per cent flner than O 02 mm.constant;
the rate: of heave which occurs is in proportion to the per cent finer thanlv
0. 02 mm,. whlch results, the coarse materlal actlng a8 a flller to increass
the total helght or materlal for which the heave, produced by the fines, is -
measured@ - | o | - | o |

Ae.j Effect of Avallablllty of Water.

(1) Although a supply of water is a requlslte for occurrence
of ice segregation in soils, the source may ocns;st of free water existing
within the voids of the underlying,eoil, as well.ae a close underljing ground
nater tahle or aeuifer. ; | | o |

(2) The 1nten31ty of ice segregation in a frost susceptlble
'3011 varles dlrectly W1th the 1n1tia1 degree of saturation, where Water is
_ 4ava11ab1e only by'W1thdrawal of a portlon of that already ex1st1ng in the
“v01ds of the soil underlylng the surface of free21ng.
| | (3) In clay 50113 the water content of the s01&3d1rect1y be=
low the zone of freezing;may be reduced to approximately its shrinkage limit
as the water is drawn to the segregated 1ce.:

| .. Effect of Alternate Cycles of Freeze-Thaw. Tests showed some,

though not entlrely con31stent tendency for progress1ve increase in heave

-.52_
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and decresgse in. density up to 3 freeze-thaw cycles. However tests of longer
duration using improved procedures are required.

. Jgg}tvEffectivenessgof Calcium Acrylate in Preventing Frost Action

in Soi}s@Aﬁcalcium‘acrylate-was found to be very effective in prevgnting.ice
segregation in a;qlay»soil but was not.as ?ompletely successful -in a silt
soil. The effectiveness was not reduced by two,cycleébof alternate freezing
and fhawing.

'h. Effect of Rate of Penetration bfg}?oF. Temperature, The rate

of ‘heave of the surface is generally indépendent of rate of freezing within
~ the range of 1/1Lto 1«3/L.in§hes7per day. However, the heave per unit depth
of frozen-matérial is inversely proportibnal to the ratevof penetration of
the freezing temperatufe.

i, Frost Action In Minus 200-Mesh Soil Fractions. The minus 200-

mesh.fractions of four quite different soils éhowed nearly equal rates>of
heave,:although the fines of two of these soils showed distinctly different
frosf susceptibilities.when'mixed with various coarse fractions in propor-
tions to approach borderline frost susceptibility.

jo Effect of Mineral Composition of Fine Soil Fraction. The in=-

fluence of mineral composition of the fine 5011 fraction on ice segregation

{‘L"Q”Q 0"(& nemin a,—,ﬁl‘
in the tests performed to date is 1argely'masked by fluctuatlons in other

EEEEQIs, by the presence-of several minerals in each soil fraction and by a
lack of sufficient information on the‘nature of the adsorbed ions in the
clay fractions,

k., Effect bf Permeability. Soils with coefficients of permea~

bility between 100 x 10° =L -and 10 x 10 ~L em/sec. are from low QJ ﬁEET:E:EEe

frost susceptibility, and frost susceptibility increases until maximum
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rates of heave are reached in the range of permeability between 0.1 x 107l
to 0,001 x lonh'am/ﬁec.' | -

“‘.1," Frost Susceptlblllty of Varlous Alrfleld and nghway Base

and Subgrade 80118., 30115 in- 81m11ar s011 groups, when classified by the

Department of the Army Unlfo:m So;l C}assxflcatlon’System,Ashow approx1mate1y'
the same rates of heave for corresponding pgrcg#tages'finér than 0,02 mm.,
aﬁd the percentage of material finer than 0,02 mm.. fdr‘whiph'é given rate

of heave is obtained increases progressivély w1th each group from Sandy
Gravel and Gravelly Soils (GW) toward the flne-gralned soils, Gravelly Sandy

Clay and Clay_(CL),
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PART V - RECCOMMENDAT IONS

5=01. 1Sinée the inveétigétions covered in this réportvinclﬁdé the re-

sults of testS'pérformed upito thébehd of Jﬁne’l951‘and the volume of data

is lérge, time has pérmitted'only felatively'rapid analysis. It is there=

fore recommendéd that further and more séa;ching ahalyéis of the data pre-

‘Sentedvherein’be performed before other than limited testing is resumed in

Fiscal Year 1952, and that the résults of'this study then be used to revise

and readjust in detail the subssquent testing prdgrém.- These studies should

~aim particulariy at tracing out more precisely thevphysical explanations of

some of the observed results and interrelating more closély the results of
the different phases of the investigation,

5-02, It is recdmmended that the following specific phases of the

‘cold room stﬁdies be continued or investigations be initiated to determine:

A, The relative frost susceptibility of typical subgrade and
base course materials covering the full range of soil types and gradations
and obtained from locations with wide geographidal distribution.

b. The effect of grain size distribution and miﬁeral COmpositidn

" of fine soil fraction on frost action,

c. The effect of proximity of water table oﬁ ice segregation in
frost susceptible soils,

d. The sffect of a&mixtures in preventing or minimizing ice
segregation in frqst susceptible soils,

e. The minimum degree of saturation at which ice segregation

is possible in various soil types without an outside source of water,

fs The effect of freezing point of soil moisture on ice segre=
gation in soils,
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g. The effect of f"rd‘st méiting _oﬁ'vsti‘_ength characteristics of
:sloilé, includiﬁg 'stu_dies of the re‘lationships betwegn rate of thaw, amount
‘of segregated 1ce, Apermeablllty and surcharge. R N | |
. h. The effects of alternate freeung and thavnng in alterlng .
frost susceptlblhty characterlstlcs. F' f?/?}? Dzm'vL7 M?ﬁf‘m/f‘
' ,i. The frgst chgrgcterlsths of undisturbed f;ssured clgys.
: J. The nature bf'physicai laws governing:ice seg;egatién in
~soils, an understanding of which is needed ‘_to aid t:hé dev_elopmg_nt of design

criteria.

' K“ Mﬂs#“"‘& me u.omeqf /’J Uc‘/eu"" ,P/’”.S/t«
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COLD ROOM STUDIES OF FROST ACTION IN SOILS

FISCAL YEARS 1950 - 1951

TABLE 1
SOILS SZIECTED FOR COLL ROOM TEST PROGRAM
TEST CORPS OF
SP] MAX IMUM
IDENTIFICATICN SQURCE DESCRIPTION ENGINEERS ECIFIC GRAVITY| £ FINER THAN DRY
SYMBOL UNIFORM SOIL | + #10 - #10 | #200 . |o0.02 |DENSITY
CLASSIFICATION}. SIEVE SIEVE SIEVE| mm,
(a) BASIC SOILS
1SG Limestons AFB, Limestons, Maine “Sandy Gravel Base GW 2.70 2.73 6 5 139(1)
AG Peabody, Massachusetts Clean Sandy Gravel W 2.7 2.59 <1 150(’2)
18 Lowell, Massachusetts Well-graded Sand SW 2.68 3. 110(2)
MFS Manchestsr, New Hampshire Uniform fine Sand _SP 2.68 8 | 1 109(2)
NH Goff's Palle, New Hampshire 3ilt ML 2.70 85-96 | 5€-73 | 107(3) -
(Referred to as New Hampshire
5i1t)
‘EBT Governor's Island, East Boston Gravelly Sandy Clay cL 2.7 L9 L3 131(3)
(Referred to as East Boston Till) | (Glacial Till)
BC North Cambridge, Massachusetts Clay €L 2.72- | .99 {su-90 | 77-8L4(5
(Referred to as Boston Blue Clay) 2,81
T - Truax AFB, Madison, Wisconsin Drumlin Soil, Silty Gravelly SM 2.96 2.71 28-30 |16-18 | 139(3)
Sand Base and Subbase.
LF Ladd Field, Fairbanks, Alaska Silt Subsoil ML 2.7L 91 | 37 100(L)"
(b) TYPICAL BASES AND SUBGRADES FROM VARIOUS AIRFIEIDS
CA ‘Casper AFB, Casper, Wyoming Silty Gravelly Sand Base SM 2464 2465 23 15
Silty Sand Subgrade SM 2,64 2465 21-39 | 16-18
cL Clinton County AFB, Clayey Sandy Gravel Base ac 2.5 | 2.2 | 20 | 1
Wilmington, Ohio
DFC Dow AFB, Bangor, Mains Clay Subgrade CL 2.75- {93-100 | 72-89
. 2.79 .
DFT Sandy Clay Subgrade cL 2.71 80 6L
FA Fargo Municipal Airfield, Cleyey Sand.{Subbase) sc 2.69 2.70 1% 9
Fargo, Narth Dakota
GF Great Falls AFB, Clayey Sandy Gravel Base aC 2.65 2.67 2 17.
Great Falls, Montana
HF Hill AFB, Ogden, Utah 8ilty Send Subgrade SM 2.4 27 13
LST Limestone AFB, Limestons, Maine Sandy Gravelly Clay Subgrade cL 2.68 2.72 L5=61 | 304448
ia Lowry AFB, Denver, Colorado Clayesy Sand Subgrade sC 2.6 | 36-L2 |2L-31
PT Patterson Fisld, Feirfield, Ohio Clayey Sandy Gravel Base GC 2.76 2.71 22 15
PA Pierre Airfield, Silty Graevelly Sand Base GM-SM 2.77 2.69 17 9
Pierre, South Dakota .
RC Rapid City AFB. Rapid City, S.D. Silty Sandy Gravel Base GM 2.76 2.7 12 8
SF Sioux Falls Airfield, ‘Silty Sandy Gravel Base ¢4 2,74 2.7C 15 9
Sisux Falls, South Dakota
SPK Spokene AFB, Gravelly Sand Base SP-GP 2.9 2.7 6 L
Spokane, Washington .
WN Wendover AFB, Wemicv'er, Utah Silty Samdy Gravel Base GM 267 2.74 jin 3
(c) SELECT BORRCW BASE MATERIALS FOR ALASKAN HIGHWAYS
ACR Alaske Highway, Section C, laska-Canadian Rock oM 2.69 .7h 11 7
. Tok Junction to the Alaska- :
AMS Yukon Boundary Mica Schist GW 2.71 2.76 5 3
ADG ‘ Decomposed Granite GW 2.63 2.58 3 2
" AFS Silty Fire Sand sy 2.79 26 3
BFR Seward Highway and Kenai Highway, | Samdy Gravel GW-GP 2.72- | 2.4h- | 225 | 1-3
Alaska 2477 2,77
. Silty Sandy Gravel GM 272 2.7 27 11
Novg3: (1) Frovidence Uibrated Donsity on minus 3/i-inck material,
(2) Providence Vibrated Deunsity on minus 1/2-.m:h material.
{3} Modified A4SHC Methode
(4) standard Proctor Method.
(5) Undisturbed Dry Density.
TABLE |

4
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COLD ROOM STUDIES FOR FROST ACTION IN SOILS
FISCAL YEARS 1950 - 1951

TABIE 2

SUMMARY OF RESULTS .
MINUS 200 MESH FRACTION SOILS

SAMPLE
No.

SVOIL TYPE

ETHYLEKE GLYCOL
RETENTION IN g.
GLYCOL/g, SOIL

APPROX, SURFACE
AREA IN SQ. m/g
SOIL

WATER CONTENT AT

50¢% RELATIVE
HUMIDITY
IN %

CARBONATE
SPOT TEST

COMPOSITION
™%

MINERAL - PER CENT

Truax Drumlin Soil

.2

¢

2.8

Positive

I1lite ]
Dolamjte 0]
Quartz 15

Patterson Field Clayey
Sendy Gravel '

13,0

1.6

Positive

Illite Lo
Quarte 35
Dolomite 20
Limonite 5

Clinton AFB Clayey
Sandy Gravel

19.8

2,2

Positive

Illite 60
Quarte 25
Dolomite 10
Limonite 54

Lowry AFB Clayey Sand

5ka5

175

6ols

Positive

Illite
Montmoril-
lonite
Magnesite
Quarts

{&

Limestone Sendy Gravel

749

Positive

Eaolinite
I1lite
Limonite
Magnesite

Dow AFB Till

13,0

2-3

Negative

Illite

1
Gibbeite
Limonite

waB&

Dow AFB Clay

11}

1.5

Negative

Quarte
I1llite
Gibteite
Limonite
Fﬁg:pnr and

‘\nuigﬁ;

Boston - Blue Clay

10,9

35

1.6

Negative

Illite

Quartez

Limonite

Feldspar and
Mlioa

i

East Boston Till

Te2

23

Negative

Quarts

Illite

Kaolinite

Feldspar,Mica
& Limonite ;

33y

10

Limestone Glacial Till

8,0

069

Negative

Quarts 30
Kaolini te 30
Illite 15
Mica

11

Peabody Sandy Gravel

7.k

1.2

Negative

Quarts 40
Garnet, Topas,
Amphibole

12

New Hampshire Silt

Loly

1,2

Negative

Qtzaft: 55
Feldspar,¥iocs,
Apatite

13

Ladd Fleld Silt

5.6

18

0.9

Negative

Quarts 3%

Amphibole
Feldspar’

TABLE 2
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F1G. |. LIMESTONE SANDY GRAVEL (-3/4")
TEST FOR EFFECT OF RATE OF PENETRATION
OF 32° F TEMPERATURE.

SAMPLE  AG!~9
% < Q02 mm

FIG. 2. PEABODY SANDY GRAVEL (-I/2"

TO + #200) BLENDED WITH EAST BOSTON
TILL (=1/2")

TEST FOR EFFECT OF PER CENT FINER
THAN 0.02 MM.
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FIG. |. LOWELL SAND (—-#I10) BLENDED WITH EAST BOSTON
TILL (=#10)
TEST FOR EFFECT OF PER CENT FINER THAN 0.02 MM.

SQQM::LE 8425;"‘33 | Dey Unit Weight 1131 fba/cutt

FIG. 2. MANCHESTER FINE SAND (+ #150)
BLENDED WITH NEW HAMPSHIRE SILT.
TEST FOR EFFECT OF PER CENT FINER THAN

0.02 MM.
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58% 002 mm. SAMPLE NH- (3

5

FIG. |.. NEW HAMPSHIRE SILT.
TEST FOR EFFECT OF SURCHARGE.

FlG.
TEST

oRGINA
HEGHT

2. LADD FIELD SILT SuBsOlL.
FOR EFFECT OF DEGREE OF COMPACTION.
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FIG. I. TRUAX DRUMLIN SOIL, SILTY GRAVELLY
TEST FOR EFFECT OF DEGREE OF COMPACTION.

SAND (-3/4")

FIG. 2. EAST BOSTON TILL, GRAVELLY
SANDY CLAY (=3/4'")

TEST FOR EFFECT OF DEGREE OF COMPACTION.
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FIG. |. BOSTON BLUE CLAY (UNDISTURBED!.
TEST FOR EFFECT OF RATE OF PENETRATION OF
32° F TEMPERATURE.

FIG. 2. DOW A.F.B. CLAY (UNDISTURBED).
TEST FOR EFFECT OF RATE OF PENETRATION
OF 32° F TEMPERATURE.
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FIG. |I. DOW A.F.B. SANDY CLAY SuB-
GRADE 64% < 0.02 MM.
TEST FOR FROST SUSCEPTIBILITY OF
SUBGRADE AND BASE SOILS FROM VARIOUS
AIRFIELDS.

ORIGHAL

WGt

NCHES

Open System SAMPLE LF-7  25% Stone

FIG. 2. LADD FIELD SILT BLENDED WITH

LIMESTONE SANDY GRAVEL (=2" TO # 3/4")

TEST FOR EFFECT OF PER CENT AND SIZE

OF AGGREGATE GREATER THAN 2.0 MM. IN

SOIL GRADATIONS. NOTE ICE LAYER AT
UNDERSIDE OF STONE.





