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.Mr. Thomas B. Pringle 1 5 .July 1 9 57 

cement were us.ed, the cost of plant processing ·would he substantiaL 
The till used in a portion of the experitnents had 60 per.cent passing 
the 200 mesh; @:sed with RT-2 and Bunker SJthe other soil_.had 20 
percent passing 200 mesho We would not expect any lesser amount 
of admixture ·would be applicable for the Dow Field sands and gravel so 

Sincerely yours., 

I~ 

2 Incl K. A. LINELL 
1. and 2. Reports C·hief, NED Laboratories 
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STUDIES OF ~aSE COURSE IT'REATMENT TO PREVENT FROST ACTION . . . . . I . . 

, 1. Author~_zation. ·Th~ 19h5~19L~6 frost investigation program was· 

authorized· by the Chief qf' Engineers by letter to the Division Engineer, 
I 

New Englan,d Division, dated 4 August ,~945.,' subject: nFrost Investigation, 
, ' I· 

. \ ' 

During Fiscal Year 1945-1946"· and .subsequent indorsements, _Fiie SPEER. 

The investigations repo:rted herein constitute a part. of the authorized 

'-

program. 

2. . Purpose. The p:urpose of thi~s. investigation ohas been to study 

~ethods and perform laboratory te~ts to develop treatm~nts to prevept frost 

' action in base· materi~ls 'susceptible to frost. action.· 
') 

3. Scope. · This report ·pres.ents (a) a summary· of previous· invest

igati9ns p~rf~rmed by others, -t.o study,.. i.he' ,effect. c;>f· ad.'1lix:f;ures on f~ost 
'I ' 

actio~, in th~ form of exderpts from th~ cbnclcisions s~stained by t~e re-
~ . 

ports of these investigation~,· (b) the ·resul ~s of laboratory- tests performe'd 

to ~etermine_ the s\rt tabi li ty of various 8:dmixtures and ~~o~b~na.tions of ad.:. 
l 

mixtures to prevent frost ... iaction in materials susceptible to ~rc~st action, 
I ·. . 

and (c) the -r~sults of .laboratory tests to de;termine whether l_eaching of 

salts could be retar~ed<'or prevent~d by the'~4,~ition· of l;>ituminous mater

ials •. Hepresentative data. are presented herein. A complete r~cord of test 

data is on file at the F:r:o.st Effects Lab.oratory. No field tests were per-· 

for.med during this~ ~nvestigation •. 

- J 
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4." Acknowledgements. Frost action tests were conducted in the Soils 

Mech~nics Laboratory, H~rvard Graduate School· of E~gineering. \The facilities . ' ' \ . ' 

of tne~-.Soil 'Mechanics I Lab'oratory including the ~old room were made ~yail-
I 

' c .. ' . ' ' ' . 

·able through the. qooperation of Harvard University by Dr. Art~tir C~sagrande. 

T.he investigation reported hert:?iri w~as conducted· along the lines est~b~ished 

,by previous 'inve.s!;igator~ at Purdue UniV:er_sity and extends _those studies 

"o/hich are ~esc'ri bed in the text of this report. 
!I 
; 

5. _Description ·of Problem. The design of airfield pavements at 

locations where frost penetrat~s- into the base. is founded upon the p.ssumpt-
. . . . 

ion that the base is not weakened or adversely affected. by frost· action~ 
- ~ 1 • .... > ., 

· ~n geographical ar~as where qase · matetiaJs not weak~ned or adversely af•. 

fec_:ed-by ·frost action are not. economically' availabl~ a method for treat- · , 

-;ing locally available frost susceptible base !Jlaterials to make them_non~ . 

frost: susceptible may prove of definite ibe_nefi t through economy and ac-
, I I. • • 

celerated construction~ 

Several investig~tors have studied this problem under laboratory 

and actual f~eld. ,condi tiQns .• It has been determined by these investigators 
' ' ' 

. 'that calciUm chloride or. sodium ohloride wi~l prevent ~r~st actiqn when a 

sufficient quantity is present in' the. so;:tl. The disadvan~age in the use of 
• I • 

these .a.&nixture~ is that' they a.r.e · leach~d out of the sotl ot migrate, r·esul t"'", 

ing in oniy tempo~~ry protection· from frost -action.· 

' '. 

Various methods for treating spils were 'i:nyestigated- by others. with 
I,· 

diff~ring de,grees of success. The effects of admixtures such as tar, cut

back asph~l t, emulsified -asphalt, cement,1 .vinsol resin,. 321, 321 f 0,4 per

cent F'eS04 and Stabinol, in· red~cing· frost ·action were studied. A ·r~view of 

'- J • ' 
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these ~nvestiga:tions indicated that additional tests to investigate'the 

efficacy of other admixtures and combinations of admixtures would bd·ad= 

visableo In particular,' Bunker_·C oil_,~~, the least expensive of the oil pro= 
"\ -

ducts com.merciall~r av;ailable1 in quantity was selected for study.. Bunke1:. C 

oil in 'Combination with calci·um chloride and other selected combinat'ions 

were also studiedo · 

The ·suc.qess of methods employed ·for treating frost susceptible 

·base materials to make them no_n-frost susceptible depends first. upon the 
. . . 

permanence-of the treatment and 'second upon the.economy of tjle treatment 

in contrast to the importation of non-frost susceptible materials or the 

' \ 

application of other methodso 
) 

Definitions~ 

. ao ,Frost Action is the ~ccumulation. of water in. the form of ic~ 
' . 

~enses_. in ·soi.l or ·base materials Under natural f1~eezing c·ondi t;io'nso 
1 .. • • . . ' • 

b.o . Frost Heave. is the· raising of the s.urfa.ce due to the. accum .... 

I 

).llation.of :ice lenseso The amount of heave in most s-oils is approximately .. 
equal to the cumulative thiclmess of the' ic,e le!fSOSo · 

\' 

Co Ice Lons6s a.re the' ice formations in frozen soil occurring,· 

in r.epeated, layers essentially parallel to each other and normal t9 the 
l... 

direction of heat lasso 

do Degree Hpur .is cumulative total of the algebraic difference 

between· 32 degr,ee~ Fahrenheit and. the hottrly mean tempe~ature o 

eo Admixture is a. material which .is added to a soil to prevent 

./ 

frost actiono 

. fo. Density is· the unit dry weight in pounds per cub~c.footo 

\. 

, I 
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go ·Water Content is the ratio, o~xpressed as a percentagoJl of 

tho-- weight. of. water in a· gi .. !e-ri soil mass to the weight of ~·olid: parti'clcs'~ 

Fro~t Sti~beptible Base consists of a specially selected 

soil which c_ontains more than three percent of grains smaller than Oo 02 mm 
\ . 

i:p. diameter placed ~nd ·comp~cted 'on a supbas'e or s ubgrade ~-
'I 

ic.. Nqn.-Frost. Susceptible Base consists' of -a spec~ __ ally so_lected 
I . \.' . . 

soil .which ccn.tains less than three percent of ·grains sma~ler than · Oo 02 nun 
'. 

in diameter placed and compa~tcd on ·a .subbase o,r su?gradeo . '· 

~· 7 0. 

I } :. ....._ . 

Review of Previous Irivestigatiohso. Tho following\ throe studiesJ> · 

of the treatment of base courses to prevent frost action all conducted by 

perso~el of PUrdue University,.wore reviewed: ). 

"Frost Action in Highway Bases and Subgrades". by Ho · :F'o Vfinn 

and Po Co Rutledge, ·May 1940o · ~ 

"Use of Calcium Chloride in Subgrade Soils for Frost Pre= 
{ 

·~ 

Ce "The Migration~ and Effect. on Frost Heave of.Calcium,Chlorido 

and. Sodium ChloridG in Soil",. by Charlel Sloss·er ": J}.lly .1943o 

The. studies repo.rted· in pa-ragraph 7~ a above wer~ -Il!ade "to' dot ore:-
:I ' 

mine tho resistance to frost action o.f variou? typos of treated soils and. 
I I 

soil mixtl-1.res ~1ow in- common. use as r~ad bases. and subgrades '\_; Thre9: basic 

soils were· sel·:.:cted for· study,_ a sandy clay.~~ n. pit run gravel., and· a fo.irly 

. . { . . 

·uniform, 'washed, concrete sarido The results of classification tests on these· 

soils arestmnnarized,on Plate··lo.'Thesethr'ee soils were-combined in tho fol= 

lowing percentages to form ~seven different soii mixtures: 10» 20, 4o and '6o · 

percent sandy clay with 90~ So,-60-anci 40'percont sanq. rospectivoly tJ,nd l5J> 

16o .5 a.nd 20 percent sandy clay with 85, 8?Q .5 and 80. percent·, pit rUn., ·grftvel 
( 

-4.,;, 
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' respe~tivelyo 

These soi1s and soil mixtures were tested in a remolded compacted 

s·tate at varying percents s-aturation, with· and without th~ fo~lowin~ ad= 
I 

mixtures~ calci urn oxide .9 sodi urn chloride .P calcium ~hloride p portlapd cement·; 
' \ 

tar .l' cutbac~ asphal t.1 road oil ,I) emulsified ~sphal t and vinsol.. The:· method 

of testing was briefly as followsg 
I ' ) 

ao -T.he ·remolded moist soil or soil mixture '\Vi th or wfthout ad= 
• ' I ' ' . • 

. mi'xture was compacted in a cylindrical form three inches inside diameter 

and seven inches·: high_~ 

bo Water under· a pressure of:, 30 pounds p~r square inch 1'1f8.S then 

-
forced to flow thrpugh a selected nmnber· of the sp~cimens f<?r about.24 hourso 

\ / 

Co The .specimens were then, pl1;1ced in a fr.eezing cabinet and the 

air temperature at the top or~the sample~.was prog_ressively reduced .over ape::~ 

I 

proximately 21 days from abo~t 30°_F· to minus.· 10°F or minus 150F 0 During 
l. 

this period the air temperature immediately below_the bottom of the;sp~oimen 

was maintained at al?out 40°F, Some: specime~s were provided with a ~ource 

, of water at the base. of tqe specimeno . 

do During the period of below;freezing top_ air temp~rat~es~ 

daily measurements of the elongation·or heave of the specimens were madeo 
' •I 

At end' of. test the. specimens wet~ frozen· either to· or nearly to the bot~om·o 

· Th~ specimens were examined· for ic·e ~enses and tested for water content 

variation with d~ptho ' I 

·The conclusions a~riv.ed ,a_t as ~ resuit of this investigation_ are 

quoted as 'fo llo11rs: J 

·' 
"lo Estimaj;es as to the extent to which .frost actiqn may be ex= 

pected to occur in·natural soil.o treated soil 9-or stabilized soil c~ be 

·=sc::o .. I 

\ 
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made only 1vhen the >limiting conditions of -ini ti~l· and attainable moist'LU"~ 

. content are knmNno" . ' 
\ 

/ "2o In general» the natural ·r:i.ne=grained sandy clay started· to 
( 

heave sooner i heaved at a greater rate» :~cached a greater total heave» 1~eac}:l= 
. I . 

ed capillary s_aturation more re~dily »·and· .had ·less resistance to mo+sture 

Qorrtent fluctuation· :than did treated and stabi1izC?d sandy clay exp-osed to 

the same o'oncli tioilo" J 

''3o The available d~).ta indicate that the· frost line penetrates a 

~raded..,soil 11~ixture · a.t; .~ gt:"eater rate thnn J. t do as n natur~~l fine ... grained 

s.a.ndy c~ay~ · Rapid fre·oz~rig results in. ·ldss .ice segr(~gation'' und-1ess total 
. . I .· 

he,avc for the same ·depth ot"~.lfros.t p0notrationo" 
' 

"4o Percentagecof=heavc data from individual tosts should not be 

used as cri tori a for rigid compr..r'isons of the ·rros·t action resis·ta."lce of 

·natur~l soils,' ,treated soils i or. stab'i: lized soils 9 but may be used as a 
. . ' .· .· ' . 

?~sis for ·general classifications o'f the mn.tcria.ls into heaving and non=· 

heaving groupso" 

"5·o _ Once cupi llary sa:turation )s reached und. icf; s og·regai.~icill 

-begins in a treated se.ndy c~.o.y 0 the r~ttc of hen.v:i.ng is on~y sl~ghtl¥ loss 

than for the .seJTLe soil .untreatedo n 

"6o The available .. dat:a. indicai.~e that. t_her('_; 'iS a ·critical density 

'. 
saturatedo . B:Jlov.r the o'ritica_l d,misitya frost ac-'cion }s directly proportional 

to density tj above. the critical· densi tya frost act ton is. irtv,ersely prnportion~ 

al_to den:sity().~ Incr·easing the density above the etiiric~l 'density increas-es 
) ' ~ ) I • I . ' 

the .per~od of inactivity bef~re. heaving starts·. and decreases the' rate of 
·'· 

heaving and total heave in' a ,manner simil$2· to the addi tiort of admixturGs~" 

"7 o Groups 'of' 3pecirr:on~ of natural or trea,ted, sandy clay included 
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in this investigation, which had no var:l,ables except density n.nd moisture 

cqntent .at ,the tiiQ.e of' compaction$. O;ppronc.hcd the same lll t1m6:tf~ dry d'ensi ty 

durfng air drying o" 

.,"8o Any of th,:; types of soils .. »· treated ·soils, or 's_-b:~biJ.J.zad soils 

included in t[lis investi gtttion can b~ so.:tv.ro.ted by water under a -pressure 
, ' I· ' 

of 30 pounds ·per squaro inch applied for .24 hollis or les~o" 

soil temperatures indicate ti.'}.at 
I . 

peri'odic fluctuations of' short duration i11 rd.r· temper:3:bure. do not co.us9 

corresponding ~1uctuatlons tn the tenper,~d:;ure- 0!' th0 suogr~.tde · soil2 soil 

temperatures are a funct:l on· of cu:n{u183;ivo o.ir-- temperatures on 
' ' . . . 

. "REGARDING ADMIXTUHES o "- -

...... 

"lOo' All tht: 8.dmi4tures tenter arc much more effective in re"" 

ducing frost ac.tion wht:m :used with ·vrel1'7gradod ,·soil mi.xtur.as thE~n wh_on 

used wi-th natural ·sandy clayo" · 

11 llo 
·., ·. \ ' 

Co.lcium oxide ( 2.,~~ 69 10 p~~rc<~rit in sandy clay;; L~ p,crccnt 

in gro..dod_ soil n:ixtur:J }*does not .incroas(:> the mixture ~,s ref1istancc to frost 
I 

action or moisture content ,flu9t:ua.tion s·\J~ficicntly_ to wo.rr,1nt' .~.trr use for, . 

J' 
these purposes o ThG mixtures tak6 on. w?-tor ror:.dlly,_ o.nd·, provided v..rator is 

n.va.ilable- for cr:tpillary rise» the dogrce '·of. saturation tit the, bogirining ~f 
' ' . 

tbe freezing period is, of_ little o_c:>nsequencoo "·, 
...... ( , 

"12o Sodium chloride (nntural ~sandy clay plus J» 29·,3,' q percent; 

. graded· soil mixturo plus l/2 9 1~ 2, 3· and ·4 .. pdrcont) nnd c1.1ciun~· ehlo:rido 

(nr .. turo..l sundy clay plus 29 1~ percent) ptovido good rosista:r.we to fros·c 
. I 

I 

action primarily because of tho lo•:v~rinr~ effcc·t of :the 
1
:-tdrnixture on, ·the 

I . 

freozinr~ P,oipt-o The dntn in~icate thn.tl us lo!lg n.s· tho soi.l retainf1 fue. · 

*.Percentages investign,tedo All perc0ntages are civen 'in terms of' dry_weight 
of soilo / 

/ 
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·chemical in its full ~oncentra.tiong 2 percent or less chemical prev~::p.ts f:reezc:o 

ing a:t; -10° to =15°F and thereby prevGnts frost da:mage~-n · 

"13.~· ·The resistance .to frost action of a· ~oil cement mixture (nat

ural sandy clay p~ds '4» 6, 8, lO_p 1~ percent; graded._soil mixture pl~~ 4~ ,·6» 

8, 10 percent) is inversely proportional to the dogre? cf sa.tur~tion-of the 
)· 

mixture at the' beginning of the free'zing periodo" 

"14o· In general, the resistance to frost action of.bituminous mix ... 

tu.res i_s inversely, proportional td the degree of ~sattiration at the bf0p;inning 

of the freezing pbriodo" '\. 

"l5o · Por~land cement~ ta.r··~ cutback asphal,t$ road oilD emulsified 

asphalt~ and vinsol* add _ste..bility ·to a sf:'.ndy clay ~y inh~bfting cap~llary 

\' 
it is exposed. to the water o 

10 
_ · 

'· nl.6o Vinsol ··.is ef2>Jctivc as a wat_qrP.roofing~aEent and froct s.cti:oif:~·. 
,... .... . '' .·· ,--·'j, ·_ ·_,. · .. :· ..... ·· ... 

preventive when the mtiisturo content of the s'e.udy clayirinsoi mixture. is' bq= 
J ~. ~- ... ~ 

tvre<?n .. 4 nnd 10 pGrcento n 

~ 

On tho bn.sis ~+· the data prD~ented in this paper D the fol-·, 

Group. i-!oo 1 D dam.a.gcd by fr0st ~~.c·c:ton e.t all porconto.ge's of 

ini tia.l moistv.ra cantento Sandy cl!:~Y · (naturr~l ); ~rn.do~ mixtur-2.s of clay plus 

-gravel and cle;.y_plu..s sand; sandy cl,ay plus 2.p 60 ·10 porcont CaO~ .graded$soii'f'':_:'>;'; 

mixt\rre :plus !+~ · 6 pGrcent C!iO~ · sandy cluy plus l percent f<IaCl~ sandy. clay 
. . 

plus 1 pe~,.c.unt CaC12 r sc.ndy clay plup }.~ po~corit Port~~d cemontz sandy c~ny :- , 
, 

plue,-2~ 4~ 6 percent TC; sandy clay plus 2,v 4 per_Ct3llt AES=l; -s·andy clf:'.y plus 

2 0 4 percent MC-lo-

_gppup Noo 2 0 damaged only vv~..._en ini tie.l' moi'sture content wa.s' 
. ·:~-~ 

appro~~pat.0ly :.~.90 percent satur?l.tiono 
{.: ~!'. : ~ -· ·-...~ ·.'_ 

'. . \.._ 

*· A t>y-prodV:c¢ of tttr~tmtine distillationo 
· · ; .. , ·- :r:: =Be:> 

',I 
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I' 

Portland 'cement; sandy clay plus 4P 6, 8;. percent' TM=2~ sandy clay plus 4~ 

6~ 8 percent AES-1; sandy clay plus 4.pe~cent ,.SC.,:_3; graqed soi.l mixture plus 
' \, .... . 

2 perc~nt AES.-1; graded soil mixture plus 23 _ 4~ 6 percent RC-3; sandy _clay ·, 

' 
~.and graded soil mixtures. plus 1 8 ·2J ?.P 5 percent vinsol ·(also when moisture 

,content is be low 4 percent) o 
I' 

Grqup No o 3 J, no fr.ost damage at all degrees of ini ti~l mois= 

tur'e contento :S~~dy clay plus 3.P 4J 6 percent NaCl; graded soil mi~ture plus 
' , ' ' 

, 1/2, 1~ 2; 4, 6·-percent NaCl; sandy clay plus 3, 4.P' 6 percent· CaCl2; graded 

' ' 

soil mixture .Pius 1, 2, 4 percent Ca.Cl2; graded ·soil mixture plus· 4, 6,\) 8 

-percent portla!ld cement~ graded soil mixture plus 4, 6 percent· TM-:-2; graded 

/ soil mixture plt,ts 4_, 6 percel(t AES=l; graded soil mixt;ure plus ,4o4 ~ercent 

Bi tumuls Stabi4izer; sandy clay plU:s 6p 8 percent SC.-3; graded soil mixture 

plus 23 4» · 6 r{erc~nt SC-3o '' 
I , ' ' ' 

' f ' 

. The· .studies reporteJd in· paragr~ph 7 o b 3 were \performed to q.eter= 

mine the'percentage of calcium chloride necessar~:o prevent frost ~ctiono 
v_ ( 

One soil-» _a sil,t, was selected for studyo. The results of the class~fi_cation 

tests are shown on Plate lo 

. The, test procedure was ,similar tq that. reported by Winn J and 

Rut.ledge. as brie·f~y 4escri bed 'in: ~aragraph 7 ~ page, 5c The prin?ipal con= 
I 

·elusions from his investig~tions ~!e quoted as follows from his report~ 
,. 

page Lt40..» "(l) The presence of a. small perc·entage' of calcium chloride in. 
\ ' 

.silt will usually protect that soil from damaging fr.ost heave, (2) Sma:ll 

quantities;·as low as one"("half of' ?ne percent 1 o~ calciuin chloride in silt 

. will redtice the frost 'heave appreciabYyo · (.3) . A soil t·hat- has heaved because 
, I ' I 

of frost contains a moi~t;ure content great.er than normalo This water makes· 

up the ice lens-es causing the hc::ave~. a.I,ld it is dravm up from the ground 
I ' I 

\' 

I I 

j 
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i" 

water~· (4) 
. . -· ) . . ' 

The water rising to form 'ice lenses carries calcium chloride 
I' 

upward with ito· (5) As a genera1,,averago-!, it caJ;i be .said that protection 

from f·rost heave in silt. is afforded by 2 percent calciwn chloride.!) in clay 
,, 

by. 1 ·percent calcium cHloride, ang:' in graded mixes qy·_l/2 p~fcent calpium 

chlor,ide.o" · Thes3 .tests indicate that under the conditions tested the si1t 

required at .le a.st 4 percent calcium· chlortide to pre1(ent frost action at 
1 
9"F 

0 
. 

with a gra.~ually, decreasing temperatl.lre.o ' 
(. 

·The studies. reported by Charles: Sless~er we~e made to "trace the 
• IJ • .• - • 

movement of calcium chloride and sodil.~J. chloride 'in ~arious soils and to 
. 'I. 

·evaluate the·· important ·Variables governing this mo_vement" and ftto determine 

the practicability of treating ·subgrades vii th those chemicals -in order to 

reduce or eliminate frost heave.<>". 

The soil tested cons·isted of ·a silt.\) called· LaPorte silt,\) .for 

which cl:=tssification data ·are summarized on .Plate .lo 

·The principal conclusions from his investigations ·are ,quoted' a~ 

follows from Page l4g 

i· 

urt was found that calcium chlorj..de and ·sodiuni chloride migrated 

differently under similar ~onditions of exposureo Under the influence of 

s'oil capillarity aJ;ld nat'ural e~apor~tion, . sodium chlori.de c. tended to form 
\ 

a. white crust on. the. surface of· the unpaved_r·oad, and.~~ hence~ .'was more 
'; 

susceptible ·~to lateral surfacec;owashing d-ur-ing rain periods than was cal= 
. 

ciUm chlorideo · On the other. hand, calcium chloride did ·not ·tend to accumu= 
.i 

• I. -

-late on the unpaved road surface to the extent that sodium chloride,. under 
. . . ) \ 

. "' . 

the influence', of so'il capillarity and natural; evaporationa becausq of its 

g~eater mo.is;tu:re~a.ttracting power an~ its 
1

,higher srol~bili ty ~ . With exposed· 

fi~e...,.gz:ainyd soilsJ l,at<~ral movement pr.o'cooded primarily by surface v~ashing· 

""10= ,, 

I 
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-) 

f;'rom the top of the road r;>roper to the side ditches, rather than by lateral 

. ·mov'ement belm~; the surface." 

"!m,porta.nt varia:bl·eS affecting the movement of Water;:,.s'oluble 
' .. -. 

chemicals .in soil an~ hence t~eir. permanence included; ( 1) eva~o;ation, (2) 
' ' . 

I soil texture, {3) percolating ~ater ~ · (4)- soil cover, and (5) temper~t~r~, 
\ I 

when high' enough or low enough to effect .a,, change of phase . of the \.I'J'ater. 
\ . 

I. 

As regards·base•exchange phenom~na, the calcium and sodium'cati~ns were more 
/' 

persistent Jn fin~-grai~ed soil than( the ~chloride an.i'on." 

·"In general, incteased,e.ffectivcness inreducing heaying ~n soil 

resul t,t:;d from incr·eases_ in the amount of calci urn chlori4_e or ~ocii um chloride 

·added -- ~p to a~.. certain percentage of chemical~· aq6;,e which no heaving 

took place. In a coarse-textured soil, heaving was greatly reduced by an 

~.admixture of only 0.33 ~ercent of. either chemical. One or two percent of 

either chemical··was effective in .reducing heaving in a sil.t which had, in 
, . I 

the untreated (state, heaved b~dly b_oth ~ri the field. and in.'thc laboratory. n 

The Mississippi River Conunission, U. s .. Waterways Experiment 

Station in: connection with the water. rep611cnt investigati.on perf.orl\lcd · 
. , I .. \ 

' . 
slow-freeze _tests* on five ·soils with and without sev.ern.l water repellents. 

Information regarding tes~~ Ilerformed WU.s'furnished this _office by letter. 

),' -

At time o~. writing of this report a definite reference ·to report_of water 

repellent invest~gati"on was, not available. _ The method of 'testing. was 
-. 

similar to that d~s.cri bed in pa.,ragraph 7, page 5· Grain ·size qi ~tribution 

curves and the Atterberg limits· are shown. on Plate 2. A sum.'nary of the 

data for these tests is included as T~ble 1.· Fiv:e photogr~phs with the 

* The term slow-freeze te,sts used in the report by the Waterways Experiment 
Station iS· synonymous cwith,\the term frost action tes·t as used in. this 
·report. 

-;11-
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degree .hour cur.ve·s and rate. of heave curves as ·prepared by U~ So, Wa:terw!3-ys 
. . 

1 Experiment Station; Vicksburg, Mississippi are included as Plates:3 to. 1 

inclusive a· The principal conclusion~ from these tests ~re summari~z~d as 

' ' follows: All soils in the untreated state when 'tested were subject to severe 

frost ·actliono Two percent Stabinol effectively reduced the heave in the· 

1 clayey silt (sample 6), ·sandy. silt (sample 7)J) and the grav~lly clay s6.nd 
I ' ' • 
I. 

(sample 8) but was ineffective in the siity c'lay (sampl.o 3) and. tho clayey 
. - \ -- ' 

silt (s·ample: 5) .. _One pe_rcent 321 will n6t mat~~ially reduce the hoaveo The 

heave wo..s reduced by th~ addition of one: percent of ·321 plus Oo4 porcon~ of · 

FeS04·i.n the silty clay (sample 3) and t~e gravelly;clay. sand (srumpfO 8) 
\ ' 

but not. in the other thre~. 'soils~ 

Investigations by others indicate that tne addition of calcium 

chloride or ~o<,ii urri chloride to wa~er wi 11 rosu~_t in lowering .-the froez~ng 
. . . . 

temperature of vrater to a minimum after. which the fteezing point vril.-1. be 

· raised ,by ~he continued addition of salt~· Commercial ·pr~ducers of -~he.so 
~ \ 

salts report that the percentage of salts_ which will produce the minimUm. 

freezing temperature· of water are as follows 2 

I 

SALT _PER CEN! SALT BY WEiGHT OF :WATER FREEZING P9INT 

Calcium Chloride (Pure) 

(77-8Q% Flake CaC12 ) 

Sodium Chloride~ (Pure). 
·' 

:· 48 

: 61 

'30o4. 

\ 

c;>59o6~ 

-6Cp 

The addition of salt to soil for_ the pu~-~~se· of making it non=
> 
frost~ susceptibrle is based upon the fad't that tho salt lowers the f~eezing 

' 
point· ?f the wat.er thus llowering the teniper.ature· at which frost action Wi 11 

-
occuro The maximum benefit from the salt in redueing frost action appears 

to· occur when the water . in the· voids contains· tho perc' en tage of salt 

=12= 
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tabulated in the. precedi~g paragraph_. Hence, based upon these percentages 
\ 

for calci.um chloride an}l sodium chloride'~- tho percentage .. or· pure calcium 

ci:-loride by w~ight of dry 'soil whic:h will give lowes_t fre~zing' temp~rature 
,, I 

varies'from about 5 to 18 percent fo~ soils with void ratios r:..om 0~27 to 
~ I ; 

1.0 respectively and the percentage of sodium chldride-by weight' of dry 
. ' 

soil 1~rhich will give lov.[est freezing t~mperature v~ries from about 3 to 11 

per_c,ent for soils with vo-id ratios from o.'27 to" l.'oo respectiv-ely when tho 

soils are 100 per cent saturated .• 

B. Description of Laboratory Co~d Room and Equipment. The invest-
I 

igations were carried out· in, the cold roqm laboratory at Harvar~ University 

I 
Graduate School· of -Engineering. · General·layout of the cold room and equip-

ment is show~ in Plate 8. 

. a. Cold _Room. .The cold :room _is· a wa.lk•in re:£r~gerator- v.ri th in• 

" 
I ' 

side dimensions six fe_et nine and one-half inc~es long by six feet nine and 

·- ) 

one-half iriches1 wide. It is insulated on: .all' six sideswi th four inches of 

cork. A pressure controlle~ unit cold .blp'IJrer and exter~ally locate~ \freon 
. . . . . . 

compressor cnols the room to 40°F to an accuracy of 1.0°F. 

-
\b. · Freez~ng Cabinet.: .'W_ithin the pold room' is a freezing cabinet 

located as shovm on ·Plate 8. 
. ( 

This capinet \consists of. an air sp~ce at the ,_ 

top cooled by longi tudina.l _coils·: hung .froin the top of the cabinet using a 
' ' \ 

' ( 

second compressor with sulphur dioxide ref'rigera..'Ylt. 
'1 • K • ' 

Bene~.th ·this a~r space 

' . ' . . ·. ) ' 

are. four drawers' arranged side by side. ThE? temperature within .the top of 

the .cabinet may be fixed at· any desired tempeJ;"atur~ with an accuracy of plus. 

or minus- 0.5q:B'. The temp·erat.ure may be. made'' eq~al to or less than that· of 

the cold room by adjustment of a bimetall~c DeKhotinsky type· temperature .con

trol lo'cated in the air space above the d:r;awers. · With the co!d !"oom at ap-

- ·o __ , · 
· proximately 40 F, the frE{ezing cabi11et can be ·lowered to a .temperature of· 

/ 

) 

I 

I 
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.• · 

minus 5°F• A small fan in the air space· at the top'aids ·in niaintaip.ing a 

uniform temperat~e throughout 'the ai~ space. The drawers are effectively 

seated in place by slightly ~nfl,ating an inner tube installed 
1
'around the. 

lower s:ide of each drawer. 

9. Frost Action Tests. 

a·. :Materials Tested. Three types. of soi,1 ·with selected admix-

tures were tested for frost action. The soils- c:onsisted of, (i) t·hat portion 

C?f a. glacial til~. passing thru 1/4 inch sieve, designated East Boston Till, 

(2) a silt designated Nevt Hampshire· silt,- and (3) a sand and gravel designated 
I' . , 

. ' 

frost heaving gravel with 100 percent passing the 1/2 inc:h ·sieve. which was 
. " 

prepared in the laboratory so that it would.have frost heaving character-
.. , 

istics.· .T;h~ E~st Boston till was ~ grey., ~el~ ··graded, ·boulder, clay (G9) com-

po;>ed· mainly of sub-angular p~ticles ~ .. It was obtained. 'fron1 Breed 1 ~ H~ll;: '::.:, -:;,, 
).' ., ; /1 

Winthro.p~ Massachusetts, ·a glacial drumlin deposit.· The Nei~ ·Hampshire' silt 

(ML) was a .brown u .. "liform silt with a srriall percentage· of ·sa..l"ld sizes obto.ine~ 

from a varved deposit located south of Manchester, N.H. The frost tleo.ving . 

gravel (GF) was a. combination of a washed pea ~gravel, .n. banf run grp.velly . . 

,. 
sand· and ~~e New Hampshire silt. The pea gravel was brown- with subangula,~ 

. ~·.-: . ·' ~ 

' . 

particles'. 100 .percent passing the 1/2 ,inch sieve and 98 per'cent _retti.i:l1y,~-_on, 

the ·No.8 sieve. The bank rUl1 gr!lVelly sn.nd wn.s·a clean brown unifo!-m gravel-
. \., 

ly sa.nd ,with sub-angular p~rticles. The frost heaving gravel was_prepate.d-
.. '. ·.····· .. 

~sing 25 percent gr,avel, 45 percent gravelly ·sand and 30 perce-nt silt •.. The 

grain size distr:i,.bution curves wit.h t~e specific gravity,.Atterberg limits .. 

and. classification·of these materials are shown on Plate.9. 
' > 

b. ·Admixtur-es. The selection of admixtures for testing; was made 

,/ • I 

to add informa"t1ion on new and combinations of admixtures to the existing data. 

Flake calcium chioride ,(77-80 percent p~e) was selected as a salt. Studies 

by Slesser ~indicRte thnt there is less lnteral migr.ation under' a pavement of 

-14-
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. calcium chloride than sodium chloride. Calcium chlqride in solution with 
I 

. \ . . . 

water as the solvent gives a much lower freezing point than does so?-ium 

chloride. · However, based upon the Purdue freezing tests either. c::tlcium 
I • L 

chloride orsoeimn chloride appear to be'equally ~ffective in prev~ntirig 

frost action. Bunker "C" oil which 
1

Conformed to .specifications irt,Bureau of 
I . ' 

Standards Bulle_tin No. CS '12-40 'ror No. ~ fuel oil was selected as one- of 

-1 ... ~:· ' 

the admixtures. . This material was sel.eoted been. us~· it is one of. t!l~ ,least 

expensive-bituminous materials and,hnd not been. tested previously. Tarmac 

T~2 (Federal Speci~ication RT-1~~3 Grade RT-2 as amended 3~ August 1944) wn.s 

chos~n for. a comparison of, the results of -the previous te;ts wi:th the te-sts 

using the Bunker "C" oil •. Following is tin analysis ·of the RT-2:-
' . 

. Engler Specific Viscosity 40°C · 

Spt?cific Gravity at 25°C/25°C 

Water; % by volume. 

Tot~l Bi t~t:m.~ % by wE(ight 

Distillation, % by weight 

To· 170°C 
200 / 

235 
270 ·' 
300 

Softening point of Distillat,ion Residue 

(R & ~) 

Sulfonation Index (tot'al· distillate to 

3oo0 c) 
I 

Sulfonation Index (total distillate 300 . J 

8.8 
\ 

1.119. 

11.7. 

94.3 

1.4 
1.9 
7.5 

22.-4 
. 32.8 

'4•4' 

.o.Ll-3 

' / 

' . - \ 
The following admixtures and combinati9~s of a~~ixtures o~ basis 

of percentage of the. dry weight·' df 'the ·soil were used: 1 

' . 
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I 

SOIL 
~ 

East Boston Till 

I . ' .· 

New Hrump~hire Silt 

Frost Heaving 'Gravel 
I \ 

Fr·ost Hea~ing Gtave·i 
\ 

PERCENT 
:·BUNKER "C" 0 IL 

Q, 2~ 4 and 6 
o, 1$ 2 and 4 
O, 2, 4 and.6 
0~ 2, 4 and 6 

~ o, 2, 4 and 6 

(Dense) ""· 
.lJ) 2, 3 and4 

(to·ose) 

. ~ 

PERCENT, 
RT-2 

' 0 ~ · 21 4,.-and 6 
0~ 1, 2 and 4 
0~ 11 2 and· 4 

~ \ 

~ 
I 

\ 

. PERCENT . 
.dALG IUM . CHLORIDE 

.• ... 

.3 , . 6, 8 and 1 0 
0, 1, 2 and 3 

2 
,2., 3o5s 4o5 
and 5o 5 

Oo Pr$par.a:tion ._of S;ll!ripl.~.s·o, Ea.ch of the three soils was. n.ir 

dr'ied,9- thotoughly mixed and lump~ brpken' dovm:. All sizes retained on a 
. I 

Noo 4 sieve w~re removed from the E~st Boston till? 

Two types of test specim~ns were prepared; those without ad= 
. 1,. " 

rilixtures and those with adnlixtures.o Spe~ime~s without admi.x:tures were pre""' 
\, 

· · pared by compacting soil at a prede'terniincd water content ,_into a split con= 

tniner 3o3 inches in diameter and 6~5 in~hes hi,gh, (see P~ate 10) to n. 

selected l.mit d~y weighto Where salt only was used ·as an_ admi:x\ure., it was 

_first dissolved in wat'er and then the solution Q.ddcd to the soii~.- \IVhere o; · 

bituminous material only was used ·as o.n admixtu~e, -the require~ q~n.p.tity 
. . . 

of Water. Was ~l.rst added and. mixed then the ,.:bitumlJ10US material WO.S rtdde.d 

and mixedo Wbe re l;>oth salt 'and bi tumino'-&s mo.terial were added, the s·alt·~was · · ' 

dissolved in w·ater and thoroughly mixed with the soil followed by the ad"" 
l ' I • 

dition-of the pituminous·materialo 

Most specimens-were compacted to 95 percent Mo4ified AoAoSoHoC 
,,. 

density _at th~ opti~um wat_er conten~ for 'that .dens .. i.tyo 1Where ~dmixtur~s 

were used the Modified .~.,Ao'S~H.oOo··dens~ty was determined for each different· 

admixture percentage and combinations of ~o.dmixtureso 
\' . 

/. 

,/ 

Some., specimen~, of )Tew 
; ' 



Hampshire siJ t :were'· compacted to .a :relat':iveJy low urii t dry w~ight to invo1t-

ig'ate the effeat of compactioho 

The following ~able sU+Irmarizes· the ave":'"ag;; molo.ing d.aco. fvl' ·ch::· 
. I 

specimone tested: 
I. 

~· Wate'r Content 
%Dry. Weight 
Joil and Ad-

Unit pry 'lTv eight Dogree of 
of Soil Se.turn.tion . . ' 

Void· 
.H.:-lir) . mi:r:ture 

:.~~ -· Rrtr:go 
Lbs. p~!:- cubi: r~;:;-: . P0rc0nt· 
.l\:ii·g o " R~-- A.'-~-~-· Fs.nr-;o y A v g ..... ·;- _E ?'"lg~~Ji~:[' 

Er~.st Bo:fto!:l Ttll 8~:·1· '5;.6-9. 7 123 
2a samples 

New Hamushire Silt l) .. d 13o-O-i4.9 102 
4 sam~lG~ . 

(molded- at 95 r~ % I 
·modo AASHo,· donsi ty) 

Now Re.rnpshiro Silt l9o0 18.1-20.3 85 ., 
4 sn.>11plas 

~,rost Hco.:v-ing Grcn;.0l 6~ 3 5o 7-6. '7 l~O 

8 samrlen 

FrosJc H,_;av:tng Gr~:v0~.; 8. 2 '7 ~9 .. g. S· · 1J.5 
.4 SHmpJ~e3 

I . 

59 

~7. 

127 .. =-32 6l 

' I' 

___ /_. _ _....... ______ ._ -·--- -----------·--- --~.-~---· -'·-~- ....... :·-~··--.-~-·-- _ ...... - ..... ·-··--=----:·:~·~:··:·· 
\ 

All r.pcr'.imons. we.,..·e numbered. cors_9cuti \)'OlJ. 0.":1.~~ n.l1 l.Llun0ors 3h:~.~'J~?'~d. 

reprcE!ent s r:mp:.e s· ~vv}+ich we:~e not tested ... 

Aft-:~:;.· tae idr.mples were molded thoy-Yte::rc pict.ogre.:~hcd, d:l.p~)od i:a~~::';";:;,,:\::~,j~~~i

prtrnffi::l S·'J t~w.t thay .wote: coverod with' "bvo thin covqr::.ngs a·uou·c 1/32 of ;1n 

ing in the fr.:-::, 'ling cabinet the parn.ffin vvy.s :cc.mo-.,red fr"·m r--l-:; end o ~ the · 

u: 

Tb~ c~.~d'oca:.-d tube was. sealed to the drawer pan by the u2e of' i:t s"i::;oneo 

I 

rubber momhru .... 0 ';.nc1. n. clean dry sand plnced 3.row-Id tha sam~~~-ns ·_for in~ulati·Jno 

I 

Prior tb :plr.c:i.n6 the sample on the porot· .. s 
I 

stone the vtater le\"el vr•.r.: o..J..j1};s+r:;cl 
i 

) ( 

to tho r)lo-vatim1 cf. the to,p of the por·lUS stone E 0 th~.t watsr wus ·ai.-cti:.::t-11? 

I -1{'-
I I 



. at the bottom of the sample. A schematic din.gr~ showing the samples r~n.dy 

/ for fro·ozing is shown 'on Pl~te a: · All srunplos in series B n.nd C wor.o weighed 

I 

·prior to placing on the porous sto:q.e. 

The capacity of the freezing 'C'abinct· was 16 samples' and a total 

of 48 samples were tested in three serie,s •. These series have been differ .. 

--~ entiated by letters A, B, and .c before the sample number. Twonty-oight. 

samples were prepnred using the East Bos)on till; e~g~t srunplcs , usipg the 

New Hampshire s i 1 ~ and 12 sampl-es using ~he frost heaving gravel •. 
,._. \. 

I 

d~ Test Procedure •. All samples were allpwed to absorb wn.tcr by 

capillarity for approximately 'three days~ prior ~o'freezing while they wore 

. '-
being brough to temperature equilibritnr;•' The sf:l!nples were fr,ozcn by a 

gradual lowering· of the cabinet tempgrat;.J.re at the top of the sample while 
. . r .· . 

malntai~ing. n co.ns.tan:t. temperature (40°F) at the bottpm of the's amp~e • The ·, 

. . ' . . \ ' - . 
following tn.~le shows the temperatures applied dUring the tests. Z9ro time 

l for each t~st is designated as the dato vrhen the temperature of the cabinet 

·was reduced to· 32°:f. The last. dn.te. of tl1c test is the day on which. the 

samples Were taken from tho 'cabinet to the cold r,00!11.Where the temper0-tUre 

' was a.pp;roxima~e ly 40°F .• 
' ( 

, I 
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Series Series Seri0s 
A B c 

Days . Temp. Accumulated· ·r,cmp •. Ac c tmlul a.:'ced Te:rn.p. Accurnulat3d 
Degree hrs. · 'Degr·~;e hrr. De·gr ee hr s. 

..;2 34 0 34 -0 . 1.;.0 ·o 
-1 35' 0, ~· ·:;4 o- 35 '0 

·o 32 0 32 ·1 32 0 
1 32 24 31 31 3l ,, 24 
2 31 48 31 58. 31 48 
3 30 96 30 106 5? 4* 
4 29 168 . 29 181 30 70 
5 29 240 'C), 255 I 27 190 
6 . 28 '336 28 354 27 . 312 
7 27 456 27' .. ta4 26 456 . 
8 26· 600 26 618 • I 26 600 
9' 25 768 25 789 25 772 

ro ?4 960 24, 982 24 96$ 
11 23 ·1176 23 1206 .. 23 1185 

.12 22 i lhl6' .. 22 . ': l!.Jlt7 . 22 1426 
13 20 1704. 20 i734 20 1719 
1L~· 18 2040 18 2070. 18 2057 
15 16 2421-t. 16 21.!-54' 14 '2486 
16 14 . 2856 14 2886 14 2920. 
17 '12 ·3336 12 3368 13/ 337L,. 
18 10 3864 10 3893 11 3879 
19 5 ' '4512 5 4530 .5 4526 
20 5 5160 5 5193' ,.. 5164 ') 

21. 5 . 5808 5 5851+ 5r- 5802 
22 .5 6456 '·- 5 9393 
23 5 7104 -

The air temperatures in .t;h.e; cold room and .cabinet were deter-
/ 

- ,. . I 

.mined by moans 'of mercury thermo111eters 1 .,:thormocou·pJ.es and recprd~ng. thermo-
I . . ' ·, 

' \ 

, ·gr~phs. ·one rc;cording thermograph was placed in t~e cold room. The second 

r~cord~ng thermograph was placed in t.he freezing cabinet above the di·a:w·ers. 
' 

These thermogra.Dhs' wero used ~o determine the range of t\;mperatm:es ·'during 
... ·~ ' . .. - / ' . 

the tests~. T~"lo thermometers r~.ading to 1/5C? wcre·;placcd in tho cold room 
\ ' . \ . . -

an~ tv.Jo ~n the freezing cabinet. ~<'ro copper c·onstantan tner,mocpuples were 
I 
I 

·placed in antifreeze in the :cabinl.:::t ne;:;1.r the top. or the cir;wors, and two · 

.were placed in V'ro.ter in the col<i room~ Two additi~nal ther~ocouples.wcro 
- < I I . 

I ' \,_ ' 

* TGmper'o.ture of cabinet ros'e to 55°F be~a~cn 2nd an.d, 3rd dr; .. y cancelli~g 
degree hours ~ccumulated. 

j 
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. 

I ' ' 

'· 
.~. ) 

\ 

placed in the cabinet .,drawers beneath the p9rous ·stone to determirte ·the 

temperr..ture of the wn.t~r · n.t t~w ·base of tho spocimen during th? test. 

The temperature contr'ol of the freezing cabinet .wa~ crrat~c 

durin~ ~eries.C arid .adjustments in the applied temperat}U"e~ were made in an· 

attempt :to- make__, th~ dgree hour curve- agree with that 'of, s'erie~ .. ~ a11-ci B ''.ri th-

. out extending· the period of testing. 'Th~ dcg~e~ hour curves for cr:.ch. S·3ries 
. ) 

~ \ 

o.ro ~hown on Plo.te 11. Water was available at the bo"ttom of- all s.amplos dur-

' ' 

ing the freezing period •. It was muintairied level near.the top of ·the porous 

stone by means of a discharge pipe adjust<?d to the level· of the stones as , 1 

shown on ,Plates' 8. and 12. Water was ·admi.ttod to tho system at a rate that 

would allow a very slow runoff from the overflow di?'charge pipe. This was 
I' I 

adjusted to the rate at which the sample took on water o.nd was checked' fre-
. -· 

que:p.tly each dny. Heav~· measurements were taken ·three-tiin~s a week dtiring 

' the test. At· thG start of. series A a scale wo.s us_ed .to meaSU!7e from the top 
f 

of the- sample to a straight edge laid across the froezi~g cabinet drawer. 

This-method was replnced by one ~sing a 0.001 inch Ames dial extonsometor 

pcrmttnently mounted o~ a stoql bar that·would ·spo.~, the ~drawer. Two shims 
R 

wore provided which were machined to f .001 inch and thr'ee extensions' were 
) ._ ' .. 

1 ' 

provided :('or. the exten;3omete:r. This arra!lgement permitted tho-moasuromon~ 
·( 

of· approximately four inches of heave. as shovm on· Plato 13. Those, srunplos 
{; 

which hco.ved more than four ·inches\ wore mcn.sured ·with .a· scale. At the com-

'· 

l ~ 

plot~ on Q.f the tests the ac~ual' length of 
1

each s.ample was measured as it was 
\ . 

removed from the drawers to check the heave measurem13nts. 
. . l • . ' 

At the concl.usion of the freezing period the ·sample$ were 
, I •-

removed from the drawers, weighed, the cardboard tube a:t:id paraffin removed 

n.nd phot~graphs. taken. . The samples· vmro then. brokBn up 'for the ice lens 
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/ I) 

observation n.nd increment wat_er content determination~ . Water contents were· 

· to.ken n.t approximately every l ~ 5 inches of height or c•l<?ser to obtain n water 
, I 

conte:q,t profile after frost action or freezing had occurred. 
') 

e. ~urmnary of Test Results. The· three soils tested were affe.cted 
i 

by frost action in the Un.treated .state. 'For. :the percentages· of admix~ures 
' ' 

tested the Initial\ minimum percentages vrhich prevented··fr,__os.t ac~1
ion are pre .. 

- . . . 

sented ih .the tabulation below. : :These m~nimum percentages were reduced a.n 
( ' , 

I .. 
\ 

amount which i,s difficult to evaluate due, to the capillary ·action which took 

place prior to, £reezing. 

INITIAL PERCENTAGE OF ADMIXTURE 
~ ,. 'i 

~. 

New Hampshire Frost Heo.ving 
Admixture East Boston Till Silt· Gravel 

Calcium Chloride 1% .3% (lopse) 1%' ( de~s e}_ 
2% (loose) 

Bunker "C" Oil, 6% '>6% Not· Tested 
I 

~T-2 6% _:Not rested Not Tested 

Bunker "c" Oil and 1% 1%' 
G~lcium Chloride· ·0.5%. .: Not Tested ·2% 

RT--2· and .'· 1% 
\ 

Calcium Chloride 0.5% 'Not T'ested/ Not ·Tested 
'' . 

On Plates_ lh to 18' i.ncl us'i ye 1 the water content do. to.' is plot

ted "With the photograph~.taken before andafter .freezing- for the srunples· 

, I 

with no admixture, ,for ·those with a maximum _of admixtures which heaved-~ and 

those with the :.:1inimum -~f adr;lixtures which did not heave.- A summary of the 
) , 

. . ' 
- , data from the frost action -tests is sho~m on· Table 2. As shmrn. on _Table 2 

\ 

the dry weight ~n po~ds per c'ubic, foot b'G'fore testing was computed for the 

soil alone from the wet weight, the water,,leontent, and the percentage-of ,ad-
\.. 

mixture, The void ratio and degree of saturation· shown on this~- tabl<? were 

'-21-
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/ 

computed from the dry weights computed as shovm above; the' specific gritvi ty · 
j . ! 

of the soil and the water content of the soil before &~d af~or testingo 

All satnple·s tested in the freezing 'cabinet absprbod wo.ter 9 

.The. increase in water content is shovvn on Table 2 in the· coluffins "1Nator 

Content" .and .''Vvater Content- of the .Bottom Jnch 11-o _The samples which wo:rc 
) ,, 

not fro zen or only partially frozen .. and which did not show heave n.'s o. re=:· 
I , 

sult of frd~t act~o~ might have 'heaved if.thctcmperaturo conditions had 

. ./I 

been such t1fat the additional water had b.oen frozono 

i ; -

f o .Qonclusiohs~ ·On t~e basis of the rosul ts· obtained the· fol= 
.) i 

lowing conclusions are presented: 

'1 

I(_ 

"I 

( 1) The results of ,te"sts on admixtures to prev.ent frost 

action in frost susc~ptihle soils are.-in general agree= 

mont-with· tests conducted by VVinn and Rutledge .and their 

conclusions as quoted.in paragraph 7 are considered 

I 

reasonable. 

(2) A minimum of 6 percent of Bunker "C" oil for the East 

Boston t~ll_, a minimum
1
of 6 _percent RT-_2 tar for the 

p 

East Boston till and a percentage g~eater than 6per

cent of Bu..'11ker '"c." oil for the New Hampshire silt was 

· require'd to prcvent frost n.ctiono · 
1 

-(3) Frost. action w_as preve'nted in the frost susceptible soils 

·tested, with a mixt~e of Bunker ;'C" oil and calcium 

I 

chloride- and with a. mixture of RT-2. and. calcium chlorideo 
{ I . 

I. 

A maximuh1 per.centage_ of either 1 percent Bunker ncn oil 

I - ' 

or RT~2 was required with a maximum percentage of 2 per= 

< ., .; 
cent· c·alci um chloridoo: 

:.,22= 



·, (4) 

t.,. 

The limited tests pox-formed indicate th8.t Bunker 
!I 

llrtll v 

oi 1·,_ the le 9-st exponsi vo of' the, oil, products, is as 
. \ . . q 

I 

' \ 
. satisfnctory as other more expensive bi~urninous admix= 

tlires in preventing frost actiono 

lOo . ,Leaching Tests o 

-
ao Material Testedo J Tne soilc used in the leo.ching tests wo.s 

the East Bqst.on ti 11 as· described in parr;.gro.ph 9o.o 
.'\ 

bo Admixtures o The admixtures consisted of ·flake' calcium · 

chldride alone ~nd in combipation _with Bt{nker "c'" oilo The following ad-

mixtures and combinations of adnfixtures ob basis of percen'tage of dry weight 

of the soil were-used:· 

CQrr{paction 
% M~d~ AASHO_ Per-cent For cent 

Series Soil Density Bunker ''c"··oil Calcium Chloride 

1 East Boston Till 95 o, Oo5, 1, lo5 
2 and '4 /'• 

-2 

I 

Till 2 East Boston 95 , 0. tOo 5_, 1, _lo 5 .and 2 

2 East Boston Till 86 0 0.5, 1, lo5 and 2 
/.· 

2 East Boston Till 76 0 0.,5, 1, lo5 and 2 

Co ·rest- Procedure<> Twci series of tests were performed to deter-

mine the rate of leaching 0-f 'Calcium chloride a For all tests. the soil wn.s 

"- . 
pre,pared as described in ·paragraph 9c. and 66mp·acted ir;t either a consolidation 

.... ..., ., • I 

' ' 

ring or a lticite cylinder at density indicated)ih above tab~eo In 'those 
'\ 

samples tested in ~he ,.consoiid~met~r, .W[:tt~·r was for.ced upward ·through the 

test specimens, lo25 inches. thick, under a pressure ~f six pounds per squnr'e 

inch equi va,lent to a hydraulic gradient of 133·~ ·Lar?er pressll.res than this 

resulted i~ the was~i~g of fines ~rom ·~he ~pecimeno The.tops of the speci~ 

··mens were loaded to a unit pressure slight·:ly greater than six· poWJ.d per 

-~23-· 
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sqti.are inch. The thickness of the samples in ~he luci te cylinder .varied. 

In the srunple~ tested in ·the. ~uci te cylinder I water was forced! do~ through 

the test Specimens by a. vaCUUm of' approximately nine inches of meJfcury 
. . ) . . . 

equi vn.lent t9 a hydraulic 'gradient, of from 87 to I45. ·The water which 

passed' through -the Samp>le 'was collected •. 

The tests in the first -"series contained poth B1.lllker "C" oil 

and calciUm chloride and 'in the second series rcalciurn vchloride alone. The 

percentages of calcium" chloride and th-e void ratios were varied in tho sec-: ' 

ond series to determine the effect of ·void rati~ on the rnte of leaching 

of the salt. -Tests with the lucite c;Ylindcr were observed to det~ct any _,_ .. :: 
r 

f 
change _in particle arrangement due to the flow of water -tliru tho sample• under-•./ 

.. 
the head. used. 

Tho water -~o.ssing through the specimens was periodically tos.t~ 
.. . ... 

ed to determine the presence of calcium chloride in solution. This was ao-
. ··• , , . I 

. complished by noting the .presence of a wh).te precipitate wi~h the addition· 

silver nitrate and when rio precip~ t~te was formed, it ~ras assumed that . 
' , . I 

all cal,cium chloride was wa~hed fr-om the specimens. T.he number of changes:: 
\ 

of wa.ter 1 c6mput13d fro~ the v?lume o.f ~ofds' _in· the sample and ~the tota.i 

amount of water pn.ssing ~hrough the sample, required to wn.sh· the sa.lt.·_qom~-

\ ' 

pletcly out of.the sample was~determined.· 

.. In conjunction·wi th the first series of. leacl:ing tests, per-

.-meability tests were perform~~ on duplicate samples using a falling head 

p~rmeameter. 

.I 

/ ' d. Summary of Test Res'ul ts. A summary 6f the leaching test 

data ·is shown· on Table 3. Sev.era'l samples were discarded as the pr.~ss:rres 

use-d in washing ''were high enough to . cause p-iping through the samples.· Ihta 
. ' 
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from these tests hr..ve been omitted from this report as they were not com-

. pletod •. 

T~st results ar~· g~ne~ally no~ consistent •. It is believed 

that the inconsistencies are due· to stra."tification accompanying compac~ion 

of remolded.soil of the type.used for thes~ tests. The stratification is 
'-

beli~ved to have caused large• variations in the average coeffic-ient of per• 
- L 

men.bility, thus affecting directly tho t~me for leaching. 

- e. Conclusions. 
I . 

In. gener~l the following· conclusions arc ob- · 

taine_d -rrom the test· data: 

( 1 ). The time require-d to· 1on.ch out the salt was greator whero 

Bunker "C" oil was n;dded compar.ed. to tQsts whore Bunker 

. . r ' . . ' 
ncu_-oilwa·s not·added at srune unit dryweight~ 

'-. 

"\ (2) A decrea~e in unit dry weight resulted in a decrease in 
. \ 

time :or leaching where no. Bunker ·"c" oil was added. 

(3) 
··. . r' . ~. ,. , 

The leaching tests subst,antiate tests 'Qy others proving 

that salt is readi'ly leached from soil, ·without Bunker 

'~en admixture, by movement of water. Tests where Bunker 

"C" was adde.d _indicate a gr.ea.ter time for leaching vVhich 

does not agreq with tests by others using sm.all percent-
. . ·.' .. , I 

ages of other bituminous materials. 

{4) The number of change~ of wn.t_er required to len.ch the. 

--salt was of about the same range regardless of percent-

ages or combinations of admixture.· The num?er ·of changes 
' . -

apparently decreases·with decre~sing unit dry weight 

,. where no Bunker "C" oil vrn.s added. 

.,.. 
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. I. 

I. 

11. General Concl us.iorts • The data obtained to date indicate that the·· 
I , 

addition of bitliminous material to f~ost ·susceptible buse·mutorials in suf

ficient quantity may produce a non-frost:· S'?-~coptible base~ · J:Iowevor, ·---the 

percento.gc of ~dmixture ,ivhich is -required is not n co.ns.tant· :p.or is, its re• 

·lation ·to any partic~l~r so~1 prope~ty#. known at this time. 
r 

If treatment of a frost ~usceptib~e b'ase soil is propos·ed, tests 

should be performed on the ma.teri~l similar to those des~ribed herein t~ 

estimate the amount of admixt'ure required.. and to de~ermirie the most s·atis• 

facto~y adroi,xttire. There is rio· assurance that the amount so dete~mined 
·.I 

from laboratory tests will prove successful in ~ctual construction. 

· The data also show that salt is·the most satisfactory-admixture 
' ' ,.- ' 

for preventing frost action, but it has the major d~_sadvantage of _leaching 

or migrating from the soil in the frost zone. ~ 

· The a.ddi tion ofbi turninous material with salt apparently· retur~s 
\, . 

leaching to a minor degree •. 

' '. 
Because· of. the major disadvantage of migrating, the use of salt, 

/ ' ~ \ 

either calcium ch+9ride' or sodium chloriqe as an a.qm~.xt·ure ·is not recommended' 
·,' . ) . 

at this time. 
,,. 
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Soil 

' 3 
Silty 
Clay 

5 
Clayey 
Silt 

") 

-

6 
Clayey 
Silt 

7 
s~ 

, Silt 

a 
Gravelly 

Clay 
Sand 

( 

.. I 

- \' 

· SIDJDAARY OF DATA . 0~ SIDN FREEZE TESTS 
. . . 

RES-INOuS WATER· REPELLENTS· INVESTIG&TIO!l (i). 
' ' 

Speoitio · Water Con'bant Dry Weight 
Adm1xtun 

pOf.' Grayity AJJ Arter After 
llolded _l'!nP4,...,. Soald.».t: ... 2e7Q 20.1 ·1o.o 27·7 98e7 

1% 321 . . 20.3 10.2 '27.5 - 97.0 
~ 321 I oJ~ Fe~ 19.1 8.o 25.5 95·7 
2'/o Stabinol - . - 19.5 9o2 22.0 97·9 

- 2.70 19.6 7•0 30•0 97o0 
. 1% 321 18.3 .8.9 26.2 95·9 
~' 321 f 0 J~ FeS<>t.. 19.8 a.6 23e5 95.4, 

17o6 ~ 7o5 18.2 98ol 2% Stabinol 
\ . 

- 2.($ 18.2 8.8_ 24.3 103.5 
~~- 321' . 17.7· 8.6 . . 20.7 103.3-
~ 321 .f o-J~ -Fes<t 18.2 . 8.9 19•8 '101.6<' 
2% Stabinol 17o9 1·9 15.4 102.9 

\ 

. ' - 2.67 17.1 a.o 25.4 102•8 
1% 321 17.4 . 9~6 22.9 .· 101.1 

-1% 321 I 0 .4% FeS<>4," 15.2 1.2 24.6 98.6 
2"/o Stabinol 16.6 a.s 13o9 101~'7 

- 2.67 7·5 3·6 15.9 119.6 
·J.% 321 . 9.2- 4.s- 13.8 '121.1 
_ 1% 321_,t o.~ Fe'so4 8.o I 4.2 15·7 118.; 
2% Stabinol - 8.9 5·5 11.8 121.5 

- . 

Per Cent Per Cent 

saturat~on B:eave.; . 

77 --~~ 75 
"68 3.6 
73 13o5 

I 

~ 
41.0" 
19.3 

70 - - 19.3 
66 21.2 

78 14.~ 76 21. 
- 74 

- ~ 

'9·3 
76'.- 1.5 

13- 14.4· 
72 17.2. 
59 17.2 
f:l:) 4.3 

50 12.9 
65 :lo.o 
-~ 3·6 
~ 1.5 

.. 

...... - ( 1). Mississippi River Commiss-ion. U ~ s·. Waterways Experiment Station. Draft of Interim Report' ot 
Water Repellents Investigation and pertinent data supp~ied by letter. · 
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A-1· 
A•2 

, A-3 
A-4 
A~ 

A.-6 
A.-7 
A;..8 
A•9 

A·lO 
A-ll 

. >A, ... 12 
A.-1~· 

,.-A-14 
·A•15 
A-16 

a ... 1 
B-2 
B-3 
B•4 
8~5 

··B-6 
B-7 
B-8 

·~-9 
. ·B-10 . 

:B-11 · 
._B-12 \ 
·.s.;.13 
B-14 
8·15 
B-16,. 
·\ 
.C-20 
C•l9 
C·?~ 

C~22 

SOIL 
'fYPB 

East 
Boston 
Till 

.c-8 ·Frost 
,C-17 · Heaving 

C-6 Gravel 
C-7 

. C-9 
c-1u 
C·ll 
C-12 

, I Cal3 
C-14 

........... / .· 

C-15 
·c-i6 

PER CENT . AND TYPB 
OF ADJ4IX1'lnm 

FROST INVESTIGA'l'I O!r 
\ ' .. 

'· 
BASE ~CURSE TRWIIIENT 1'0 PREVENT FROST AC'l"IOI 

SUMMARY OF FROST ACTION TEST DATA 

t---D ..... ENS...,...I_TY_· --tLENCFGTH t--. W...,A_TER.....-_C_ONT..,.-Em __ .. -+·-SA_~ .... ·.,....,.T_I .... ON-;'1 VOID . WATER cqtnENT. DEGRD · D:= 

WET WT. DRY WT o ·TEST END START GAIN START Elm RATIO ~F .BO'l'TOM· INCH .HOURS TO 
pocefo p.c.f. Ul OF 0£1 DURING OF OF AT IN START 

a-------r---..---1 BEFORE BEFORE: DAYS TEST TEST TEST' TEST TEST S'l'AR't BEFORE ·AFTER TEST OF 
BUBKm "C" RT-2. ~aC12. TEST TEST _{A) % % 1C ·% '". 8 . TEST · TEST HEAVE 

I 

2' 
4 
6 

2 
4 
~ 

2 
4 
6 
... 

1 
2 
4 

, .. 

.... 
1 
2 
3 
4 

1 
·2 

_4 

1 
2 
4 

a, 

·-

.. . 139.1. 
- ·. 138.4 
- . 133·8 
... 133.8 
1 1.40.0. 
1 140.9 
1 . l35o0 

\ 1 132.2 
.2 138.8 
2 137.8 
2 132.8 .. 
2' 133.4 
- l36o6 
- 133 .. 4 
.. 133.4 
• 133o1 

1' 137.4 
1 1~.o · 
1 138.2 

· 1 1~.o 

., 138.5 
•5 138.4 
e5 136o7 
·5 137.2 
·5 139.8 
o5 · 138o7 
e5 138o0 
·5 134.4 
.. 114-6 
.. 117.8 ' 
• 122o3 
- 121.0 

127 
124 
120 
119.' 
127 
126 
~30· 

117 
125 
122 
+18 
117 
125 

.121 
119 
117 

125 
.~, 

122 
126, 
123 
122 

. 127 
127 
126 
124· 
121 
101> 
101 ' 
103· .• 
101·. 

3 
6 

107 .6. 87:-· 
107.2' ~5· 

8 
10 

1 
2 
3· 
2 

3·5 
4-5 
5o5 
2 
2 
2 
2 

1oe.1 . s;_. 
108.9· 84 
139~4 132 
140.6. . 13i 
1~.9 ' 132 
].42.6 130 

. 128.8. 117 
128~2 114 

· 1re~6 · 114 
130.8 ., 115 
143o7 . : 131 
143·3 l29 
143.3 128 . ' 
143.0 127 

26 

25 

46o4 9o7 
20.6 9.2 
1289 ~ 7 .1. 
8..7 6.2 

13o7 9e4 
10.6 9.0 
9-5 6.9 
6.1 5.6· 

13o1 8o9 
11~3 8.8 
9o4 6,.5 
7o5 5e8 

46.8 9.6 
21'.6 s.o 
11.7· 1·1 
9·3 '1 ·5 

l..4oO 8.6 
. 12.4 9.0 

10.8 8.5 
10.0 9.4 
17:.7 \ 9.2 
13o6 9e0 

' 12.4 8.4 
9ol' 7o7., 

16414 ·9.2 
12ol· 8.6 
:1lo4 8.1 
8.1· 6.6 

102.5 13.4 
82e5 13o9 
82o7' 14o9 
63ol · 13o0 

26'.2: 20.3 
23o2' 19o4 
23.8 18.1 
22o8 18o1 
11.!2 5·7 
10.0 6.0 
9.1 ·6.4 
8.1 6.7 
9o7 8o3 
9.0 8.6 
8.9 8.0 
8o5 7o9 
;8.0 6.4 
7o6 6.5 
7o4 6o4 
7ol 6.6 

· (A) - LENGTH OF T_EST COMPUT:m FROM TD4E SAJlPLE PLAC:m ;N DRAWER UNTIL ,REMOVED. 

~93' 
o98 
o98 

:1.00 
.27 
~7 
o27 

-~· 
·:47 
~1~7 
.46 
.28 
o29' 
e30 
.32 

.10 
9~ 

1'. 
6 
9 
9 
7. 
6 
9 
9 
6 
6 

10 
8 
8 
7 

9 
9 
8 
9, 
9 
9 
8 
8 
9 '. 
9'.' 
8 
1 

it 
15 
13 

20 
19 
18 
18 
6 
·6 
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WAR DEPARTMENT 

... 

FROST INVESTIGATION 
I 

. · SUMMARY OF LEACHING TEST DATA 
'• . . ' 

BASE COURSE TRF..ATMEliT TO PREVENT FROS'T ACTION 
. ' 

~ 

l. 
'· : Degree of Saturation Coe fficieht 

Sample· Percent ·Percent Unit dry Water Content Vol. of =Void· % of 
Noe •:.· Calcium Bunker weight, ·Voids ·Ratio 

Before . Permeability-
,B~fore After Arter . 10-4 . .Chloride socw Oil pet" ~c e Testing Testing. ' Testing ·Testing 

I 

1 
., 

2e0 0 "' 123 a.a 14.6 81.9 0.392 61.6 100 .• o.oo6 
2 2o0 2 124 . 8.T .. 13.1 . 80.5'. 0.381 62.6 .94.3 0.-007 . 
2c 2.0 2 -'124 8.2. ·13·3·: . 80.2 0.380 . 59•2 .. 96.0. .. o.oo7 · 
2c•. 2.0 2 123. . 8.2. 11.5 . 1~.2 0~,90 . 59.2 . 88.9 0.007 
3 2.0 . · .. 4 123 6.8· 13.2 . 82.1 ,· 0.389 ' 47.9'" ·. '. 93.1 o.ooo45 LB. 2.0 D 126 8.6 12.8 . ;: :76.8 0.331 70.0 100 .. o.o02 · 
4b 2.0 126 8.7'; •.17.3 0.358 66.3' ' l .. ... '13•7 . 100-tr: 0.002; 
-5 2.0 ; 1e5 125 a.·5· 13.-6 ·78.3. o •. 364 64.1: 

I 100 + .. .Oe200 6 2.0 Oo5 125 8.6 .. 1 13·•4 .·. 19·3 
,., 

0.373 . 62.9 98.5 0•28o 6b: '2.·0 Oo5 125 8.3-: ~3•3 . 79.0 0~368 61.8 99.1· 0·2~0, '· ,. 

o.5 \ 1·0.5CA ... 1~ ·. 8.7 13.2 . 65.6 9··349 ·. 66.0 100 :f. '• -2~l.OCA, loO -· 125 .· 9·5 13.0· 33o7. 0.374' • 70•0 95.0 -. ·, . 

. 3.;.1.5CA le5 - 127 ·9.8 . ·13.5 59·'-' 0~31•8 77.4' 100. -. 4•2oCCA 2.0 - 123 a.a · .14.6: . '81.9 p.)92 61.6 .100 + -.. 
l-Oo5CB Oo5' - 113 .. 7•4: 16~3 99.1 p.510 39·5 ·; 87.7 - '. 

2 ... 1.0CB 1.0 113 .7.2 17.2· ··Cf}.7 Po519 '37 .s 91.0' - -·3 ... lc5CB 1o5 ... 113' 9.8. 16.4·· ·98.2 P4509 52.8 88.4 -. 4-2.0CB 2e0 ... 114 8.2 15-.2. 68.2 .. p.505 44.6 82.4). •· .. 
l-Oo5CC 0.5 99' 8.3 1~.2; 41.1 . / Pe721 31•·6· (1}.3 ·' - ... .. 
2-lcOCC loO 102 6.8 '. 16.2: 82.3- _· p.677. 27.4 65.7' -.... 

. . 
'I 

17.6' I 3-1.5CC 1.5 103 10-.4 45.7'·'. o.67o .42.5 72el. "" -4""2eOCC 2.0 .... 98 a.,~. 17.4 ~- 82·~·: ... 0.745•' ,o.6. 64'.1 -
' 

\ 

' 

0 

• Material and mix same as 2c. Test pf;trformed in Luci te Cylinder. ·. 
Notea Sample No. 1 same as sample No. 4 - 2.0CA . · I 

.. 

i 
l 
'I . 
I 

I 

Hydraul ic;i 
Gradient ~I 

133 
133 

'133 
145·' 
133 
133 
13~ 

1~3 

133 
·133 

87 
87 
95 

l33' 
133 
133 
133 
107 
109 
107 
95 

113 

-I 
I 
.! ., 

·! 

.., .. 

,j; 
,i 

I 

l 
I ... 

~ 

. ...:,. 

; 'l . 
!I 

.:ll• 

~, 

.o .. 
.. , 

• . :~. l 
.. ........ 

\. 

I. 

I 
·' 

I 

I 

I 

'· 

' . 

No. or 
Changes ef 
Water in 
Sample to 
Lelaeh Salt 

21 
52 

.. 28 
44 

'12 
'14 -15 
11 
48 

. 20 -

: 

'13 I 

9 
54 
21 

'16 
., 

·-~· 
24 
18 
10. 
17 
11 

/ 

CORPS Or £NGIN.EERS.U~S.ARMY 

'; 

Time 
Requintd '!'est 
'to Leach Performed 
· SIL1t · In / 

hours 
. -

26 ponsolido- ; · 
,'360 ·meter 'o 

247 • 
-230 ~ucite Cyl. 
254 · Porisoli(io• 
245 meter 
192 It 

177 It 

365 .. 
129 tt 

l:,uci te Cyl • 136 
130 . . 

349 • 
26 Donso1ido-
72 ·meter 
97 ( . .. 

126 • '· 

' 159 J,uci te. Cyl. 
74 • 

121· • 
35 • 
13 

.... 

. I 

·._.-

.TABLE 3 
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WAR DEPARTMENT 
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Large Gravel 

CURVE MATERIAL 

GRAVEL 
SAND 

SANOY CLAY 
LAPORTE SILT 

SILT 

0.~ 0.37 3 4 6 8 10 14 20 
I. II I' I ...... 

" 
I 

1'\. 
'~ \ 

I"\~ 1\ 
i\. \ 
' \ ~ 

\ \ 
\ \ 
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I 

\ ' \ 
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\ 
\ 

\. 

10 5 

Med1L1m Gravel 

FROM REPORT BY SPECIFIC 
GRAVITY 

WINN &RUTLtDGE 
WINN &RUTLEDGE 
WINN & RUTLE OGE: 2.11 

SLESSER 2.72 
LATE 

CORPS OF ENGINEERS U. 5 . ARMY 

Hydi'OrMW 
28 35 48 65 100 150 300 -1"--

I I -..., 
~r-. I r-- ~ " -~~ ~~ ' ~ II I I I I I I l 

I-.. 
~ 

1/ "'r-- ~t.... ~\ /LA PORTE SILT @ 
...-

"~ \~ 
-. 

RANGE OF 

~ - ~ \\ I 

SANDY GRAVEL 
.. 1'\. \~ 

\ ~ 
\1 
~ -
V~\ 

SILT ($).-.-.../ \\ " 
\ \ ""' 

...... , ,, ............... ......... 
~ \ 

\ 
'~ r--..... ~ ........ 

\ /"SAND ~ ~i\ ...... " .............. 
' \(v \\ 
' ~ \ \_, ' ' "- " ..... 

' .......... 

...... ~ 
~ 

-.... ...!...__ -----.........;: ~ ---.... ~ 
~ --

0.5 0.1 0.05 _0.01 0.005 0.001 
Grain Size in Millimeters 

Silt Clay 

L.L. P.L. P. l. 

NON- PLASTIC CLASSIFICATION DATA 
NON- PLASTIC PREVIOUS INVESTIGA110N 

18 28 
24 3 



WAR DEPARTMENT 

Tyler Siew Openinp in Inches 

50 10 

Large Gravel 

CURVE MATERIAL 

® SILTY CLAY 
., ® CLAYEY SILT 
r-

~ 
CLAYEY SILT 

~ SANDY SILT 
PI 

N ® GRAVELLY CLAY SAND 

Med1um Gravel 

s L.L. P.l. 

2.70 49 30 
2.70 38 12 
2.69 41 20 
2 .67 32 8 

2.67 2!) II 

CORPS OF ENGINEERS U. S. ARMY 

Tyler Stlnderd Sieve Numbers 

0.5 0.1 0.05 O.ol 0.005 
Grain Size in Millimeters 

Silt Clay 

RESINOUS WATER REPELLENTS rOR SOILS 
CLASSI.FICATION DATA 

U.S. W. E.S. 

0.001 
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CORPS OF ENGINEERS,U.S.,ARMY 
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FROST INVESTIGATION 
. BASE COURSE TREATMENT 
TO PREVENT FROST ACTION 

RATE OF l-EAVE AND . 

( I 

2 3 4 5 6 7 8 ·g 10 II 12 13 14 15 16 17 18 19 . 20 . 21 22 : 23 24 CUMULATIVE TEMPERATURE DIAGF\AM 
. 'I 

. TIME ',IN DAYS ., F'RO$T EF'F'ECTS LABORATORY , BOSTON , MASS. · 

·PLATE II 
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Fre.ezlng cablne~ s ·ho~· l .. ng ,Method va•d to 
' supply W'at'er t -o the $1llplcrs 

PLATE 12 



He~a.,riog Heave with 0~001 Jnch 
Extenso meter PLATE 13 
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SAM'LE A-t 

I 
! 

-~·! 
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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. 

46.-l PER CENT. ·· 
FINAL WATER CONTENT 



I.UI'I.I "-15 

wt a1'0W TIU. wmr L I'll Clft l'i-t ~~ camnw. lilt wnan 

1Jl,.t, WUII CCIITift 7.7 I'll Clft- "I'll Clft U!lltiTIOI, 

& . ~----------~~--~------~----------------

4 ----~-----

3 ------..,.----

z--------

~ 

IAft D- TnL1IITII I PD GIIIT WT_;z AID 0.5 I'D Clft C.Wlllni Clll.llRIDI 

-I1'!VIa. ClaiOIUI. DIY DIIIRT 117 ,.,, nra carrar 9,0 I'll Clft UD 

'N I'll Gat U!UtiTIOII. 

. I 

~-
- IDITOW TIU. WITR 6 PD CIIT WT-2·...-.... ClaiOIUI. DaY DIOII! 

1111• ,.,, WATD OOITIIIT·7.5 PD cat· AID !II. PD ~~T11tATIOW, 

-~------------------------+-~~-----------

S~&-7 

WT ~ TILL WITH 2 PO cnt RT~2 AJ!D 0,5 Pll CIIT CALCIUII CIILI3IDI 

Al*t:l!I!IID, OJ.liCR.U. DIY DIOIIT IZ,.,, WA'l'lll cownn 8.1. Pill CIIT AID 

65 I'IR CIIIT SATURATIOI. 

· 6-----------------------~---------------

SAII'Lit-10 

WT 11011'0W TIIJ. '11m! 1 Pill CIIT mna •c• OIL .llll 0.5 PD CIIIT C.U.CIIII 

Cll.c:aiDIAIIIII!Wa, ClaiOIW.U. Dlf WIIORT 12e pet, lt\1'11 COI1WT 8~6 

I'll Clft AID 69 Pll CIIIT IATtltATIOJ. 

PLATE r5 
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SAII'LII-5 

UH 1011!01 TILL Ul'l! 0.5 PIR OBIT C.U.CIUII CliUllliill f.DIIIITIIRII ORIOIIIAL 

taT WIIOIIT 127 pot, WATIR CorrDT 9.e PIR Clft. 11111 12 PIR CDT UTURUIOW. 

IWI'U A•' 

20 
WATER CONTENT 

, o;(.ORY WT. 

B.ll'r .. !C* rru. WITK II' IIUIIIIt •c• on. u.DtUU.. ~~o~ tilT nmn 

125 .-f, WATIR CCinrr 7.1 I'D CWT, AWO 9 Pll cat SA1'011ATIO'f. 

• 

/ 

SAIIPLI 1-5 

WAST 'FX:lSTOI TUJ.. WITH 1 PKR CEJIT CA.LCIUV CRLORIDI .lDWIXTURI. ORIGifAL 

DRT UIOI!'l' 128 pot , WA'I'IR CCIITDT 9.4 PIR CIIIT AWO TT P1R ClliT SATURATIOI. 

lWIPLI A-1, 

&U! IOI!OW flU. W11"R (1$ !IUIInll •c• O!L AEIIIZI"'OI. OI.IOIIAL taT 'IIICII! 

U!6 pet, W&'l'U C<M'DT 6,2 PD cat, I,IIPD ~ SAT'OIU.TIOII. 
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• 
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I. 

IAIIrtl 11-lJ 

- u.aia au.r wrn 110 "*Il'IIIB• cam~ JaY Wllllft llll ,.., 

w.ua -mt 15.4,. 01117 01111 55,._, lllJU&UD • 

~ 

- IWI'SIIIIll SILT Wrr1 fJf{- •c• ou; -m-. GIIOIUL 11ft ftiCIIr 

107 pot, WATIR COIITI1I'r 15.0 I'D CWf 01111 61PWI CWf ll!I&I.!IOI, . ' · 

PLATE 17 



8 

(/) 
w 
I 
u 6 
z 

5 

4 

3 

2 

-~ 

.. 

---

20 40 
WATER CONTENT 
~DRY WT. -

SAJIP1B C-8 - -

PROST HEAVDIG GRAVEL WITB 1'0 .ADJIIX1'UHB. ORIGIDL 

DRY WEIGHr 1~ poE, WATER CCIJTEft 5• 7 PER CEft AID 

58 PER CEft SA~!IOB• 




