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RESULTS OF A QUESTIONNAIRE ON REMEDIES AND TREATMENTS 

Tilton E. Shelburne, Director of Research, Virginia Department of Highways, 
University of Virginia 

To secure pertinent information concerning the frost action problem throughout the 
country a questionnaire was prepared and circulated to all 48 state highway departments. 
The questionnaire was designed to secure information not only on the extent and serious-
ness-of- the problem but also to determine current practices employed in minimizing or 
eliminating this problem. A brief summary of the information received from the survey 
is shown in Table 1. 

Extent of Problem 

The question was asked, "Is damage caused by freezing of road bases, subbases, 
and/or subgrade soils a problem in your state?" The majority (40) answered in the 
affirmative. Only five southern states (Louisiana, Mississippi, New Mexico, North 
Carolina, and Oklahoma) indicated that it was not a problem. Twenty-two replied that 
the problem was a major one in their state. Some stated that the seriousness varied 
from year to year depending upon climatic conditions. Others indicated that the prob-
lem was more pronounced in certain areas, particularly those of high elevation. 

Base and Subbase Types 

The next question was, "What type(s) of base or subbase materials seems most sus-
ceptible to damage by freezing?" As might be expected, a variety of answers were 
received to this question. Some stated that they used base materials not susceptible 
to freezing and that the trouble was usually in the subgrade (or basement) soils. Two 
southern states mentioned limerock bases as being susceptible to freeze damage. 
Others reported that any permeable bases were troublesome. The majority indicated 
that soil bases containing predomiriatingly fine sands and silts were the worst offenders. 

Subgrade Soils 

A further question asked for information on the geological (or soil) formations or 
major soil types most. susceptible to damage by freezing. Since a wide variety of soils 
exist it was anticipated that the information obtained in this respect would vary. Some 
gave pedological names of the soils, others gave physical test constants, and some 
H. R. B. soil classification. Still others gave general geological parent rock formations, 
or soil areas. For a complete tabulation of the replies to this question, the reader is 
referred to Table 1. In general, it appears that those soils most susceptible to frost 
heaving are those containing high silt contents. In one state they may be in the Coastal 
Plain, in another they are found as glacial lake deposits and in still a third as wind- 
blown or loessial materials. 	 I . 

Another question, "In soil areas susceptible to frost action, is the damage related 
to profile development?", was asked. It was intended to read soil profile development; 
however, the word "soil" was inadvertently omitted and some of those replying referred 
to the profile of the road. The majority of those replying were of the opinion that dam-
age. is related to soil profile development. Some observed that damage was mostly in 
cut sections.- The experience of at least one state indicated that any soil except corase 
sands and gravels are susceptible to frost heaving when underlain by a more impervi-
ous formation within a depth of about six feet of grade elevation. 

Current Design and Construction Practices 

In those states where road damage by freezing prevails the replies indicated con-
siderable thought has been given to remedies and treatments in current design and 
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DEPARTMENTS ON THE FROST ACTION PROBLEM 

State Give current design and Does thickness of subbase Is there correlation between 	Is research underway or nostenplotod 
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or eliminating damage. 	trntion? 	 chaotic cosditiono? 	 subgrade soils? 
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TABLE 1. (Continued) 
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TABLE 1. (Continued) 
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taso in as 6 ft. 	to e- greater where cv roads due to frost satios 
gradang. I amsoate d'sffer- the so iatureia (under nay). Treatment of 
Oenaaty entanl 	frost more abundant aubgrade nnilx with calnius , 
cnntrol. he000. 	2% ft. 	treat- chlanide to prevent frost 
Thinker vent in soathern action (aider nay) 
bases & part where frost 

o subhaes. 
lundrest- 

enetrativa is 4 to 
Ifa. 	&3(lto4ft. 

notions in depth in nvrthern 
port where  frost 

in  6 to rnetration 
for a nones1 

winter 

Mias. s . 

Mo. Iindergrade - 	s Warot frost 
12 in. 	or trouble have 

1 ia.anste tiseof spring - 
undesar' 
nonditi.,.o 

than after a 
winter of 

sod bsnhfill cycle freeaing 

with
su at- and thawing 

able vail 
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TABLE 1. (Continued) 

Hose Sobgsnde 

Reportdd lIi donis'ge csuod by I Whattype or typea of 	% of State Give geologicsl(or soil) S of State: In.,eosl 	ar000. susceptible 
State 

- 	freehingof road 	" hsse or subbase mate- 	area affect- formations, or major 	- area affect- to frost action, an the 

'basns,sobhaseo,aod/or s4ala ore mont sun-ed. 	(Eat.) soil types most sun- ed 	(Eat.) damage related to soil 

aubgrnde soil' 	o ptoh-cepiible to domoge ceptuble to dosoge by profile. development? 

lea in yauc.utoto? by freesiog? frensiog. -Yes 	No 	Remarba 

ot'yes  0oMoj6rMinor 

H ot. g.fl.Gogle 	o 	Vorien All 	typee from A2 to 
nWhen the ester 

table height is 
from 
yr.to 

A?. WA and AS are 
t. narO 	, . involved.  

yr. 
 

0. L. Land 	 . Silty 	nndsohd nta- 	'oo 5 ' 	Lalomd 50 Front heave mby 
Nab. 

biliaed soil 	base, 	-, 	: Lneoa.GlocislTs11 0005ran any 

nonroessi th mori Pierre Whole, Pin- iubgrnde eocept 
& coarse sand than 10% panning 	, 	. 

No.200 sieve eo- ., 	- 
brarn O,slb, 	top 
ooils & nahnoils de- gravels ehmn 

ecially thone aith veloped in lake hot- underlain by 

high plasticity indices tons of the sand hallo more impervious 
formation aithan higher than about 4. - 

. 
a distance of 
shout 6 ft. 	of 
grade elevation  

F. 	6. 	 s 	 m Goonulor hoses Silts & aslty loans 2 S 
Nov. 

Harms50 

N.H. P.S. Otis 	n 	o Baneo non taming more 	Qoite gnu- All 0000pt Al sod the 90 5 
than S Spanning Na 	erolly an better A3 nosln. Great- 

200 	 the older 
. 	nonntrac-ond 

eat damage in A4 oilta 
A-2-4 glociol 	tills 

- - 

tiom having high percentage 

- 	- passing No. 200 Steve 

y.j. JR. Snha?1 e r 	n - 	- en crashed ntone bose 	40 5 Whal comtssni og mere 60 5 	- 	' 
placod is a boo oCction 
surrounded by on so- 

than 10% finer than 
.05 am. 	disc. 	Eooiroo- 

pervious soil & grsnulsr went & number of hey. 
. 	 - - 	

- 	' hanh ran mntl. 	contain- load repetitions have 
ing more than' 12% passing a considerable an- 

- 	. Na. 200 oie(e . El aenne no nnuanpts- - 
. ' bility to damagn 
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- 	.... 
State 	'Give currezt 'deiii sndu,' 	Duesthifbness of subbase 	'Is there correlation between I a researchsundernay or contemplated 

cnstrueaioa practici's' 	and bose construction vary 	.5 	degree'of distress attribtt- in near future concerning freer- 

nploedin dikioiaivg' 	'lith'drpth of frost penm- 	i 	mble to frost action and . jog of bases, osbbsaeo. and/or 

or 	li,instiog dosage. 	trstion' chaotic conditions? ouhgrsde.voils? 

8ea & 	' 	SIsbgrode 	Yes 	No Give dcssgo thick- Yes 	No Remarks Yes 'No 	List 	es'evrch yrkjats and 

Sobbnses 	Snilo ness for car, 	frost state if in progress or 

peontrntion depths contespinted 

Mont. In niens 	If sobgrsde . ..............n A dry season before n 	Will make so 	inveotigotion 
when condi

me  
tions currant it.. having high 	soils are A4 

mster teblea 	to Al these  
'' 	 - winter freeze minI. 

sizes 	frost netion. 
profiles are 	osterisla are - 	.......... Slow and istermsttent 
sept high. 	blonheted  

Carcfsl ot- 	with a sand . 	.s 	:' 
freeaiog and thoniog 
increusmu trust 

ten tionischshwrcoursw . 	.. 	. dasosge. 
govem to am- 
ooreprnper 	 . 
drninnge.  

- 	-------. 	. 	- 

Neb. Limit No. 200 	Install sub 	s ' 	. 	a Greatest distress in s 	Reductinn of strength of 
material 	to 	surface droim- . areas where Ice tom- I oeooi sI mi In and grams Icr 
8 to 10% 	nge.Use of rel- ......... pers torem cnincidw base onuroen due to frnst P.

equsl 	sticely geevter ... 	a oath high roinfoll. octimm.A lsbnrntnryeeri- 
3 ar 4 	subbase & gron- - 	- 	". 	. oemt,00ing the tris0is 

slur hose . 	" eqoopsent an determine 
thickness. - 	..- 	. 	.e strecgths. 	 - 

Nev. Additimcal 	 m More base is used 
hoses added in adder cliasotes 

N.H. Use cleno 	Vory depth 	v Geoeel depths nun 	s A dry seecce before a 	Reduction of Inod bearin5 
gravel hocimg with type be reduced shoot 

iic. 
	
in a nhollaa 

winter freesewi ci- - 	capacity durang the thawang 
mum.of 5% 	of subgeode wires frost avtinn. period. 
pnooing No. 	noil. 	Use hand ulmog the Midsinter thoos opt 
200-mieve. 	12 in. 	veer coost nhich hos s to increase frost 
Gravel 	best A2 I esmer pemetroainm actiam. 	Aspid spr ing 
shoulders to 	moteri vI 	30 offrost and higher thms'imgimereanes  
the 	full 	in. 	over poor overoge winter tee- sprimg breohup. 
width of the 	A-2-4 sail. peretore 

use of svdcr 
droinoga high 
profile mhere- 
ever possible. 

N.J. Umnerslly 	Reenvul of 	m 
broken 

o Degree of silo tresns Comteo late obtainin 	field 

	

stunt, 	ar vvia 

	

vlag. bonhrvn 	si Its & 
is natributable to 
the cu 	of hey. 1usd 

1X1 values on nnbgro0e and 
sobbsses durimg aioo. Ge- 

& comeerseal 	nucbs.Fie- repetitions. 	Cii- termivotiov of resiatnnee of 
rand 	acm- 	placed oi th ostic conditiaco von ous soil types, ausered 
biced.in thick- coal, 	hue, have not been stud- nith sodel enmerete slobs, 
mess of from 	seg leso 	. . md very thoroughly am the pevea. of pl  oogers with 
8 ic.tm 12 an. 	thsv 	10% p005 
These coals 	No.200 uieoe. 

var. 	unit loads_Can prn8nesn). . 
host o high % 	Cover sd Ii - - 
of mcd & 	having high 
grace I 	testurol 	cloy content 
sines & u very 	aith u sc- 
Ion % of five 	leeted . 
osnd & silt, 	borrow, 	or 
Entro depth of 	eovavotiom 
mobbuse is 	moth. 	hsvn 
spec Iliad in 	10% or less 
ormas where 	paoc.No. 200 
ground mater 	nieve. - 
tuble is in 	. 
close prOaimity 
to the subbone 
& where the v. 	- 
bearing of the 	. . 	. . 	

. '.5 .  

N.M. S  
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a High oil tnsvte 
Gbscsal 	draft port- 

mornnsc ucsbnrl 
Ohio 	C.W.Allee 

o noiba assally with areas.6 so anne 
50% ormore pr- a 	

OS 
allsoiol 	silt. 

ticlea bw tseen 
& 	.00S css.P.l.)eao 
than 10,106B Clans. 
A_4.0tcnaisoa lly 
hod & frost hean sog 
on very fine lake 
sonda in northern 

Ohio. 

OhIo. 	G.E.McCsny 
a 	200-220 frost 

free dayn 
per yr.Ang. frost

pen- 
el 	5-10 is. 

60 5 	
Salty & vlsyevtype 

One. 	JR. 	
a a 

Soil a containing 
3-10% by eght.sI 

l  soils generslY of 
on alluvial 	thsroc- 

Sthoob nsnl.less than tee. 
.02 ma. 	dims, 

60% 	n 

75 S 
No t notave-
nbly. 

TABLE 1 (Continued) 

Bsee 	 Babgrsdc 

State 	
Reported by Is damage caused by What type or types of S of State Give geolsgscol(or soil) S of Stats 	In soil areas susceptible 

Erecting of rood 	base or subbase ma te- 	ares affect- formations, or nsjor 	
arroaffec t- to frost action, as the 

bosen, oubbaoes, oedlsr ri,ls are most ass- 	ed (Eat.)... .asi I typea most ass- 	nd. (Eat.) 	damage related, to soil 

aubgrade soils a prob_ ceptible to damage 	 ceptible to damage by 	 profile, development? 

lee in your otote? 	by frenal'ng? 	 freeanng. 	, 	 Yes 	No 	Remarks 

Yea No Major Minor 

N.Y. 	George W. 	a 	s 	 ''Dirty" Run of Bash 	 Tills aith"Hardpan" or 	 Ne or I 

Mcklpia' 	' 	 Gesvrl; that is, nhvre 	 "cIa? pod' layer, no- 	 - 	 slasys a 

the persen tmge hoer 	 roinac nails, thin tills, 	 heave where "B" 

than Ns.200 mesh is 	 Heave on I acastnise soils 	 horiaon is 

greater than about 	 in minor and tends to be 	'. 	 crossed to 

10 in. 	 sei form cauning co,opsra- 	 tonal soils 
tinely alight dosage, 
eovept as fine osody de- 
posits. Heaves are trouble- 
some an half bs , bog, 
hydromsphic and plan e oanla 
if grade in not kept high . 

nn ostsanh if the ground 
esters's high and drain- 

aith boulders hesving 
beneath the paeeeent. 

p.c. 	L.D.Hicks 	 ° 

N.D. 	W.A.Wsne 	
' e 	a 	 Stukilised guasabor 	

100 5 	A6_7,hvy.cboye & 

base csotsining high 	
6-4,6.6 7 - silty 

p.!. of 6-9 nhere 	
boina. 

70% .5 
fleaning& 
see11 18 

cold & set 
eeather reap 
lnstobi!ity 

thaning,& 
serious 
shrinkage 
doria8 dry 
periods. 
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State Ga we current design and 	Ones, thickness of subbase 	Is therm correlation between Is research underway or nontenpioted 

constructs on practices 	and be on construction vary 	degree of distress attribnt- innenr fs Lure concerns'eg frees- 

employed in nininiaing 	with depth of frost penn- 	able to frost action and ing of bases, subbaseu, 	and/or 
or elioinoting doesge. 	tration? climatic nonditiuno' eubgrsda soila' 

Bases & Ssbgrsde 	Yen 	No Cbs design think- 	Yes No 	Remarks Yes 	No 	Lis t research projects and 

Saibbanes Soils ness for nar.frost state if is prngresa or 

pecntrotioo depthn contenpboted 

N.Y. Have incorpo- B5555 grade x In sneaipsrsool a 	Not from lioited a 	Research into cnrrelotion of 
rated a grad- to ot least esneer We have no sbseroation. Frsst frost action with soil,perhaps 
Oct00 for ROB. 4 ft. 	above deesgn thickness hence is greater so a pedological basis, 	and to 
grovel 	ce mater tsble. for any speci fic in 	the northern, dsaooeeri I possible the Fe- 
apecafacotsona 	Renonol of frost penetrutsen. central & esstero lataon of frost heave to pro- 
reqairang that 	frost heave Qir msnanun thick- sections nhere file developnent,nll 	Lied in 
less than 10% maLl. 	Is- ness of Inundation frost penetratinn the precipitotion & freene 
skull psas eta11 under- course 	is 6 in., is greatest, 	but indea.Nsn engaged in load benr- 
No. 200 sieve. drosonhere ocg. 	ohout 9 in.. dosage from frost ing tests to determine the 

op licohle. 
Make tranas- 

aneetrese case 
hone 	24 gone to 

action ss great 
all over 	the state. 

loss of acres th in subgrsde 

tssvs free an., 	lost 	this 	ss 
seile & flesible poeeaeotn due 

vat 	to fall not only for 
to frost octiss. We 000template 

so chat so- reasens of frost 
laboratory research into the 
effect of chemical additives 

cane of "B" penetrstaon. 	- to sabgrade soila, effect of 
layer so 	. Our frost pens- freeaing & thesing on strangth 
nollifsed. trotion coeroges - 	of sndiotarbed & compacted 
Plane entra 
depth ef 

30ie. 	with a 
man, 	of shout 

samples, 	man, 	heave on an- 
diotorbed samplea.fffeot of 

foundation 
course eatl. 

50 an. . 	frast so difforent gssdscions 

Removal of boulders to 
. 

. of foundation course. 	Field 
reoeorch on the awehet of sni- 

ale th of 4 ft. 
- fern heave that takes place in 

and replocang 
Icons trite aoi Is. 	particularly 

soal.. 
. the sandier aembera,& the ,e-

flect onpaveown tim now in
progresa.Effent of frost on 
slopes correlated to soil type 
direction of slope & climate. 

N. C. 

N.D. Pit ron Inferior 	s Design thickness Na data ceoil- a 	'1_cad Carrying Capacity af 
send, 
gravy1 or 

soils are 
mast_cd nheo 

verses as per able.  Reads as Affected by Freot 

scoras 
subgrode hose- Actioo" (in progress) 
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prectscnl. 
If infer, 

tog poser de-
term bend by ND. 

snbbuses 
are ased 

soils are cone device. 

hoving 
a'aed, 	fran- 
slav subbase 

opon gre- is increased 
dation nith cn sutisfac- 
either on torynest con- 
bivdcroon- ditaoss found. 

lam binder 
000 ten t. 

Ohio Lsnat to Deep droaosge m 12 to 	18 in. 	thiok- Damage is more 	a Plate bearing test made 
granular (4-5 	ft.) 	

J. 
oves.Atteapt is smcerviv at different seasons of 

sods cost, outed si thin made topranide northern part year. )io progress) 
not 00cr 
20% pass. 

2 ft. 
	
ofpane- 

went edge & 
nonheacang 
caterial 	to at 

of state. 

No.50 scece. replacement cost 14 the depth 
Linac ant. oi th nonfrost of frost penn- 
psso.No. 200 susceptible, i_cation. 
sieve to granular 
20 % cuLls. 

OhI a. 

Ore. Oue of 18- action to Ap
2 	
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f %ptun froat peoet. occurs 	when therm 

busc by vu sscnre cant. Gee. 18-24 in. is a enc 	fall 
foll000sg So cv caper i 	- season. 
cable for mcnlol drain- 
S 

-No.40 siene 
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course of 

P 1 
uubhaae not1. . 

0-3 	-20 noed whenever 

3-4 	-1 5 con i 	c, - 
4-5-12 
5-10 	- 	6 
10-15 	- 	4 
15-20 	- 	3 
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TABLE 1 (Continued) 

Raze Snbgride 

State Reported by Is damoge caused by IThot type or types of % of State Give geologicol 	(or soil) S of Stoic In soil oreoaaosceptible 

freezing of rood base or subbase mote- area otfect- formations, or major area effect- to frost action, 	is the 

bases, sobboses, sod/or risln are moat nun- ed. (Ent.) so il types most susceptible ed. (Eat.) dainagc related to sosl 

aubgrode sails a prob_ ceptible 	to dosnoge to dsnnsge by freezing. 	. profile development? 

lea in your state? by freezing? Yea 	No 	Remarks 

Yes No Major Msenr 

a 	 a Fine grsioed soils & 50 5 MOB Claaasf. 50 5 a 
Pece, lilt soft nholes with A-S-i, 	A-A, 

Hnrmac L.L. 	& P.I. 	over 	10. A-S & A-i. 

B. 	I. Na Aaaeer 

S.C. L. 	W. 	Ilerint a 	
minor 

s 	 a Osoem & aabbaaeannm Wv bane an Silty loon & silty clay 15 5 a 	 Failarea pro. 
S.D. A.W.Pntter 

in use show no det- boone hasm looms of glacial or dominate in 

rasental effects due failares due aeslisa art amos• th 
10 P.O. 	below 	aith 

cot acctaona 
but arealso to freezing. 	banner, 

we consider that shea 
to front 
ni thie the mater preneo t. Alan prenentin 

P.O. 	is ovvi' 6 & set, base itself. hencA cloym haviog fill 

panaiog No.200 nieve high copallarity. 
isgreater than 10 
loss of deosity is 
esosed by freezing. 

Teen. No answer . - 

L.O. a 	Earing 	As a Those honing oanemsiwe 75 5 Very lsttle dosage in Negligible 
Team 

Ortolaoi secerera It fieea(35-40%) or 'or. subgrsde. Rent nccira 
in. 	base winters eocept sateriala with 

P.O. 	helne 10 and S.L. 
in tap 2-6 	of 
but siedy oubgradea 

below 20. Any condition that feed water to the 
vsasiog suhgrade to be base contribute to the 
highly perneobla ;ll base damage. 

a a Fine asodo, 	silts & 75 5 Fine sands, 	salts & 75 5 a 	In sue icases. 

utah clnya clips having occena 
to nnodcrgroind & 

1 	Rose!l R. a 	 a All 000straction carries Cloy & silty mousy 35- Doe to hwy. 
frost nut. Vi.. 15 in. -24 in. 	of glacial 45 5 
all cork Carriea 

grace! base. connirnuted 
grace! nabbasca 
of 10-24 ­No 
pacementa are laid 
on natural aakgrsde 

D.D. 	 5 a Bumea coot, 	high S 	' S S 	, Tranaaic "Red Reds" 7 5 	a 
Vc. 

Woodaon of silt & cl5 & corhonsferosa 
sine portinlea. sandstone & aholea. - 



State - Give current design and 	Ones thickness of subbase Is there correlation be- 	Is 
construction practices 	and bose construe tine wary 

research underway or contemplated 
tween degree of die tress 	in fleer future concerns• s frees. 

employed in esniniosng 	with depth of frost pete. ottrihotable to frost 	 ing bones, 
or eliminating dosage. 	tration? 

of 	subbasen, 	and/or 
action & climatic conditions? sobgrade anUs' 

bIases & Sabgrsde 	Yea No 	Give design thick- Yes 	No 	Remarks 	 Yea No 	Lb treneorch 
Subbonen Soils ness for cur, 	frost 

projects and 

state if in in progress or 
penetretina deptkn 
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Peon. Useof 6 in. None o 0 
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so ti 	over 
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8.1. 
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affected. 
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from
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12 ic. 	Subbooc gr000lor nub. 
thickceineo 	boon for 

vote & ehereoilty ing. 	A wet full, 	fol- 
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greater) 	keying P.1. 

need b 	a severe 
' 	winter 5 u qoich spring revel 	nary 

fran 6 an. to 
aectu. 	Under- under 	10 oppear. the n coasen wont damage. - 

24 in. 
cut subgrade Thickceusen are not A great nunbnr of freene 
soil 	in placed 
dewp in 	falls, 
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by depth 	frost uf 

thoc cycles also ploy an 
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inportant pert in taos. 
iog frost dosage. 

Inca. 
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in. 	of the 
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rolling. 
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fran- 
ular noUn, 

senernin oh. 
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chereal Icy 

in earn or 
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design 
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methods, 
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TABLE 1 (Continued) 

Bios 	 Sobgrade 

	

State 	Reported by 	
Is damage cauaed by Riot type or types of % of State Give geological (or ecu) % of State 	In soil areas ausoeptable 

freeaing of road 	base or subbase mate-area affect- formation a, or major 	area affeo t- to fraatsotion, as the 

bases, subbaaea,and/or riala are most sum -ed. (Eat.) 	mail types most suocmpti- ed (Eat.) 	
damage related to oath 

aubgrade aailaa prab- veptible to damage 	 ble to damage by frenaang. 	 prafale development' 

Ins in yauratate? 	by freeain g? 	 Yea Na 	Bnmarha 

Yea No Majar Minor 

	

Wash. 	L.Il.Margao 	a 	n 	 Saodn,gravsIaoaotoo 	10 5 	GlntaaIarea) 	 25 5 	 Ueaelly poorly 

of ailty binder.Eao- 	 & lanaaial mail 	 frast damage 

erally macplastic ar 	 areas (Palaaae 	 areas. 

feebly pleouio. 	 aeriea) 

	

W. Ma. 	B. F. Baker 	a 	 a 	No in(arentioo 	 SO S 	No infnraatass 	 50 5 	 a 	Moch encasa- 
sian is solid 

Wi5. 	A.T. RIcoh 	5 	 5 Any type having more 	100 5 	All soil a noon Pt 	 75 5 	a 	Degeem of 

than 10-IS.% - 200 	 those haviog leas 	 soneroty de- 

eatl. 	 than 10-15 5 	 penda upas 
- 200 matl. 	 atrotification 

of scum valuso 

Wyo. 	M.A. VerBruggn 
	

:: tkA 5 	 1. 5 5 

occ
aia?eya. 

Bnotuoite causes 
some trauble. 



372 

construction practices. Many of them indicated that where soil susceptible to frost 
action are encountered that they are excavated and a backfill is made with granular 
materials. The replies emphasized the importance of an elevated or raised profile, 
particularly in areas having a high-water table. The survey revealed a wide variety of 
specification employed by the individual states in minimizing or eliminating frost action 
damages. 

Only ten states replied that design thickness of subbase and base was varied depend-
ing upon depth of frost penetration. In some cases the states indicated that the charac-
acter of the subgrade soil was the governing factor rather than the depth of, frost 
penetration. 

The majority (31) noted a correlation between pavement distress attributable to 
frost action and climatic conditions. 

Research 

Fourteen states have research projects underway or contemplated in the near future 
concerning freezing of bases, subbase, and/or subgrade soil. Others replied that such 
studies have been made in the past. 	 - 
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