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Inclosed herewith for rétention are the following two

' ;eport on: Studles of Base Course_-Treatment to. l_-j‘ o
Prevent erost Actlon, " dated June 1946 A

t~zon' Stud1es of Base Course T.reatment to
»P vent"Frost Actlon, i dated August 1947

You w111 f1nd that data or Bunker C 011 andfv T ;.admlxtures are o
summarlzed 1n the tex ‘ 'j‘_;paragraph 9e. ,,page 21 and.;paragraph .

su : 1ty to a neg1‘1g1b1e amount L ]
"_10 through 12, -'of thé 194.-7'report dlscusses t :
suff1c1ent admf : 't

s ‘.tlons, because of the frequent raln_falls we: norm lly have. W1th N
‘the: other _materials, RT-2,"MC, ~and- Bunker- C Qil, the problem
v of hav1ng the materlal suffl ntly dry would enter, I_f"a_-,sph_alt G '




Mr. Thomas B. Pringle _ 15 July 1957

cement were used, the cost of plant processing would be substantial,
The till used in a portion of the experiments had 60 percent passing
the 200 mesh; Gsed with RT -2 and Bunker C,)the other s‘oi}‘had 20
percent passing 200 mesh, We would not expect any lesser amount

of admixture would be applicable for the Dow Field sands and gravels.

- Sincerely yours, »

ICern_

2 Incl K. A, LINELL
l1.and 2. Reports Chief, NED Laboratories
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FR-OST.‘ INVESH@AT‘ION
19L5-19L6
REPORT ‘\f7:.\ | =
e   0,;1\1 R | o :

STUDIES OF BHSE _COURSE TREATMENT TO PREVENT FROST ACTION

1. Authofiiation. Tha 19&5 19&6 frost 1nvest1gatlon program Wao

authorlzed by the Chle of anlneers by letter to the D1v1sxon Engineer,

New England DIV’Slon, dated L August 19h5, subgect "Frost Investlgatlpn, .
-Durlng Plscal fear l9hF-19b . and subsequent 1ndorsements, Flle SPEER.,

The investigations reported herein consﬁltute a part,of the authorlzed

E

program, : _,‘ . : "
2e PurpOse;v'The purpOse‘of this,inveétigationvhas been to study

methods and perform 1abo}atory tests to de%eiop:treatménts to prevent frost

actlon in base materials susceﬁtlble to frost actlon.  >
5, Scone ‘ Thls report presonts Ca) a summary of pr°v1ous 1nvest-

igatibns berformed by others,-to study,the effect of~adm1xtures on frost
- action, in the form of excerptg from the conc1u31ons sustalned bv the ree.
,ports of these 1nvest1gatlons, (b) the r@salts of laboratory tests performed

- to determlne *he Sultabllity of varmous~adm1xtures and'combinatlons of ad-

mlxtures to ornvent frost.. actlon in materials suscentlbie to frost actlo",

o and‘(c) the*r@sults of laboratory tests to determlne whether Leacn;ng of

7

salts could bé-retar@ed&or prevented by the;%ddition'df'bituminOus materé ’

ials,. Repreééntative data sre presented herein. A complete récbrd of test
data is on file at the Frost Effects Laboratory. No field tests were per=

iV

formed during this. investigation.

1
'

\
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L, - Acknowledgements. Frost actidr tests wers conduoted in the Soils

Mechanics Laboratory, Harvard Graduate School of bnglneerlng. \The facllltles
of the . 8011 Nechanlcs Laboratory 1nclud1ng the cold room were made avall-

able through the cooperatlon of Harvard Unlver31ty by Dr. Arthur Casagrande.

)

The investigation reported hereln was, conducted along the llnes establlshed

by prev1ous 1nve§§1gators at~Purdue Unlmerelty and extends_those studles
which are described in the text of this report.

5.\ Desoripﬁion of Probléﬁ. The d331gn of alrfleld pavements at

locations where frost penetrates 1nto the base. is founded upon the assumpt- -

N

ion that the base is not weakened or‘adversely affected(by frost'actlon,
S _ - -

In geographical arecas where base materials not weakened or‘adversely afe

= b

’,féoﬁedjby*frost action are'not.economicdliy(aﬁailable‘a>method for treat-

~

., ing locally available frost susceptible base materiale to make them non= 7

@

~ frost susceptible may prove of definite benefit through ecoriomy and ac-

)

celerated construction. , _ i N

]

Several investigétors have stddied'this problem under laboratory

¥

.“and-aofual field .conditions., It‘ﬁasvbeen‘determined»by these iﬁvespigatorS'
» ‘that calciﬁm chloride or sodium ohloride'will prevent‘frost acﬁion when a
sufflclent quantltv is prcsent in’ the soll. The dlsadvantage in the use of

. these admlxtureo is that they are 1eached out of the soil or migrate result-

1ng in only tcmporary protectlon from frost actlon. ;

Varlous methods for treatlng SOllS were 1nvestlgated by others w1th'
differing degreas of success., The efferS of admlxtures such as tar, cut~
back aSphalt, emuIS1f1ed asphalt, cement, v1nsol re31n, 321 321 / O ol per-

cent FeSOL and Stablnol in reduclng frOQt actlon were studled. A rev1ew of

( ~ [ ’ /

) . =2




o

these investigations indicated that additional tests to ihveStigafe'thé .
efficacy of other admixtures and combinations of adﬁixtures would be ad=

 visable., In particular, Bunker;C oil, the least expensiveuof the oil prbw
: . . . - : . - . L A . .

. ducts oommercially amailablé\in'quéntity was selected for'study. Bunkef C
oil in ‘combination with calcium ch1ofide and other selecfed combinatiéns

were also studied. . ; L oo S B
. _ ) . o

The success of methods employed‘for_tféating frost suscepfiblé
1base materials to make them nqh-froéﬁ susceptiblé depends'first‘upon the

) permanencé<of the tfeatmént ah&'second upon the economy of the treatment

v . \ A}
\

in contrast td the importation of non-frost susceptible materials or the
' , , , v . o R . .
application of other methods. ! '
‘ . . ) ) ‘
6. - Definitions: - o , S :

o

4

‘a. Frost Action is the accumulation of water in thé‘form of ice

lenses.in ‘soil or base materials under natural freezing conditions,
b, TFrost Heave.is the raising of the surface due to the.sdccum=.

\ A

plation‘of ice 1enses° The amount of'heave in most soils is aﬁproximately
‘equal to the cumulative thickness of the ice lenses. "‘ o o

‘ co - Ice Lensés are the ice formations in frozen soil occurring |
in repeated layers essentially parallel to each other and normal to the

s '!\:\‘ . . . Lo v N
direction of heat loss. . -

A : 4. - Degree Hour is cumulative total of the~algebraic difference
between 32 degrees Fahrenheit and the hourly mean tempe?afﬁre°'

e, Admixture is a material which is added to a soil to prevent
- frost action. ’

fo Density is' the unit-dry weight in pounds per c’u.b,,ic‘foot°

A

‘5“ ‘
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[: 09 »Watér Coﬁten+ is the ra tlo, oxpressed as a’ nercontﬂgu, of

the'welght of water in a'given 5011 masc to the Wnght of solld pqrtlclcso

‘h, Frost Susteptible Base cons;sts of a speclally selectcd

soil which contains more than three percent of grains smaller than 0,02 mm
N . N N - ~ . i . o ~ . B ’ - . N

in diameter placed and compacted on a subbase or subgrades: -
= - : . . - 4 1 . ) . . B ) . I \

"~ i, Non=Frost Susceptible Basc consists' of .a specially sclected

'

0‘ . ! 3 B . - “ ,"" o : ’
soil which ccntalns less than three percent of grains smaller than 0,02 mm

N

in dlametor placad and compactnd on a subbase or subgrqdeo ,A';.”

\

. ‘Qf75« Rev1ew of~Prev1ous Investlgatlons°' Tho follow1ng three studles»'

]

of the trcatment of base courses to nrevent frost actlon a“l conducted by

personnel of Purdue‘Unlverslty, were reviewed: ' )

- T A "Frost Act*on in Highway Bascs and Subgrades" by H, F, Winn

\ . -

and P, C, Rutleége, May lohO
| ’  bo Usc of Ca1c1um Chlorldc in Subgrade 80113 for Frost Pre=
ventlon" by F. O Slate, Dooember 19h2 |
e "”he Vigration and Effnct on Frost Heave of\C;lclum«Chlorlde
' é?é(So&igm Chlorids in Soil", by Charles'SleSSer{ July'19h3o

The;studies repdrted’in paragraph 7.a above weré'médé "to deter=

i
Sy _

mine the resistance to frost action of various types of treated scils and

1

soil mixtures now in common. use as road bases and subgrades", Threc basic
soils were selected for study, a sandy clay, a pit run gravel, and-a fairly

L) : N v : , ' o
uniform, washed, concrete sand, The results of classification tests on these |
soils are summarized.on Plate'l. ‘' These three soils werec.combined in the fols

~ N { ) - ) . \ - . - .

lvlowing percentages to form seven different soil mixtures: 10, 20, LO and 60
percent sandy clay wifh'905 80,'6Qfand'h0xpercont sand respectively and 15,

16,5 and 20 percent sandy clay with 85, 83,5 and Soipefcéht\pit run, gravel

' | o : | '"thé“



< “resPeqtlvelyo

;;' These soils and soil/ﬁixtqnés Wéfg fésted.in a reﬁ&idéd cbmpaé@ed
sééte at vérying percenfs séturapién,vwi£htand‘Without the foliowiné‘adé
. mixtures: cal¢ium oxide, sodium ¢hlorid§3 calcium chloride, ﬁortlé?d 5émeht;
tar,‘cutbaék as;halﬁ, road oil,‘emulsifiéd'gsphait'apq viﬁSOI. Tﬁefmethoé(

of testing‘Was briefly as followsg
) o . A f ’ ? . . h '
as The remolded moist soil or soil mixture with or without ad-

‘mixture was compacted in a cylindrical form three inches inside diameter

and sevép'inchesfhighﬁ

b. Water under a préssure ofiBO pounds pef séuare inch was then
forbed-to'flow through a selected number of the spécimens for abOut.Zh’hoursg
L 1 | R , | ,
c. - The specimens were then placed in a freezing cabinet and the -

-
~

Ly . air temperatiure at the top of ‘the sample was progressively reduced over ap=

' proximately 21 days from about 30%F to minus 10°F or minus 15°F, During

!

8

thisvperiod~thé air temperature immediatély below the bottom of'%he;specimen
was maintained at &§Oﬁt LO°F, Some speciméns were provided with a source
. of water at the bééé of the specimen, . %' : ; {

S “de During the period 651below;freezingvtop,air tempqratures,

‘daily measurements of the elongation or heave of the specimens were made, -

S

Atrend'of_tést4the,specimeﬁs were frozen either to or nearly to the bottom.

" The speciméns were éxamined'fdrAice 1ens§s and tested fér wﬁter'conténﬁ
.. variation with depth. . R L ,:4 - |

‘The éonolusiqnsrafrivéd~§t.as a»résuiE of this invéstiéationvare
quoted'as'foi%OWSé | :‘* o A;'T SR (. o !
0 ' | "1, Esfimapeé as to fhe extenf to Whiéb frost‘act£Qn mayvbe ex=
pecfed té oédur ih'natural soil, treatedjéoii,‘or’stabilized soillcgh be

)
. ,/

' . .A . °5= ‘ X . | S 5 , . )



fa

made only when the limiting conditions of initial and attainable moisture
.content are known,"

, . "2, In general, the natural fine-grained sendy clay started to

heave sooner, heaved at a vreater vatn reached a greater total heava,-rpwoh=

\

- ed cap11lary saturation more rwadily, and had 1ess res1stanc~ to molsUure

\ i

coqbent fluctuatlon than dld treated and sbﬁbxllzed sandy clny otposcd to

~

the same condltlon° " : o i S - , _

)
-

- "3, The'available data indicate that the frost line penetrates a
S . ' : - : (S

'éradedfsbil mixturefathd gfeatér rate than it dées a natural fine=graiﬁed'
X r
saﬂdy 61dy;' Rap d fr6021ng results in less 10@ segrogatlon and‘lesa total
~ ! v
heavo for the same aepth\af’frost pangtratlono L
| 'V"ho (Peroeﬁtag¢=ofeheavc ddfe Jrom.lnd1v1dual tssts should not be

used as criteria for rigid comnaﬁiéons of the frost action reuisuance of
natural soils, tremtnd 30113, or. stablllzad soils, but may be qud as a

is for general classifit . s 0 e erials into heaving and non-
basis for general ,1 °s 1c atio ons f th N.L rials into h £ ‘d )

/‘ .

_heaving groups," . j T .

"5. .Once oanlllavj %aturatlon is vcachcd and ice srgreﬁqtidn

s

begihs in a treated Kt ndv c‘ay, the rntg oP h"ﬁving is only slightly less

than for the same soil untrcqtedo" ’ |

f | ", The available“data-indicate thatitheréﬂis a‘ofitical density
for sandy clﬁ& at Whlch frost actlon oécurs mo;t rcndlly, wh N mwtor-hl is
saturated. . Balow the oritical ci.pﬁE;J'.ty‘9 frost action is\dif@ctly préportional

to donqltyg abOVe the critical densztjs proot actlon is invmrSely nroport10n=

al o dcnsatya\ Increa51ng the dsn51ty above “the crltlcal den51ty increases

5

the period of inactivity before{heav;ng starts. and decreases the»rate of

Lot
.

heaﬁing_and_total heave if & manner similar to the addition of admixturesy"
. Groups of specimens of natural or treated sandy clay included

‘k S » : ;65
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| . . . Y ! N L
fr6021ng p01ptb The date 1ndlcate,thatias long s the 01] rctaln ihu

- '

in this 1nvesf1gat10n, whlch had no v.rxiblesvekcept density ahd,moisture

contnnt at the - t1me of compactlon, apnro chod the same ultnmat¢ dry den81ty

i , N
'

e

during air dr}ring°

NGE Any of @he types of soils, tfeaﬁed'soils, br’stabilizod soils

1ncludca in this 1nvesh1p tlon can be uaturﬂted by Water undﬂ a pressure
of 30 pounds Der squaru inch applled for Qh hours or 1GSb

7 - '"90 The availnble‘dﬁta on field soil témperaturas indicate that
b . ' o - ' '
pefibdic~fluctuations of” short duration in air tempsrature. do not cause

OOPP”SpOPdlng fluctuat1ono in the tcmporﬂuurérof the sabgrudewsoilg soll

v

temporatureu are g functLon of cumu]ntlw air tﬁmperatur~so
RE, GARD g ALMIXTT’RFS 0

10, All the ﬂdmixtures tes tpd are much more effective in re=

ducing frost sction when used with‘wellegrad@djsoil mixtuv:" then when

used with natural sandy clay.". = : - I
- B - . i o o
"11° Calcium oxide (2, 6, 10 bercent in sandy clav: L porcent
5. Oy 1 ‘ ) 50 e DOTH

™

in groaded soil mixtur ) does not Increaso the mlzrure’u resistance to frost

2
\ §

~action or‘mdisture content fluqtuaticn spfficiéntlyfto warrant‘its use for

’ t
thCSp purposes. The mixtures t«kc on watur rowdjly, end, prOVLdod gator is

1va11wblc for capillary rlse, thu dngrce of -saturation ot thw be g1nn3rﬁ of \

the fraezing period is, oi 1L¢vlu consequencco o L .

{ ’

- M2, Sodivm chloride.(natural;sandy clay plus 1, 2,,%, 6 perdont;

.graded soil mixture plus 1/29.1w 2, B'and«h“pofcent) end oﬁlciﬁm‘cﬁlorido

(natural sandy clay plus 23 L nercent) prov1do good rosisteance to frost

N} S/
aotlon pr1mwr1ly bccauqe of tho ]oworlww effeot of thf 1dm1xture on “the

s

* Pcrcontageo 1anst1gatbdo Allvpercenfages are gi#en‘in terms of dry'wéight
of 5011o . . s ' ’ ' S '
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v

chemical in its full Qoncentration, 2 peroent or less ¢hemical prevents freez-

(=58

ng at =10° o elﬁoF and fherebv nrev:nts frost damage,™

e

"3y The resLs+anco to froq action of a soil cement mixture (nate-

ural sandy olay plus h, é, 8, 10, 12 percentn graded soil mixture plus L, 6,

8, 10 per' t) is 1nvorse1y pronorulon al o the degre@,of saturation'of_the

\

nixture at the baglnnlng of the freez1ng nerlode

¢ -

"1h Tn #cneral the r351stanue to frost actlon of o:tum¢nou~ mixe

tqrns is 1nvﬁrsoly proportlonal to the uegroe of saturetwon at the bhglnh g

of the freezing gericd,” S - -

(m

.
-

"5, Portland cenent tar, cutback asPhalt road 0110 omu151f~ed

dsphalt; dnd vinsol* add stability te a sandy clay by inhibiting ca pllldry

motion of the'water to various dvgreosg\thr amount belng closnlé\rn_a ed to

the percentage of admixturo snd moisture content of the mixbture at the time

-2 . [ ’ : : ’ ' . .
. , ! . : .
it is exposed to the water.”

i . . R . ’

ng- anen* and fro sction: -

I T Vinsdliis-effective as a waburnroo;z

preventive when the malstwro contonu uf tuo sﬁnd& élayéV1nsol'mIXturo iz be=

R
i v

tween L end 10 percent."”

"17. On the basis of the deta orosented in this paper, the fol-,

'
N v

lowing group classifications can bs mades
’ \

Group, Joo 1, damaged hy frost sction et all percpntagés of

initial moisturs content, andy clay (nmiurul), gradod mixturses of cla ay plus

- v

gravel snd clay élusi“and; sandv cluy pTus 2, 6 10 porcent Ca0°»grad@d:éoiii

mixture plus I, 6 pvrcent Cal;s oandv clay plus 1 pprcert FaCI» sandy clag

\

plus 1 pereont CaClOo sandv clay plus b,ﬁcrcnnt Portland coments Sandy clay . o

plus 2, hs 6 percent TCy sandy clay plus 2; L perpent_AES=l sandy clay plus
2, l percent IVIC»lo‘

Group No, 2, damagad orly‘wben 1n1t1 l'moisturo content was'

-

.0 Percent saturationo Sandy clay plus 6 8 10 12 nercent

approximatoly
. < R _
* A bJ«prod t of turnontlne distlll&?““ﬂo - ‘ : C

I o L



Portland cement, sandy clay plus h, 6 8 percent TM=2° sandy clay plus L,
6 8 percent AES-1; sandy clay plus L. percent SCe}, graded 3011 mlxture plus
2 percent AES- 1 graded soil mixture plus 2, L, 6 percent RC- 5; sandj clay

.and graded soil mlxtureg plus 1 2, 3, 5 percent vinsol (also when moisture

ontent is below h percent) B e

Group No. 3, no frost damage at all degrees of 1n1t1al moise=
. ture coﬁtent Sandy clay plus 3, L, 6 percent NaClelgraded soil mlxture plus

1/2, 1 2 L, é percent NaCl sandy claj plus 3, bq percent CaClo; graded

soil mlxture plus 1, 2 Ly percent CaClQ’ graded 5011 mlxture nlus h 6, 8

14

percent portlaqd cement='graded 8011 mlxture plus L, 6 percenc TV~2° graded
soil mlxture plus L, 3 percent AES 1; graded 5011 mlxture plus b.h.percent
Bltumuls Stabr&lzer sandy clay plus 6 8 percent SC»B, graded 5011 mlxture '
plus 2y h, 6 ncrcent Sc-3." L o 4 e,

r

The’ studies reported in paragraph 7°b,‘were\performed tc'deterw‘

mine the' percentage of calcium chloride necessary to prevent frost action,
One soil; a silt, was'selected'for stady,‘ The results of the ciassifipation
tests are shown cn Plate 1. » '

:f‘The test procedure Wasrsimilar‘tc thatfreported by Winnlahd_ A o
, Rutiedge’as briefly described in paragraph Ts page 5¢ 'The‘principal ooné

clu31ons from.hls 1nvest1gatlons are quoted as follcws from his report

{ [

page LhLo, A(l} The presence of a small percentaoe of ca101um chloride an
,511t w1ll usually protect that soil from damaglng frost heave, (2) Small
: quantltlesp as low as oneehalf of one percent, of ca1c1um chlorlde in 811t
.will reduce the frost heave appreclabljya '(5) -A soil that»has heaved‘because

- of frost contalns a moisture content greater than normal This water makes
. , _ . -
‘up the ice lenses causxng the heaves‘and it is drawn up from the ground
’ \ . ' . ‘ N ’ T e

. s . . i - .
\ - . : \ . : o - i

- ‘ : . °9 -



. . ' 4 s ' N Tl o X : .o
waters  (L4) The water rising to form ice' lenses carries calcium chloride

upward~with'it - (5) As a generai average; it can be said that protection
from frost heave in silt is afforded by 2 percent calclum chlorlde, in clay

by 1: percent calcium chlorlde, and’in graded mixes by 1/? percent calclum
(

' chlorldeo The5° tests 1ndlcate that under the condltlons tésted the silt

required at least L percent calcium’ chlonlde to prLVent frost actlon at 9°F
with a gradually decrea51ng temperatureo ! )

3

The studles reported by Charles Slesser were made to "trace the

~

movement of calcium chloride and sodium chloride'in,vdrious scils and o
‘evaluate the important variables governing this movement" and "to determine

the practicebility of treating subgrades with thoseAchemicals'in order to

Ve

- reduce or eliminate frost heave,"

The s011 tested consisted of ‘a silty called LaPorte smlt for'

whlch clas51f1catlon data are summarized on Plate 1°

rz‘he principal conclusions from his 1nvest1gatlons are quoted as

. . "

follows from Page 1l

"It Wa5~found that calcium ehloride and'ecdigm chloride migrated

‘ differently under‘similar cbnditions of exPosure° Under the influence of

5011 caplllarlty and natural evaporatlon, sodlum chlorldektended to form

i

a whlte crust on»the.surface of the unpaved road and, hence, ‘was more

susceptlble “to 1atera1 surfaceawashlng during rain perlods than'was cal=

’

cium chlorlde,v On the other hand calcium chlorlde did not tend to accumu=.
_flatejon'the unpaved road surface to'tbe extent that sodium chlorlde, under

the inflﬁence;of_soil capillarity and natural;eVaporetion, because of its
greater mcisﬁdre—attracting power and itswpigher §clubility,' With exposed-

fine=grained soils,‘lateral movement prcceeded primarily by surface washing.

’ . ¢

~10=

\

\ f
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v

~

from the top of the road proper to the 81de dltchcs, rather than by 1atera1

T

movoment below the surface.

V"Important variables affecting the movement of water=soluble

ohemioale‘in soil and hence theif permanence includedn (1) eﬁaporation, (2)‘

-

so0il texture, (%) percolatlng water, (h) s011 cover, and (5) temperature,f
’ §

when hlgh enough or low enough to effeot a change of phase . of the Watcr.

As regards base-exchange phenomena, tho calclum and sodium catlons were more

7

pers1stentv;n flne-gralned soil than the}ohlorlde anion," . -

"In general, increased effectivencss in reducing heaving in soil

: o, o o Y . N .. . :
resulted-from Ancreases. in the amount of calolum chlorlde or sodium chloride -

added. -= up to a certaln percentage of chomlcal\ above whlch no heav1ng

took place. In a coarse—textured soil, hcav1ng was. gxeatly reduced by an
: &
admlxture of only 0.33% percent of either chemlcal. One or two percent of

)

elther chemlcal was effective in reduc1nw heaving 1n a 311t whlch had, in
the untreated etate, heaved bad1§ both in the field and’in'thc laboratory.
o ~ThevMissi'ssippivRivei'- Commission; Us Se Weterweys‘ﬁxoeriﬁenf
Stafion inicohnecfioh_with thekwafer/reoéllent investigation éefformedr
\slow-freeze_tests* on fi#e'soils'ﬁifh‘enowithoof\severql water repeliehts.

Information regarding tesﬁe.performed was furnished this’office by»lettef.'

At time of writing of this report a definite reference to rébort,ef water

. repellent investigation was-not available.. The method of‘%esting was

similar to that descfibed in paragraph 7, page 5. Graln size dlstrlbutlon
curves and the Atterberg limits are shown on Plate 2. A summary of the

data for these tests is included as Table l.° Flve photogranhs with the

\ v

* The term slow—freeze tests used in the report by the Waterways ExPerlment
Station is synonymous W1th the term frost action test as used in.this
report. L : - '

| "li"
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A

degree hour curwes and rate of" heave curves as prepared by U. S. Waterways
Experlment Stqtlon, Vlcksburg, M1581881ppl are 1ncluded as Plates 3 %0 T
1nclu81ve° The pr1nc1pa1 conolus1ons £rom these tests are summarlzed as

follows: All 30115 1n the untreated state When tested Wero subgect to severe ’

frost'ﬂctlon° Two percent Stablnol effectlvely reduced the heavo in the-

clayey silt (sample 6), sandy 511t (sample 7), and the gravelly elay sand ';
(sample 8) but was 1neffect1Vc in the 511ty clay (samplo 3) and. the cleyey
silt (samplo 5) ‘One percent 3?1 Wlll not materlally reduce thc hcaveq The
hc%vc was reducod by the addition of one Dorccnt of 321 plus O h poroont of .

FeSOh in th° 311ty clay (sample 3) and the gravclly clay sand (sample 8)

' . ~

but not in thc other throe 801ls°

Investlgatlons by others 1ndlcatc that the addltlon of c1101um a

chlorldo or sodium’ chloride to Water w111 rosult in lowerlng ‘the froezxng

temperature of Water to a mlnlmum after Whlch the freez1nv o01nt w111 bo o
J

- raised by the continued addltlon of salto Commer01a1 producers of these

~

. frost; susceptlble is based upon the fact that thc salt 1owers the freezlng

salts report that the percentage of salts which will produce the minimum

\
i

freezlng tempcrature of water are as follow5°

SALT PER CENT SALT BY WEIGHT OF - WATER FREEZINGfPoINT

Caleium Chlorlde (Pure) I ST . =50:8%F
= (77-80% Flake Ca012) e - =59:8%F
Sodium Chloride‘(Pure) - - ‘ ’VQBO;Q' - ":'LA -6°F

The eddition of salt to soil Por ﬁhe purpose of making it non- -

. \
’ N )

p01nt of the water thus lowerxng the tempcrature at Whlch frost actlon w111
occura The maximum benefit from the salt in rcduc1ng frost actlon appoars

to occur when the water in the v01ds contqlns the percentage of salt

' . . . ~

=10=



tabulated in the preceding paregrcph chce,.based ‘upon these perdentages'
for calolum chlorlde and sodlum chlorlde, +he percentago of” puro calclum

chlorlde by Welght of dry soil whlch W111 glve lowest frec21ng temnerature'
varies from about 5 to 18 percent for 50113 with v01d rat1os frpm 0927 to

1.0 respectively and the percentage of sodium chloride by weight of dry

. , | S ' .
soil which will give lowest froezing temperature varies from about 5 to 11
! . . [

ER perccnt for soilg w1th void ratlos from 0.27 to 1. OO respectlvely when tho

f

SOIlS are 100 per cent saturated

8. Descrlptlon of Laboratory'Cold Room and Equipment, _The inﬁest-‘

igations were carried out:in,fhe'cold room laboratory at HarvardJUniVersity

Gradvate Scheol of Engineering. General layout of the cold room and equip=
- ment is shown in Plate 8. . - L o )

“a. Cold Room. The cold room ie'a.walk~in reﬁrigeratorwwith in=

side dimensions six feet nine and one-half inches long by six feet nine and
. . ‘ . N - o , , .
one-half inCheSlWide. It is insulated cn:all gsix sidesm&th four inches of

P _ ; .

cork. A precsure controlled unlt cold blower and external’" Tocatedﬁfreon

’

compressor c001s the room to hOOF to an accuracy of 1. O F.

’ be ~Freez;ng Cabinet;;jWithin.the cold room'is a freezing cabinet

lOCuth as shown on Plate 8 \ This’cabinetfconsists of,ec air;space at(the )
top cooled by longltudinal,coilé‘hung froﬁ the toﬁ of the ceb;net\ucing\a\ '
second compressor thh sulphur dcox1de refrlgerant Beneefh'thi; air space
‘are.four drawers'arranged side by side. ‘fhe temoeracure wifhinyrhe top of

the cablnet may be fixed at'any desired temoeraéure Wlth an accuracv of plus
or minus 0 5°FA The temperature may be . made equal to or Less than that of
the cold room by adgustment of a blmetalllc DeKhotlnsky type tempereture con-
trol located in the alr space above the drwwers. ‘Wlthzthe cold room at ap=

. ‘ ~prox1mately hO F,vthe fre621ng cab;net caq_be ;oweredlto a.temperétﬁre of‘
L el X - o o ~‘ N



minus 5°F5 A small fan in fbevair‘space'at the top ‘aids ‘in maintaining a
uniform temperature threughout'the air space. The drawers are effectiveiy .

sealed in place by slightly inflating an inner tube inStalled/erdund the
lower_side of each drawer. : L - : _'.j

9. Frost Actlon Tests.f - | .'

- Materlals Tested, Three types of soil with selected admix=

tures were tested for frost actlon. The so¢15 con51sted of - (1) that portlon

-~

" of a glac1al tlll pa331ng thru 1/L inch s1eve, des1gnated Bast Boston Tlll

(2) a silt des1gnated New Fampshlre 511t, and (5) a sand and gravel de31gnated

frost heav1ng gravel w1th 100 percent paSSlng the 1/? 1nch s1eve whlch was

: . .
prepared in the 1aboratory so that it Woald have frost heav1ng character-

1stlcs; The East Boston till was a grey, well’ graded boulder clay (Ge) com=
_posed malnly of sub-angular partlcles.ﬂ It was obtained from Breed's H111
. P ‘ 4

Wlnthrop, Massachusetts, ‘a gla01a1 drumlln dep051t " The New . Hampshlre silt

(ML) was a brown uniform silt with a smwll percentage of sand sizes obtw1ned

from a varved dep031t located south of Manchester~ N.H. The frost heav1ng;-

~ gravel (GF) was a comblnatlon of a Washee pea\gravel a bank run gravelly
. sand'and the New Hampshlre 31it The nee gr*vel ‘was browe with subangular ~
partlcles, 100 percent pa551ng the 1/2 wnch sieve and 98 percent ret11ned on,
the No. 8 31eve.vVThe bank run grqvelly sand was - a clean brown uniform gravel~
ly send;withAsub-angular Dart10188; The frost heav1ng gra vel wes prepared
using 25 percent gravel h5 percent gravelly sand and 30 oercent s11t. .The |
graln size dlstrlbutlon curveS'w1th the Speclflc grav1ty, Atterberg 11m1ts
and‘c1e381flcatlon-of theSe mater;als)are shcwn on Piate:9; | |
b. :Admixtures. Iﬁe selectioﬁ of éemixtures;for fesfingfwas made
to add i;formatien on new and eoﬁbivatioﬁs;of'aamixtﬁres to %he‘eXisting-deta.

quke calc1um chlorlde (77-80 percent pure) Was selected as a salt, Studies

by Slesser 1nd1cqte that there is less latcral mlgratlon under* a pavement of

-1&.
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_calcium ohloride than sodium chloride. qucium chloride in solution with
i :
water as the solvent glVeS a much 1owar froez1ng point thqn does sodium

chloride, - However based upon the Purdue free21ng tests elther colclum
L

chlorlde or- sodium chlorlde aoooar to be equally effectlve in preventlng
frost actlon. Bunker "C" 0il which conformed to speclflcatlons in Bureau of '

'f Standards Bull@tln No. CS lZ-hO for No. 6 fuel 011 was selected as one of

A
¢

the admlxtures. ThlS materlal was Selocted because 1t is one of tho 1east

i

eXanSlVe bltumlnous materials and ‘had not been tested prev1ously. Tarmac

T 2 (Federal 80601f10at10n RT~- IAB Grade PT-E as amended 30 August l?hh) was

chosen for a comparlson of the results of the prev1ous tests with the tests

us1ng the Bunker "C“ oil, FolIOW1ng is an ﬂna1y81s of the RT-2:.

)

Englﬁr Spec1flo VlSCOSlty hOOC 8. 8 v
Sp601flc Gra avity at 25 °c/esec 1.119 )
X . Water 7 by volume L S o 3.7:
Total Bltumen, 7 by WPlght R T 9&,3 ">‘v' .
Distillation, % by weight :‘, o T
To 170%, 1.4
oo 200 . o | 1.9
25 o 1.5
270 N e | Cead
2000 .. I 32.8 -

7o . B3 5

, o Softening point of Distillation Residue B )
R (R&B) -~ = o .v  ;" | - 37.8%
.  Sulfonation Index (totol<distiliote to |
_'Sulfoﬁation'fndex (total distillate 3ob - , ‘
o355%) T oas
The foilowing‘admixturos and combinations of,admixtores\oqkbasis
- of percentage of.thesdry weight of the soil were used: ‘

~ N X -

|i-15-



PERCENT = PERCENT, =~ PERCENT

SOIL ' - © BUNKER "C" OIL ~ RT-2 CALCIUM CHLOR IDE
'East Boston Till 0, 2, L, and 6 R T
, ' - 0, 1, 2 and Lt - . > s 0.5
) 0, 2, j and .6 = 1
0, 2, L and 6 = o 2
e © 0,2 Ly and 6
i = 0, 1, 2 and 0.5
o S . T 03 1; 2.and L 1
New Hampshire Silt .. . 70, 2, Ly and 6 N - ¢
_ o R o & 3.6, 8 and 10
Frost Heaving Gravel (Demse) = - 0, 1, 2 and 3
v e , : . - 5

. : Lo 1, 2, 3 and Lt
Frost Heaving‘G?avel (Loose) - "

r
o
©
W
o
Ul
o
-~
o
Ul

P A

éo Preparatlon of Samples° Each of the three sojils was_aif

drled, thoroughly mlxed and lumps broken downo_ All sizes'retained'on a
or o

Nos h.51eve ere removed from the East Boston till, - N

Two types of test_Specimgné were prepared; those without ad=

miXtuféS‘and those With hdmixtureém -Spebimens without'admixthres were pres
pared by compqctlng so1l at a predetermlned'ther content 1nto a split cone=
talner 3.3 1nches in dlameter and 6, 5 1nches hlgh (see Plate 10) to a -

selected unit dry welght Where salt only'qu used as an admlxture, it was

,first‘dissleedvih water and then the solutlon added to the SOil,, Where~a;~

 bituminous matérial 6nly was used"as an admixture,‘thé réquired quantity

~

of watcr was flrst added and mlxed then the bltuminous materlal was added

and nuxed° Whure both salt\and bltumlnous mmterlal were added, the salt was

i

" dissolved in wqter and thoroughly mlxed Wlth the SOll followed by the ad«

A >

dltlon of thn bltumlnous mater1 1,

Most Sp601mens ‘were compacted to 95 percent Modified AoA S.HoC

\

den51ty at the optlmum water content for thqt densa'ty° Mhere admlxtures
were used the Mbdified\AoAaS;H;O°~density was determiped for each different -
admixture percentage and combinations of ndmixturecs. Some_specimens, of New

PR



Hampshire silt were compacted to .a relatively low unit dry weight to invest-~
. - ) . / ) ) B

¥

| igate the effect of compaction. Ve ’
. bl .
' 3

The following table summhrizesithe averags molding data for tho

] : : . . . : . .
specimens tested: T : T .
" Water Content ;
y .- -~ % Dry Weight Unit Lry Wei ght
S Joil and Ad~- ~of Coil
- mirture Lbs. per cubi: ft.
Avg, . -Rarge Avg, -~ Rango
‘Bast Boston Till © 8.1 5.6-9.7 123 iiheisT

’

23 samplos

\>

New Hampshire Silt 15 3 13.0- 1u o102 10i~103
ly samples ‘ '

(molded ot 95 ii% ' , o

mod, AASHO, donSity) . . o .

New Pempshvry Siit 19.0 18 1-20.3% SSV\, : ali~R7
Ly semples : S

¥rost Hoqv1ng Gravel 6. 9,7 6 7 150 - 127732
8 samples . '

Frost Hoaving Cravr;'aaa 7;9"8,3' 115 D 1al-117 50 L8-32 0,04 Gl
L s»mp3oa : [ o - ST '
e ’ " A1l rpeeimens were numbered cors~cu%1vU]r and ali numo TS

1 B d

represent sampl s which were not tosted

L Aftor the semples were molded %heyfwore;ﬁotOﬁraﬁhed, dipped 1z

+ B N

pwrwfilq so that thvy wvre covcrvc w1th twc thin cover*n s avout l/Bg of sn

'
T
H

inch thick 1d “then placed in a breqsed cardbc&"a tube.  Jusi prior to plac-
ing in +he fro ~zvngcab1nct the parufpln Vls emoved frkm.hlv end o7 tho»s ;

sample and‘ohg nmsn end was placed on a pieca'of filtes pu;ey on a po;oua
. ’ ) . . R A “u ’ . ’ .,V’ - “
stone, Th= cardbcard tube was. sealed to the drawer pan by the uce cf a

: ) . .

~ ot . ) .
~ rubbsr mombreo.g and a clean dry“sand plabed around the samgles for insulatiuno

- Prior to c1nb the swmple on tne norouo~~%one ihe water level wns ad*uw+

- . ) ’ : 5 . ‘ ’ ’\ . ’ o - '
- to tho nlovation cfvthe tqp of the-poraus,stone g0 thnt water was availanlc

’ / o r;_' "
L , ;o
. N i .

N A ' {
A {




‘at the bottom of the sample. A schematic diagram showing the samples ready
for froezing is shown on PlgtejBfVIAll samples‘ih series B and C were Wcighéﬂ

'prior‘torélacing'on the porous stoﬁe.
.The cepacity of the freez?ng‘cabinét“&as 16 saﬁpieé and o total
of 1,8 samplés Wefé tesfed-in three sefiaﬁ.z'Tﬁese seri;s have been différ-
entiated.by lettefs A, B, and C before fﬁé samplé ﬁ&mbef, Twenty-eight"
samples were_prepéred.using ﬁﬁeanst‘Bogtoﬁ;tillgieighf_samélés‘ﬁ;iﬁg the
NeW.qupshire silt and 12 samples using the frost hea&ing gravel.:

L N \ . -
d., Test Procedure, All samples were allowed to absorb water by

capillgfity for approximately‘three days:prior»to‘freezing ﬁhile they were
being bfo?gh to temperature equilibriu@.f Th; éaﬁples were frpéen b? a
.gradual lqweriﬁg\of the cabinetvtémpgratﬁre 2t the top ofrthé.samplc'while

) maintaining.aAconstantjfgmperature (hoéF) at the bdtﬁpm of #he'sdmpiE. Thelﬂ |
following table shﬁws the temperatures appiied eringftheftests.‘ Zéfo_timo
édr each tps£ is,désigndtéd as the date When the<t@nperaturebof the'cabinet_'.
‘v‘was redﬁcgd'to’32dF. The laStfaqte.of tﬁe %eét\is.the dﬁy on which the
samples were taken from the cabinet to the ébld rpdﬁ'where tﬁe témperéthfe

Was approximately LO°F.,



i
P . /

Series " Series Series’
A ' B C :
Days Temp, Accumulated Témp. Eccumulated Temp, Accumulatvd
: - Degree hrs, - "Degrse hre Degree hrs.
-2 sy 0 3k 0. oo o
-1 35 0 3k o 35 ‘0
) 22 o . .32 7 32
1 32 2l 31 31 3. h
2 31 18 31 58 - L3 18
3. 30 - 96 30 106 55 L¥
L 169 29 181 0 B
5 29 o 2ho 29 255" 27 190
é - 28 336 28 - 35l . 2T - 312
7 27 L56 o7 Lk 26 1456
8 26 600 - 618 - 26 600 -~
-9 25 . 768 C 25 - 789 . 25 772
10 el 960 ' 2 982 - 2L 966
11 23 1176 25 - 1206 - 2% 1185
12 22 Uné 2 - 1ibh7 S22 1426
17 20 170L 20 - 173L ) 20 1719
1 18 20ko .18 2070 18 2057
15 .. 16 22, 16 25l o 2186
16 1l 2856 1h 2886 _ il 2920
17 12 2336 0 12 | 3368 . 13 337L
18 10 - 386L - 10 - 3893 11 3879
19 5 . Lsl2 5 - L530 5 1526
20 5 - 5160 5 .. 5193 5 5161y
21 .5 5808 5 585l 5 - 5802
22 5 BlLs6 - - 5 - 8393
23 5 7102—1» - ot - - e

The air temperatures in the;cold room and;cabinet were deter=

. .

mined by means '¢f mercury thermometers, thermocouples and recording thermo=
e , s : S , A

graphs, One recording thermograph was placed in the'cold:room. The second

-

recording thermograph wes placed in fhe'jfreazing csbinc+'above tho drawers.

These thernograh‘ns’vrerr us ed to detormlne the range of tomphraturos durlng

‘4

the tests, Two thermometﬁru rbadlng to 1/5 F were: plicnd in thr cold room

and two in tbﬁ freezing cablnwt Two copper constantan thermocouples were |

{
!

placnd in ant i frubzo in the Cdblnuh nuar thc top. of the drﬂwors, and two *

were placed in water'Ln the cold room, Two addltlonal thcrmocounl s were
[ S T Yoo \ 1

N

* Temperature of cabinet rose to 55°F bctwpcn 2nd and Brd dey cancelllng
degree hours accumulated. - ceY

-19- B | . : VA
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plﬂced in the cabinet drwwers beneath tho porous stone to determlnv the

-

temper"ture ‘of the water t tbo bas~ of tho speeimen durlng the tost.

The temperature control of the froezlng cablnet'wascrratlc
during geries C énd adjustments in the ipplied %emperatureS'were made in an ;
attempt tc makcvthe dgree hour curve agree with that of serles A and B w1th-

-out extending the perlod of test1ng. The degree houf curves for coch ‘series
are showﬁ on Plateiil Water was qull“gl; at. the bottombof“all samplos dur=
ing the freezing périod. It Was malntﬂlncd lnvel near the top of ‘the porous.
stone by means of a dlscharge plnc quustcd to. the levol of the stones as ;!
showp on Platés 8 and 12. Water wos - admlttod to tho system at a rate that
‘would allow a §§ry slowArunoff from the overflow d;scharge pipe. This was
a@jusﬁed'tbrthe rate atjﬁhich thevéampio took on water ond was checked free-
éuéntly each day; Heavéimegéurements were\faken\threéltimés a week ddring
. the test, At'the start of‘sari;s A a sczle was uSed.t§ measure from the “top a
of the- sample to a stralght edgg 1q1d across the frcez1ng cqblﬁet drwwor. -
This method was replaced by one using a 0,001 inch Amos dial extonsometer
permanently mounted on a stoql bar that would spangthe1arawer. Two shims
Weré pfovided whibh Wérn machined to % 5001 inéh aﬁd thfée éﬁtensibns‘wero‘
prOVldCd for. thn oxtansometer. rPhls arrangcmunt pormltt;d the mcqéuromcnt
of approx1mately four inches of heave as shown on Plate 13. Those samples
which heaved more than four "inches were mcusured W1th a scale, At the come

;

pletlon of thc tests the actual length of each sample'was moasured as 1t'w13
removed from ths drawers to check‘the heave measurements; )
At the conclu31on of the fre621ng perloﬂ the samploS'wcre

removod from the drawers, welghed the cqrdboard tube and paraffln removed

and photographs ta kon.. The sumpleS‘waro ﬁhcn ‘broken up for the ice lons

_— a0 SN



A ’ . B

observation and increment water content determination., Water contents were:

‘taken at approximately every 1,5 inches of hecight or closer to obtain a water
R . 7 R ‘

content profile after frost action or froezing had ogcurred.

" e Summary of Teét Results, The three soils tested were affected

' by frost action in the untreated state. yFor.the7percGntageS'of'admixtures

tested the initial minimum percentages Which prevented frost action are pre=

v
1

sented in the tabulation below.f:Thése'mfhimﬁm percenfages wére reduced an
. v ' ( B N . . : N

. R oo . S v o , : N

amount which is difficult to evaluate due to the capillary action which took
place prior to freezing.

i
{

INITTAL PERCENTAGE OF ADMIXTURE

, ‘ : o New Hampshire Frost Hedviné
- Admixture =~ East Boston Till , Silt ' Gravel .
Calcium Chloride ‘ 1% ) 3% (lopée) ‘ »1%‘(dehsé)¢ -0
IR T - < 2% (loose) :
Bunker "C" 0il°~ . & - »é | ot Tested
RT-2 . & . . Not Tested Mot Tested
Bunker "C" 0il and 1% . : 1%,
" @alcium Chloride . \0.5% - .Not Tested ~ ' 2%
RT-2" and . % L |
Calcium Chloride ' 0.56 ~ 'Not Tested, =~  Not Tested

On Plates 1L to 18.inclusiye, the water content data'is plot= .
ted with the phdtcg%aphs_tgken before andgaftér'freezing.for the samﬁles”

with no‘admixﬁuré,,forfthosé with a maximum of admixtures which heavedgfand

those with the minimum-of admixtures which did not heave. A>summary of the

'>data from the frost actioﬁ”téété is sﬁoﬁhfon'Table 2. A§ shq&h 5n 1ab1é 2
’ \ ~ : N

the dry Weighf in pounds per dﬁbic\foot'b@fore testing was computed for the

 so0il alone from the wet wéight,Vthelwaterwpontent,'and the percentage of .ad=
mixture, The void ratio and‘degreevof saﬁuration'shown‘on this table were

=21l o : . ) o ) ) B



e .
7
1

computed from the dryﬁweights computed as shown above, the 'specific grdVity
of the soil and the water content of the soil before and after testing,

All samples tested in the freezing 'cabinet absorbed water,
The increase in water content is shown on Table 2 in the colums "Water

Confent"’and_"Water_Cdntent-Qf the Bottom Inch". The samples which were

. . N ) | . e . . - .
not frozen or only partially frozen and which did not show heave as o re=
"o P T : - : i o i . ]
sult of frost action might have heaved if the. température conditions had

r

boen such that the additional water had been frozen. .

fo ﬁbiélﬁsiéﬁs; fOnjthe basis of thevresﬁlts obtained the‘foi=

SN

;
. -/ h '

L ' M he
lowing conclusions are presented: ' :

- : cok s P

N (1) The results of tests on admiktures to prevent frost
| o action in frgst susdgitible ééils aré;in genérdllagree=
.- . T v 7

ment” with tests conducted by_Wiﬁn and Rutledge and their
cohdluéions as_Quofeéfin paragféph‘7 ére considérod
reasondﬁle; | | | .
(2). A minimum of 6 pefcenﬁ of Buﬁkef e ol fof/ﬁhe East

Bostop ti11, a ﬁinimuﬁ/of 6.p§rcént‘RT-2‘tar for the’
» EasthBosfon fill and ; peroenfége gféater than éAperw

"o

cent of Bunker C 0il for”the Now Hampshire silt was

‘. "required to prevent frost action, - . ! -
. \ , ] ) .

o~~~
(SN
~—

AFrost action:Was prevehted in the.frost sdsceptible soils

tested, with a mixture of Bunker "C" o0il and calcium

chloride and with a mixture of'R%-a,and'caicium chloride,

v

N

.. A maximum percentage of either 1 percent Bunmker "C" oil
- v C ‘ - . ’ B ° .
or RT-2 was required with a maximum percentage of 2 per=-
o T | ' |
.~ cent calecium chloride,. = -

’



- () The limited tests performed indicate that Bunker "'

0il, the least expcnSiVe of’the oil products, is as
N ’\‘

satlsfwctory as other more expon31vc bltumlnous admixs

- turus in prevcntlng Prost actlono

\
i

‘llOOV:Leachiﬁg Tests°

N \ .
; I \

a. Matefial Tested rr'he 5011 used in thu leachlng tests qu-

the East Boston till as: descrlbud in oaragrmph 92, = . _' .

N\
'b} ‘ Admlxtures° The admlxtures consisted of ‘flake cqlclum :

chloride alone éndrin éombipgtion,with Buhker "C" 5il, The following ad=

mixtures and combinétions of admixtures oh basis of percentage of dry weight

of the soil werc used:

Compaction - o .
. : . % Mod, AASHO - Percent Fercent
Series - Soil Density  ‘ Bumker "C" 0il Calcium Chloridec
1 . Bast Boston Till 95 0, 0.5, 1, 1.5 ;
; 77 2 ana’ls o
2  East Bos ton Till, " 95 : ; N . 0.5, 1, 1.5 and 2
2 Bast Boston Till 86 0 0.5, 1, 1.5 and 2
2 TEast Boston Till R Y 0.5, 1, 1,5 and 2

) 99 lTest;froceduré?. fwdlserieéLof tests ﬁere petforméd to detere
miné’the rﬁté'of leéching dfica1Ciug chlofideov For,all %ests'the‘séil was
prépared(as deséribed'in'paraéraéh 9C:and{éOmPQQtéd:i§‘eifhgr.g cqnsolidatioﬂ»
‘ fiﬁg'or # 1ﬁcite.cylindér at denéiti ihdidafedﬂiﬁ above tab%e.J,Ithhose
‘samplesAﬁesféd.in the consoiid6méter,‘watér was fdrcéd ﬁpward‘through the»‘
.tost specimens, 1 25 1nches thlck ‘under a pressure‘of six poundskéer square
inch equivalent to a hydraullc gradlent of 133, L arger pressures than this
~ resulted in the washing of fineslfrqm'the.SpGCimen;‘ The tops of the speci-

“mens werc loaded to a unit pressure slightly greater than six pound per

-23-"

PN



B

sqﬁare inch,  The thiqkness'of.the;éamples in the lucite cylinder varied.

In the samples tested in'the‘lucite Cylindor water was forced/down through

\

‘the test specimens by a vacuum of' approx1matcly nine - 1nches of mercury

equivalent to a hydraullc gradlent of from 87 to 1h5. The'water which
passed through “the sample was collectedr o o .
The tests in the first series Gontained both Bunker "C" oil

and calcium chloride and 'in the second scries calcium-chloride alone. The

percentages of calciumachloride and the void ratios were varied in the sec~ .

ond sories to determine the offect of void raﬁié on the rate of leaching

of the salt., ~Tests with the lucite cylindér were oBserﬁed to detect &ny’*iaH% 
change 1n partlcle arrangement due to the flow of Water thru tho sample under::

s {‘

" the head used.

"TheAwater'passing through the specimens was periodically test=: - -

ed to determine the presence of calcium chloride in solution. This was ac=

.comp}ishediby noting the presence of a‘whité‘prepipitate wﬁﬁh the addition:

silver nitrate and when no precipitate was formed, it was assumed that

‘

all calcium chloride was waéhed from the snecimens.- The'number of change&-
) ~ ‘ '
of Wator, computed from the’ volume of v01ds in +he sample and ‘the totnl

amount of water passing through the. sanple, rcqulred to wash- the sqlt com»«g

' pletely out of. the sample was,determlned.- o S

N

.In conjunction with the first series’of,léacﬁng tests, pef#

meability tests were performed on duplicate samples using a falling head

)
permeameter,
' . . A

a ~d.  Summary of Test Results, A summary of the 1each1ng test

~ datais shown on Table 3. Several UQmplcs Were dlscarded as thv pressures

used in'washing\were’high enough to.causohpiping through the samples.‘rata

~ . ) /

- 2&.
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4 n

from these tests hqve been omltted from.thls roport as they were not com=

- plc'bed. . 4 . . : ) . Ak'! -, ‘ _ . ' ’ " N .\

s . ’
. . ' . -
A

~ Test results are'génefally not consistent., ~It‘is believed

.. that the 1ncon51sten01eq are due to stratlficatlon accompunying compactlon

of remolded 5011 of the type uSed for these tcsts. The-stratlflcatlon is

\

belleVed to have caused 1arge'var1atlons in the averago coefflclont of per~

,

mewblllty, thus affectlng dlr“ctly the tlmc for. loqchlng. o P
. e, Conclu31ons. In general the follow1ng conclusions are ob=

tained from the test datas o " » B o ‘7 B

(l) The tlne requlred to 1ewch out the salt was greater where

Bunker "C" oil'was added comnaréd %o tests where Bunker

"G i1 was not addod at some unlt dry weight.,

C
I g

By - (2) ‘A decre ase in unlt dry WGlght resulted in & decreaSe in
time of 1emch1ng where no Bunker "C" 011 was mddcd.
‘f - (3) The 1emch1ng tests substantlwte tests by otncrs prov1ng

’

that salt 1s readily: loached from s011 Wlthout Bunkor»
e admlxture, by mo&eﬁcnt of water., Tests where-Bunker ,

"C" was added indicate a greater tlme for lo chgngfwhidb_

does not agreq wit@/pests by\othgrs u51ng smallkpercent-"

“ages of other bituminoué matefials;
() I&he numﬁer of chwnges of water rcqulfﬂd to leqch the
alt'was of ‘about the same range regqrdless of pcrcmnt~
‘.: ,éges or comblnations of admixture; The.number'of Changcs

'apparently decreases Wlth decr9331ng unlt dry'wolght

where no Bunker "C" 011 wws added.



ficient quantity may produce‘a'hon-ffosfﬁsueeeptible base. - However, “the

’latlon to any partlcular 8011 property, known at thls tlme.

?
SN

11, Genéral cbﬁplu_s_ions. ~ The data obtnlned to date indicate that the

eddition'of bitﬁminoué-material to ffostaSuscpptlble base'materials in suf=-

; : L : _
percentage of admixture which iS-required is not a constantinor is its re-

- >

- T
If treatment of o frost susceptlble base 3011 is proposed, tests

should Be performed on the materlel slmllar to those descrlbed herein to

7

‘estimate~the amount of‘admixture‘require&,and fd:determine the mest satise

factory admixture. Theré is no assurance that the amount . so determined

from laboratory tests will prove successful in actual constructlon. -
The data also'show that.salt 1s~the mos t satlsfactory admlxture

for preventlng frost actlon, but it has the magor dlsadvantage of . leachlnv

or mlgratlng from the 5011 in the frost zone.

. . . J ) ‘

: The addltlon oft&tumlnous materlal with salt apparently retards

leachlng to a minor degree.» v
: poe

Because of the major disadvqntage of mlgr&tlng, the use of~salt

elther calclum chlorlde or sodium chlorlde as an admlxture is not recommended

{ \ ‘
- 0

at this time..

w26~ -



TEEvD

SU].\MARY OF DATA "OF SLOW FREEZE TESTS

| RESINOUS WATER' REPELI.ENTS INVESTIGATI QN (1)

, : Specific ‘Water Content Dry Weight | Per Cent Per Cent |.
Soil Admixture i
« - Molded | | Soaldng | _
’ 3 ) 2070 20,1 100 ‘2707 ’ 9867 T7 114-0
Silty 1% 321 o | 2063 | 102 | 27,5 | - 970 s 11
Clay 1% 321 £ o.h;z Fes0, 191 8.0 255 | 9547 68 366
“ 2% St&bml : . \v 1905 902 22.0 9709 . 73 11305
5 | 2,70 | 19.6 7.0 3060 .| 970 - g L.0
: Clayvey ‘ 17 32 : 1805 809 » 26.2 9509 . ' ) 1903
Silt 1% 321 £ 0 Fesoh 19.8 866 2345 9ol 70 1963 -
-7 | 2% stabinol | 17661 745 18,2 9861 - 66 21.2
6 - 2.4 | 18,2 8,8 | 243 103.5 8 m.i ,
Clayey |1% 321 o [ 177 | 846 | 207 103.3 76 | 21y
Silt | 1% 321 # 0Ji Fesou 18,2 | 8.9 | 19.8 | 1016 | L 93 |
2% Stabinol . 1769 | 749 | 154 10249 76 - 1.5 -
Y A 2,67 | 171 860 25.4 102.8 3. Uy
Sandy |1% 321 , 17.L | 946 22.9 101.1 T2 1762
. 8ilt A7 321 £ 0.14% Fesoh 15,2 72 | 2Lhes6 | 9846 59 17,2
/0 Stabinol _ 1606 805 : 1309 1 101 \7 @ )-Lo§ B
- 8 . 2,67 75 365 1549 119.5 50 129
| eraveray | 1% 321 T | 9e2-| Le5 | 1348 | 121.1 65 1040
Clay | 1% 321 ¢ 0.l Peso, 8.0 | L2 15.7 118,3 2 346
Sand |2% Stabinol - - 849 | . 5.5 | 11.8 121.5 &y 1.5

(1) Mississippi River Comission, U. S. Watemys Experimnt -Station, Draft of Interim Report of

' Water Repellents Iuvestxgation and pertinent data supplied by lotter.
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FROST INVESTIGATION

BASE COURSB TREATMENT T0 PREVENT FROST ACTIOE

SUMMARY OF FROST ACTION TEST DATA

/

i

SAMPLER
NO.

SOIL
TYPE

DENSITY

PER CENT AMND rxrs
OF ADMIXTURE

BUNKER "C” RT-2 (CaCl2|

WET WT.
PoCofs
BBFORE
TEST

DRY WT,
PoCofe
BEFORE:
TEST

LENGTH

TEST
IN

DAYS

{A)

WATER CONTENT

SATURATION

END
OF
TEST
%

START
oF
TEST
%

GAIN
DURING
TEST

START
oF
TEST

VOID
RATIO

START

WATER CONTENT.
OF .BOTTOM INCH

BEFORE
TEST

AFTER
TEST

DEGREE

HOURS
IN

TEST

HEAVB
IN

PER

CENT

FROST
ACTION

4
H

FROZEX ZOEE

A-1
A=2
\&=3
A-l
A<5
A=6
AT
A=8
4=9
A=10
A-11
A=12
A-13
A=l
A=15
A-16

B-1
B=2
B=3
Bely
B=5
B=6
B«7
B=8
B=10
‘Bell
B=12
B=13
B-1k
B=15
B=16

C-20
Cc-19
c-21
C=22

c-17
C=6
C-7

C-10
C-11
Cc-12
c-1

C-1

C-15
c-16

East
Boston
Ti11

B.H, Siit

Frost
Heaving
Gravel

0.8 B-ONETR B NN NN
80 BN I8 8

N e 8 0 6 88 0 06 9 & 88 &

~

ONE~N B8 MO8 ¢ b 6 8 8 8 8 8

F\N MO0 6 8 8..0.8 8 0 8 8 ¢

908 8 0 B O 3 0L NI E MY

bt
W O "0 ®© O\

OO PSS .
oo

139.1
138.4
133.8
133,8

nms
135,0
132,2
138,8
137.8
132.8
133.4
136.6
133,
123.4
133,1

137.4
13,0
138,2
15040
138.5
138,15
13607
137.2
139.8
138,7
1380

116
117.8
122,3
121:0

107.6
107.2
108,1
108,9
139.4
140,6

142.9
2.6
128.8
1282
18 .6
130,8
1L3.7
143.3
14303
143.0

119

131

115

127

26

23

25

Lboly
o6
1239
8,7
13.7
10.6
945
6o
13,1
11.3
ols

Lé.

21 06

11.7
o3

1.0
12.4
10.8
10,0
17:7 .
13,6
12,4
9.1
165l
12,1
71 1 oh
8.1
102,5
82.5
82,7
63,1

26,2
23,2
23,8
22.8
11.2
10,0
9.
801
9.7
9.0
8.9
8.5
860
7.6
en
7.1

97
9.2
7.1
6.2
9oLy
9e
6.9
5.6
9
8.8
6.5
56!
9.6

° o & o
Vi~ O

°

®

~4tx\0\o§o§bu>cn NN @
NEFornEFuvnwioo

o]
6 o
N

o
e o
O\

14,9

6.6

3647
114
508
5
L3

2.6
0.5
L.
o5
9
o7
37.2
13,6
ho
-8

5
ol
o3
o6
o9

ho

L.

1.4
7.2
3.5
3.3

o5

89.1
68,6
67 8
50,1

o9
3.8
567
Le7

5
Lo
3.7
1

. 1laky
ols
“0.9

o6

o6
1.1
1.0

o5

\

BEREEEL R LEFBITERE

1000

A7

+28
29
e)o
.30

10
9\

~
1)

[

~NOWVOVOOOVOVOWOBOVUY ~NOdOONOVO NNOVW
s
"

D e
o ww
X

N O N0 @ OO
s 0t
00

7155

sesl,

6393

-t

-3
wll.ﬂ
5

7

8 8. 80 p 58 g BB 8 ?&1' 838 gggsg;g;o N} é% LI ]

63.8
20.6

16.3
-0
0,0
0.0
0,0
0.0
0.0
0.0
0,0

0.0
0.0
0,0

Severe
Severe,
Moderate
None

Severe, !
Severo
Slight
None
None ‘
None
None
None
HOdorate
Slight .

BEntire
Entire
Bottom 1.,3% N
Bottom 1%
None
None
None
None
None
! HNone
None
None
Bottam £" not fro:-n
Botton L-3/L® not frosem
Bottom. 1¥ not frosen
-None

Top 3%
‘Not Frosgem
Hot Frogem
Hot Frosem
Bottom +5® not frosgen

Frozen 1-3 5% from bottom

None

y

None
Bloderate
None
None
None
Severe:!
Severe.
Severo\
Severe,

4

Hone

None-

None:

None
Severe
None _

Rone

None

None’
None

None

None

RNone

None
None
None

4
K

Not Frogem

Not Frozen:
Bottom 5% not frosen

Not Frosen

Not Frozem

Not. Frozen
Bottom 2.8% -not” frozen
Bottom 1.9 not.frosen
Bottom 1.9" ‘not froszem
Bottom 1,8% unfrogzen

Nono
None
None
None
Entire
None
None
None
None
None i
Hone
None

None

None
HNone
None

~

(A) - LENGTH OF TEST COMPUTED FROM TIME SAMPLE

PLACED IN DRAWER UNTIL REMCVED

TABLR 2



_CORPS OF ENGINEERS,U.S. ARMY

/

~ WAR DEPARTMENT __ N N R S _ -

, . | | |
: L : S .
FROST INVESTIGATION ' o
e o _ o ‘ . ‘ : |
.. SUMMARY OF LEACHING TEST DATA - |

BASE COURSE TREATMENT TO Pasvsnf FROST ACTION

- N , N
. | - b

- v 1. - _ RS N e Degree of Satufation Coe fficient : No, of ‘Time .
Samp1e~ { Percent | Percent | Unit dry Water Content |Vol, of|:Void: |- % o of Hydraulic, Change:_of 1Requ1nﬁ ‘Test 1
No, *~ | Calcium | Bunker weight, = - - Voids | Ratio p— e Permeability Gredient: ﬂ Water in to Leach| Performed | .-

Chloride | ®c® 011 | pef 'gef§§° ~$f*§; 1 cc | o Before . |. After | 104l | | sample to | “Salt ‘| .In -
- 1 | testing | Testing. - .- |resting ‘Testing B B E Leach Salt| ‘hours :

6.6 - | 100% 0,006 | 133 21 26 . Iconsolido-]|
62,6 o 93 04007 133 52 | 360 . meter .|

5942 - | 96,0 ‘..0.007’ 133 . e8 . ey o .
5942 . . 8849 04007 ‘ 15 Ly 230 %ucite Cyl.
,u7.9- 193 0.,00045 | 133 12 254 [Consolido=
700 | 100% | 0,002 1 133 | 1 | 25 meter
66,3 . | 1004 | 0,002 1 13 | 15 - 192 :
Al - 100 ¢ .~ | 0s,200 o133 11 177

62,9 | 985 | 0.280 | 123 | W8 . | 365
618 - | 99,1 | 0,280: 133 i | 20 129

Slo1es 8.8 146 | 81,9
I I TR BN 5 1361 1. 80,5
12l - 8e2. | 13,3 .80.2
123 | 6.8 | 13,2 ] 82,1
126 .| 8.6 | 12,8 i|'76.8 :
, 126 | BT, .| 1347 | 773 .
230 95 = 125 ) 8.5 B B 13.6 i 78.3\ .
- 260 ] Beb | 13l | 7943 €
: '200 ‘ 41 005 125 03'f K 13.3 . : 7900 \

1=0,5CA | 045 127 8.7'a 1 13.2 | 6546 -|0a
2-1,0CA | 1.0 125 | 945 i) 13,0 | 33,7
3=1.5CA | 1.5 127 - - | 9.8 | 13,5 |59
L=2,cca | 2.0 123 00 F 848 | 14e6: | 819
1=0,5CB | 0.5 S5 1 Tolh | 1663 19961
2=1,0CB | 1.0 113 Te2 | 1742 | DT -
321,5CB | 1.5 ] 98 | 16 | 98.2 [0
hﬂ'ng)CB ! 2'00 11,4 ’ 802 . 15792_. &02 K
1-0,5CC 045 . 99 8.3 © 1842 . | L6l
2=1,0CC | 1.0 102 668 | 16,2 82,3
3=1,5CC 1.5 - 103 10} 17.6 | 5.7 -
{ Le2s0cC | 2,0 - 98 8e3 > | 17.4 | 82:3:.

‘

240
2,0
- 2.0 ..
) 200
2,0
i, 260
- 2.0

PN |
Q0 :
e
= EpONO |-
3

FTVEEY
(o]
L
AY) ]
[
N
|

3 %3 3

7040 95.0
T4 | 100 ¢
61,6 | 10 &
39.5 | 87,7
3708 . 91,0
uhé i 82.’4 5 oy
316 | 69.3 -
27.014 ) 6507 o
- ' 7261

5 | 306 - 4.1

87 i 13 . | 136  |uctte cy1.
87 9 1130 |
RN 5L~ | 39 . -
133 - 21 | 26 Consolido~ |
133 i 1w | 12 | _meter |

' o '_iﬁ A 97 -

133 ] | 126 |- ! -0 o

{ 107 s 24 - ;_159 fucite Cyl. . = T
o107 10 o121

.95"“£3 17 35 1

- 113 e ) 11 73

wm
RN

(RN A I U T I Y A A B B )
O
™

608 8:8 8 8 0 8 8 4§ @
[y
[
O

. % Material and mix same &s 2¢ce Test performed in Lucite Cylinder."';
= Note: Sample No, 1 same as sample No. L4 - 2.0CA

L . mBLE3 -
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WAR DEPARTMENT

CORPS OF ENGINEERS U. S. ARMY

in Inches

Tyler Standard Sieve Numbers

Tyler Sieve Openings Hydrometer
100 :]i 2 .I.'o 105 074 053 O 13_7 ? 4 ? ? 10 14 20 28 35 48 G_ﬁ 100 150 _%
e ~
- N iU\ e
N X / K \\ - LA PORTE SILT @
N N = Sic)
- N RANGE OF N\
H 5% SANDY GRAVEL ® T
: A 5 ] N\
\ \
§ . \\ \ T \\
5 N\
g 50
& siLtT ® \\ §
io A
GRAVEL @ 2% \ N
30 \ L 8 \\\\
\ " SAND @ o
20 \ /
N
i AN
10 \\\\ N
S~ —
Qloo 50 10 5 0.5 0.05 0.01 0.005 0.001
Grain Size in Millimeters
Large Gravel Medium Gravel G’i;i' %?,:;e Mseg::jm Fine Sand Vesr);nf;ine Silt Clay
U. S Bureau of Seils Classification
CURVE MATERIAL FROM REPORT BY %%i%ﬂ$ L.L. PL. P.I.
® CRAVEL WINN & RUTLEDGE NON-PLASTIC CLASSIFICATION DATA
@ SAND WINN &RUTLEDGE NON-PLASTIC PREVIOUS INVESTIGATION
® SANDY CLAY WINN & RUTLEDGE 271 46 18 28
LAPORTE SILT SLESSER 272 27 24 3
SILT SLATE 2Jg 22 19 3
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WAR DEPARTMENT CORPS OF ENGINEERS U. S. ARMY
Tyler Sieve Openings in Inches Tyler Standard Sieve Numbers Hydrometer
2 5414

100 ? l c.174 ang (.'37 :]i ; 6 t‘; llo 114 zo____zrs_ 35 48 65 100 150 :¥
NN
0N
90 N\ ‘\
= \
80 \ )
\\ \
N
s \
: -~ \
\\
§ N
60
b A
- A NAN
w NN
\
\
I &) @[N]
\ A
\ N N
% N
20
\‘\
T~
10 T
0100 50 10 5 0.5 0.05 0.01 0.005 0.001
Grain Size in Millimeters
Large Gravel Medium Gravel Gi::;l Cs(;anrze M;g::jm Fine Sand Vesr);nl;me Silt Clay
U. S. Bureau cf Soils Classification
CURVE MATERIAL S o LLEP L
® CLAYEY SILT 270 38 12 CLASSIFICATION DATA
CLAYEY SILT 269 41 20
SANDY SILT 267 32 8 U.S.W. E.S.

@@

GRAVELLY CLAY SAND 2.67 25 |11




WAR DEPARTMENT ; CORPS OF ENGINEERS, U.S. ARMY

RAW SOIL | % 321 1% 321+04% 2% STABINOL
FeSOg4

ORIGINAL . METGHT

6000

4000
4

2000
/

ACCUMULATED DEGREE
HOURS OF FREEZING

LEGEND

2 6 RAW SOIL
8 1%32!

A 1%321 +0.4% FrSO,

X 2% STABINOL

HEAVE IN INCHES

ok

——o13" . b - A
% s 10 ) 20 2s
ELAPSED TIME IN DAYS
RESINOUS WATER REPELLENTS FOR SOILS
SLOW FREEZE TEST
SAMPLE 3 SILTY CLAY

RLATE 3
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ACCUMULATED DEGREE

RAW SOIL

1% 321 1% 321 +04% 2% STABINOL
FeSO4

6000
(V]
4
;4 /
m 000 /
[+ 4
™.
5 4//’////
2000
-
0 ‘—:t——'—A
3
), —0—0]
LEGEND //
2 O RAW SOIL
"] 8 1%321
g A |9 321 +0.4%0 F-."O4 /
o X 2%STABINOL
Z
z —
w / ézg ‘! e
>
<«
w
2 4 ] oy W
o j
o ) [¢] 5 20 2%
ELAPSED TIME IN DAYS
RESINOUS WATER REPELLENTS FOR SOILS
SLOW FREEZE TEST
SAMPLE 5 CLAYEY SILT

PLATE 4



WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY

RAW SOiL 1% 321 1% 321 +04% 2% STABINOL
FeSO4

6000
“we
«Zz
§ Q 4000 ; //
g
§8 2000 ’/
32
g é //
[ i e
3
LEGEND
2 © RAW SOIL
e a8 1%32 :
z A 1% 32| +0.4% FeSO,
l S_,rg X 2% STABINOL
z
s ; _A—e—o
é ' ; L //a/y/@/o
_o/o—o—o—# 44
=== p——t
| a—a—
]
°o—é - e~ s 20

ELAPSED TIME IN DAYS

RESINOUS WATER REPELLENTS FOR SOILS
SLOW FREEZE TEST

. ; SAMPLE 8 CLAYEY SILT

PLATE 5
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RAW SOIL 1% 32| 1% 321 +04% 2% STABINOL
FeSO4

6000

0
400 V

:
\

ACCUMULATED DEGREE
HOURS OF FREEZING

LEGEND

RAW SOIL

19321

%321 +0.4% FeSO,
2% STABINOL

XpDOo

HEAVE IN INCHES

25

ELAPSED TIME IN DAYS

RESINOUS WATER REPELLENTS FOR SOILS
SLOW FREEZE TEST
SAMPLE 7 : _ SANDY SILT

PLATE 6
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ACCUMULATED DEGREE
HOURS OF FREEZING

HEAVE IN INCHES

6000

4000

2000

RAW SOIL

1% 321 1% 321 +04% 2% STABINOL
FeSO4

//
//
4_7_‘/
LEGEND
© RAW SOIL
0 19%32)
A 19321 +0.4%0 FeSO04
X 2% STABINOL
—O—‘Q"
)/a/}_-o/e—
4—— :9:;1;""‘"4/%’04; o—t—a—a
0 5 10 15 20 25

ELAPSED TIME IN DAYS

RESINOUS WATER REPELLENTS FOR SOILS

SAMPLE 8

SLOW FREEZE TEST
GRAVELLY CLAY SAND

PLATE 7



o A = v N T —————
WAR DEPARTMENT : ' N B CORPS.OF ENGINEERS ,U.S.ARMY
LW 547" 3 N l ‘
N N T8 e
\\ AN A S -
NN . Lt R - veoling corl 4
" N e Book:ase R N ’
- . p
A ?S NEE: T '
S : 3§ i ;o ‘
T T® 8¢ N , 5
W . . E N : hd - 4" Cork insul3tion y;
v L <R ’ Y Regulatin N o
TS NI | 9 . X
S ! 5 . Pinchcoc _\J ‘/ Insviating sand
| -Sand /hsok&f/‘c'n‘ \ a ’ WaterLevel
. . | ™ [ -
IN LABORATORY . - AN overfiow =
O B e 8 overflow
N v | Thermocouple L J
- : ._:%' 3. . leads fo Smk'/‘board d o
> Sinks and r‘db/e fops 1 . 702 : .
Refrigeratior c‘ompmssor‘.s balaw Q 3 ) o .
NN NS NN NS TV RN ISOMETRIC VIEW OF FREEZING CABINET Do DIAGRAM OF SAMPLE.DRAWER
: - ] SN LT scaLe rerot T "
‘ A . . RN ; | ) N
. ity - i '
PLAN 3
SCALE i-np ) ! ) ;
| / | | .
A Cork insvlation - i Cork /'nso‘/df/bﬂ'—\ . o i !
3 ? 4 > > > : - - ; " R
//// L S e o - R ' ‘.
=z o ¥ 1 - T N . . .
44 &9 YN &' 5% , y
. 4 ' I‘
Ay
| & 48 .4 , : . ‘
P Free o . . ' - /- ' - N
. __PT (62,,72:;5 —] 5 ; freezing Cab/m?/\ . . > -
B S T ’ - i
1 Cord |3 L-W S _ it nsvlation g ’ o .
- blower ‘§ S : . Cooling corly - g o :
. - urit S N 7 /Sand - £ /llr czrcabhng
‘ TR R N ’/ " insulation .
, DS : : a
' e » &2" ‘ 8 / b ’ /fhermoooup/e A~ Sandk by S !
. SS9 - 1A /legads ro : R insvleton.
n tee A V1 switchbosrd i bl
5 - 1 R :
: 3 2 - g
~ Drowef o4 | N 4 Carrrie | Bkl Dol , 2
! *reus 1 SR N ki /'\ . ] R ) :
L _,:‘\» , ' i ) ) i . ’ ’d (1 h\— o Connections fo
- - - EAma - RN TN, [7] #tureded semples : —— -
“ T (| | arfeestdecd LEY oo | FROST INVESTIGATION
I #* o ~+ Roomn fempera/we‘"‘ / | <
W pscanisoss e e o adaad 3375 £ - BASE COURSE TREATMENT
oL, ENROR NS s r‘/‘// TG e g TO PREVENT FROST ACTION
T Expanded inner Iube /o N T . -
T prevent circulstion of sir - o : .
‘between Freezing - . C . R
SECTION AA . TION | L o )
- T ‘ S_ECS e B LT oo o DETAILS OF COLD ROOM
5 < : : . . =
j‘ - AND SAMPLE DRAWER
= - .
) ~ ) FROST EFFECTS LABORATU?Y BOSTON MASS. M
' o = 5 S

DI'ATE R



WAR DEPARTMENT = — L o N Do | CORPS OF ENGINEERS,U.S.ARMY
) ] g . K - ) R ] .' T i ) B . ] ) . , ‘
i

) , . . o . R . ) . \ . N I
. - ) . - . . ' ' ' ’ . . vl . : !

OFROST HEAVING GRAVEL - - . . . E e R B S

o xEAST BOSTON TILL e e o SRS o ot
135} &NEW HAMPSHIRE SILT — ~ "f‘°‘ff§5°°i"§”c‘}.“%g;\c.‘u I S "‘il.f'“"s‘a" T e %_sm - ydromater /
o ) : . 190 - —T v . | 1) | . K\\\ 1 /,.Spec\‘if)/c lg”fﬂl)‘fyr269' ’» N AR
) o ' | - L 11 , NN ] N /35, ‘A'CHJ"/Q/ //7d?X’50 . 1
: T sl » . N L . N AN Lrgund| i =29,y '
130} : ‘ 1 , 1 TN | ISl (i1 £ 24,/

~
(=]
~

© Plastrlity Jhddx =1 & ;
Liguia it = /7.4 : N N
Plysite //}m/'..‘ A o6 _ S |1 I 1/

ééﬁa‘A/R V'o'/bs» : ' AT . | 1N NSpedhiE drbviry 1274

/e | co ' - BiZEENEERNIIE R \P/aB Ay Tnbexk 9.2

1 . SPECKIC GRAVITY=2.7 = - §° 7 T ™ \L/ S it -34.0
125} | 2 7 S NS PE - AE;

/
"
1

8

' DRY WEIGHT -POUNDS PER CUBIG FOOT
3

1 . .
- i N \
10 \\\ NEEAN
i B A B B
1 &
. N D <
“ ) ! 7 \‘v\_ '
115¢ 1 e .
iy e (- R e 16 . —T 05 - RR ¥ 0,05 001 0008 5001
’ . o ' . oo . Grain Size in Millimeters ) i
‘ i . Fine Coarse | Medium Very Fine s .
, N = Large Gravel .‘Mgdmm Gravel Gravel Sand Sand . Fine. Sand Sand Silt Clay
' l U.S Bureau of So iis uas mcauon )
1o} < N

v )
'l

N N
e ‘
\ N 3 \
| |
\ 1!

f FROST INVESTIGATION
o BASE COURSE TREATMENT
TO PREVENT FROST ACTION

| o | . A SUMMARY OF
N . | o I | .. | sOIL TEST DATA

\ A ' S - o , © . JUNE I948 » _
‘ : o o L o : . A s - FROST EFFECTS LABORTORY, BOSTON MASY|

PLATE 9

— s 1’ 20 | . LR |
WATER CONTENT -PERCENT DRY WEIGHT . T R




31vid

(o]

Split Cylinder Form, '=
L

th Collar and sSplit Brass
ner. ;



WAR

DEPARTMENT

“IN DAYS

CORPS OF ENGINEERS,U.S.ARMY
W 7000 . .
o 7O :
m ., . .
£ 6000 . _ g =
2 "SERJIES |A ——
2 5000 | SERJES B ———
x | SERJES € —-1—— -
o_ .
I ao000 -
(VU i
Ll
[+ 4
O 3000 y
L —SERIES |B
| ] -
2 2000_ - - : y
Z =
35 1000 —— S ,
= SERIES|A = \
i | \ . — _"‘_'_ = .
v (o] —n T - :
10 ' _ : /
,+-A-1 'NO ADMIXTURE | —
° /O’A-z 27 BUNKER 'C’ OIL | ( \ :
| | ﬁ’A—B 47 BUNKER ¢’ oL s *
o .
4/B-5 057 CACL, o //-/ '
| - EAST TON| TILL| v
5 & B-9 057 CACL, “EAST BOSTOM TILE :
" - _# A-13 NO ADMIXTURE N %
Looe 4f A-14 2%RT- 2 / _ - -
S . ’ ' O ~ : i, :
z A A-15 47 RT-2. L— . | -
.2, . AT Te T : e )
P A B-13 . NO ADMIXTURE-— ~ N
-— . u . ’ . » /—z’" ~
w4 & B-14 2% BUNKER'C OIL - A ' / - '
> ' - NEW' T : : A
< IB—IS 4% BUNKER c’olL N HAMPSHIRE SiL. . - //
W % . -
T 4 B-16 67 BUNKER " Ol(— ‘ . ‘
, . , /)
2 A(C-8 NO ADMIXTURE :H- FROST HEAVING GRAVEL e - . ;
' : ~ o / | FROST INVESTIGATION
| : | — _ . BASE COURSE TREATMENT
. 7/ » ‘ ¢ TO PREVENT FROST ACTION
o | vl e # RATE OF HEAVE AND |
o I 2 3 . a4 5 6 7 12 13 14 [ ‘ : : - 24|CUMUL ATIVE TEMPERATURE DIAGRAMY
TIME - | o

FROST EFFECTS LABORATORY , BOSTON ,MASS.|{

PLATE (1



Freezing cabinet showing Method used to
supply water to the samples
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Measurling Heave with 0.001 inch
Extensometer |13
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WATER CONTENT %DRY WT.

EasT BOSTON TILL WITH NO ADMIXTURE. ORIGINAL DRY WEIGHT 127 PCF,WATER

CONTENT 9.7 PER CENT AND 76 PER CENT SATURATION. FINAL WATER CONTENT
46.4 PER CENT. -
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INCHES

SAWPLE A-15
BAST BOSTON TILL WITN L PER CENT RT-2 ADMIXTURE, ORIGINAL DRY WEIGHT
12, pef, WATER CONTENT 7.7 PER CENT AND 56 PER CENY SATURATION,

INCHES

RAST WOSTON TILL WITH 6 PER CENT R7-2 ADNPENRN, CRICINAL DRY WEIGHT
12, pef, WATER CONTENT 7.5 PER CENT AND Sl PER CEML'RATURATION,

RAST BOSTON TILLWITH 1 PER CENT RT-2 AND 0,5 PER CENT CALCIUM CHLORIDE
ADMIXTURES, ORIGINAL DRY WEIGHT 127 pef, WATER CONTENT 9.0 PER CENT AND

T2 PER CENT SATURATION.

EAST BOSTON TILL WITR 2 PER CEWT RT-2 AWD 0,5 PER CENT CALCIUM CHLORIDE
ADVIXTURES, ORIGINAL DRY WEIGHT 126 pof , WATER CONTENT 8.l PER CENT AND
65 PER CENT SATURATION,

SAWPLE B-10

EAST BOSTON TILL WITH 1 PER CENT BUNKER "C" OIL AND 0,5 PER CENT CALCIOM

CHLORIDE ADMIXTURES, ORIGINAL DRY WEIGHT 128 pef, WATER CONTRNT 8.6

PER CENT AND 9 PER CENT SATURATION,

PLATE
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INCHES

BAST BOSTON TILL WITH 0,5 PER CENT CALCTUM CHLORIDE ADMIXTURE ORIGINAL
DRY WEIGHT 127 pef, WATER CONTENT 9.2 PER CENT AND 72 PER CENT SATURATION,

|
ORIGINAL
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A3 { 20
A-3  WATER CONTENT
. %DRY WT.
SAMPLE A-3

BAST BOSTON TILL WITH L BUWKER "C* OIL ADMIXTURE. ORIGINAL DRY WEIGHT
125 pef, WATER CONTENT 7.1 PER CENT, AWD 53 PER CENT SATURATION.
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A-S A-5

SAMPLE A-5
EAST BOSTON TILL WITH 1 PER CENT CALCIUM CHLORIDE ADMIXTURE, ORIGINAL

WATER CONTENT

% DRY WT.

DRY WEIGHT 128 pof, WATER CONTENT 9.l PER CENT AND 77 PER CENT SATURATION,

SAMPLE A<l

EAST BOSTON TILL WITH &% BUNKER “C" O(L ADMIXTURE. ORIGINAL DRY WEIGHT
126 pof, WATER CONTENT 6.2 PER CENT, LB PER CENT SATURATION.

40



INCHES

'y

WATER CONTENT %%DRY WT.

SAMPLE B-1!

NEW HAMPSEIRR SILT WITH NO ADMIXTURE, ORIGINAL DRY WRIGHT 101 pef,
WATER CONYENT 13.L PER CENT AND 55 PER CENT SATURATION, i
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WATER CONTENT %, DRY WT.

SANPLE B-16

WEW HAMPSHIRE STLT WITH &% BUNKER “C" OIL ADMIXTURE, ORIGINAL DRY WEIGHY
107 pef, WATER CONTENT 13,0 PER CENT AND 62 PER CENT SATURATION,

PLATE



8! 31vd

INCHES

z & L e EL " 20 40
] WATER CONTENT
% DRY WT.

. SAMFIE c-8
FROST HEAVING GRAVEL WITH NO ADMIXTURE., ORIGINAL
DRY WEIGHT 132 pof, WATER CONTENT 5,7 PER CENT AND

58 PER CENT SATURATION,





