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CHAPTER 18
SEASONAL FROST CONDITIONS

18-1. General.

This chapter presents criteria and procedures for the
design and construction of pavements placed on
subgrade or base course materials subject to
seasond frost action. The most prevalent modes of
distress in pavements and their causes are listed in
table 18-1. The detrimental effects of frost actionin
subsurface materials are manifested by nonuniform
heave of pavements during the winter and by loss of
strength of affected soils during the ensuing thaw
period. This is accompanied by a corresponding
increase in damage accumulation and a more rapid
rate of pavement deterioration during the period of
weakening. other related detrimental effects of frost
and low temperatures are possible loss of

compaction, development of permanent roughness,
restriction of drainage by the frozen strata, and
cracking and deterioration of the pavement surface.
Hazardous operating conditions, excessive
maintenance, or pavement destruction may result.
Except in cases where other criteria are specifically
established, pavements should be designed so that
there will be no interruption of traffic at any time
due to differential heave or to reduction in load-
supporting capacity. Pavements should also he
designed so that the rate of deterioration during
critical periods of thaw weakening and during cold
periods causing low-temperature cracking will not
be so high that the useful life of the pavements will
be less than that assumed as the design objective.
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Table 18-1. Modes of Distress in Pavements.

Distress mode

Cracking

Non-traffic-associated

Distortion
(may also
lead to
cracking)

Non-traffic-associated

General cause Specific causative factor

Traffic-load associated Repeated loading

(fatigue)
Slippage (resulting from
braking stresses)

Thermal changes
Moisture changes
Shrinkage of underlying
materials (reflection
cracking, which may
also be accelerated by
traffic loading)

Traffic-load associated Rutting, or pumping and

faulting (from repeti-
tive loading)

Plastic flow or creep
(from single or com-
paratively few exces-
sive loads)

Differential heave
Swelling of expansive
clays in subgrade
Frost action in sub-
grades or bases
Differential settlement
Permanent, from long-
term consolidation in
subgrade
Transient, from recon-
solidation after heave
(may be accelerated by
traffic)
Curling of rigid slabs,
from moisture and temp-
erature differentials

Disintegration May be advanced stage of cracking mode of distress
or may result from detrimental effects of certain
materials contained within the layered system or

from abrasion by traffic.

May also be triggered

by freeze-thaw effects.

18-2. Definitions.

The following frost terms are used in this chapter.
a. Frogt, soil, and pavement terms.

(1) Base or subbase course contains al
granular unbound, or chemica- or bituminous-
dabilized materia between the pavement surfacing
layer and the untreated, or chemical- or bituminous-
stabilized subgrade.
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(2) Bound baseisachemica- or bituminous-
stabilized soil used in the base and subbase course,
conssting of a mixture of mineral aggregates and/
or soil with one or more commercia stabilizing ad-
ditives. Bound base is characterized by a significant
increase in compressive strength of the stabilized
s0il compared with the untreated soil. In frost areas
bound base usualy is placed directly beneath the



pavement surfacing layer where its high strength
and low deformability make possible areduction in
the required thickness of the pavement surfacing
layer or the total thickness of pavement and base, or
both. If the stabilizing additive is portland cement,
lime, or lime-cement-flyash (LCF), the term bound
base is applicable only if the mixture meets the
requirements for cement-stabilized, lime-stabilized,
or LCF-gabilized soil set forth hereinand in TM 5-
822-4.

(3) Boulder heaveisthe progressive upward
migration of alarge stone present within the frost
zone in afrost-susceptible subgrade or base course.
This is caused by adhesion of the stone to the
frozen soil surrounding it while the frozen soil is
under-going frost heave; the stone will be kept from
an egual, subsequent subsidence by soil that will
have tumbled into the cavity formed benesth the
stone. Boulders heaved toward the surface cause
extreme pavement roughness and may eventually
break through the surface, necessitating repair or
reconstruction.

(4) Cumulative damage is the process by
which each application of traffic load or each cycle
of climatic change produces a certain irreversible
damage to the pavement. When this is added to
previous damage, the pavement deteriorates con-
tinuoudly under successive load applications or cli-
matic cycles.

(5) Frost action isagenera term for freezing
and thawing of moisture in materials and the re-
sultant effects on these materials and on structures
of which they are a part, or with which they arein
contact.

(6) Frost boil is the bresking of a smal
section of a highway or airfield pavement under
traffic with gection of soft, semi-liquid subgrade
s0il. Thisis caused by the melting of the segregated
ice formed by the frost action. Thistype of failureis
limited to pavements with extreme deficiencies of
total thickness of pavement and base over frost-
susceptible subgrades, or pavements having a highly
frost-susceptible base course.

(7) Frost heaveistheraisng of a surface due
to formation of ice in the underlying soil.

(8) Frost-melting period is an interval of the
year when the ice in base, subbase, or subgrade
materidsisreturning to aliquid state. It ends when
al theicein the ground has melted or when freezing
is resumed. In some cases there may he only one
frost-melting period, beginning during the genera
rise of air temperatures in the spring, but one or
more sgnificant frost-melting intervals often occur
during awinter season.
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(9) Frost-susceptible soil is soil in which
significant detrimental ice segregation will occur
when the requisite moisture and freezing conditions
are present.

(10) Granular unbound base course is base
course containing no agents that impart higher co-
hesion by cementing action. Mixtures of granular
soil with portland cement, lime, or flyash, in which
the chemica agents have merely atered certain
properties of the soil such as plasticity and
gradation without imparting significant strength
increase, also are classified as granular unbound
base. However, these must meet the requirements
for cement-modified, lime-modified, or LCF-modi-
fled soil set forth in TM 5-822-4 and in this chap-
ter, and they must also meet the base course com-
position requirements set forth below.

(11) Ice segregation is the growth of ice as
distinct lenses, layers, veins and masses in soils,
commonly but not dways oriented normal to the di-
rection of heat |oss.

(12) Nonfrost-susceptible materials are cohe-
sionless materials such as crushed rock, gravel,
sand, slag, and cinders that do not experience sig-
nificant detrimental ice segregation under normal
freezing conditions. Nonfrost-susceptible materials
also include cemented or otherwise stabilized ma-
terials that do not evidence detrimenta ice segre-
gation, loss of strength upon thawing, or freeze-
thaw degradation.

(13) Pavement pumping is the gection of
water and soil through joints, cracks, and along
edges of pavements caused by downward move-
ments of sections of the pavement. Thisis actuated
by the passage of heavy axle loads over the pave-
ment after free water has accumulated beneath it.

(14) Period of weakening isan interval of the
year that starts at the beginning of a frost-melting
period and ends when the subgrade strength has
returned to norma summer values, or when the
subgrade has again become frozen.

b. Temperatureterms.

(1) Average daly temperature is the
average of the maximum and minimum
temperatures for a day, or the average of severd
temperature readings taken at equal time intervals,
generdly hourly, during a day.

(2) Mean daily temperature is the mean of
the average daily temperatures for a given day in
each of several years.

(3) Degree-days are the Fahrenheit degree-
days for any given day equal to the difference
between the average daily air temperature and 32
degrees Fahrenheit. The degree-days are minus
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when the average daily temperature is below 32
degrees Fahrenheit (freezing degree-days) and plus
when above (thawing degree-days). Figure 18-1
shows curves obtained by plotting cumulative
degree-days against time.

(4) Freezingindex isthe number of degree-
days between the highest and lowest points on a
curve of cumulative degree-days versus time for
one freezing season. It is used as a measure of the
combined duration and magnitude of below-freezing
temperatures occurring during any given freezing
season. The index determined for air temperature
approximately 4.5 feet above the ground is
commonly designated as the air freezing index,
while that determined for temperatures immediately
below a surface is known as the surface freezing
index.

(5) Desgnfreezing index isthe average air
freezing index of the three coldest winters in the

latest 30 years of record. If 30 years of record are
not available, the air freezing index for the coldest
winter in the latest 10-year period may be used. To
avoid the necessity of adopting a new and only
dightly different freezing index each year, the
design freezing index at a site with continuing con-
struction need not be changed more than oncein 5
years unless the more recent temperature records
indicate a significant change in thickness design
requirements for frost. The design freezing index is
illustrated in figure 18-1.

(6) Mean freezing index is the freezing
index determined on the bass of mean
temperatures. The period of record over which
temperatures are averaged is usually a minimum of
10 years, preferably 30, and should be the latest
available. The mean freezing index isillustrated in
figure 18-1.
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Figure 18-1. Determination of Freezing Index.

18-3. Frost-Susceptibility Classification.
For frost design purposes, soils are divided into
eight groups as shown in table 18-2. The first four
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groups are generaly suitable for base course and
subbase course materials, and any of the eight
groups may be encountered as subgrade soils. Soils



are listed in approximate order of decreasing bear-
ing capacity during periods of thaw. Thereisaso a
tendency for the order of the listing of groups to
coincide with increasing order of susceptibility to
frost heave, athough the low coefficients of perme-
ability of most clays restrict their heaving propen-
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sty. The order of listing of subgroups under groups
F3 and F4 does not necessarily indicate the order of
susceptibility to frost heave of these subgroups.
There is some overlapping of frost susceptibility
between groups. Soilsin group F4 are of especialy
high frost susceptibility.

Table 18-2. Frost Design Soil Classification.

Typical soil types

Percentage finer than under Unified Soil

Frost group Kind of soil 0,02 mm by weight Classification system
NFS* (a) Gravels 0-15 GW, GP
Crushed stone
Crushed rock
(b) Sands 0-3 SW, SP
PFS** (a) Gravels 1.5-3 GW, GP
Crushed stone
Crushed rock
(b) Sands 3-10 SW, SP
S1 Gravelly soils 3-6 GW, GP, GW-GM, GP-GM
S2 Sandy soils 3-6 SW, SP, SW-SM, SP-SM
Fl Gravelly soils 6 to 10 GM, GW-GM, GP-GM
F2 (a) Gravelly soils 10 to 20 GM, GW-GM, GP-GM
(b) Sands 6 to 15 SM, SW-SM, SP-SM
F3 (a) Gravelly soils Over 20 GM, GC
(b) Sands, except very fine Over 15 SM, SC
silty sands
(¢) Clays, PI > 12 -- CL, CH
F4 (a) All silts -- ML, MH
(b) Very fine silty sands Over 15 SM
(¢) Clays, PI > 12 -- CL, CL-ML
(d) Varved clays and other fine- -- CL, CL-ML

grained, banded sediments

CL and ML; CL, ML, and
SM; GCL, CH, and ML;
CL, CH, ML and SM

*Non-frost-susceptible.

**Possibly frost-susceptible, but requires laboratory test to determine frost design soils

classification,

a. Sl and & groups. The S1 group includes
gravely soils with very low to medium frost-
susceptibility classifications that are considered
suitable for subbase materias. They will generaly
exhibit less frost heave and higher strength after
freeze-thaw cycles than similar FI group subgrade
Soils. The S2 group includes sandy soils with very
low to medium frost-susceptibility classifications
that are considered suitable for subbase materials.
Due to their lower percentages of finer-than-0.02-
millime- ter grains than similar F2 groups subgrade

soils, they will generdly exhibit less frost heave and
higher strength after freeze-thaw cycles.

b. Fl and F2 groups. The F1 group is intended
to include frost-susceptible gravelly soils that in the
normal unfrozen condition have traffic performance
characteristics of GM-, GW-GM-, and GP-GM-
type materials with the noted percentage of fines.
The F. group isintended to include frostsusceptible
soils that in the norma unfrozen condition have
traffic performance characteristics of GM-, GW-
GM-, GP-GM-, SM-, SW-SM-, or SP- SM-type
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materials with fines within the stated limits.
Occasionaly, GC or SC materials may occur within
the F. group, although they will normally fall into
the F3 category. The basis for division be- tween
the Fl and F. groups is that FI materials may he
expected to show higher hearing capacity than F.
materials during thaw, even though both may have
experienced equal ice segregation.

c. Varved clays. Vdved clays conssting of alter-
nating layers of silts and clays are likely to combine
the undesirable properties of both silts and clays.
These and other stratified fine-grained sediments
may be hard to classify for frost design. Since such
soils are likely to heave and soften more readily
than homogeneous soils with equal average water
contents, the classfication of the material of highest
frost susceptibility should be adopted for design.
Usudly, thiswill place the overal deposit in the F4
category.

d. Special conditions. Under specia conditions
the frost group classification adopted for design
may be permitted to differ from that obtained by
application of the above frost group definitions.
This will, however, he subject to the specific ap-
prova of HQUSACE (CEMP-ET) or the appropri-
ate Air Force Major Command if the difference is
not greater than one frost group number and if
complete judtification for the variation is presented.
Such judtification may take into account special
conditions of subgrade moisture or soil uniformity,
in addition to soil gradation and plasticity, and
should include data on performance of existing
pavements near those proposed to be constructed.

18-4. Alternative M ethods of Thickness Design.

The thickness design process is the determination of
the required thickness for each layer of a pavement
system and of the combined thickness of all layers
above the subgrade. Its objective is determining the
lowest-cost pavement system whose rate of
deterioration under traffic loads and environmental
conditions will be acceptably low. In seasonal frost
aress the thickness design process must include the
effects of frost action. Two methods are prescribed
for determining the thickness design of a pavement
that will have adequate resistance to distortion by
frost heave and cracking and distortion under traffic
loads as affected by seasond variation of supporting
capacity, including possible severe weakening
during frost-melting periods.

a. Limited subgrade frost penetration method.
Thefirst method is directed specifically to the con-
trol of pavement distortion caused by frost heave. It
requires a sufficient thickness of pavement,
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base, and subbase to limit the penetration of frost
into the frost-susceptible subgrade to an acceptable
amount. Included also in this method is a design
approach which determines the thickness of pave-
ment, base, and subbase necessary to prevent the
penetration of frost into the subgrade. Prevention of
frost penetration into the subgrade is nearly always
uneconomica and unnecessary, and will not he used
to design pavements to serve conventional traffic,
except when gpproved by HQUSACE (CEMP-ET)
or the appropriate Air Force Mg or Command.

b. Reduced subgrade strength method. The
second method does not seek to limit the penetra-
tion of frost into the subgrade, but it determines the
thickness of pavement, base, and subbase that will
adequatdy carry traffic loads over the design period
of years, each of which includes one or more
periods during which the subgrade supporting
capacity is sharply reduced by frost melting. This
approach relies on uniform subgrade conditions,
adequate subgrade preparation techniques, and
transitions for adequate control of pavement
roughness resulting from differential frost heave.

18-5. Selection of Design Method.

In most cases the choice of the pavement design
method will he made in favor of the one that gives
the lower cost. Exceptions dictating the choice of
the limited subgrade frost penetration method, even
at higher cogt, include pavementsin locations where
subgrade soils are so extremely variable (as, for
example, in some glaciated areas) that the required
subgrade preparation techniques could not be
expected to provide sufficient protection against
differential frost heave. In other cases specia
operationa demands on the pavement might dictate
unusualy severe restrictions on tolerable pavement
roughness, requiring that subgrade frost penetration
he strictly limited or even prevented. If the use of
limited subgrade frost penetration method is not
required, tentative designs must be prepared by
both methods for comparison of costs. Also, a
tentative design must he prepared following the
nonfrost-design criteria, since the thickness
requirements under nonfrost-criteria must be met in
addition to the frost design requirements.

18-6. Limited Subgrade Frost Penetration.

This method of design for seasonal frost conditions
should he used where it requires less thickness than
the reduced subgrade strength method. Its use is
likely to he economical only in regions of low
design freezing index.

a. Air freezing index. Air freezing index values



should he based on actud air temperatures obtained
from the meteorological station closest to the
construction site. This is desirable because dif-
ferences in elevation or topographical position, or
nearness to bodies of water, cities, or other sources
of heat may cause considerable variation in air
freezing indexes over short distances. These vari-
ations are of greater relative importance in areas of
design freezing index of less than 1,000 degree
Fahrenheit days (i.e. mean air freezing index of less
than about 500 degree Fahrenheit days) than they
are in colder climates. The dailly maximum and
minimum and mean monthly air temperature records
for all stations that report to the U.S. Nationd
Westher Service are available from Weather Service
Centers. One of these centersis generally located in
each state. The mean air freezing index may be
based on mean monthly air temperatures, but
computation of vaues for the design freezing index
may he limited to only the coldest years in the
desired cycle. These years may be selected from the
tabulation of average monthly temperatures for the
nearest first-order weather station. (A local
climatologicad data summary containing this
tabulation for the period of record is published
annually by the National Weather Service for each
of the approximately 350 U.S. first-order stations.)
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If the temperature record of the station closest to
the construction site is not long enough to
determine the mean or design freezing index values,
the available data should be related, for the same
period, to that of the nearest station or stations of
adequate record. Site air freezing index values can
then be computed based on this established relation
and the indexes for the more distant station or
stations.

b. Design freezing index. The design freezing
index should he used in determining the combined
thickness of pavement, base, and subbase required
to limit subgrade frost penetration. As with any
natural climatic phenomenon, winters that are
colder than average occur with a frequency that
decreases as the degree of departure from average
becomes greater. A mean freezing index cannot be
computed where temperatures in some of the win-
tersdo not fal below freezing. A design method has
been adopted that uses the average air freezing
index for the three coldest years in a 30-year period
(or for the coldest winter in 10 years of record) as
the design freezing index to determine the thickness
of protection that will he provided. A distribution of
design freezing index for North Americais shown
in figure 18-2 and isto be used as a guide only.
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Figure 18-2. Distribution of Design Freezing Index for North America.

c. Design method. The design method permits a
small amount of frost penetration into frost-sus-
ceptible subgrades for the design freezing index
year. The procedure is described in the following
subparagraphs.

(1) Estimate average moisture contents in
the base course and subgrade at start of freezing
period, and estimate the dry unit weight of base.
The moisture content of the base is generally af-
fected by the moisture content of the subgrade,
drainage, precipitation, and depth to water table. As
the base course may, in some cases, comprise
successive layers containing substantialy different
fine contents, the average moisture content and dry
unit weight should he weighted in proportion to the
thickness of the various layers. Alternatively, if
layers of bound base course and granular unbound
base course are used in the pavement, the average
may be assumed to be equal to the moisture content
and dry unit weight of the materia in the granular
unbound base course.
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(2) From figure 18-3, determine frost
penetration depth (a). These frost penetration
depths are based on modified Berggren formula and
computationa procedures outlined in TM 5-852-6.
Frost penetration depths are measured from
pavement surface. Depths are computed on a 12-
inch rigid pavement kept free of snow and ice, and
are good approximations for bituminous pavements
over 6 to 9 inches of high-quality base.
Computations also assume that al soil beneath
pavements within depths of frost penetration are
granular and non-frost susceptible. It was assumed
in computations that al soil moisture freezes at 32
degrees Fahrenheit. Use straight line interpolation
where necessary. For rigid pavements greater than
12 inches thick, deduct 10 degree-days for each
inch of pavement exceeding 12 inches from the
design freezing index before entering figure 18-3 to
determine frost penetration depth (a). Then add
extra concrete pavement thickness to the
determined frost penetration.
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(3) Compute thickness of unbound base C water content of
(fig 18-4) required for zero frost penetration into (4) Computeratior = subgrade
the subgrade as follows: water content of base
C=ap (5 Enter figure 18-4 with C as the abscissa
and, at the applicable value of r, find on the left
where scale the design base thickness b that will result in
a=frost penetration depth the alowable subgrade frost penetration s shown on

p=thickness of portland cement concrete or bituminous theright scale. If r is greater than 3.0 use 3.0
concrete
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Figure 18-3. Frost Penetration Beneath Pavements. (Sheet 1 of 3)
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Figure 18-3. Frost Penetration Beneath Pavements. (Sheet 2 of 3)
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d. Thickness. The above procedure will result in
athickness of materia between the frost-susceptible
subgrade and the pavement so that for average field
conditions subgrade frost penetration of the amount
s should not cause excessive differential heave of
the pavement surface during the design freezing
index year.

e. Controlling thickness. If the combined thick-
ness of pavement and base required by the non-frost
criteria exceeds the thickness given by the limited
subgrade frost penetration procedure of design, the
greater thickness given by the nonfrost-criteria will
be adopted as the design thickness.

f. Effects of nonfrost criteria. The base course
composition requirements of this chapter should be
rigoroudly followed. The design base thickness is
the tota thickness of filter layers, granular unbound
base and subbase, and any bound base. For flexible
pavements, the thickness of the asphalt surfacing

layer and of any bound base, as well as the CBR
(Cdlifornia Bearing Ratio) requirements of each
layer of granular unbound base, will be determined
using nonfrost criteria. The thickness of rigid
pavement dab will dso be determined from nonfrost
criteria

18-7. Reduced Subgrade Strength.

Thickness design may also be based on the season-
dly varying subgrade support that includes sharply
reduced values during thawing of soils that have
been affected by frost action. Excepting pavement
projects that are located in regions of low design
freezing index, this design procedure usualy
requires less thickness of pavement and base than
that needed for limited subgrade frost penetration.
The method may be used for both flexible and rigid
pavements wherever the subgrade is reasonably
uniform or can be made reasonably horizontally
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uniform by the required techniques of subgrade
preparation. This will prevent or minimize
ggnificant or objectionable differential heaving and
resultant cracking of pavements. When the reduced
subgrade strength method is used for F4 subgrade
soils, unusually rigorous control of subgrade
preparation must be required. When a thickness
determined by the reduced subgrade strength
procedure exceeds that determined for limited
subgrade frost penetration, the latter smaller value
shdl be used, provided it is at least equal to the
thickness required for nonfrost conditions. In
situations where use of the reduced subgrade
strength procedure might result in objectionable
frost heave, but use of the greater thickness of base
course indicated by the limited subgrade frost
penetration design procedure is not considered
necessary, intermediate design thickness may be
used. However, these must be justified on the basis
of frost heaving experience developed from existing
pavements where climatic and soil conditions are
comparable.

a. Thickness of flexible pavements. In the re-
duced subgrade strength procedure for design, the
design curves herein (fig 8-1) should be used for
road, street, and parking area design. The curves
should not be entered with subgrade CBR values
determined by tests or estimates, but instead with
the applicable frost-area soil support index from
table 18-3. Frost-area soil support indexes are used
as if they were CBR values; the term CBR is not
applied to them, however, because being weighted
average vaues for an annua cycle, their value
cannot be determined by CBR tests. The soil sup-
port index for S or S2 material meeting current
specifications for base or subbase will be deter-
mined by conventional CBR tests in the unfrozen
state.

Table 18-3. Frost-Area Soil Support Indexes for
Subgrade Soils for Flexible Pavement Design.

Frost-area soil

Frost group of subgrade soil support index

(1) General field data and experience
indicate that on the relatively narrow embankiments
of roads and streets, reduction in strength of sub-
grades during frost melting may be less in sub-
stantia fills than in cuts because of better drainage
conditions and less intense ice segregation. If local
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field data and experience show this to be the case,
then areduction in combined thickness of pavement
and base for frost conditions of up to 10 percent
may be permitted for substantid fills.

(2) Flexible pavement criteria for nonfrost
design should aso be used to determine the thick-
ness of individud layers in the pavement system,
and to ascertain whether it will be advantageous to
include one or more layers of bound base in the
system. The base course composition requirements
set forth must be followed rigorously.

b. Thickness of rigid pavements. Where frost is
expected to penetrate into a frost-susceptible sub-
grade beneath arigid pavement, it is good practice
to use a nonfrost-susceptible base course at |least
equal in thickness to the dlab. Experience has
shown, however, that rigid pavements with only a
4-inch base have performed well in cold environ-
ments with relatively uniform subgrade conditions.
Accordingly, where subgrade soils can be made
reasonably uniform by the required procedures of
subgrade preparation, the minimum thickness of
granular unbound base may be reduced to a
minimum of 4 inches. The materia shall meet the
requirements set forth below for free-draining
material as well as the criteria for filter under
pavement dab. If it does not also meet the criteria
for filter over subgrade, a second 4-inch layer
meeting that criteria shall be provided.

(1) Additional granular unbound base
course, giving athickness greater than the minimum
specified above, will improve pavement
performance, giving a higher frost-area index of
reaction on the surface of the unbound base (fig.
18-5) and permitting a pavement dab of less
thickness. Bound base aso has significant structural
vaue, and may be used to effect a further reduction
in the required thickness of rigid pavement dab.
Criteria for determining the required thickness of
rigid pavement dlabs in combination with a bound
base course are contained in chapter 12. The
requirements for granular unbound base as drainage
and filter layers will still be applicable.

(2) Thethickness of concrete pavement will
be determined in accordance with chapter 12, using
the frost-area index of reaction determined from
figure 18-5. This figure shows the equivalent
weighted average index of reaction values for an
annua cycle that includes a period of thaw-weak-
ening in relation to the thickness base. Frost-area
indexes of reaction are used asif they were moduli
of reaction, k, and have the same units. The term
modulus of reaction is not applied to them because
being weighted average values for an annual cycle,



they cannot be determined by a plate-bearing test.
If the modulus of reaction, k, determined from tests
on the equivalent base course and subgrade, but
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without frost melting, is numerically smaller than
theindex of reaction obtained from figure 18-5, the
test value shall govern the design.
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Figure 18-5. Frost-Area Index of Reaction for Design of Rigid Roads, Streets, and Open Storage Areas.

18-8. Useof State Highway Requirements.

To provide further flexibility in design options, and
to exploit economica local materials and related
experience, state highway requirements may be used
for pavements with adesign index lessthan 4. The
decision to use loca state highway requirements
will be based on demonstrated satisfactory
performance of pavements in that state as de-
termined by observation and experience. This
should give reasonable assurance that the life cycle
cost resulting from use of state highway re-
quirementsis comparable to that from use of Army
and Air Force criteria and procedures. If state
requirements are used, the entire pavement should
conform in every detall to the applicable state
criteria

18-9. Free-Draining Material Directly Beneath
Bound Base or Surfacing Layer.

Base courses may consist of either granular un-
bound materials or bound base materials or a com-
bination of the two. However, a cement- or lime-
bound base should not be placed directly beneath
bituminous pavement unless approved by HQU-
SACE (CEMP-ET) or the appropriate Air Force

Major Command. Also, and unbound course will
not be placed between two relatively impervious
bound layers. If the combined thickness, in inches,
of pavement and contiguous bound base coursesis
less than 0.09 multiplied by the design air freezing
index (this caculation limits the design freezing
index at the bottom of the bound base to about 20
degree-days), not less than 4 inches of free-draining
materia shall be placed directly beneath the lower
layer of bound base or, if there is no bound base,
directly beneath the pavement dab or surface
course. The free-draining material shall contain 2.0
percent or less, by weight, of grains that can pass
the no. 200 sieve, and to meet this requirement, it
probably will have to be screened and washed. If
the structurd criteriafor design of the pavement do
not require granular unbound base other than the 4
inches of free-draining material, then the material in
the 4-inch layer must be checked for conformance
with the filter requirements below. If it fails the test
for conformance, an additional layer meeting those
requirements must be provided. When using a
drainage layer, the drainage layer must extend to an
open ditch or subdrains must be used. Pavement
drainageis discussed in TM 5-820-2.
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18-14. Stabilization with Lime and with L CF.

a. Bound base. Soils containing only lime as the
stabilizer are generally unsuitable for use as base
course layers in the upper layers of pavement sys-
temsin frost areas. Lime, cement, and a pozzolanic
materia such as flyash may be used in some cases
to produce a cemented materia of high quality that
is suitable for upper base course and that has
adequate durability and resistance to freeze-thaw
action. In frost areas, LCF mixture design will be
based on the procedures set forth in TM 5-822-4
with the additional requirement that the mixture,
after freeze-thaw testing as set forth below, should
meet the weight-loss criteria specified in TM 5-822-
4 for cement-stabilized soil. The procedures in
ASTM D 560 should be followed for freeze-thaw
testing, except that the specimens should be com-
pacted in a 6-inch diameter mold in five layers with
a 10-pound hammer having an 18-inch drop, and
that the preparation and curing of the specimens
should follow the procedures indicated in TM 5-
822-4 for unconfined compression tests on lime-
stabilized soil.

b. Lime-gabilized soil. If it is economical to use
lime-gabilized or lime-modified soil in lower layers
of apavement system, a mixture of adequate dura-
bility and resstance to frost action is still necessary.
In addition to the requirements for mixture design
of lime-stabilized and lime-modified subbase and
subgrade materials set forth in TM 5-822-4, cured
specimens should be subjected to the 12 freeze-
thaw cycles in ASTM D 560 (but omitting wire-
brushing) or other applicable freeze-thaw pro-
cedures. This should be followed by determination
of frost-design soil classfication by means of stand-
ard laboratory freezing tests. The USACECRL in
Hanover, NH, has the capability to perform these
tests. For lime-stabilized or lime-modified soil used
in lower layers of the base course, the frost suscep-
tibility, determined after freeze-thaw cycling, should
meet the requirements set forth for base course in
chapter 5 of thismanual. If lime-stabilized or lime-
modified soil is used as subgrade, its frost
susceptibility, determined after freeze-thawing
cycling, should be used as the basis of the pavement
thickness design if the reduced subgrade strength
design method is applied.

18-15. Stabilization with Portland Cement.

Cement-stabilized soil meeting the requirements set
forthin TM 5-822-4, including freeze-thaw effects
tested under ASTM D 560, may be used in frost
areas as base course or as stabilized sub- grade.
Cement-modified soil conforming with the
requirements in TM 5-822-4 also may be used in
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frost areas. However, in addition to the procedures
for mixture design specified in TM 5-822-4, cured
specimens of cement-modified soil should be sub-
jected to the 12 freeze-thaw cyclesin ASTM D 560
(but omitting wire-brushing) or other applicable
freeze-thaw procedures. This should be followed by
determination of frost design soil classification by
means of standard laboratory freezing tests. The
USACECRL in Hanover, NH, has the capability to
perform these tests. For cement-modified soil used
in the base course, the frost susceptibility, deter-
mined after freeze-thaw cycling, should meet the
requirements set forth for base course in chapter 5
of this manud. If cement-modified soil is used as
subgrade, its frost susceptibility, determined after
freeze-thaw cycling, should be used as the basis of
the pavement thickness design if the reduced sub-
grade design method is applied.

18-16. Stabilization With Bitumen.

Many different types of soils and aggregates can be
successfully stabilized to produce a high-quality
bound base with a variety of types of bituminous
material. In frost areas the use of tar as a binder
should be avoided because of its high temperature
susceptibility. Asphalts are affected to a lesser
extent by temperature changes, but a grade of as-
phalt suitable to the prevailing climatic conditions
should be selected. Excepting these specia condi-
tions affecting the suitability of particular types of
bitumen, the procedures for mixture design set forth
in TM 5-822-4 and TM 5-822-8 usually will ensure
that the asphalt-stabilized base will have adequate
durability and resistance to moisture and freeze-
thaw cycles.

18-17. Subgrade Requirements.

It is a basic requirement for al pavements con-
structed in frost areas, that subgrades in which
freezing will occur, shall be prepared to achieve
uniformity of soil conditions by mixing stratified
soils, eliminating isolated pockets of soil of higher
or lower frost susceptibility, and blending the vari-
ous types of soilsinto asingle, relatively homoge-
neous mass. It is not intended to eliminate from the
subgrade those soils in which detrimental frost
action will occur, but to produce a subgrade of uni-
form frost susceptibility and thus create conditions
tending to make both surface heave and subgrade
thaw-weakening as uniform as possible over the
paved area. In fill sectionsthe least frost-susceptible
soils shall be placed in the upper portion of the
subgrade by temporarily stockpiling the better ma-
terials, cross-hauling, and selective grading. If the
upper layers of fill contain frost-susceptible soils,



and the completed fill section shall be subjected to
the subgrade preparation procedures required for
cut sections. In cut sections the subgrade shall be
scarified and excavated to a prescribed depth, and
the excavated materia shall be windrowed and
bladed successively until thoroughly blended, then
relaid and compacted. The depth of subgrade prep-
aration, measured downward from the top of the
subgrade, shall be the lesser of 24 inches; two-
thirds of the frost penetration for class A, B, and C
roads, streets, and open storage areas or one-half of
the frost penetration for roads, streets, and open
storage areas of class D, E, and F less the actual
combined thickness of pavement, base course, and
subbase course. The prepared subgrade must meet
the designated compaction requirements for non-
frost areas. The construction inspection personnel
should be aert to verify that the processing of the
subgrade will yied uniform soil conditions
throughout the section. To achieve uniformity in
some cases, it will be necessary to remove highly
frost susceptible soils or soils of low frost suscepti-
bility. In that case the pockets of soil to be removed
should be excavated to the full depth of frost
penetration and replaced with material surrounding
the frost-susceptible soil being removed.

a. Exceptions conditions. Exceptions to the
basic requirement for subgrade preparation are sub-
grades known to be nonfrost susceptible to the
depth prescribed for subgrade preparation and
known to contain no frost-susceptible layers or
lenses, as demonstrated and verified by extensive
and thorough subsurface investigations and by the
performance of nearby existing pavements. Also,
fine-grained subgrades containing moisture well in
excess of the optimum for compaction, with no fea-
sible means of drainage nor of otherwise reducing
the moisture content, and which consequently it is
not feasible to scarify and recompact, are a'so ex-
ceptions.

b. Treatment of wet fine-grained subgrades. If
wet fine-grained subgrades exist a the site, it will
be necessary to achieve frost protection with fill
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material. This may be done by raising the grade by
an amount equal to the depth of subgrade prep-
aration that otherwise would be prescribed, or by
undercutting and replacing the wet fine-grained
subgrade to that same depth. In either case the fill
or backfill materiad may be nonfrost-susceptible
material or frost-susceptible material meeting
specified requirements. If the fill or backfill material
is frost susceptible, it should be subjected to the
same subgrade preparation procedures prescribed
above.

c. Cobblesor boulders. A critical condition re-
quiring the attention of inspection personnel is the
presence of cobbles or boulders in the subgrades.
All stones larger than about 6 inches in diameter
should be removed from fill materials for the full
depth of frost penetration, either at the source or as
the materia is gpread in the embankments. Any such
large stones exposed during the sub-grade
preparation work also must be removed, down to
the full depth to which subgrade preparation is
required. Failure to remove stones or large roots
can result in increasingly severe pavement
roughness as the stones or roots are heaved gradu-
aly upward toward the pavement surface. They
eventualy break through the surface in extreme
cases, necessitating complete reconstruction.

d. Changesin soil conditions. Abrupt changesin
soil conditions must not be permitted. Where the
subgrade changes from a cut to a fill section, a
wedge of subgrade soil in the cut section with the
dimensions shown in figure 18-6 should be removed
and replaced with fill material. Tapered transitions
also are needed at culverts beneath paved areas, but
in such cases the transition material should be clean,
nonfrost-susceptible granular fill. Other under-
pavement pipes should be similarly treated, and
perforated-pipe underdrains should be constructed.
These and any other discontinuities in subgrade
conditions require the most careful attention of
construction inspection personnel, as failure to
enforce strict compliance with the requirements for
transitions may result in serious pavement distress.
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Figure 18-6. Tapered Transition Used Where Embankment Material Differs from Natural Subgrade in Cut.

e. Wet areas. Careful attention should be given
to wet areas in the subgrade, and specia drainage
measures should be installed as required. The need
for such measures arises most frequently in road
congtruction, where it may be necessary to provide
intercepting drains to prevent infiltration into the
subgrade from higher ground adjacent to the road.

f. Rock excavation. In areas where rock excava-
tion is required, the character of the rock and
seepage conditions should be considered. In any
case, the excavations should be made so that posi-
tive transverse drainage is provided, and no pockets
are left on therock surface that will permit ponding
of water within the depth of freezing. Theirregular
groundwater availability created by such conditions
may result in markedly irregular heaving under
freezing conditions. It may be necessary to fill
drainage pockets with lean concrete. At
intersections of fills with rock cuts, the tapered
trangtions mentioned above (fig 18-6) are essential.
Rock subgrades where large quantities of seepage
are involved should be blanketed with a highly
pervious material to permit the escape of water.
Frequently, the fractures and joints in the rock
contain frost-susceptible soils. These materials
should be cleaned out of the joints to the depth of
frost penetration and replaced with nonfrost
susceptible material. If thisisimpractical, it may be
necessary to remove the rock to the full depth of
frost penetration.

0. Rock subgrades. An aternative method of
treatment of rock subgrades, in-place fragmenta-
tion, has been used effectively in road construction.
Blast holes 3 to 6 feet deep are commonly used.
They are spaced suitably for achieving thorough
fragmentation of the rock to permit effective
drainage of water through the shattered rock and
out of the zone of freezing in the subgrade. A ta-
pered transition should be provided between the
shattered rock cut and the adjacent fill.
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18-18. Other M easuresto Reduce Heave.

Other possible measures to reduce the effects of
heave are the use of insulation (appendix D) to
control depth of frost penetration and the use of
steel reinforcement to improve the continuity of
rigid pavements that may become distorted by frost
heave. Reinforcement will not reduce heave nor
prevent the cracking resulting from it, but it will
help to hold cracks tightly closed and thus reduce
pumping through these cracks. Transitions between
cut and fill and culverts and drains change in
character or dratification of subgrade soils.
Subgrade preparation and boulder removal should
also recelve specid attention in field construction
control.

18-19. Pavement Cracking Associated with
Frost Heave.

One of the most detrimental effects of frost action
on a pavement is surface distortion as the result of
differential frost heave or differential loss of
strength. These may also lead to random cracking.
Deterioration and spalling of the edges of working
cracks are causes of uneven surface conditions and
sources of debris. Cracking may be reduced by con-
trol of such elements as base composition, uni-
formity and thickness, dab dimensions, subbase and
subgrade materials, uniformity of subsurface
moisture conditions, and, in specia situations, by
use of reinforcement and by limitation of pavement
type. The importance of uniformity cannot be
overemphasized. Where unavoidabl e discontinuities
in subgrade conditions exist, gradual transitions are
essential.

18-20. Control of Subgrade and Base Course
Construction.

Personnel responsible for field control of pavement
construction in areas of seasona freezing should
give specific consideration to conditions and mate-



ridsthat will result in detrimental frost action. The
contract plans and specifications should require the
subgrade preparation work established for nonfrost
aeasinthismanud in frost areas. They also should
provide for specia treatments such as removal of
unsuitable materials encountered with sufficient
information included to identify those materials and
specify necessary corrective measures. However,
construction operations quite frequently expose
frost-susceptible conditions at isolated |ocations of
a degree and character not revealed by even the
most thorough subsurface exploration program. It
is essential, therefore, that personnel assigned to
fiedd construction control be alert to recognize
Stuations that require special treatment, whether or
not anticipated by the de- signing agency. They
must also be aware of their responsibility for such
recognition.

18-21. Base Course Construction.

Where the available base course materias are well
within the limiting percentages of fine material set
forth above, the base course construction control
should be in accordance with normal practice. In
instances where the material selected for usein the
top 50 percent of the total thickness of granular
unbound base is borderline with respect to per-
centage of fine material passing the no. 200 sieve,
or is of borderline frost susceptibility (usualy ma-
terials having 11/2 to 3 percent of grains finer than
0.02 millimeters by weight), frequent gradation
checks should be made to ensure that the materials
meet the design criteria. If it is necessary for the
contractor to be selective in the pit in order to
obtain suitable materias, his operations should be
inspected at the pit. It is more feasible to reject
unsuitable materials at the source when large vol-
umes of base course are being placed. It may be
desirable to stipulate thorough mixing at the pit and,
if necessary, stockpiling, mixing in windrows, and
spreading the material in compacted thin lifts in
order to ensure uniformity. Complete surface
stripping of pits should be enforced to prevent
mixing of detrimental fine soil particles or lumpsin
the base material.

a. Gradation of base course materials. The
gradation of base course materials after compaction
should be determined frequently, particularly at the
start of the job, to learn whether or not fines are
being manufactured in the base under the passage of
the compaction equipment. For base course
materials exhibiting serious degradation charac-
terigtics, atest embankment may be needed to study
the formation of fines by the proposed compaction
process. Mixing of base course materials with frost-
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susceptible subgrade soils should be avoided by
making certain that the subgrade is

properly graded and compacted prior to placement
of base course, by ensuring that the first layer of
base course filters out subgrade fines under traffic,
and by eiminating the kneading caused by over-
compaction or insufficient thickness of the first
layer of base course. Excessive rutting tends to
cause mixing of subgrade and base materias. This
can be greatly minimized by frequent rerouting of
material-hauling equipment.

b. Visual inspection. After completion of each
layer of base course, a careful visual inspection
should be made before permitting additional mate-
rial placement to ensure that areas with high per-
centages of fines are not present. In many instances
these areas may be recognized both by examination
of the materials and by observation of their action
under compaction equipment, particularly when the
materids are wet. The materidsin any areas that do
not meet the requirements of the specifications,
which will reflect the requirements of this manual,
should be removed and replaced with suitable
materia. A leveling course of fine-grained material
should not be used as a construction expedient to
choke open-graded base courses, to establish fine
grade, or to prevent overrun of concrete. Since the
base course receives high stresses from traffic, this
prohibition is essential to minimize weakening
during the frost-melting period. Action should be
taken to vary the base course thickness so as to
provide transition, when thisis necessary, to avoid
abrupt changes in pavement supporting conditions.

18-22. Compaction.

Subgrade, subbase, and base course materials must
meet the applicable compaction requirements for
nonfrost materials.

18-23. Useof Inaulation M aterialsin Pavements.

The use of synthetic insulating material within a
pavement cross section must have the written ap-
prova of HQUSACE (CEMP-ET) or the appropri-
ate Air Force Mgor Command, which can aso
provide advice and assistance in regard to the
gructurd andysis. Criteriafor design of pavements
containing insulating layers are contained in
appendix D.

18-24. Design Example-Heavily Trafficked Road.

Design flexible and rigid pavement for the following
conditions-

a. Class B (rolling terrain within the "built-up
area’)

b. Category Ill
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c. Desgnlindex. 4 (from TM 5-822-2/AFM 88-
7, Chap 5)
d. Design Freezing Index. 700 degree-days
e. Subgrade Material.
Uniform sandy clay, CL
Plasticity index, 18
Frost group, F3
Water content, 20 percent (average)
Normal-period CBR, 10
Normal-period modulus of subgrade reaction
k=200 psi/inch on subgrade and 325 psi/
inch on 22 inches of base course.
f. Base course material.
Crushed gravel (GW), normal-period CBR =
80, 30 percent passing no.10 sieve, 1 percent
passing no.200 sieve.
g. Subbase course material.
Coarse to fine gty sand (SP-SM), normal-
period CBR=20,
11 percent passing no. 200 sieve, 6 percent
finer than 0.02 millimeters, frost classification
52, meetsfilter criteriafor materia in contact
with subgrade.
h. Average dry unit weight (good quality base
and subbase). 135 pounds per cubic feet
i. Average water content after drainage (good
guality base and subbase). 5 percent
J. Highest groundwater. About 4 feet below sur-
face of subgrade
k. Concrete flexural strength. 650 ps
1. Flexible pavement design by limited subgrade
frost penetration method. From figure 18-3, the
combined thickness a of pavement and base to pre-
vent freezing of the subgrade in the design freezing
index year is 45 inches. According to criteria in
chapter 8, the minimum pavement thicknessis 2.5
inches over a CBR = 80 base course that must be at
least 4 inches thick. The base thickness for zero
frost penetration is 42.5 inches (45-2.5). Theratio
of subgrade to base water content is r = 20/5=4.
Since this is a highway pavement, the maximum
dlowabler of 3isused in figure 18-4 to obtain the
required thickness of base b of 24 inches, which
would alow about 6 inches of frost penetration into
the subgrade in the design year. Subgrade
preparation would not be required since the
combined thickness of pavement and base is more
than one-half the thickness required for complete
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protection.

m. Flexible pavement design by reduced
subgrade strength method. From the REDUCED
SUB-GRADE STRENGTH section, the frost-area
soil support index is 3.5, which, from the design
curve (fig 8-1), yields a required combined
thickness of pavement and base of 20 inches. Since
this is less than the 26-inch thickness (2.0 + 24)
required by the limited subgrade frost penetration
method, the 20-inch thickness would be used. The
pavement structure could be composed of 2 inches
of AC, 12 inches of crushed gravel (since the
crushed gravel contains only 1 percent passing the
no.200 seve, it dso serves asthe free-draining layer
directly beneath the pavement), and 6 inches of silty
sand subbase materid. Subgrade preparation would
be required to a depth of %2 x 45 - 20 = 2% inches.

n. Rigid pavement design by limited subgrade
frost penetration method. From figure 12-1, the re-
quired pavement thickness p, based on the normal-
period k = 325 ps per inch, the concrete flexural
strength of 650 psi and the design index of 4, is5.8
inches (use 6 inch minimum). From figure 18-3, the
combined thickness of pavement and base for zero
frost penetration is 45 inches, equivalent to that for
the flexible pavement. By use of r = 3 and a
thickness of base for zero frost penetration of 39
inches (45-6) in figure 18-3, the required thickness
of base b is 22 inches, which would allow about 5.5
inches of frost penetration into the subgrade in the
design year. No subgrade preparation would be
required.

0. Rigid pavement design by the reduced sub-
grade strength method. Since frost heave has not
been amgor problem, aminimum of 4 inches of the
free-draining base course material could be used,
plus 4 inches of the subbase that will serve as afilter
materia on the subgrade. For this case (8 inches of
base and subbase) the frost-area index of reaction
would be 50 ps per inch (fig. 18-5), requiring a
pavement dab 7% inches thick. Sub- grade
preparation to a depth of %2 x 45-15%=7.0 inches
would be required.

p. Alternative designs. Other designs using stabi-
lized layers, including ABC pavements, should be
investigated to determine whether they are more
economical than the designs presented above.



