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Pavement design considerations for frost conditions in the east 
central States are summarized, on the basis of facts furnished by 
the individual States. States included in the east central area are 
Wisconsin, Michigan, Illinois, Indiana, Ohio, Kentucky, Ten
nessee, Mississippi, Alabama, and Georgia. Factors influencing 
frost conditions are presented, such as soils and climate, including 
frost depth and precipitation. Design considerations for spring 
thaw support-loss as well as for detrimental frost heaving 
are discussed. Design loads and spring load restrictions are in
cluded. Use of granular subbase and subbase type, depth, and 
drainage are also discussed. The report compiles the bases for 
design considerations for frost as reported by the east central 
States and indicates whether design is based on experience, theo
retical concepts, or both, and reports the extent of research per
formed by the States. Frost considerations with regard to design 
of culverts and structures are also included. In summary, the paper 
reports the extent of the frost problem in the east central States, 
discusses the influencing factors which cause the problem, and 
presents the methods and design techniques used by the various 
States in providing satisfactory pavement design. 

•THE OBJECT of th~s report is to present 
current design considerations for highway 
pavements in frost areas of the east central 
States. Theories or details of research 
studies concerning frost action are not in
cluded because there are many excellent 
HRB and Corps of Engineers publications 
on the subject. 

Questionnaires were sent to the east 
central States (Fig. 1) to determine cur
rent design practices for frost action. 
The first was an essay type seeking gen
eral information on the extent of the prob
lem, research and use of findings, and 
basic design considerations for frost. A 
more detailed questionnaire pertaining to 
specific design practices was then circu
lated. This information (Tables 1 and 2) 
allows comparison of current design 
practices for similar climate and soils. 

Paper sponsored by Co!ILmittee on Frost 
Heave and Frost Action in Soils. 
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TABLE 1 
QUESTIONS REGARDING FROST INFLUENCE IN DESIGN 

Parenthesized numbers refer to additional data as presented on the following pages 

STATE 

WHAT CRITERLA, METHODS I To WHAT EXTENT rs PAv£
o R T ECHNIQUES ARE USE D ME:NT DESIGN IN FROST 
IN PAVEMENT DESIGN TO AREAS BASED ON THEORE
PROVIDE FOR EFFECTS OF TICAL CONCEPTS AND TO 
FROST ? WHAT EXTENT IS IT BASED 

ON EXPERIENCE? 

ALABAMA I We do not have a lroet pro-
Edwud Ellend , blem ln Alabama exrept ln 
Asa1t Mat ' le and atiotll Leo ol Lba eou:llllca lzl 
Research EnglD- the nortb.eru part o[ the state . 

We do not consider frost 
actloa lo IUI)' otoY r 'DAM~ 
pavement de.tgns. 

(1) 

GEORGIA 
Jobn M.. Wilker
son, J r .• state 
Road l)H .lgn 

E-r 

ILLINOIS 
£. L. Sberertz, 
E~ineer of 
Deolp 

INDIANA 
W. T . ~ncer, 
Saile Eagioeer, 
Matert&la &. Teats 

Subgrade drainage ie the moet 
serioos design problem. To 
control the water, a granular 
subbase is provided in all 
major pavement deslgnB wbicb 
carries through from 15boulder 
elope to shoulder elope OD a 
gradient steeper than the 
pavement croWll. In the 
uonhern third of tbe state. 
particular e mpbuie ls gi.en 
to the granular material under 
the sboulder ~ aaew:e ade
quate drain.age to the ditch. 

Average frost penetration, 
HRB soil classlficalion 
with group index, soil drain
age claseificatlon and volume 
of truck tral(jc are the four 
iodicee ueed in the constTUC
tion of charts contained in the 
Illinoie inanual "Policy on 
Design Thlckneee of Sub
ba.ee, Base and Surlace 
Courses !or Highways" 
(Table 3 and Fig 6) . Froet 
penetration directly influences 
required 11ubbase thickness. 

(2) 

Tb111 111 a difficult question to 
liDBWer. Howeve r, Iroet 
does a.ffect, directly or in
directly , s ome of the follow
ing: C&ctora : a - Th1claM:tse of 
!leJdhle pavemcut , b - Design 
of llUbbas&e and bases, c -
OnJa.c• ol tlUbbaMs, d -
Shoulder deafa'v of paved or 
81.lrlaced 11bouldere, e - ln
c reaeed etruCOlral require
ments , f - Hlgber q.uility 
.agregat.ea, etc. 

Experieoce ha!! showu that 
any pavement deterioration 
due to frcezi.ng is due to 
free moisture in the pave
ment. U the problP.m of 
adequately drainl.ng the sub
grade is solved, as a by
producl, failures caused by 
free:ti.ng are eliminated. 

Current design practice is 
baaed almoet entirely upon 
paBt e:q>erieoce. 

Prim.artly base<! OD exper
ience, 

WHAT STUDIES OR RESEARCH 
HAVE BEEN CONDUCTED IN 
RELATION TO EVALUATION 
or FROOT DAMAGE? 

None 

No recent resear ch pro
gr!UJls on frost action. Over 
the years, various District 
highway laboratories have 
investigated froet heaves, 
and have developed data 
whlcb h11.s proved very 
betpful In the design o! 
pavement structures 

Numerous sprtllg "break-up" 
surveys made by tbe Joint 
HJ.gbway Reeearcb Project. 
Purdue UW.verelty 

TO WHAT EXTENT HAVI: 

RECENT RESEARCH 
FINDINGS BEEN USED 
TN PAVEMENT DESIGN? 

We feel that if we eliminate 
this main cause or damage 
from frost, i . e . , moisture, 
we will have accomplished 
all tbat is necessary t.o com
bal frost damage , Cretaceous 
limest.one aggregates which 
freeze and thaw arc not used 
in the oonhem two-thirds o( 

the state, 

Tbe Illinois Division of H.lf(h
ways currently has the re
cenUy released " AASHO 
Interim Guide for the Design 
of flexible Pavement Stnlc
tures" under study to det.er
m1oe its adaptability to the 
Illinois program. lt ls a.oti
Cipal.ed that a similar srudy 
will be made of the AASHO 
guide for the deeign or tigld 
pavement when it is released , 
The Department reviews oew 
procedures aa they are 
developed to keep abreast of 
l'.llP" miiUiods imd to ch.ck 
them against DllDole exper-

Adequate drainage ar sub
be.see or bases. 

PAVEMENTS TREATED SPECLA.LLY IN RELATION TO 
ARE RIGID AND FLEXIBLE ~MINANT SOI L CONDITIONS 

DIFFERENTLY IN REGARD EXTURE AND ORIGIN . 
TO DESIGN FOR FROST? 

One basic desigu considera
tion for secoadary road1 is 
that the use of portlaod 
cement as an additive to 
native soils increases the 
stability and waterproofs 
the base to the extant that 
they will not absorb moiB
tu~ We have no record of 
a base course, haviag been 
stabilized with portland 
cement, ever l.e.iling due to 
Cree zing . 

Rlgid aad Qexible pavements 
are treated similarly ln 
Illinois current design 
practice. 

Yes. Flexible pavement 
design recognizes the 
reduced bea.ri..Dg values of 
varlous subgradee tn the 
spring, 

lltgill "Wat.er l.aba. LI • Mr1oua 
problem ii:! two-thlrde of l:b!I 

state . 

The greater p<lrt of lllinole 
has been glaciaLed one or 
more times, and !Jolla are 
typical of those developed OD 
moraines, tW plaJns , and 
outwaab plaiu.s, The north 
eastern corner o! Illlttole lB 
posses11ed o! exten11lve 
~U.~ of granular mater-
1.21..1. $ucb m:iitor a...i. u. Dal 
prevalent further to the south 
aad weet , Central llliDDia 
soils are more typically 
developed on till plalOB. 

(3) 

Predom.inant eoUa clauify 
A-4, A-6, or A-7-6 . ln
cluded are beach 11.Dd dune 

•~ bl DQr\bwet9' uaa. 
glacial drtft to south o! 
central Indiana, and reet
dual eolla of ailta, silty 
clays, and clays in lhll lmve r 
central llU'ea. 

,_. 
-;]' 



STATE 

KENTUCKY 
W. B. Drake, 
Director of 
Researcb 

MICHJGAN 
A. E: .. Matthewa , 
Engineer of Soils 

M'.ISSL'lSIPPl 
J. P. Steimrlnder, 
Jr., Roadway 
Design Engineer 
H. o. Thompson, 
Testlog Engineer 

TABLE 1 (cont.) 
QUESTIONS REGARDING FROST INFLUENCE IN DESIGN 

Parenthesized numbers refer to additional data as pre sented on the following pages 

WHAT CRITERIA. METHODS 
OR TECllJ\lQUES ARE USED 
IN PAVEMENT DESIGN TO 
PROVIDE FOR EFFECTS or 
FROST? 

Tbe use of free·dra.inin{I: low 
plasticity base materials, 
We do not conaider frost 
action as a primary factor in 
our pavement designs, un
doubtedly it baa effected 
adequate strucb.lral thickness 
in these designs. 

Grade heiJ:htto af'e Dlainl31ned 
5 ft. above water tables, poorly 
drained .soils, a.od peat deposits 
Relatively thick free-draining 
g:nmular eubbaaes are pro
vided Based Ofl pedological 
llOH cl.H•l l.1.cat.loo.. ••IP 
charts provide quantities ror 
e~cavation of lro6l-suaceptible 
materials and quantities for 
under drains_ to control seep
age or capillary water The 
exact Locations aDd quantities 
are determined during con
stnJction, as neede<'. On 
roads which are ID be recon
structed, ff"Otit heave logs 
are made and correcliona are 
recommended. 

The upper layers of the pave
ment system u.ruier the pave
ment subject to f~ez;ing 
temperalllres are generally 
cement-treated on main high
ways . From a design stand
point the primary objective 
is wheel load capacity and not 
fro!lt pcrw:tnLion, Generally 
all designs are for all season 
conditionti. The design varies 
with wheel load frequency and 
traffic volume expected 

T O WHAT EXTENT IS PAVE
MENT [•ESIGN IN FROST 
AREAS BASED ON THEORE
TICAL CONCEPTS AND TO 
WHAT E::::TENT JS IT BASED 
ON EXPERIENCE? 

Practically 100 percent on 
experience in the area. 

Primarily based on exper
ience Thickness design i s 
based on soil conditions and 
211ticipa~d traffic volumes 
and type'> . Although pave
ment de11ign has resulted 
directly rrom experience, 
doa1gi; c:iarts have been pre
pu~d w• l4=h ~rttlak lbe 
adopted thicknesses wilh 
soil strength indices euch 
as CBR 

WHAT ~TUDIES OR REStARClt 
HAVE BEEN CONDUCTED IN; 
RELATION TO L"VALUATlON~ 
OF FROST DAMAGE ? 

A erudy of existing fieXible 
pavemeot.s "Investigation ol 
Field & Laboratory Me\hods 
for Evaluating SUbgrade
SUpport lo the Design of 
Highway Flexible Pavements . '' 

(4) 

Pave ment condUion surveys. 
including evaiual1on o( fro&t 
damage and subgrade support 
are being carried on An 
Intensive research program 
concerning frost damage was 
conduc~d in the early l930's. 
A research project inves ti
gating the amount or ime
stone fines in limestone 
bases in now in progress . 
Preliminary reports indi 
C'ate tb)il ll~•l(lft9 OnH aitt 

more subject to frost action 
than natural eoil binder. 

No dat:l 

TO WHAT EXTENT HA VE 
HF.Cf.NT RESEARCH 
FINDINGS UEEN USEl> 
IN PAVEMENT DESJGN ? 

lt«'ctUtt'-:iW:A~U1t1ll,..,. 
have been chc:cked in con
junclioo with design puctices. 

Rese.:1rch findings relative to 

frost action :ire compared to 
present praclices and the 
findings are incorporated if 
t.bii:i rt- la ll o~ n!M n.!dd. 

Based on experience and 
research, bases and 
subb.a.ses are being cement

treated The local mat.eYial 
being treated with cement 
consists of sand-clay, semi
gravel, :iml/or clay ~-ravel 
Crushed stone for roadbuilding 
purposes 1s not available 
within the stall' 

ARE RIGCD AND FLEXIBLE ~DOMINANT SOIL CONDJTIONS
1 PAVEMENTS TREATED ESPt::ClALLY IN RELATION TO, 

DIFFERENTLY IN REGARD EXTURE ANO OfUCIN. 
TO DESIGN FOR FROST? 

Insulation courses of [rom 
3 to 6 in . depth!'> a.re used 
under concrete pavements 
Flexible pavements are C"on
structed over graded aggr<l· 
gate base courses , Base 
drain:igt: is provided for: in 
both types of pavements. 

Basically there are oo dif
ferences, The thicker suU
ba.ses required for flexible 
pavemenis arc needed to 
provide pave ment support 
duriTig the s pring breakup 
period. A rigid pavement 
provides more ' 'hridii::i~ " 

action over unstable soils . 

ReeiduaJ eoila derived from 
limestone a.nd ea.nd - etonee 
are most prevalent. 

Michiii::an is a glaciated slate 
with soils r~ing from 
sands and gravels to loams 
to clays and sUty clays. 
Many peat deposits are 
present , Limestone, sand
stone, and igneous bedrock 
are present in some parts 
or the state 

Predominant soils ra1Jge 
from heavy ctays to silty 
clays M.issiasipPi is a 
sedimentary sta.te and the 

surface contains a great many 
soil groups . A soil profile 
before and alter gradllig ie 
re~ired on each project for 
design purposes . 

...... 
00 



TABLE 1 (cont.) 
QUESTIONS REGARDING FROST INFLUENCE IN DESIGN 

Parenthesized numbers refer to additional data as presented on the following pages 

STATE 

O!UO 
W. J. Cremean, 
Engineer of 
Location &r. Dceign 
and H. E . Mar
eb.all, Eugioeer
Ceologiet 

TENNESSEE 
R. S. Patton, 
Eo.giaeer of 
SUrveys and 
Design 

WHAT CRITERIA , METHODS 
OR TECHNIQUES ARE USED 
IN PAVEMENT DESIGN TO 
PROVIDE FOR EFFECTS OF 
FROST? 

Tbe primary technJque used 
in pavement design for pre
veo.tloo of detrimental frost 
effects lt> that of provldi.o.g 
additioa.al subbase thickness 
in soils known to be sus
ceptible to frost action. 
Special consideratioo is also 
given to the utilization of sub
draitiagc systems to the best 
advantage in these locations. 

(5) 

Inasmuch a.s fruat penetration 
in TeMessee will vary from 
only 4 to 6 in , in deplh, we 
do not take account of frost in 
our pavement design 

(SJ 

WISCONSIN I Soils have been catalogued in 
J. S. Pilty , relation to frost susceptibility 
En,gioeer of Design with a range of FO to F4 where 

the higber numerical figure 
indicates the greater suM
ceptibility. Soils engineers 
provide classification , Where 
adverse coodltio~ are too 
general for elimination by 
cover fill, undercutting, or 
other economically feasible 
mean~. a granular subbase 
is added lo the design as a 
correction factor, 

TO WHAT EXTENT IS PAVE-

Mt:NT DESIGN IN FROST I WHAT STlJl)IES OR Hf:SEARCJl 
AREAS BASED ON THE OR£- KA VE BEEN COt..lJL'CTED rN 
TlCAL CONCEPTS AND TO RELATION TO ~:VALL'ATION 
WHAT EXTENT IS IT BASED OF FROST DAMAGE? 

TO WHAT EXTCNT HAVE 
Rf.CENT RESF:ARCH 
FINDINGS BEEN US ED 
JN PAVEMENT DESIGN? 

ON EXPERIENCE? 

Pavement design practice In 
f'rost areas is bas.ed pri
marily upon experience; how
ever, some attention is given 
to the theoretical concepts 
and oecessary adjustments 
a.re made for 111ituatl.ons which 
fall out of the realm of the 
ordinary . 

Our soils are claaelfied, 
using the Bureau of PublJc 
Roads nurnbertog system, 
aod based upon our previous 
eXperiences wtth eoils or the 
various types eDCountered, 
q 'UH -n."Yitlo!C Wi:kAHNt 
or mineral aggregaie ba.aee 
~r bcKh om- IOont:TCW &lid 
bi tum.lnou.s pa.vemente. 

16) 

M~jor developments hav~ 
been based on experience 
with theoretical concepts 
cauUously taken Into con
sideration for new designs 
which go beyond the scope 
diet.al.Cd by experience. 
Deeign, in gener.tl, is baaed 
on the concept that the 
strength e!emC'nts will not 
alleviate the effects of the 
frost action so it is necessary 
to lake due conslderatiori of 
tot.al pavement depth and heavy 
vehicle trafric volumes , 

No formal studies or research I As previously state, our 
have been coDducled in rela- pavement design in frost 
tion to evaluation of frosL areas is largely a matter of 
damage In recent years , illPPliu\10111 ul 1:11<1:11 ul2hti•IMtd 

from pnst observations and 
experience , Research find
ings are reviewed and incor
porated in design in Lhose 
instances where established 
procedures need further 
refinement The Corps of 
EZ\~ntien ~Ill• and 

(6) 

HRB publications Cf this 
subject have been of much 
benefit in our studies of frost 
cond!Clons . 

(6) 

The material compiled througn 
national collaboration of the 
member states of AASHO is 
being lnt.eneely studied to the 
extent that designs are being 
cross-cbecked with a view 
toward elimination of as much 
guesswork a.s possible . 

ARE RJGn> A.ND fLEXIDLE ~OM.WANT SOIL CONDITIONS 
PAVEMENTS T REATED ESPECIALLY IN RELATION TO 
DIFFERENTLY IN REGARD EXTURE AND ORIGJN. 
TO DESJGI" FOR FROST ? 

The conventional rigid pave-1 The (rost sUBceptJble eoUa 
ment designs in use are 9 are commonly of glacial 
and 10 in. reinfo rced con- origin, but may be found 
c:rete pavemen t on 6 in. outside the glaciated portiona 
granular .subbase. F'lexiblc of the state. 
pavemenl lhickncsses are 
determined on :ll project to 
project basis a.nd have va ry1Rft 
subbase thicknesses . Exper-
ience in Oh{o has indicated 
the desirabilily of providing a 
thickness of g rariula r subbase 
eQual to one-half the depth of 
frost penetration for the µre-
vention of frost- heaving, The 
depth of insulating material 
ove r and above lhat used in 
the original design is deter-
aiined frum the anticipated 
depth of frost penetration in 
a given area, 

(61 

Not incUned to diHercntiate 

1lHJ IJQmlunt 11.0~l• 1n lht 
eastern a nd middle sections 
of the state are clay resulting 
from the decomposition of 
limestone The dominant 
soils in the wesl.t'rn part of 
the state are clay and sand in 
their natural state . None of 
these soils provide a satis
factory subg rade fo r p3vement 
insofar as thci r load bearing 
Ci'~dliOI ATC' CUQCC!Mpild. 

Difficult to n.,me a dominant 
berweeo pavement types , soil. The gl&cial soils cove c-
Siric~ we consider good granu- mcA i ot tho. t;tll~ a."llt t3ftf':t! 

la..r subbase as s structural Irorn silts and clays to gravels 
element of D.exible designs, U The southwes L part of the 
ls more often than not that the state consists or non-glaciated 
r eQU ired tot.:l.I depth is altaioed soils where the parent rock 
io the structural design. Tbis consists of limestone or 
would be the major difference s:llldstone . 
from the rigid design since 
granular mawrial added [or 
depth protection against frost 
would oot normally be re-
quired as a strength element 
in that design.. 

...... 
<O 
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DATA SUPPLEMENTING TABLE 1 (Frost Influence in Design) 

Alabama 

(I) Frost action is not considered in any base and pavement designs. In the north
ern part of the State where there is some damage, it is concentrated only in the thin 
surface treatment type pavements and usually occurs about once every ten years. No 
damage has been reported to the high type pavements; that is, concrete or 4 in. of as
phalt. The thin pavements ar e repaired by the application of a liquid seal and chip course. 

Illinois 

(2) Frequently, additional precautions are taken by removal and replacement of 
frost heaving soils, or utilization of subgrade drainage installations. 

(3) Subsequent to the glacial age, a mantle of loess covered nearly all of Illinois. 
The depths of the loess vary from close to 50 ft adjacent to the major river valleys on 
the western side of the State to depths of such insignificance in some other areas that 
they may prove difficult if not impossible to detect. Many of the morainic deposits are 
rather complex in character in that there is a complex interbedding of materials of dif
ferent grain sizes. These areas frequently necessitate the employment of short cut 
and fill sections in highway building, and consequent cutting of several different soil 
types in a relatively short distance. Such conditions are usually associated with the 
more severe differential frost heaves. 

Kentucky 

(4) This study did not deal with frost action and frost heave directly, but took into 
account the effect of these actions in the performance of the pavements. 

Ohio 

(5) The following is from Ohio's design manual: 

11 E-150. 00 FROST HEAVING SOILS 

. 10 Frost heaving may occur under certain conditions of moisture 
and temperature in any soil which contains more than about 15 percent 
passing a No. 200 mesh sieve; however, it is common only in some of 
the very fine dirty sands, sandy silts, and silts (A-3a, A-2, A-4). In the 
sands and sandy silts, sufficient protection is usually afforded by adequate 
drainage. For the class A-4b soils, particularly in all new construction, 
it is advisable to replace a portion of this material with non-frost sus
ceptible granular material. Material meeting I-22 requirements is usually 
used for this replacement. In the northern part of the state and in local 
areas where frost conditions appear to be especially severe, 18 in. of 
subbase should be used beneath the usual 8 or 9 in. pavement. In the 
central and southern part of the state, a thickness of 12 in. of frost resis
tant material beneath the pavement should be adequate in most cases. 11 

Note that the effects of frost are given special attention where A-4b high silt-content 
soils make up the subgrade. For other soils, frost is only considered in a general way 
as it may affect the supporting strength of the subgrade. 

Tennessee 

(6) To sum up the whole matter, this department does not feel that frost action is of 
sufficient importance to be taken into consideration in the design of either pavements or 
structures. Although no definite studies or research have been conducted to evaluate 
frost damage , field forces in the maintenance division report such damage. To date, 
such damage, if any, has been so small that it is not felt necessary to take frost action 
into consideration in the design and construction of either roadways or bridges. 



TABLE 2 Parenthesized numbers refer to additional data 
DETAILED DESIGN DATA as presented on the following pages 
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DATA SUPPLEMENTING TABLE 2 (Detailed Design Data) 

Alabama 

(1) In addition to the sieve requirements, subbase material is further limited as 
follows: clay, 20 percent maximum; liquid limit, 26 maximum; plasticity index, 6 
maximum. 

Georgia 

(2) Subbase is also used to provide for subgrade drainage. 

(3) The gradation for subbase material is varied from job to job to utilize local 
materials. 

Illinois 

(4) Subbase thickness for Interstate routes or routes having more than 1, 600 trucks 
per day ranges from 6-in. minimum to 14-in. maximum. Depth of subbase is based 
on drainage, frost penetration, and soil type. No subbase is required over adequate 
native granular subgrade soils. If other soils are involved, 4-in. minimum subbase is 
used under rigid pavement and 3- to 4-in. minimum under flexible depending on class 
of highway. 

(5) The height of grade above the water table may be varied with the anticipated 
depth of frost penetration. 

(6) Differential frost heaves have been experienced over wide areas in Illinois, but 
in general, it may be stated that such differential heaving increases in frequency and 
severity in the northern sections. Experience indicates that the worst heaves are as
sociated with cut sections or in zones of transition from cut to fill. Localized heaves 
have been experienced during periods of severe cold that have heaved differentially 
several inches and constitute'a definite hazard to the motorist. The spring breakup is 
a real problem in these areas. 

Indiana 

(7) Indiana specifications provide for two types of subbase: 

C1102.1. Gradation Requirements for Type 1 (Open-Graded) 

Sieve sizes 
through which Total Percent PB.Seing Slevee Having Square Openings 
substantially 
all material 

passes. Approx. 2-1/2" 2" 1-1/2" l'' 
top Size. 

3/4" 1/2" No, 4 No. 8 No. 30 No. 200 

2" 100 95-100 75-98 60-90 50-85 40-BO 25-60 15-45 5-25 0-5• 
1-1/2" 100 95-100 75-98 60-90 45-85 25-65 15-50 5-25 0-6* 
1" 100 90-100 75-98 60-90 30-70 20-55 5-30 0-5* 
1/211 100 90-100 50-90 30-70 10-40 0-5 
No. 4 100 96-100 B0-95 20-55 0-5 

"' In addition to its other req.ilrement8, the amount passing the No. 30 eleve shall not be less than 
two times the amount paeelog the No. 200 sieve. 

C1102. 2. Gradation Requirements for Type II (Dense-Graded) 
Passing the 2-in. square sieve, percent ............... 95-100 
Passing the No. 4 square sieve, percent ............... 35-100 
Passing the No. 30 not more than .•...... ... ......... 55 

The material shall contain sufficient binding material (that portion 
passing the No. 200 sieve) to compact satisfactorily; however, such 
binding material shall not be less than 5 percent. If a method of draining 
the subbase material in place is provided, then the binding material shall 
be between 5 and 10 percent. If a method of draining the subbase material 
in place is not provided, then the binding material may exceed 10 percent 
provided the fraction passing the No. 200 sieve is not greater than one-half 
the fraction passing the No. 30 sieve, nor greater than one-fifth the frac
tion retained on the No. 30 sieve. 
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(8) The most severe differential frost heave problems are generally encountered 
in localized areas of wet, extremely fine sands and silts and may be found anywhere 
in Indiana. These materials are generally excavated to depth of 2 to 3 ft below sub
grade. 

Kentucky 

(9) Primarily load distribution and pumping control. 

(10) Dense-graded aggregate used for base for flexible and as a subbase for rigid. 

(11) Very light initial treatment pavements are not adequate for frost penetration, 
and it has been the policy to restrict loads for spring thaw conditions on some of these. 

Michigan 

(12) Drainage of subbase through shoulder to slope is standard. However, in urban 
sections where curb and gutter is used, underdrains are used for subbase drainage. 

(13) On the older trunklines, load limits are required. For the past few years, all 
roads have been designed for year-round legal loads. 

(14) Depth of cover over pipe. Selected backfill. 

Mississippi 

(15) Subbase also used to prevent the intrusion of fine-grained soils into the base 
course and maintain moisture content more uniform for all seasons. 

(16) Have in the past but discontinuing this practice on expansive fine-grained very 
plastic soils. 

(17) When required by reference on chart (not shown), any subgrade (design soil) 
with CBR of 5 or less shall be lime-treated; except that when a project contains a few 
short, isolated sections of subgrade material, the thickness shown on the charts (not 
shown), in the zero treatment column, may be used. 

When the subgrade material (design soil) has a CBR of 6 to 10 and the soil and 
weather conditions warrant, consideration will be given to the use of lime treatment 
or of plating material classified as a 4-6 plastic or better. Plating material will not 
be considered a part of the structure thickness. 

The granular subbase shown in the charts may be reduced or eliminated if econom
ically justified, by any of the following: (a) increasing depth of treated subgrade; (b) 
increasing depth of treated base; and (c) providing soil-cement or cement-treated sub
base. (The depth in each case to be equal to 75 percent of the depth of replaced granu
lar subbase.) 

(18) This gradation is an example of Class 9, Group C; maximum liquid limit, 30; 
maximum plasticity index, 10. 

(19) Use underdrains when necessary for proper subbase drainage. 

(20) Loads are restricted on some secondary roads where the structure thickness 
is inadequate for legal loads during the spring season. 

(21) Legal wheel load limit of 9, 000 lb. 

(22) Occasionally have frost heaves on D. B. S. T. pavements, but not serious 
enough to influence our design. 

Ohio 

(23) The thicker subbases are used over silt soils only (more than 50 percent silt 
and plasticity index less than 10). 

(24) Most Ohio subbase material is natural sand and gravel and is fairly dense 
graded. 
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PODZOL SOILS 

~ Caribou 

ma Iron River - Milaca 

lff:#H Ontonagon - Trenary 

WEJJ Roselawn - Rubicon 

GRAY-BROWN 
PODZOLIC SOILS 

~ Clinton - Boone - Lindley 

k~f.(J Fairmount - Lowell 

IIillRil] Hagerstown - Frederick 

Ell Miami _ Crosby - Brookstdll 

~ Miami - Kewaunee 

fit.!~ Muskingum - Wellston - Zanesville 

~ Porters - Ashe 

~ Plainfield - Coloma 

~ Westmoreland 

~ 
1nfr:m1 

Wooster - Mahoning 

Spencer 

WIESENBODEN, 
GROUND WATER PODZOL, 

AND HALF-BOG SOILS 

j::::n~-;::::J Leon - Bladen 

FN"~:Wil 

~ 

Newton - Maumee 

Toledo - Vergennes 

Coxville _ Portsmouth - Bladen 

ALLUVIAL SOILS 

Alluvial soils 

PLANOSOLS 

Putnam _ Vigo - Clermont 

PRAIRIE SOILS 

kx~:~J 

~ 
EJ 

GJ 
[Rill 

~ 
lllm 
~ 
lm1 
i<h ~kl 

~ 

Carrington - Clyde 

Clarion - Webster 

Tama - Marshall 

RED AND YELLOW 
PODZOLIC SOILS 

(Lateritic Materials) 

Dickson - Baxter 

Decatur _ Dewey - Clarksville 

Greenville - Magnolia 

Memphis - Grenada 

Maury - Hagerstown 

Norfolk - Ruston 

Susquehanna - Savannah - Ruston 

Tifton - Irvington 

Norfolk sands 

Georgeville - Alamance 

LITHOSOLS AND 
SHALLOW SOILS 

(Humid) 

[Bill] Hartsells - Muskingum 

[2U Talladega - Fannin 

~ Upshur - Muskingum 

Undifferentiated rough, stony 
land and shallow Podzols (forested) 

BOG SOILS 

Peat and Muck 

RENDZINA SOILS 

Sumter - Vaiden 
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than three-quarters of the thickness of such subbase course or layer being placed. 
The liquid limit of the material shall not be greater than 25 and tho pluoticity index 
shall not be more than 6. 

(37) There is evidence that the subbase drainage may be blocked at shoulder by top
soil added for seeding. 

(38) Wisconsin law states that gross weight limitations on Class "B" highways are 
60 percent of the Class "A" tolerated weights. 

(39) Statutory excluding tolerances. 

SOILS AND CLIMATE 

In the section of the United States considered in this report, the geology and soils 
have a wide range. The geology varies from the glaciated areas of Michigan, Wiscon
sin, and the northern parts of Ohio, Indiana, and Illinois to the mountainous regions of 
Kentucky, Tennessee, and northern Georgia, and the alluvial deposits of Mississippi 
and the residual deposits of the southern States. 

There is also great variation in soil textures throughout the area, ranging from 
sands and gravels to loams to clay and silty clay, as well as bedrock regions of the 
mountainous areas. The great soils groups consist of the following: podzols, gray
brown podzols, groundwater podzols, prairie soils, planosols, red and yellow podzols 
or laterites, lithosols (humid), chernozems, and rendzinas. With this wide range of 
soils, it is difficult to draw conclusions or to make comparisons. The States in which 
the frost problem is most severe are those in which the podzol, gray-brown podzol, or 
groundwater podzol soils predominate. A generalized soil map of the region is shown 
in Figure 2. 

Climatic conditions within the east central States vary extremely from northern 
Michigan on the Canadian border to southern Mississippi on the Gulf of Mexico. For 
this reason, no attempt at generalization would be significant in relation to pavement 
design throughout the area. For climatic conditions within any given State, Figures 3 
and 4 show average annual precipitation and average annual frost penetration, respec
tively. 

CONCLUSIONS 

In the opinion of the writers, considerations for frost effects in pavement design 
fall essentially in two categories: 

I. Spring thaw support loss, or the loss of bearing capacity of the natural subgrade 
soil, as the frost leaves the ground in spring. 

2. Frost heaving during the freezing period which may cause cracking and destruc
tion of the pavement or in severe cases may even be hazardous to traffic. 

By far the more important of the two is the problem of loss of support at the time 
the frost leaves the ground. In some cases, it appeared that answers to the question
naires did not discuss this aspect to the extent expected; possibly because it is more 
an indirect effect and occurs after the frost has left. It is noted, however, that all 
States use a granular subbase over non-granular soils. And in most cases, the thick
ness depends on soil classification, group index, CBR, etc. By such means the soils 
which undergo the greatest strength loss in the presence of water require the strongest 
pavement design. It appears, therefore, that even in the southern States other sources 
of moisture such as precipitation and water table notwithstanding, pavement design 
does provide protection against support loss during the frost melting period. In a 
northern State such as Michigan, there is no question that the weakest subgrade con
dition which must be designed for occurs during the frost melting period and is a di
rect result of the excess moisture accumulation caused by frost action. 
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Figure 5. Extreme example of pavement damage resulting from frost action . 

The second important design consideration for frost effect is protection against 
heaving. In all but the most uniform of frost-susceptible soils, heaving can cause 
pavement cracking and shortened pavement life (Fig. 5). Generally coincident with 
heaving is a rough riding surface. In extreme cases, local frost heaves are dangers 
to traffic. Subbase thicknesses which provide for load distribution during the spring 
thaw also automatically provide a cushion which helps to damp differential frost heav
ing. Michigan, for example, with extremely variable glacial soils and deep frost pen
etration, designs for pavement smoothness and added pavement life by use of subbase 
thicknesses adequate to reduce a large percentage of the minor differential heaving 
caused by variable soil textures. Wisconsin, Michigan, Illinois, Ohio, Indiana, and 
Mississippi reported that frost bumps or sharp frost heaves are a problem serious 
enough to require correction. The prime solution to the problem in all States seems 
to be replacement of the heaving soil with a non-heaving material. Mississippi also 
reported chemical treatment. 

Although it is assumed that the subject of paving aggregates is beyond the scope of 
this symposium, chert, soft stone, iron concretions, etc., are destructive aggregates 
which must be considered in pavement design in frost areas. Air entrainment inport
land cement concrete is a similar consideration. 

Although the southernmost States of Alabama, Georgia, and Mississippi generally 
report that frost is of very little consequence, their reports do reveal certain design 
considerations which, although not primarily established for frost reasons, do provide 
protection against the minor freezing conditions which occur. 
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Mississippi generally cement-treats the upper layers of the pavement system under 
the pavement subject to freezing temperatures, although they report that from a design 
standpoint the primary consideration is wheel-load capacity and not frostpenetration. 

Georgia reports that high water table in two-thirds of the State causes subgrade 
drainage to be the most serious design problem and that by adequately draining the sub
grade, any failures caused by freezing are eliminated as a by-product. Georgia fur
ther reported that on less-traveled roads, native soils are stabilized by portland ce
ment thereby waterproofing them to the extent that water is not absorbed, thus elim
inating any damage due to freezing. Also interesting is Georgia's experience with 
cretaceous limestone which cannot be used in the northern two-thirds of the State be
cause the material freezes and even heaves with only a light freeze of short duration. 

Of the ten States in the east central area, it appears that Illinois is the only one that 
employs design criteria using a frost penetration index in establishing individual pave
ment design. As can be seen from Table 3 and Figure 6, pavement thickness is deter
mined by four factors, namely: soils classification, drainage, average frost penetra
tion, and volume of truck traffic. Table 3 and Figure 6 are included in the Illinois 
"Policy on Thickness Design of Subbase, Base and Surface Courses for Highways." 

Foundation 
Soils Group 

TABLE 3 
SUBBASE COURSE THICKNESSES IN INCHES 

FOR USE WITH PORTLAND CEMENT CONCRETE PAVEMENT 
ON HIGHWAYS CARRYING 160 TO 800 TRUCKS DAILY 

From Illinois "Policy on Design Thickness of Sub-base, Base 
and Surface Courses for Highways" as revised September 29, 1951 

Good Drainage Fair Drainage Poor Drainage Very Poor Drainage 

Average Frost Average Frost Average Frost Average Frost 

Classification Penetration, in, Penetration, in. Penetration, in. Penetration, in. 

A-1-a 

A-1-b 

A-3 

A-2-4 

A-2-5 

A-2-6 

A-2-7 

A-4 

A:5 

A-6 

A-7-5 

A-7-6*** 

0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 0-18 18-36 36-54 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

0-4* 0-4* 0-4* 0-4• 0-4* 0-4* 0-6*"" 0- 6** 0-6* * 0-6** 0-6.t .... Q- 0 t' T 

0-4* 0-4* 0-4* 0-4* 0-4• 0-4* 0-6** 0- 6** 0-6** 0-6** 0-6** 0 - 6** 

4 4 4 4 4 4 6 6 6 6 6 6 

4 4 4 4 4 4 6 6 6 6 6 6 

4-7a 5-Ba 6-9a 6-9a 7-lOa 8-lla a a a 
4 4 4 8-11 9-12 10-13 

5 5 5 5-8b 6-9b 7- lOb 7-lOb B-llb 9-12b 9-12 
b 10-13b 11-14b 

4 4 4 4 4 4 6 6 6 6 6 6 

4 4 4 4 4 4 6 6 6 6 6 6 

4 4 4 4 4 4 6 6 6 6 6 6 

a. see Fig . 6a 
b. see Fig. 6b 

• Use 4 in. when material le not well graded and plasticity index exceeds 6. 
•• Use 6 in, when material is not well graded, plasticity index exceeds 6, and drainage is poor 

or very poor. 
••• A-7-6 soils composed of peat and muck should not be used as foundation soil, 
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Figure 6. (a) Design thickness of sub base course for A-4 foundation soil; and (b) de sign 
of subbase course for A-5 foundation soil (~). 

One of the more prominent conclusions which can be made from information sup
plied by the east central States involves the extent to which design is based on theo
retical concepts or on experience. The reply from Wisconsin generally typifies the 
latter group in that "the major developments for design against frost have been based 
on experience, with theoretical concepts cautiously taken into consideration .... " 

From a review of the tabulated answers, it appears also that nearly all the States 
provide drainage for their subbase sections by means of through-shoulder drainage or 
underdrains, at least on primary routes. In the opinion of the writers, this is an ex
tremely important consideration in maintaining subgrade stability, especially during 
the critical frost melting period. 

As a final conclusion, it is noted that the replies regarding research performed or 
in progress indicate only a slight amount of activity in this area. It occurs to the 
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writers, however, that the term research is probably being interpreted as intense, 
formal programs of field or laboratory investigation. And it could be interpreted that 
lack of this activity indicates poor engineering-which may not necessarily be the case . 
In fact, many engineers believe that in many respects the pavements now in existence 
constitute the only dependable sources of information on which to base future designs, 
and the writers believe this is the case with most of the States reported here in the 
east central area. In Michigan, certainly, the dominant feeling is that the perform
ance of in-service roads furnishes the best information for future design. 
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tification of U. S. Soils." Fed. Aeronautics Admin. Tech. Dev. Rpt. No. 52 
(May 1946). 

2. "Policy on Design Thickness of Sub-base, Base and Surface Courses for Highways." 
Illinois Div. of Highways (Rev. Sept. 29, 1951). 

Discussion 

K. B. WOODS, Purdue University. -The authors are to be complimented for putting 
together good design information for frost conditions in the east central States. The 
answers to the questionnaires and material from other sources produce reasonably 
good boundaries for the problem for this area. It will be interesting to see how this 
material fits in with the remaining portions of the United States and with the material 
from Canada. 

This discusser has studied the frost problem in the midwest for the past 30 years 
and offers some additional information as a supplement to this paper. Figure 7 (1) is 
an engineering soils map of the region under discussion and can be used as an addition 
to the authors' soils map of east central States (Fig. 2). It is to be noted that this soils 
map is a combination of geologic, pedologic, and textural classifications. It lends it
self readily to use in pavement design for frost conditions. The following are a few 
illustrations: 

Young Drift Soils 

Many frost problems are encountered in transition between cut and fill sections in 
the till plains (Crosby-Brookston soils). The textural difference between the silty "A" 
horizon and the plastic "B" horizon is great. The problem is less severe with modern 
design because high-level grade lines are used, thus avoiding the problem in transi
tions. 

Also, in this region there are many deposits of shallow sands on till. Here, too, 
the frost problem can be severe in the transition area. This is noticeably true in 
northwestern Indiana, many areas of Michigan, and, of course, in large areas of 
southern Ontario. 

Old Drift 

The old drift of the region under consideration is confined to southern Illinois, 
southern Indiana, and a small portion of southwestern Ohio. This soil area is gen
erally flat but where erosion has cut through the "A" and "B" horizons by way of deep 
gullies or even small streams, highways crossing these areas frequently are in trou
ble when the grade line cuts through the transition between these horizons. 

Windblown Silt and Young Drift 

The region under consideration has substantial deposits of loess and the frost prob
lem is of considerable magnitude in western Wisconsin, western Illinois, and in 
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Figure 7 , Engineering soils map of east central States (~ ) . 
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LEGEND FOR SOILS MAP 

DEVELOPED FROM 
~ LIMESTONES- INCLUDING DO
~ LOMITIC AND CHERTY LIME-

1 STONES 

• 

SANDSTONES AND SAND -
STONES AND SHALES (WITH 

II COALS AND UNDERCLAYS 
IN PLACES) 

• SHALES AND SANDSTONES 

Ill 
~ SANDSTONESJLIMESTONES1 

~ANO SHALES 

IV 
~ LIMESTONES AND SHALES 
~ (INCLUDES SOME CHALK\ 

v 
'f"" METAMORPHIC AND INTRU
,,,,,, SIVE ROCKS(SCHIST 

1 
V GNEISS1,SLATE; GRANITE) 

D YOUNG DRIFT (WISCONSIN 
AND IOWAN AGES) 

VII 
~OLD DRIFT(NEBRASKAN1 
~ KAN5AN, AND ILLINOl-
Vlll AN AGES) 

IX 
~ LACUSTRIAN DEPOSITS 
~(PREDOMINANTLY CLAYS 

X AND SILTS) 

• 
ORGANIC MATERIALS( MUCK, 
PEAT, AND SWAMPS) 

XI 

~SAND-CLAY 
Xll 

~CLAY 
)('Ill 

~ INTERBEDDED AND INTER
~ MIXED SANDS, CLAYS; GRA

XJV VELS 1 AND SILTS 

~ GRAVEL AND SAND 

xv 
~ LOESSIAL SILTS AND 
~VERY FINE SANDS 

XVI 
~MAJOR DEPOSITS(PRO~CI
~ PALLY CLAYS1 SILTS 1 ANO 
XVII SOME SAND::;) 

~ NON- SOIL AREAS(LOC.ATIONS 
~IN WHICH THE SOIL IS VERY 
XVIII THIN OR OTHERWISE HAS LIT-

TLE ENGINE ERING SIGl'llFI -
CANCE BECAUSE OF ROUGH 
TOPOGRAPHY OR EXPOSED 
ROCK; PRINCIPALLY MOUNTAINS, 
CAN'rONS 1 SCABLAND51 0R BAD 
LANDS) 

smaller sections in southwestern Indiana. The silts are quite permeable and when a 
highway grade line is established close to the transition between the silt and the under
lying drift, serious water problems frequently are encountered. Consequently, frost 
problems are to be expected unless corrective design techniques are employed. 

Summary 

In those areas where the frost penetration is sufficient to require design consider
ations, transition zones between soils of unlike textures should receive attention. 
These layers may be of natural origin such as a natural interbedded-layered system 
or in cut sections through natural soil profiles. 




