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SYMPOSIUM ON PAVEMENT DESIGN IN FROST AREAS:
PART H, DESIGN CONSIDERATIONS--THE EAST CENTRAL STATES

Synopsis

Pavement design considerations for frost conditions in the
sast central states are summarized, on the basis of facts furnished
by the individual states, States included in the east ceniral area
are Wisconsin, Michigan, Hlinois, 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 dis-
cussed. Design loads and spring load restrictions are included.
Use of granular subbase,and subbase type, depth, and drainage are
alsodiscussed, The paper compiles the bases for designconsgidera-
tions for frost as reported by the east central states and indicates
whether design is baged on experience, theoretical concepts, or
both, and reports the extent of research performed by the states.
Frost considerations with regard to designof culverts and structures
are also included. In summary, the paper reports the extent of
the frost problemin the east central states, discusses the influencing
factors which cause the problem, and presenis the methods and
design techniques used by the various states in providing satisfac-
tory pavement design.

The object of this paper 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 included as
there are many excellent Highway Research Board and Corps of Engineers
publications on the subject.

Questionnaires were prepared and sent to the east central states (Wis-
consin, Michigan, fllinois, Indiana, Ohio, Kentucky, Tennesses, Missis-
sippi, Alabama, and Georgia as shown in Figure 1) to determine current
design practices for frost action. The first questionnaire was an essay
type seeking general informationas to the extent of the problem, research
and the use of research findings, and basic design considerations for
frost. On the basis of the replies, a more detailed questionnaire was
circulated pertaining to specific design practices. The information thus
obtained is presented in Tables 1 and 2 for ready comparisons of current
design practices among states with similar climate and soils. The replies
appearing in the tables have been edited as little as possible,



Figure 1. East central states.
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TABLE 1

QUESTIONS REGARDING FROST INFLUENCE IN DESIGN
Parenthesized numbers refer to additional data as presented on the following pages

WHAT CRITERIA, METHODS
OR TECHNIQUES ARE USED

TC WBAT EXTENT IS PAVE-
MENT DESIGN IN FROST
AREAS BASED ON THEQHE-

WHAT STUDIES OR RESEARCH
HAVE BEEN CONDUCTED IN

T WHAT EXTENT HAVE
RECENT RESEARCH

ARE RIGID AND FLEXIBLE
PAVEMENTS TREATED

MOMINANE SOIL CONDITIONS
ESPECIALLY IN RELATION TO

STATE ggﬁgﬁ“fg; E??Zlgfs 9 | TICAL CONCEPTS AND TO | RELATION TO EVALUATION| FINDINGS BEEN USED | DIFFERENTLY IN REGARD rURE AND ORIGHE.
FROST? WHAT EXTENT IS IT BASED | OF FROST DAMAGE? IN PAVEMENT DESIGN? T DESIGN FOR FROST ?
ON EXPERIENCE?

ALABAMA We do not have a frost pro- We do not consider frost
Edward Eflgpd, blem in Alabama except in action in any of our bage and
459"t Mat'le and | about ten of the countiea in pavement desigas. —

Research Ergin- ;| the northern part of the state. @)
ear

GEORGLA Subgrade drainage is the most Experience hag shown that None We feel that if we eliminate One bagic design congidera~ High water table is a sevicus
John M. Wilker- | serious design problem. To any pavemeut detericration this main cause of damage tion for secondary roads is problem in éwo-thirds of the
gom, Jr,, State cortrol the water, a gramular due to freezing is due to from frost, i.e., moisture, that the use of portland state.

Toad Design gubbase is provided in all free moisture i the pave- we will have accomplished cement ag an additive fo
Ergineer major pavement designs which | ment, If the problem of all that is necessary to com~ native soils increases the
carries through froma shoulder | adequataly draining the sub— bat frost damage. Cretaccous | stability and waterproofs
slope to shoulder slope on a grade is solved, as a by~ limestone aggregates which the base to the extert that
gradient steeper than the product, faifures caused by freeze and thaw are pot used they will not absorb mois-
pavement erown. In the freezing are eliminated, in the northern two-thirds of ture. We have no record of
northern third of the state, the state. a hase course, having been
particular emphasis is given stabilized with portland
to the granulay material under cement, ever fajling due to
the ghoulder to assure ade- freezing.
quate drainage to the ditch.

TLLINGIS Average frost penetration, Current design practice is No recent research pro- The fllinois Division of High- Rigid and flexible pavements The greater part of Nlinofs
E. L. Sherertz, HRB goil classification baged almost entively upon grams on frost action. Over | ways currently has the re- are treated similarly in has been glaciated one or
Epgineer of with group index, soil drain- past experience. the years, various District cently released "AASHO Tilinois current design more times, and soils are
Design zge classification and volume highway laboratories have Interim Guide for the Design practice. typical of those developed on

of truck traffic are the four investigated frost heaves, of ¥lexible Pavement Struc~ moraines, till plains, and
indices used in the construc— and have developed data tures™ under study {o deter- putwash plains, The north-
tion of charts contained in the which has proved very mine its- adaptability to the eastern corner of [linols is
Hlinois manual "Policy on heipfal in the design of Dlinois program. It is anti- possessed of extensive
Design Thickness of Sub- pavement structurea. cipated that a similar study deposits of granular mater-
bage, Base and Surface will be made of the AASHO ials. Such xoaterials are not
Courses for Highways" guide for the design of rigid prevalent further to the scuth
(Table 3 and Fig. 6). Frost pavement when it is released. and west. Centrzl Dlinois
penetration directly influences The Departrent reviews new soils are more typically
required subbase thickness. procedures as they are developed on till plains.

developed to keep abreast of

new metheds and to check

2) them against Illincis exper- 3)

ience.

TNDIANA This 18 a diffeult question to Primarily based on exper- Mumerous spring "break-up" | Adeguate drainage of sub- Yes. Flexible pavement Predominant soils classify
W. T. Spencer, answer. However, frost fence. surveys made by the Joint bases or bases. design recognizes the A-4, A-B, OF A-T-6. In-
Ssils Engloser, doas aifsct, directly or in- Highway Research Projact, reduced bearing values of cluded are beach and dune

Materiala & Tests

directly, somse of the follow-
ing factora: a - ‘[hickmess of
flexible pavement, b - Design
of subbases and bases, ¢ «
Drafnsge of subbases, d -
Showlder desjga of paved or
suriacad shouldera, e — In—
crazsed structural require—
menis, f - Higher quality
aggregales, etc.,

Purdue University

various subgrades iz the
spring.

sands in porthwest aresn,
ghaciel drift o south of
ceniral Indians, and resi-
dugl solls of silte, silty
clays, and claya in the lowsr
central area.




TABLE 1 {cont.

)

QUESTIONS REGARDING FROST INFLUENCE IN DESIGN
Parenthesized numbers refer to additional data as presented on the following pages

STATE

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

TC WHAT EXTENT IS PAVE-
MENT DESIGN IN FROST
AREAS BASED ON THEORE-
TICAL CONCEPTS AWND TO
WHAT EXTENT IS IT BASED
ON EXPERIENCE?

WHAT STUDIES OR RESEARCH
HAVE BEEN CONDUCTED IN|
RELATION TO EVALUATION|
OF FROST DAMAGE?

TO WHAT EXTENT HAVE
RECENT RESEARCH
FINDINGS BEEN USED
IN PAVEMENT DESIGN?

ARE RIGID AND FLEXIBLE
PAVEMENTS TREATED
DIFFERENTLY IN REGARD
TC DESIGN FOR FROST 7

DOMEINANT SOIL CONDITIONS
ESPECIALLY IN RELATION TO
TESTURE AND ORIGIN.

KENTUCKY
W. B. Drake,
Director of
Research

The use of free-draining low
plasticity base materials.
We do mot consider frost
action as a primazy factor in
our pavement designs, un-
doubtedly it has effected
adequate structural thickness
in these designs.

Practically 100 percent on
experience in the area,

A gtudy of existing flexible
pavements "Investigation of
Field & Laboratory Mathods
for Evaluating Subgrade
Support in the Design of
Highway Flexible Pavements,'”

3}

Recent research findings
have been checked in con-
junetion with design practices.

Insnlation courses of from
310 8 in, depths are used
under concrete pavements.
Flexible pavements are coua-
structed over graded aggre-
gate base courses. Base
drairage is provided for in
both types of pavements.

Residual soilg derived from
limestone and sand - stones
are most prevalent.

MICHIGAN
A. E. Matthews,
Eaogineer of Soils

Grade heights are maintained
5 ft. above water tables, poorly
drained soils, and peat deposit
Relatively thick free—draining
granular subbases are pro-
vided. Based op pedological
soil clasgifications, design
charts provide quantities for
excavation of frost-susceptible
materials and quantities for
under drains to conirol seep—
age or capillary water. The
exact locations and guantities
are determined during con-
agtruction, as needed. On
roads which are to be recon-
structed, froat heave logs

are made and corrections are
recommended.

Primarily based on exper-
ience. Thickness design is
baged on soil conditions and
anticipated traffic volumes
and types. Although pave-
ment design has resulted
directly from experience,
design charts have been pre-
pared which correlate the
adopted thiclmesses with
goil strength indices such
as CBR.

Pavement ¢ondition surveys,
imcluding evaluation of frost
damage and subgrade support
are being carried on. An
intensive research program
concerning frost damage was
conducted in the early 1830%.
A research project investi-
gating the amount of ime~
stone fines in limestone
bases in now in progress.
Preliminary reports indi-
cate that limestone fines are
more subject to frost action
than natural soil binder.

Research findings relative to
frost action are compared to
present practices and the
findings are incorporated if
there is an apparent need.

Basgically there are no dif-
ferences, The thicker sub~
bases required for flexible
pavements are needed to
provide pavement support
during the spring breakup
period. A wigid pavement
provides more “bridging'
aciion over unstable soils,

Michigan is a glaciated state
with soils ranging from
sands and gravels to loams
to clays and silty clays.
Mazny peat deposits are
present. Limestone, sand-
stone, and igneous bedrock
are present in some paris
of the state.

MISSISSIP PL
1. P, Steinwinder,
Jr., Roadway
Design Engineer
H. 0. Thompson,
Teating Enginser

The upper layers of the pave~
ment system under the pave-
ment subject to freezing
temperatures are generally
cemeni-treated on main high-
ways. From a design stand-
point the primary ohjective

is wheel load eapacity and not
frost penetration. Gererally
all designa are for all season
conditions. The design varies
with wheel load frequency and
traffic velume expected.

No data

Based on experience and
research, bases and

subbases are being cement-
treated. The lecal material
being treated with cement
consists of sand-clay, sewmi-
gravel, and/or clay gravel.
Crushed stone for roadbuilding
purpoeses is not available
within the state.

Predomipnant soils range
frem heavy clays to silty
clays. Missisaippl is a
sedimentary state and the
suriace containg a great many
soil groups. A seil profile
before and afler grading is
required on each project for
design purposes.




TABLE 1 (cont.
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QUESTIONS REGARDING FROST INFLUENCE IN DESIGN
Parenthesized numbers refer to additional data as presented on the follewing pages

WHAT CRITERIA, METHODS
OR TECHNIQUES ARE USED

TO WHAT EXTENT IS PAVE-
MENT DESIGN IN FROST

WHAT STUDIES OR RESEARCH

TO WHAT EXTENT HAVE

ARE RIGID AND FLEXIBLE

[DOMINANT SOIL CONDITIONS

AREAS BASED ON THECRE- | HAVE BEEN CONDUCTED IN RECENT RESEARCH PAVEMENTS TREATED
STATE ;NROP-ﬁgij\?ONl;rE?giIggs gg TICAL CONCEPTS AND TO | RELATION TO EVALUATION FINDINGS BEEN USED DIFFERENTLY IN REGARD iiiﬁ%ﬁ’ﬁgNog;‘;anN o
BROST? WHAT EXTENT IS IT BASED | OF FROST DAMAGE? IN PAVEMENT DESIGN? TO DESIGN FOR FROST?
ON EXPERIENCE?

OO The primary technigue used Pavement design practice in Mo formal studies or researck| As previously state, our The conventional rigid pave- | The frost susceptible aails
W. J. Cremesan, in pavement design for pre- frost areas is based pri- have been conducted in rela~ pavement design in frost ment designg in use are 9 are commonly of glacial
Enginesr of vention of detrimental frost marxily upon experience; how-~ tion to evaluailon of frost areas is largely a matier of and 10 in. reinforced con- origin, but may be feund
Locatlon & Deslgn | eiffects is that of providing ever, some attention is given damage in recent years. application of facts established | crete pavement on 6 in. outside the glaciated portions
and H. E. Mar- zdditional subbase thickness to the theoretical concepts fromn past observations and granular subbase. Flexible of the state.
shall, Engineer- { in soils known to be sus- and necessary adjustments experience. Research find- pavement thicknesses are
Geologist captibie to frost action. are made for situations which ings are reviewed and incor- determined on & project to

Special considsration is alsa fall out of the realm of the porated in design in those project basis and have varying
given to the utifization of sub- oxdinary. instances where established subbase thicknesses. Exper-
drainage systems to the best procedures need further ience in Ohio has indicated
advantage in these locations. refinement. The Corps of the desirability of providing a
Engineers manuais and thickness of granular subbase
HAB publications of this equal to one-half the depth of
subject have been of much frost penstration for the pre-
benefit in our studies of frost vention of frost-heaving. The
@) conditions. depth of ingulating material
over and above that used in
the original design is deter—
mined from the anticipated
depth of frest penetration in
a given area.

TENNESSEE Inasmuch a5 frost penetration Our soils are classified, “The dominant soils in the
R. 5. Patton, in Tennessee will vary from using the Burean of Pubiic eastern and middle sectiona
Engineer of only 4 to 6 in. in depth, we Roads numbering system, of the state are clay resuliing
Surveys and do not take account of frost in and based upon our previous from the decomposition of
Design our pavement design. experiences with aoils of the Jlimestone. “The dominant

various types encountered, soils in the western part of
we use varying thickneases the state are clay and sand in
of mineral aggregate basas their natural state. None of
under both our concrete and these soils provide a satis~
bituminous pavements. factory subgrade for pavement
(8} 16) (63 1G] (6) insofar as their load bearing
capacities are concerned.

WESCONSIN Scils have been catalogued in | Major developments have The material compiled through | Not inclined to differentiate | Difficult to name 2 dominant
I, 5_- Pilty, . refla.fion to frost susceptibility bi?en based on experience national collahoration of the between pavement types, poil. The glacial soils cover
Engineer of Design| with a range of FO o ¥4 where wxﬂz;heoreticsl concepts member states of AASHO is Since we consider good grami- | most of the state and range

the higher mumerical figure cautiously faken into con- being intensely studied to the lar subbase as 2 structural from silts and clays to gravels
indicates the greater sua- sideration for new designs extent that designs are being element of flexible designs, it | The southwest part of the
ceptibility. Sous enginesrs which go beyond the scope croas-checked with a view is more often than pot that the | state consists of non-glaciated
provide classification. Where | dictated by experience. . toward elimipatior of as much required total dapth is attained| soils where the parent rock
adverse conditions are too _

generzl for elimination by
cover fill, undercutting, or
other economically feasible
means, a grapular subbase
is added to the design as a
correction factor.

Design, in general, is based
on the concept that the
strength elements will not
alleviate the effects of the
frost action sc it is neceséary
to take due gonsideration of
total pavement depth and heavy
vehicle traffic velumes.

guesswork as possible.

in the structural design. This
would be the mzjor difference
from the rigid design since
granular material added for
depth protection sgainst frost
would not normally be re-
qaired as a strength element
in that design.

consists of limestone or
saadstone.




DATA SUPPLEMENTING TABLE 1 (Frost Influence in Design)

Alabama

(1) We do not consider frost action in any of our base and pavement
designs. In the northern part of the state where we have some damage it
is concentrated only in our thin surface treatment type pavements and
usually occurs about once every ten years. We have received no damage
to our high type pavements; that is, concrete or 4 in. of asphalt. The
thin pavements are repaired by the application of a liguid seal and chip
course.

Illinois

(2) Frequently additional precautions are faken by removal and re-
placement of frost heaving soils, or utilization of subgrade drainage
installations.

(3) Bubseguent 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 com-
plex in character in that there is a complex interbedding of materials of
different grain sizes. These areas frequently necessitate the employment
of short cut and fill sections in highway building, and a consequent cutting
of several different soil types in a relatively short distance. Conditions
such as this 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 info account the effect of these actions in the performance of the
pavements,

Ohio

() The {ollowing is from Ohio's design manual:

"E-150.00 FROST HEAVING SOILS

.10 Frost heaving may occur under certain conditions of moisture
and temperature in any soil which containg more than about 15 percent



pagsing 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., TFor the class A-4b soils, particularly in all new construction,
it is advisable fo 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 paxt 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. "

Note that the effects of frost are given special attention where A-4b
high sili-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 that it be taken into consideration
in the design of either pavements or structures. While no definite studies
or research have been conducted to evaluate frost damage, we have de-
pended upon ouxr field forces in the Maintenance Division to advise us of
such damages. To date, such damages, if any, have been so small that
it is not felt necessary to take frost action into consideration in the design
and construction of either our roadways or bridges.



TABLE 2
DETAILED DESIGN DATA

Do you use Granular Subbase over non-granular soils? Does water table
Reason Thickness Type Gradation Subbass influence  your
Drainage grade height?
= Rigid Flexible - e

. o _ fi] Reason =B
STATE Yes & E g ER:
or |, mi 2 R ] - i3 % Through Yes Sy
o | } 2 é S |8 iz Si-eve Should Under or E 3
& ] w |8 Pri, | See. Pri, ! See. 815 | die Passing e Praing gl =g
?E a a 18 ? (G20 I To Slope No - % R
€8/ % | €45 §12 BEIESimE
4] 37 & 148 S1& “E|EE| 22

ALABAMA Yes Yos | Yes an HNat iz2n gn X 21 100 Yes Yas Yes | Yes | Yes 20
Edward Eiland, used 17 76100
Ass't Mat'ls and 4 30-80
Research Engin- — _ 10 15-55
eer 40 30-95

60 20-80
200 10-40
(1)

GECRGIA Yes Mo | Yas | Yes | No g [} 81 g 8 1} X ar 100 Yes Yes Yes | No Yes | Keep
John M. Wilker- 11/2%| 95-100 {where W.T.
son; Jr., Slate 2} /41| 3o-m8 needed) 1z
Road Design B |No, 10| 25-40 helow
Engineer bl 3 ‘ bottom

& aof
sul-
base

ILLINOIS Yos § Yes | Yes { Yes | Yes |07-14%|gr-34v] g-14") 001-13" X i 100 No. French| Only used Yea | No Yes |4 1/%
E, L, Bherertz, 1/2% 50-30 | drains wheve it
Engineer of 4 40-60 | sometimes | appears
Design {4) 4) 4y {4} 8 25-50 used, TeCessary. {5}

16 20-20
200 5-1%
(Crushed stone)

INDIANA Yos | Yes | Yes | Yea £~ qn SH-10") 41-61 | X X} 2/e 100 Yes Yes Yes | Yas ; Yes 3
W. T, Spencer, 71727 [ min, 30 55
Solls Engineer, 200
Materials & )

Tosts

KENTUCKY Yes | Yes | Yes | ¥Yaa | No g |ar-gn | 1a3¢ g X 1 100 Yes {for Yea (for Yes | Yes | Yes | 4+-5°

W. B, Drake, Base | Base 3/4* i 10-100 | interstate) | primary &
Dixector of 3/8" § 50-80 secondary)
Research 2) == {{10){Nc, 4] 35-85

Ne, 10% 25-50
Ne, 4¢; 16-30
Ne.206[ 5-15

MICHIGAN Yes { Yes | Yes | Yes { Yes 14 14" i25% 15" X 21/2" pLHH Yes Yes Yea | Yaa | Yes { 4'-5'
A. E. Malthews, Subbase|Subbnge 1 66-160
Engineer of Soils 1 7" Mo, 160 0-3% (12}

Base {Bass Loss by] &-7
washing

MISSISSIPPI Yes | No ! Yes | Ne No 0-181 | 0-18" | 3n-2pt[3"-18" | X | X 4 109 Yes Yea Yas § No Yes | 37-4*
J, P, Stelnwiader, 16 26-100
Jr., Roadway 4¢ 26-100
Design Engineer, {15) 60 15-85

L (16} (18} (Lsy} 270 435 19y
Lo H, ¢, Thompsen, | (17} sile 0-20
. Testizg Engineer Clay G-20

CHIO Yes | Yes | Yes | Yes | Yes |67-241] Not 4r-18"f 412 X P X an 100 No Yea No No
W, J. Cremean, used an §0-100
Engr. of Loca- I 7¢-100
tion & Design, 200 @-15

(23) 23 | &5 {24) {28) @n -
H. E. Marshull, (25} (25}
Engr. -Geologist

TENNESSEE Yes | No | Yes {Yes [ No 11/47] 106 Yes Yes
R. 8, Patton, i 95-100
Engineer of (31} 3/8'" | 56-80
Surveys and 4 35-60
Design 15 20-40

100 8-15

WiISCONBIN Yes | Yes | Yes Yes | 67-8" j6v-9n | gn-12v|6U-p2 | X Grade 1 Yes Do not use Yes | Yes | Yus | &' ¢
J. 8. Pilgy, Ne. 4§ 108 underdraing
Engizeer of No. 48| ©-T5 where it s
Design (34) — {35} No, 106 | 6-15 (37) foasible to

Ne, 264 -8 draiz thru
shoulder Lo
{a8) slope.




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

Ara apring load restrictions required

Average f{rost

Do frost bumps (frost heaves) Does frost in| Do you require
to project softensd subgrades during oacur in your State? any way influ- [ that strueture penetration for
the frogt melting peried? ence design of | footinga Be ¥our Stale
> Culverts? laced  below
Restrictad Normal 3 2 Type of Treatment fhe depth  of
Y = g normal  frost
o5
or Singie Tandem Single § Tandem %n ] Re- Raise Yes In penetration? Nerth South
o Axde, Axle, Axle, e, |80 ince | M | Grage | T or | What [yg, Part Pazt
lbs lbs Ibs 1ba % é P No | Way?{ 4 Depth
. No
53
Neo 18,900 32,000 No No No ar o
No 20,340 40,980 Yes Yes Yes | Below 4 [
frost
line, i
] g any,
—_ — 5 4
=
Mot re- Not re- 18,000 | 32,060 [ Yon |Yes ; Yoo } Yos | Drainage | No Yos 41 54" max. | 5" min,
stricted atricted
on pri- R pri-
- i MGTY, mary, ® -
varlable on i varlsbie on
gecondary, i secondary.
18,000 32,000 | Yes | Yes | Yes | Yes Yes |27 of | Yes | Inde- 25% 1ot
2] cover Iinite
E‘ ﬂ e — @ — Gver
=8 pipe
Yes No No Yes ign 12" an
{ix) — — —_ —_ — — — — —
No § 76% of 5% of 18,900 26,000 | Yos | Yes | Yes | Yg5 Yes Yes |5 beolow adh Agt
normal normaj . {32, 600 graund
(18) | for migid, for rigid, an mats 14} covar,
65 of a5% of routes) -
normal norma
for for
flexible flaxible
No 18,000 32,600 i Yes | ¥sa Chemical No Yes hAN L 3 1"
treatment
— — (22) — _ —
{20) (21)
Yea 14,300 24,500 19,000 | 32,600 | Yes | Yes Ne Yos 41 24 10"
(28)
(28 @ -1 - — —
No 18,000 32,000 ¢ No No 6" mux. 4" max.
(32) @y |
Yes 18,600 30,400 | Yes | Yes Yes No Yes 1t GO=70" 401 -50"
(a8) {38) {39) {38} - —_ -




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 also used fo providé 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 1600 trucks per day ranges from 6 in. minimum to 14 in. maximurm.,
Depth of subbase based upon 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 upon 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 associated with cut sections or in
zones of transition fromeut fofill. 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.

-10-



Indizna

{7) Indiana Specifications provide for two types of subbase as follows:

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

Sieve sizes
through which Total Percent Passing Sleves Having Square Cpenings
substantially
ali material
passes. ADDTOR. | o j o § ope | goqjen | o 3/¢" | 1/2" | No. 4 | No. 8 | No. 30 | No., 200
top size.
an 100 95-100 75-98 60=90 50=85 40-80  25=-60 15~45 5=25 0-5*
1-1 /20 100 96-100 76-88 60-90  45-85 25-65 15-50 525 0-5%
bRl 100 90-300 75-98 £0=90 30-7C 20-65 5-30 0-5%
1/2n 100 90-100 50-=00 30=70  10-40 0=5
No. 4 100 95-3100 80-95 20-55 O=5

* In addition to its other requirements, the amount passing the No. 30 sieve shall not be less than
two times the amount passlng the No. 200 sieve,

€1102. 2. Gradation Requirements for Type II (Dense-Graded)

Pasging the 2~in, square sieve, percent........ccevvoue 95-100
Pasgging the No. 4 square sieve, percent......cccovvvoe 35-100
Passing the Neo, 30 not morethal .....oco0vvaccooranaa 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 fractionpassing 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.

(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 ex-
cavated fo depth of 2 to 3 ft below subgrade.

Kentucky

(9) Primarily load distribution and pumping control,

(10) Dense graded aggregate used for base for flexible and as a
subbase for rigid,
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(11) Very light initial treatment pavements are not adequate for frost
penetration and it has been the policy to resirict 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.
Misgisgsippi

{15) Bubbase also used to prevent the intrusion of fine-grained soils
into the base course and maintain moisture content more uniform for all
geasons,

(16} We have in the past but we are 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 economically justified, by any of the following:

(a) Increasing depth of freated subgrade.
(b} Increasing depth of treated base.
(c) Providing soil cement or cement-treated subbase,

NOTE: The depth in each case to be equal to 75 percent of the
depth of replaced granular subbase.
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(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 struc-
ture thickness is inadequate for legal loads during the spring season.

(21) Legal wheel load limit of 9000 1b.

(22) We occasionally have frost heaves on D.B.8.T. pavements,
but not serious enough to influence our design.

QOhio

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

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

(25) Ohio Department of Highway Specification gradings for IHem I-22
Subbase are as follows:

Sieve Total Percent Passing
Grading A | Grading B | Grading C | Grading D
3 100 _ 100 100 100
an 90100 95~100 90-100 95-160
m 70-100 e 70-100 e
No. 10 25-75 40-100 25-75 40-100
No. 200 0-10 0~15 5-15 b~1b

(26) Underdrains are used in soil cuts except for clays. French
drains are used on fills., Where concrete pavements with paved shoulders
are used, underdraing are used in all cuts including rock and on fills.

(27) Water table influences grade height only in special cases--such
as depressed urban sections in river valley, Ohio has been concerned
with high water table in depressed segtions in gravel because of the large
amount of pumping required to prevent flooding.
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(28) Pavement designs, both rigid and flexible, are based upon the
nature and volume of traffic and the support offered by the subgrade soil.
The pavement is designed for all weather conditions, with particular
consideration given in the design to subgrade areas of known frost-sus-
ceptibility., Load restrictions are put into effect on some of our low-
traffic volume roads in the spring months, when frost heaving is most
severe., The use of elaborate frost preventative design techniques on
roads of this class cannot, in every case, be economically justified,

(29} Frost heaves are fairly uncommon--they do occur; they are
usually corrected by removal and replacement.

(30} No attempt has beenmade to distinguish between differential and
uniform frost heaving. Frost heaving problems have been confined largely
to low traffic roads on the Secondary Systema and fo bituminous paved
shoulders adjacent to concrete pavements on the Inierstate and Primary
Highway Systems. The main methods used to preclude the effects of frost
heaving have been: use of clean, granular subbase courses as an insu-
lation between the pavement courses and subgrade, and provision of pipe
underdrain gystems for more efiective internal drainage of the subgrade
soil,

Tennessee

(31) Due to the poor soil conditions in our subgrades, we use dense
graded mineral aggregate bases for the support of the pavements.

(32) We do not design for spring conditions, and the load restrictions
are only those which are required by the laws of the state of Tennessee.
Our legal weights allow loads of 18,000 lb for single axle, 32,000 lb for
tandem axle, and a total gross load of 61,580 1b.

(33) With regard to structures and culverts, we give no consideration
to frost action in design and have received no comments from our main-
tenance engineers relative fo damages which have been caused by frost
action.

Wisconsin

(34) Granular subbase may be omitted if foundation soil is free
draining.

(35) Some consideration has been given fo use of dense graded sub-
bases,
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{36) BSpecification for Grade 2: Material No. 4, 100 percent; No. 100,
0-25 percent; No. 200, 0-15 percent, For both Grade 1 and Grade 2
Material the following applies: fthe maximum size used for a subbase
course shall not be greater in any dimension than three-quarters of the
thickness of such subbase course or layer being placed. The liguid limit
of the material shall not be greater than 25 and the plasticity index shall
not be more than 6,

(37) There is evidence that the subbase drainage may be blocked at
shoulder by topsoil 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.
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SOILS AND CLIMATE

Inthe 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, Wisconsin, and the northern parts of Ohio, Indiana, and
Illinois fo 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, Ground-Water 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 Ground-Water Podzol soils predominate. Ageneralized
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 cli-
matic conditions within any given state, Figures 3 and 4 show average
annual precipitation and average annual frost penetration, respectively.
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Figure 2. Soils map of east central states.
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LEGEND FOR SOILS MAP

PODZOL SOILS PRAIRIE SOILS

Caribou Carrington - Clyde

Iron River -~ Milaca Clarion - Webster

Ontonagon - Trenary Tama - Marshall

Roselawn - Rubicon

RED AND YELLOW

PODZOLIC SOILS
GRAY-BROWN (Lateritic Materials)
PODZOLIC SOILS

Dickson - Baxter
Clinton ~ Boone - Lindley

Decatur - Dewey - Clarksville

Fairmount - Lowell
Greenville - Magnolia

Hagerstown - Frederick
Memphis - Grenada

Miami ~ Crosby - Brookston
Maury - Hagerstown

Miami - Kewaunee
Norfolk - Ruston
Musakingum - Wellgton ~ Zanesville
Susquehanna - Savannah - Buston
Porters ~ Ashe
Tifton - Irvington
Plainfield -~ Coloma
Norfolk sands

Westmoreland
Georgoville - Alamance

Wooster — Mahoning

Spencer : LITHOSOLS AND
SHALLOW SOILS
(Humid)
WIESENBODEN,

GROUND WATER PODZOL, Hartsells - Muskingum

AND HALF-BOG SOILS

Talladega - Fannin

Leon - Bladen
Upshur - Muskingum

Newton - Maumee

NEINY  Undifferentiated rough, stony
Toledo - Vergeunes land and shallow Podzols (forested)

Coxville - Portsmouth - Bladen

BOG S0ILS

ALLUVIAL SOILS Peat and Muck

Alluvial soils

RENDZINA BOILS

PLANOBOLS Sumter - Vaiden

Puinam - Vigo ~ Clermont
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Figure 4. Average angual frost penefration, in inches
(based upon state averages after U.S. Weather Bureau).

Figure 3. Average annual precipitation, in inches:
1921-1850 (U, 8. Department of Commerce, Weather

Bureau records).



CONCLUSIONS

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

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

2. TFrost heaving during the freezing period which may cause cracking
and destructionof the pavement or in severe cases may even be hazardous
fo 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 questiomnaires 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
gubbase over non-granular soils. And in most cases, the thickness
depends upon goil 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 isno question that the weakest subgrade condition
which must be designed for. cccurs during the frost melting period and is
adirect result of the excess moisture accumulation caused by frost action,

The second important design consideration for frost effect is protection
against heaving., Inall butthe mostuniform of frost susceptible soils, heav-
ing can cause pavement cracking and shortened pavement life. Generally
coincident with heaving is a rough riding surface. Inextreme 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 {o damp differential frost heaving, Michigan, for
example, with extremely variable glacial soils and deep frost penetration,
designs for pavement smoothness and added pavement life by use of sub-
base thicknesses adequate o reduce a large percentage of the minoxr
differential heaving caused by variable soil textures. Wiscongin, Michigan,
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Figure 5. An extreme example of pavement damage resulting from frost action
(furnished by Illinois Division of Highways).




Illinois, Ohio, Indiana, and Mississippi reported that frost bumps or
sharp irost 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 in portland 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 degign considerations which, although not primarily estab-
lished for frost reasons, do provide protection against the minor freezing
conditions which occur,

Mississippi generally cement~freats 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 frost penetration.

Georgiareports 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 subgrade, any failures caused by freezing are
eliminated as a by-product. Georgia further reported thaton less-traveled
roads, native soils are stabilized by portland cement thereby waterproofing
them to the extent that water is not absorbed, thus eliminating any damage
due to freezing. Interesting, too, is Georgia's experience with cre-
taceous limestone which cannot be used in the northern two-thirds of the
state because the material froezes 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 pavement design. As can be seen from Table 3
and Figure 6, pavement thickness is determined by four factors, namely:
soils classification, drainage, average frost penetration, and volume of
truck traffic. These tables and graphs are included in the Hlinois "Policy
oh Thickness Design of Subbase, Base and Surface Courses for Highways, "
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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 Burface Courses for Highways'" as revised September 29, 1951

Good Drainage Fair Drainage Poor Drainage Very Poor Drainage
Foundation
Soils Group Average Trost Average Frost Average Frost Average Fro.st
Classification Penetration, in, Penetration; in, Penetration, in. Penetration, in,
0-18 18-36 | 36-564 | 0-18 18-38 | 36-54 | 0-18 | 18-36 | 36-54 | 0-18 | 18-36 | 36-54
A-1-g 0 0 0 0 0 0 0 0 0 ¢ ‘0 0
A-i-b 0 0 0 Y 0 0 0 0 0 0 0 G
A-3 0 o | o 0 0 0 0 0 0 0 0 0
A-2-4 0-4% 0-4* [ Q-g* 0-4% 0-4* 0=4* 0-6%% | 0=0%% § Q-G¥* | QuB¥F | (-BF* | (0-G%*
A-2-5 Qg g-4*% [ 0-4* O-4* (-qn 0-4* 0=6%% | Q-6%*F [ 0-6%% | 0-GFF | Q-GF% ] Q-gk*
A-3-6 4 4 4 4 4 4 6 6 6 6 6 6
A-2-7 4 4 4 4 4 4 6 6 6 6 6 6
A-4 4 4 4 | 47 | 582 | 6-9® | 6-9* |7-10* | 8-11* | 8117 | 9-12%]10-137
A5 5 5 5 | 5g® | 6.0° | 7107 | 7-10° | 5110 | 9-12° | 9o12® | 10-19° | 1114
A-6 4 4 4 4 4 4 6 6 6 6 3] 8
A-T=5 4 4 4 4 4 4 6 6 6 6 6 6
A=Tgdk 4 4 4 4 4 4 6 6 & 6 g g

a. see Fig. 6a
b, see Fig. 6b
* Use 4 In. when material is 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
OF Very poor,
*## A~T-6 soils composed of peat and muck should not be used as foundation soil,
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Figure 6a. Design thickness of subbase
course for A-4 foundation soil,
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Figure 6b. Design thickness of subbase
course for A-5 foundation soil,
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Poriland Cement Concrele

Pavement Thickness, in. Daily Truck Traffic

8 1606 to 400
o 4060 to 800
10 over 800

Figure 6, Illustrations from Illinois "Policy on Design
Thickness of Sub-base, Base and Burface Courses for
Highways, " used in conjunction with Table 3.
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One of the more prominent conclusions which can be made from
information supplied by the east central states involves the extent to which
design is based on theoretical concepts or upon 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 extremely important consideration
in maintaining subgrade stability, especially during the crifical 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 writers, however, that the term research is pro-
bably being interpreted as intense, formal programs of field or laboratory
investigation. And it could be interpreted that lack of this activity indi-
cates poor engineering--which may not necessarily be the case., In fact,
many engineers believe that in many respects the pavements now in exis-
tance counstitute the only dependable sources of information on which to
base future designs. And so the writers believe it is with most of the
states reported here in the east cenftral area. In Michigan, certainly,
the dominant feeling is that the performance of in-service roads furnishes
the best information for future design.
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DISCUSSION

K. B, WOODS, Purdue Universify.- The authors are to be compli-
mented for putting together a lot of 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 as a supplement to the Allemeier-Cook presenta-
tion some additional information. Figure 7 is an engineering soils map
of theregionunder discussionand can heused as an addition to the authors®
soils map of east central states (Figure 2). This soils map is taken from
Federal Aeronautics Administration Technical Development Report No.
52, "The Origin, Distribution and Airphoto Identification of U, 5. Soils"
by Jenkins, Belcher, Gregg, and Woods, dated May 1946, It is to be
noted that this soils map is a combination of geologic, pedalogic, and
textural classifications. It lends itself 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
iill sections in the till plains (Crosby-Brookston soilg). The textural
difference between the silty "A" horizon and the plastic "B" horizon is
great. The problem is less severe with modern design since high-level
grade lines are used, thus avoiding the problem in transitions,

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.

0ld Drift

The old drift of the region under consideration is confined to southern
Illinois, southern Indiana, and a small portion of southwestern Chio. This
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DEVELOPED FROM
LIMESTONES - INCLUDING DO
LOMITIC AND CHEATY LIME-
STONES.

SANDSTONES AND SAND -
STONES AND SHALES(WITH
COALS AND UNDERCLAYS
N PLACES)

SHALES AND SANDSTONES

SANDS TONES , LIMESTONES,
AND SHALES

LIMESTONES ANG SHALES
(INCLUDES SOME CHAL R

ME TAMORPHIC AND {NTRU-
SIVE ROCKS{SCHIST,
VT GHEISS, SLATE; GRANITE)

YOUNG ORIFT {WISCONSIN
AND 1OWAN AGES)

[z OLD DRIF T{NEBRASHAN,
M HANSAN, AND ILLINOI-

Vil] AN AGES)

SAND

LACUSTRIAN DEPOSITS
PREDOMINANTLY CLAYS
AND SILTS}

RGANIC MATERIALS{ MUCH,
EAT, AND SWAMPS)

SAND-CL AY

Xt

INTERBEDDED AND INTER-
EENINE MINED SANDS, cLAYS, GRA-
ELY

VELS, AND SILTS

Hv

i LOESSIAL  BILTS AND
SO VERY FINE  SANDS
KV

‘;o;o:o: MaJOR  DEPOSITS{PRING!-
Koeogs! PALLY CLAYS, SILTS, AND
VI SOME SANDS)

e NON- 30i. AREAS(LOCATIONS

N WHICH THE sOIL (5 VERY

WV THIN OR OTHERWISE HAS LIT-
TLE ENGINEERING SIGNIF] -
CANCE BECAUSE OF ROUGH
TOPOGRAPHY OR EXPOSED
ROCHK; PRINCIPALLY MOUNTAINS,
CANYONS, SCABLANDS, OR BAD-
LANDS)

Figure 7. Engineering soils map of east central states (from "Origin,
Distribution, and Airphoto Identification of U. 8. Soils" by Jenkins,
Belcher, Gregg, and Woods).
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soil area is generally 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 trouble when the grade line cuts
through the transifion between these horizons,

Windblown Silt and Young Drift

The region under consideration has substantial deposits of loess and
the frost problem is of considerable magnitude in western Wisconsin,
western Illinois, and in 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 underlying 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 considerafions, transition zones between soils of unlike textures
should receive attention. These layers may be of natural origin suchas
a natural interbedded-layered system or in cut sections through natural
soil profiles,
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