Conteranas
AR THLEY
Fehyuary 15, 13481

FROBT T0OELS

By

" Bo 4. fwderzon

Seils Emginoer
Tows State Highwey Comvissisn

Aaves, Tows

To diseuss frost beils reguives first a clarification of the ﬁaﬁmﬁﬁniagyﬂ
The term is loosely used to describe amy sree thet £2ilse to earyy the traffic
beopuse of goft cubgrade with subsequent Lreakup of the surface and disinte-
gration late & quugmire., The subgrede fallure may be dus to mony ceasons of

which the two main cnes ere £rost boll censed by melting of the iee lenses

f

e 8 frost heave, aed @ spring breckup csused by satuvation of a low density

B

subgrade. The physical eppearances of both st the time of breckup is simiier
bt the esrvectivon of each iz different becsuse of the couses. Peor the
-@@xgmc%ive treatuent o be eooncmical, hovever, it must be scconpliched bee
Eore pwwimg regardless of the cavass of the breakwp. BSince the toue Srost
bolls caused by frost hewving ere tho most severe and alsc the most costly

te currect they will be discusesd Fizst.

TUOST NEAVE

In Iows the gewneral formation of t%im ice lenses is ccawrvan im nearly all
the eilt and clay soils whore the watay table 1o eluse te the grouwnd surfasce,
ay Ereesing moune. These thin ies lﬂm@a@ produee 2 vather wriforn hesving as
ghown fu Pigure i-b which vwouslily goss vmaoticed. Omly when ideal cenditioms
enist for thisk fce lense fowmation is the differemtial sovern hesve Sormed,
and muticed on 3 Toadusy 28 a frost hesve.

Tering the eprimpg thaw the thin iee lenges vhich formed the gemeral
heeving melt 2 the geround thews from both the top amd bottem as in Pigure
ieg, pod 24d high molsturs coatents to the soil ab@we the unthaved zone.

Tode produeces, together with melt wober ssepage, & woft subgrade condition

3 redation €0 the aovmal ey subgrads. Rowsver, whes the thick fee

sen of a8 peeeve hesve welt they add water combants ix encess of what the
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Aol san hold, while romagy ewen vemaln pocketad o the thowed soll wsnpil
w@&@i logd stresges olx thew fito Bhe soll to form the wad @f & "froan bail",

Por Lee i@n&@@ to form thrae conditions mwst be met, the move ideally
vhey are wmet the wses severe the besve.

1. Frespios tewperatursee

For wmter to changs to lce large awounis of swevrgy sust be
vemoved. This lower ensrgy potential at the zme of freesming
causas water to flow toward it &céimg 18%e & "pump" on the
sapiilary tubse,

2o Frost succeptibie seil

Almost suny soll i fromt susceptible but to varying degrees
depeuding on its ecoplilerity snd permesbility. & #oil surch s
clay way have high csplllaricy bocaums of the sesll fnter-
particle spsces but its permeability is so leov thet water in
guaatity dess oot reach the £r036 zone, znd only thin lce lenses
form. Gravel and saund soils uwsy be very permeabls but since the
particle spacing ig velativaly lorze the cepillarity i low and
the water vigss ondy & shore distence. HBilt soils ou the othar
band ave relativaly Pk? able and their fnlspparticle spscing

i right for high espillarity, thus the water vises in qnxwﬁ;ry
) ﬁ@ﬁm thick iece lensas at Egﬁ freewing mone.

3. Free wotey soures

Water must be svailsble in gquactity for thick fce lenses to
develope, A water table wust exist within the depth of the
s0iis @ﬁyiill?ﬁf; to provide frze water that cam bs raised to
the eome of freoeging thrvugh caplllexy scticon asnd anérgy diffar=
sntial, Aalthough these vonditicns mav enist in a gilte-clay
804l the swouwns of free water below the water table 15 wuek

ileps than in 2 gand or grawsel seil.
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Thus the fdeal cond{cions for & sowers hogye Lo occonr 2xe fowsd vhars o

45 everlialn

sawd oF grovel pscket hwldioeg large cusotitiss of fras w

by & #41t eedl balow the fres wwter teble sod &t less chum % S0 40 £, below

the freewing some, 29 in Flgure l=g.

The dotestion of severe heaves whieh praduce the Srost boily is rela-
tively ensy on existing roeds during the winter mopths Solicwing 2 wet
fummmey. Yelatensnce perscomel cso merk the liwits of the hesves by wisaal
obagrvatioe of the verticsl digtortion om ungurfaced voeds an well on Fﬁv%&
paads as shown o Figere 3. ’

On veloeation projects the sell survey s the maln bey to dotection of
probebls Yrost hesve aress. The existence of send pocheis overlasin by
gilty solls in an azee whers the water table cowid wvise above the swmd
posket dndicttes frost heoave potential. sn excimple of & eoll suxvwey for
& kmosm beave fo shown iw Plgere 3, aleog with 2 croack aed hogve survey.

The corvectien of £rost beils fwvelves ths slimiastion of suy ane of
the thres factora which ars mecesssry for thick dse lense fovmation. 1F
ovie of Che faotoss ave resevsd 0% ite efifect roduced the hesve will nov
oeous 9r at isest it wiil be diminished. Obvicusiy in cuwr cijmete the
freasing tomperatures comwat be sffected cud this ﬁaetag maal be admitled.

The £sctor which can be zemoved wmét casily on umpaved projects i
the frost susceptible svil, aod thie is slss the mont positive corrsctiom.
Yhe remgving of the frost gueneptible silty soll and replacing it wirh
eitler 8 nopsustaptibie aoll such gz crushed ruchk or grerel, {Figurs b-g,)
or o only silghtly susceptible evll much as 3 devee pleciel clay, (Figume
&by y to the depth of frost pevatvetion is usuelly sucessefuly. IT waly
gmakl silt pocheln exist in a clay ooll the sesrification, mixing snd ro-

cwspantion of the upper sevarsl feet nay alse be successful since @ mors
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vk forn subgrade will wot exiibit the 4ifferential frost heave, and he
pamweabiliity will alse be lowered.

Remuwing the Tree wmater scuree factor g sometives successful in
elbninating Evost hewwres, but Lt 43 ususlly difflosie to gccomplish, The
watey table may be lowsred by dewsper ditches, as in fig@f& Gen, or by tiiing,
pockst end allt interface 1t will aot work, Unfortuwastely wheve aspd
poslets exist they sve seldom there singly aud vsually a series of pochets
spe bwrelved, sewr of which may be wrbmown.,

Thms the epst successfnl solution te frost beils iz o remove the
sxiating 51ty soil ead replace 4C with gravel, crushed rock, ov o dense
glacial eley to the depth of frest pemctraticn. Where nem frest susceptible
goil such ap grevel ie used iz should be tapered oul on each ewd of the
tyeatrest for 30 £, or g0 te trameition the arven of genersl siight heavwing
Lo the sres of ne hegving fn the treetment, vz in Figere 2. Ef this is aot dons
the gepsval hegving wiill becoms noticesblie a2t gach ond of the lreatment.

108 DEWSITY SUBCRADE

Probably the grestest csuse of spring breskups, which sre loosely
called "froat boilsg", 4z a2 low devsity svbgrads soil condition. When s0il
dangity ig low it oseng thet wsore volume is svellablie im the form of voids
chat con be £illed with water when conditions are covzect, In Che spyving
vhen the frost goes ount of the grouud it does so wwevealy ou a subgrade,
23 @h@w@ o Figuge d~2. The frost goes out fastest in the bare center
portion of the subgrede and siowest on the soow covered foveslopes and
gncer cdgas of the rosdbed. This causes a sauser shaped portion of the
@uhgi&d@ te be thawed with frossn inpervious e0ll belew 4t. The slowly
mabting snme Chus hag o mfrozen reserveir into which its wmter seepe,
saturating the seil. If the s@ii ig dense it i2 not mily more luperviows,

hot 2lge 1t can hold mach less wabter than 8 low density soil., While s
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Fonnr soll wey hawve wistare ontents helaw the plestic limit

and retain fts etvength, 4 losv Jdemsiry soll nny hold soisturs coutente

ahove the Liguid 1imit msnd beve no atrength,

o

fow density, woak subgrades to axist cne of two conditicns sust

hove scourreds

Lo

2o

Poory cemmackion techniques

A zoll with moisture contentg in prest varigtisn from optioum
rolsture for compection will mot attain high demzity wheo the
standard compeciion is gspecifisd in oumbsr of passes per inch
af loose thickmess sions. Iacressed passes caw seopact & doy
ovil but uwo amosunt of compaction will preduce high dencity fn >
2 goil that ig zoo wet, ALL teo oftes the idea prevaiis rhat
to get the dirt fn place iy sufflcieni, and even the specified
mmber of passes {7z not enforsed, much lass amy concerm with
the mdisture content of the woil. %The coste of paving are
about 4 to & tCimes the cost of grading., The additionszl costs
6f good grading over poor grading Is the cheapest insuramce
that can be bought to insure high pavemsnt porformence over
the years.

Uneonpactable §oil

Some goils by their physicsl chavscterietics cenoot bhe comproted

o high demsity sven with the best grading comtrel. Bilack topesils
because of the porovs organie matter bave low densities and lsrge
vold spacer aven with special compaction. The uwae of black top-

soiles im the upper foot or twe or subgrede is seriain o prodace

breglup nonditions in the spring or svem after ¢low valos In the
summer. 4 svhgrade that can be topped oulb with Inevgenic ‘vellow®

Q

gells iz cextain o give hetter support thaw black soile.
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fow denisicy subgeads conditions can be detseted at sluost any time of the
yaar whes weigture {8 in the subgvade following 2 wet pevied. They are
evideseet by sofk, spougy appearance and movemsnt fo vieible when 2 hasvy
wheel load pepses sver thew. In wioter an svee thet is lmowa to breakup

in the epring thew can be sbzerved for frost henvimg, end 1f the heaviag is
zot avideot the knowt breakup sves is Iiksly to be caused by lew demgity
gubgrade golils,

Sorpestion of lov density breplop avess 48 wuch less azpensive thon
vaal frost oill arees gsince the thicknass of treatwant, when uged, need aot
be as grest. The low density subgrade com be resgved to 2 couple feel in
depth and racsmpacted st proper moisture content where the seil is io-
srganie, or where the soll is black snd orgenic it ean be replaced with
{oorganis seil 28 a corvective trsatment, Weturally i€ o betber guality
goll such wp glecfsl clay iz avallable it will produce o better gebgrade
vhen cowpasted and should be vsed to zeploce the rewoved soil.

in conclusion then, the breshups should be detected during the winter
and spring by meintensuce pergommel, snd recorded as to locacion and type
by office personmel during the slack sessou. Correcticn sheuld be made
baget oo the type of brealwp during, or as scom after gradimg as poseibie
to be sure thet all pubgeads eorrestions sre wmede before any pavivng is

contomplated. The conts of corvecting poor subprade conditions oo grading

oz through melontenepce after grading, are o small compared with the costs
of aoeracting o pavesmsed braskep thet failure to d0 so smounis fe negligence,
Poblic veastion to falluvres on 2 newly poved roud Ls wafavorsble Lo sy the

least,



