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CHAPTER 1

GENERAL

1-1. Purpose and Scope

This manual presents criteria and procedures for the
design and construction of pavements placed on sub-
grade or base course materials subject to seasonal frost
action. The criteria are applicable to Air Force and Air
National Guard airfields, to Army airfields and heli-
ports, and to roads. The most prevalent modes of dis-
tress in pavements and their causes are listed in table

1-1. This manual is concerned with modes unique to
frost areas. The principal non-traffic-associated dis-
tress modes are distortion caused by frost heave and
reconsolidation, and cracking caused.by low tempera-
tures. The principal traffic-load-associated distress
modes are cracking and distortion as affected by the
extreme seasonal changes in supporting capacity of
subgrades and bases that may take place in frost areas.

Table 1-1. Modes of distress in pavements

Distress mode General cause

Specific causative factor

Traffic-load-associated

Repeated loading (fatigue)
Slippage (resulting from braking stresses)

Cracking

Non-traffic-associated

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 repetitive loading)
Plastic flow or creep (from single or comparatively few excessive loads)

Distortion
(may also lead

Differential heave
Swelling of expansive clays in subgrade
Frost action in subgrades or bases

Differential settlement

Permanent, from long-term consolidation in subgrade

Transient, from reconsolidation after heave (may be accelerated by traffic)
_Curling of rigid slabs, from moisture and temperature differentials

May be advanced stage of cracking mode of distress or may result from detrimental effects of certain materials con-
tained within the layered system or from abrasion by traffic. May also be triggered by freeze-thaw effects.

to cracking) Non-traffic-associated

Disintegration

U.S. Army Corps of Engineers

1-2. Definitions

The following frost terms are used in this manual.
a. Frost, soil and pavement terms.

(1) Base or subbase course. All granular unbound,
or chemical- or bituminous-stabilized material between
the pavement surfacing layer and the untreated, or
chemical- or bituminous-stabilized subgrade.

(2) Bound base. A chemical- or bituminous-stabi-
lized soil used in the base and subbase course, consist-
ing of a mixture of mineral aggregates and/or soil with
one or more commercial stabilizing additives. Bound
base is characterized by a significant increase in com-
pressive strength of the stabilized soil compared with
the untreated soil. In frost areas bound base usually is
placed directly beneath the pavement surfacing layer
where its high strength and low deformability make
possible a reduction 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 in this manual only
if the mixture meets the requirements for cement-sta-
bilized, lime-stabilized or LCF-stabilized soil set forth
in TM 5-822-4/AFM 88-7, Chap. 4 and in chapter 6
of this manual.

(3) Boulder heave. The progressive upward migra-
tion of a large stone present within the frost zone in a
frost-susceptible subgrade or base course. This is
caused by adhesion of the stone to the frozen soil sur-
rounding it while the frozen soil is undergoing frost
heave; the stone will be kept from an equal, subse-
quent subsidence by soil that will have tumbled into
the cavity formed beneath the stone. Boulders heaved
toward the surface cause extreme pavement roughness
and may eventually break through the surface, neces-
sitating repair or reconstruction.
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(4) Cumulative damage. The process by which
each application of traffic load, or each cycle of climat-
ic change, produces a certain irreversible damage to
the pavement. When this is added to previous damage,
the pavement deteriorates continuously under succes-
sive load applications or climatic cycles.

(5) Frost action. A general term for freezing and
thawing of moisture in materials and the resultant ef-
fects on these materials and on structures of which
they are a part, or with which they are in contact.

(6) Frost boil. The breaking of a small section of a
highway or airfield pavement under traffic with ejec-
tion of soft, semi-liquid subgrade soil. This is caused by
the melting of the segregated ice formed by the frost
action. This type of failure is limited to pavements
with extreme deficiencies of total thickness of pave-
ment and base over frost-susceptible subgrades, or
pavements having a highly frost-susceptible base
course.

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

(8) Frost-melting period. An interval of the year
when the ice in base, subbase or subgrade materials is
returning to a liquid state. It ends when all the ice in
the ground has melted or when freezing is resumed. In
some cases there may be only one frost-melting period,
beginning during the general rise of air temperatures
in the spring, but one or more significant frost-melting
intervals often occur during a winter season.

(9) Frost-susceptible soil. Soil in which significant
detrimental ice segregation will occur when the requi-
site moisture and freezing conditions are present. Such
soils are further defined in paragraph 2-4.

(10) Granular unbound base course. Base course
containing no agents that impart higher cohesion by
cementing action. Mixtures of granular soil with port-
land cement, lime or flyash, in which the chemical
agents have merely altered 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-modified soil set forth in TM 5-822-4/AFM
88-7, Chap. 4 and in chapter 6 of this manual, and
they must also meet the base course composition re-
quirements set forth in chapter 5 of this manual.

(11) Ice segregation. The growth of ice as distinct
lenses, layers, veins and masses in soils, commonly but
not always oriented normal to the direction of heat

loss.
(12) Non-frost-susceptible materials. Cohesionless

materials such as crushed rock, gravel, sand, slag and
cinders that do not experience significant detrimental
ice segregation under normal freezing conditions: This
is further discussed in paragraph 2-4. Non-frost-sus-
ceptible materials also include cemented or otherwise

1-2

stabilized materials that do not evidence detrimental
ice segregation, loss of strength upon thawing, or
freeze-thaw degradation. ‘

(13) Pa uemeﬁt pumping. The ejection of water
and soil through joints, cracks and along edges of pave-
ments caused by downward movements of sections of
the pavement. This is actuated by the passage of heavy
axle loads over the pavement after free water has ac-
cumulated beneath it.

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

b. Temperature terms.

(1) Average daily temperature. The average of the
maximum and minimum temperatures for one day, or
the average of several temperature readings taken at
equal time intervals, generally hourly, during one day.

(2) Mean daily temperature. The mean of the aver-
age daily temperatures for a given day in each of sever-
al years.

3) Degree-d?zys. The Fahrenheit degree-days for
any one day equal the difference between the average
daily air temperature and 32°F. The degree-days are
minus when the average daily temperature is below
32°F (freezing degree-days) and plus when above
(thawing degree-days). Figure 1-1 shows curves ob-
tained by plotting cumulative degree-days against
time.

(4) Freezing index. The number of degree-days be-
tween 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 dura-
tion and magnitude of below-freezing temperatures oc-
curring 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 tempera-
tures immediately below a surface is known as the sur-
face freezing index.

(5) Design freezing index. The 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 for
adopting a new and only slightly different freezing in-
dex each year, the design freezing index at a site with
continuing constriiction need not be changed more
than once in 5 years unless the more recent tempera-
ture records indicate a significant change in thickness
design requirements for frost. The design freezing in-
dex is illustrated in figure 1-1.

(6) Mean freezing index. The freezing index deter-
mined on the basis of mean temperatures. The period

ot
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Figure 1-1. Determination of freezing index.

of record over which temperatures are averaged is
usually a minimum of 10 years, and preferably 30, and

should be the latest available. The mean freezing index
isillustrated in figure 1-1.
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CHAPTER 2

FROST EFFECTS

2-1. Need for Considering Effects of Frost in
Pavement Design

The detrimental effects of frost action in 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 dete-
rioration during the period of weakening. Other re-
lated detrimental effects of frost and low tempera-
tures 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, ex-
cessive maintenance or pavement destruction may re-
sult. The detrimental effects of frost action are dis-
cussed in greater detail in paragraphs 2-5 and 2-6.
Except in cases where other criteria are specifically es-
tablished, pavements should be designed so that there
will be no interruption of traffic at any time due to dif-
ferential heave or to reduction in load-supporting ca-
pacity. Pavements should also be designed so that the
rate of deterioration during critical periods of thaw
weakening, and during cold periods causing low-tem-
perature cracking, will not be so high that the useful
life of the pavements will be less that that assumed as
the design objective.

2-2, Conditions Necessary for Ice Segrega-
tion

Three basic conditions of soil, temperature and water

must be present simultaneously for significant ice seg-

regation to occur in subsurface materials.

a. Soil. The soil must be frost-susceptible, which
usually implies that under natural climatic conditions
the soil moisture becomes segregated into localized
zones of high ice content. To some degree all soils that
have a portion of their particles smaller than about
0.05 millimeters are frost-susceptible. Temperature,
moisture availability, surcharge pressure and density
act as additional influences that modify the basic
frost-susceptibility of such soils.

b. Temperature. Freezing temperatures must pene-
trate the soil because the phase change from water to
ice is largely responsible for drawing additional water
from the surrounding soil toward the growing ice
mass. The amount of water stored as segregated ice is
usually observed to vary inversely with the rate of ad-

vance of the freezing isotherm.

c. Water. The source of water must be available to
the zone of freezing. Usually the source will be an un-
derlying groundwater table, an aquifer or infiltration
through overlying layers. If the supply of water to the
freezing zone is restricted by distance from the exter-
nal water sources or by low soil permeability, water
will be drawn from the voids of the soil adjacent to the
growing ice crystal or from soil below the freezing
front.

d. Interrelationship among variables. A change in
one or another of the three basic factors will vary the
amount of ice segregated per unit volume of soil. Nat-
ural stratigraphic variations and construction details
affect the relationship among these factors and there-
fore also influence the amount of segregated ice. A
common example is a transition from cut to fill along a
right-of-way, which represents a change in subgrade
soils, in the pattern of subsurface water flow, and most
likely in the freezing rate.

2-3. Description of Ice Segregation in Soils

The process of ice segregation is a complex interaction
of simultaneous heat and water flow through the mass
of mineral and organic particles that make up the soil.
Recent research has identified three distinct zones of
the freezing process. Figure 2-1 illustrates the three
zones when subfreezing temperatures have penetrated
into the subgrade. The amount of unfrozen water var-
ies with the type of soil, the soil particle surface char-
acteristics, the gradation of the soil and the tempera-
ture. In general, finer soils contain larger amounts of
unfrozen water at a given subfreezing temperature
than coarser soils and for a given soil the unfrozen
moisture content decreases with lower subfreezing
temperatures. While moisture movement in the frozen
zone makes an insignificant contribution to frost
heave, moisture movement induced by negative pore
pressures developed in the freezing zone has a major
impact on the magnitude of frost heave.

a. The lower boundary of the freezing zone in figure
2-1 is the depth at which the temperature is equal to
the freezing point of the bulk water in the soil. This
temperature is generally within one or two tenths of a
degree below 32°F, depending upon the chemical con-
tent of the soil water.

b. The upper boundary of the freezing zone in frost-
susceptible soils is generally defined as the bottom of

2-1
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Povement

Base Course

<30°F Frozen Zone

Subbose
Course

Subgrode

1230-~318°F
Freezing Zone

T >32°F
Unfrozen Zone

U.S. Army Corps of Engineers

Figure 2-1. Freezing sequence in a typical pavement profile.

the growing ice lens. It is at this location where the
negative pore pressure causing moisture movement to
the ice lens is generated. An ice lens continues to grow
in thickness in the direction of heat transfer until ice
formation at a lower elevation cuts off the source of
water, or until available water is depleted or it ap-
proaches a level at which sub-freezing soil tempera-
tures no longer prevail. At this point ice will stop
forming.

2-4. Frost-susceptible Soil

The potential intensity of ice segregation that may oc-
cur in a freezing season is dependent to a large degree
on the size-range of the soil voids, which in turn is de-
termined by the size and size distribution of the soil
grains, soil density and particle shape and orientation.
As previously mentioned, at least a portion of the
grains must be sufficiently small (less than about 0.05
millimeters in diameter) so that some of the water re-
mains as unfrozen water films, providing channels for
liquid flow. For pavement design, the potential ice seg-
regation is often expressed as an empirical function of
grain size as follows. Most inorganic soils containing 3
percent or more by weight of grains finer than 0.02
millimeters in diameter are frost-susceptible. Gravels,

2-2

well-graded sands and silty sands, especially those ap-
proaching the theoretical maximum density curve,

~ that contain 1-1/2 to 3 percent by weight of grains fi-

ner than the 0.02-millimeter size should be considered
as possibly frost-susceptible. They should be subjected
to a standard laboratory frost-susceptible test to eval-
uate behavior during freezing. Uniform sandy soils
may have as much as 10 percent by weight of their
grains finer than 0.02 millimeters size without being
frost-susceptible. However, their tendency to occur in-
terbedded with other soils usually makes it impractical
to consider them separately.

a. Standard laboratory freezing tests. Soil judged as
potentially frost-susceptible under the above criteria,
or determined to'be frost-susceptible by standard labo-
ratory freezing tests, may be expected to develop sig-
nificant ice segregation if frozen at rates that are com-
monly observed in pavement systems (0.1 to 1.0
inches/day) and if free water is available (less than 5 to
10 feet below the freezing front). Figure 2-2 shows re-
sults of laboratory frost-susceptibility tests performed
using a standardized freezing procedure on 6-inch high
by 6-inch diameter specimens of soils ranging from
well-graded gravels to fat clays. The soils that were
tested are representative of materials found in frost
areas. Test specimens are frozen with water made
available at the base; this condition is termed “open-
system” freezing, as distinguished from “closed-sys-
tem” freezing in which an impermeable base is placed
beneath the specimen and the total amount of water
within the specimen does not change during the test.
Appendix E contains a summary of results from freez-
ing tests on natural soils. The data in appendix E can
be used to estimate the relative frost-susceptibility of
soils using the following two-step procedure: ‘1) select
at least two soils having densities and grain-size distri-
butions (the 0.074-, 0.02- and 0.01-millimeter sizes are
most critical) similar to the soil in quesion, 2) estimate
the frost-susceptibility of that soil from those of the
two similar soils. A freezing test on a sample of the soil
in question will give a direct evaluation of its frost-sus-
ceptibility.

(1) Diagrams a through d in figure 2-2 show indi-
vidual test results for each of the four major soil
groups: gravels, sands, silts and clays. A family of
overlapping envelopes is given in figure 2-2e showing
the laboratory test results by various individual soil
groupings, as defined by Military Standard MIL-
STD-619 B. A frost-susceptibility adjective classifica-
tion scale, relating the degree of frost-susceptibility to
the exhibited laboratory rate of heave, is shown at the
left side of figure 2-2e. Because of the severity of the
laboratory test, the rates of heave shown in figure 2-2
are generally greater than may be expected under nor-
mal field conditions. Soils that heave in the standard
laboratory tests at average rates of up to 1 millimeter
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Figure 2-2. Rates of heave in laboratory freezing tests on remolded soils. (Sheet 1 of 2)
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Figure 2-2. Rates of heave in laboratory freezing tests in remolded soils. (Sheet 2 of 2)

per day are considered satisfactcry for use under pave-
ments in frost areas, unless unusually severe condi-
tions of moisture availability and temperature are an-
ticipated. .

(2) It can be seen in figure 2-2 that soils judged as
non-frost-susceptible under the criteria given in para-
graph 2-4 are not necessarily free of susceptibility to
frost heaving. Also, soils that, although indicated to be
of negligible frost-susceptibility, approach a rate of
heave of 1.0 millimeter per day in laboratory tests
should be expected to show some measurable frost
heave under average field conditions. These facts must
be kept in mind when applying the criteria to other-
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than-normal pavement practice, and when considering
subsurface drainage measures.

b. Frost-susceptibility classification. For frost de-
sign purposes, soils are divided into eight groups as
shown in table 2-1. The first four groups are generally
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 bearing capacity during periods of thaw,
There is also a tendency for the order of the listing of
groups to coincide with increasir;xg order of susceptibil-
ity to frost heave, although t}ixe low coefficients of
permeability of most clays restrict their heaving pro-
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Table 2-1. 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 SwW, SP
PFSt (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
F1 Gravelly soils 6to 10 GM, GW-GM, GP-GM
F2 (8) Gravelly soils 10t0 20 GM, GW-GM, GP-GM,
(b) Sands 6to15 SM, SW-SM, SP-SM
F3 (a) Gravelly soils Over 20 GM, GC
(b) Sands, except very fine silty sands Over 15 SM, SC
(¢} Clays, PI> 12 - CL.CH
F4 (a) Allsilts - ML, MH
(b) Very fine silty sands Over 15 SM
(¢) Clays,PI>12 — CL, CL-ML
(d) Varved clays and other fine-grained, banded
sediments - CL, CL-ML
CL and ML;
CL, ML, and SM;
CL,CH, and ML;
CL,CH, ML and SM

* * Non-frost-susceptible.

tPossibly frost-susceptible, but requires laboratory test to determine frost design soils classification.

U.S. Army Corps of Engineers

pensity. The order of listing of subgroups under
groups F3 and F4 does not necessarily indicate the or-
der of susceptibility to frost heave of these subgroups.
There is some overlapping of frost-susceptibility
between groups. Soils in group F4 are of especially
high frost-susceptibility.

(1) The S1 group includes gravelly soils with very
low to medium frost-susceptibility classifications that
are considered suitable for subbase materials. They
will generally exhibit less frost heave and higher
strength after freeze-thaw cycles than similar F1
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-millimeter grains than similar F2 groups
subgrade soils, they will generally exhibit less frost
heave and higher strength after freeze-thaw cycles.

(2) The F1 group is intended to include frost-sus-
ceptibility 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 F2 group is intended to
include frost-susceptible soils that in the normal un-
frozen condition have traffic performance characteris-
tics of GM-, GW-GM-, GP-GM-, SM-, SW-SM- or SP-
SM-type materials with fines within the stated limits.

Occasionally, GC or SC materials may occur within the
F2 group, although they will normally fall into the F3
category. The basis for division between the F1 and F2
groups is that F1 materials may be expected to show
higher bearing capacity than F2 materials during
thaw, even though both may have experienced equal
ice segregation.

(3) Varved clays consisting of alternating 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 classification
of the material of highest frost-susceptibility should be
adopted for design. Usually, this will place the overall
deposit in the F4 category.

(4) Under special conditions the frost group classi-
fication adopted for design may be permitted to differ
from that obtained by application of the above frost
group definitions. This will, however, be subject to the
specific approval of HQDA (DAEN-ECE-G) or HQ
AFESC if the difference is not greater than one frost
group number and if complete justification for the
variation is presented. Such justification may take into
account special conditions of subgrade moisture or soil
uniformity, in addition to soil gradation and plasticity,

2-5

_P.13




TRA 5-818-2/AFM 88-6, Chap. 4

and should include data on performance of existing
pavements near those proposed to be constructed.

2-5. Frost Heaving

Frost heave, nianifested by the raising of the pave-
ment, is directly associated with ice segregation and is
visible evidence on the surface that ice lenses have
formed in the subgrade, in the base materials, or in
both. Detrimental frost heave can be effectively con-
trolled by designing the pavement so that frost will
penetrate to only a limited depth into frost-susceptible
subgrade soil (chap 4) and by adequate subgrade prepa-
ration and transition details (chap 7). If significant
freezing of a frost-susceptible subgrade does occur, the
heave may be uniform or nonuniform, depending on
variations in the character of the soils and the ground-
water conditions underlying the pavement and the
thermal properties of the paving materials.

a. Uniform heave. Uniform heave is the raising of
adjacent areas of a pavement surface by approximate-
ly equal amounts. The initial shape and smoothness of
the surface remain substantially unchanged. Condi-
tions conducive to uniform heave may exist, typically,
in a homogeneous section of pavement that is exposed
to equal solar radiation and is constructed with a fairly
uniform stripping or fill depth, and that has uniform
groundwater depth and horizontally uniform soil
characteristics.

b. Nonuniform heave. Nonuniform heave causes ob-
jectionable unevenness or abrupt changes in grade at
the pavement surface. Conditions conducive to irregu-
lar heave occur, for example, at changes in pavement
types or sections, at locations where subgrades vary
between clean non-frost-susceptible sands and silty
frost-susceptible materials, at abrupt transitions from
cut to fill sections with the groundwater close to the
surface, or where excavation cuts into water-bearing
strata. Cn pavements with inadequate frost protec-
tion, some of the most severe pavement roughness is
caused by differential heave at abrupt changes in sub-
grade soil type and at drains and culverts, and by
boulder heaves. Special techniques of subgrade prepa-
ration and adequate transition details are needed to
minimize irregular heave from these causes. These
techniques and details are outlined in chapter 7.

2-6. Thawing end Reductlon In Pavemen?
Support Capacity

Deterioration of pavements under repeated applica-
tion of wheel loads is a process of cumulative damage;
the rate of damage accumulation varies not only with
traffic but also with seasonal changes in the support-
ing capacity of the various layers composing the pave-
ment. One of the most critical conditions that develops
in frost areas is the weakening of subgrade soils, base
course and subbase during thawing. When ice segrega-
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tion has occurred the strength of the soil is reduced
during frost-melting periods. This causes a correspond-
ing reduction in the load-supporting capacity of the
pavement, particularly in winter partial thaws and
early in the spring when thawing is taking place at the
top of the subgrade and the rate of melting is rapid.

The melting of segregated ice leaves the expanded soil .

in an under-consolidated condition, with a correspond-
ing buildup of excess pore water pressure. Granular
unbound base materials may also weaken significantly
during frost-melting periods because of increased
saturation combined with reduced density that is de-
rived from expansion in the previously frozen state.
The extent of weakening during thaw periods is great-
er in frost-susceptible base, subbase and subgrade ma-
terials that experience severe ice segregation.

a. As illustrated in figure 2-3, melting of the ice
from the surface downward releases water that cannot
drain through the still-frozen soil below or redistribute
itself readily. Excess moisture from the wet and
softened subgrade soil may move upward into the sub-
base and base, and migrate laterally to the nearest
drain. If drainage provisions are inadequate, the base
and subbase courses may become completely
saturated. If this happens, the bearing capacity of the
pavement system is substantially reduced, the effects
of frost in subsequent freeze-thaw cycles are increased,
water and fines may be pumped through joints and
cracks, and surface may deteriorate faster. Therefore,
it is essential that base and subbase courses in frost re-
gions be designed in strict accordance with the drain-
age criteria of TM 5-820-2/AFM 88-5, Chap. 2 and
with the further requirements set forth in chapter 5 of
this manual. The possible effects of restriction of sub-
surface drainage by frozen soils should be considered
at all points in drainage design.

b. Soil is weakened during a frost-melting period
principally because increased pore water pressures
develop due to release of moisture. The degree of
strength loss during a frost-melting period and the
length of the reduced strength pericd depend on the
rates at which the heaved soil can consolidate, the pore
water pressures can be dissipated, and moisture ten-
sion can develop. These rates in turn depend on the
type of soil, temperature conditions during freezing
and thawing, the amount and type of traffic during
frost-melting, rainfall during the previous fall and
winter, spring rainfall, drainage conditions and atmos-
pheric humidity.

¢. Supporting capacity may be reduced in clay sub-
grades even though significant heave has not taken
place. Overconsolidation in clay soils occurs due to
negative pressures generated in the freezing zone. As a
result, the clay particles are reoriented into a more
compact aggregated or layered structure with the clay
particles and ice being segregated. The resulting con-
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Figure 2-3. Moisture movement upward into base course during thau.

solidation may largely balance the volume of the ice
lenses formed. Even clays that show no evidence of ice
segregation, measurable moisture migration or signifi-
cant volume increase when frozen may significantly
lose supporting capacity during the thaw period.

d. If frost-susceptible soil beneath a pavement will
freeze, the effect of the reduced supporting capacity
during frost-melting periods must be taken into
account in designing the layered pavement structure.
Design methods are presented in chapter 4.
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CHAPTER 3

INVESTIGATION OF POTENTIAL FOR ICE SEGREGATION

3-1. Investigation Procedure

The field and laboratory investigations conducted in
accordance with TM 5-825-2/AFM 88-6, Chap. 2, will
usually provide enough information to determine
whether a given combination of soil and water condi-
tions beneath the pavement will be conducive to frost
action. Particular attention should be given to the
degree of horizontal variation of subgrade conditions.
This involves both soil and moisture conditions, and is
difficult to express simply and quantitatively. Sub-
grades may range from uniform conditions of soil and
moisture, which will result in negligible differences in
frost heave, thaw settlement and supporting capacity,
to extremely variable conditions. These variable condi-
tions may require extensive processing of subgrade
materials to eliminate the frequent and very abrupt
changes between high and low frost heave and high
and low strength loss potentials. Following is a sum-
mary of procedures for determining whether or not
the conditions of soil properties, temperature and
moisture that are necessary for ice segregation are
present at a proposed site. In addition to assessing the
potential for detrimental frost action, consider all
reliable information about past frost heaving of air-
field and highway pavements already built in the area.

3-2. Soil

As stated in paragraph 2-4, the frost-susceptibility of
soils may be estimated from the percentage of grains
finer than 0.02 millimeters by weight or may be deter-
mined by laboratory freezing tests. Such freezing tests
will be carried out by or under the supervision of the
U.S. Army Cold Regions Research and Engineering
Laboratory (USACRREL), Hanover, New Hampshire.
A period of 6 to 8 weeks must be allowed for a com-
plete frost-susceptibility test but interim results are
usually available for design guidance in about 4 weeks.

3-3. Temperature

Air freezing index values should be based on actual air
temperatures obtained from the meteorological station
closest to the construction site. This is desirable
because differences in elevation or topographical posi-
tion, or nearness to bodies of water, cities, or other
sources of heat may cause considerable variation in air
freezing indices over short distances. These variations
are of greater relative importance in areas of design
freezing index of less than 1000 degrees F. days (i.e.

mean air freezing index of less than about 500 degrees
F. days than they are in colder climates.

a. Daily maximum and minimum and mean month-
ly air temperature records for all stations that report
to the U.S. National Weather Service are available
from Weather Service Centers. One of these centers is
generally located in each state. The mean air freezing
index may be based on mean monthly air tempera-
tures, but computation of values for the design
freezing index may be 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 Cli-
matological Data Summary, containing this tabulation
for the period of record, is published annually by the
National Weather Service for each of the approximate-
ly 350 U.S. first-order stations.) 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 sta-
tion or stations of adequate record. Site air freezing in-
dex values can then be computed based on this estab-
lished relation and the indices for the more distant sta-
tion or stations.

b. The distribution of freezing indices in North
America is illustrated by figures 3-1 and 3-2. The fig-
ures show isolines of air freezing index for the normal
year (mean air freezing index), and the average of the 3
coldest years in 30 or the coldest year in 10 (design
freezing index). Figure 3-3 shows mean freezing in-
dices for northern Eurasia. Relationships between
mean air freezing indices and values computed on vari-
ous other statistical bases are shown in figure 3-4. Fig-
ures 3-1 through 3-3 are not sufficiently accurate for
use in designing pavements and are included only to
illustrate geographic differences in the air freezing in-
dices. For designing pavements, the design air freezing
index should be calculated from air temperatures, as
explained in paragraph 3-3,a and shown in figure 1-1.

3-4. Depth of Frost Penetration

The depth to which subfreezing temperatures will
penetrate below a pavement kept clear of snow and ice
depends principally on the magnitude and duration of
below-freezing air temperatures, on the properties of
the underlying materials, and on the amount. of water
that becomes frozen. Curves in figure 3-5 may be used

3-1
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Stotute Wiles

U.S. Army Corps of Engineers

Figure 3-1. Distribution of mean air freezing indices in North America.

to estimate depths of frost penetration beneath paved
areas kept free of snow and ice. They have been com-

* puted for an assumed 12-inch-thick rigid pavement,

using the modified Berggren equation and correction
factors derived by comparison of theoretical results
with field measurements under different conditions.
The curves yield the maximum depth to which the

3-2

32°F temperature will penet.rate from the top of the
pavement under the total winter freezing index values
in homogeneous matenals of unlimited depth for the
indicated denmty and moxsture content. Variations
due to use of other pavement types and of rigid pave-
ments of lesser thicknesses may be neglected; frost

penetration beneath rigid pavefments more than 12
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Figure 3-2. Distribution of design air freezing indices in North America.’

inches thick is discussed in paragraph 4-3b.

a. Where individual analysis is desired or unusual
conditions make special computation desirable, the
modified Berggren equation may be applied (see figure
3-5). Neither this equation nor the curves in figure
3-5 are applicable for determining transient penetra-
tion depths under partial freezing indices. For specific

~

\
problems of this type, the fundamental equations of
heat transfer are applicable, for which various numeri-
cal solutions are available.

b. Maximum seasonal frost penetration depths ob-
tained by use of figure 3-5 should be verified when-
ever possible by observations in the area under consid-
eration. Methods of estimating frost penetration

3-3




(ri 18> o 10° »°
&~ / . : A S
crwvecpcnEE .,.’W‘ E} =
B - N re,
i . (14

Yy
X

A
LAY
NS ,
. - z ‘\71
L -
! s ~
\ - ".
85°
/
/
Py
z, o
§ .90
A\ <
fl . 9 ™
[ BN
IR e
I 4 - ©
[ W] -
: Q

R
NN

s N TN
ST

MEAN FREEZING INDEXES

LEGEND NORTHERN EURASIA

00 0 100 200 300 400 500
SCALE W VILES

OEGREE-DAYS OF FREEZE (INTERVAL,500 OEGREE-DAYS F)
® WEATHER STATION

U.S. Army Corps of Engineers

Figure 3-3. Distribution of mean air freezing indices in northern Eurasia.

y *doy) ‘9-88 WAV/ZT-818-5 WL

6l'd




St

{
o

I

44 T T y T
00 AIR FREEZING INDEXES OCCURRING WITH VARIOUS o ‘ l
FREQUENCIES INA THIRTY YEAR PERIOD AT SELECTED
STATIONS SOUTH OF THE 2ERO MEAN AIR FREEZING INDEX LINE
COLDEST| AVERAGE OF [AVE RAGE OF|
4000 STATION LOCATION YEAR 3 COLDEST |5 COLDEST |
YEARS YEARS
BALTIMORE, MD. 470 360 300 S
WASHINGTON, D. C. 480 380 320 =
ROANOKE , VA" 200 140 100 -
muetva e | 8 |2 | xS :
3600 NaSHVILLE, TENN. 330 250 o [ - s $
ST. LOUIS, MO. 650 490 40 * N
FT SMITH, ARK. 310 230 180 x x s
OKLAHOMA CITY, OKLA{ 340 300 250 - S °s S
FT WORTH, TEX. 100 90 30 : > =
AMARILLO, TEX. 390 320 220 .8 z -
ALBUQUERQUE , N. M. 190 170 140 L . b « £\
3200| ROSWELL, N. M 150 100 90 - = P ¥ 20
EUGENE,ORE. 170 120 90 ! s re ] §v-
* SEATTLE, WASH. 120 70 50 s | ¥ 5 74
w L N P B S Py
o § s8¢ ' g
Z 2800k - — ——w  ——— - . R - JRS —- e
ps o ' o 2 5,
3 2 gl
o E . - .. SR T,
z g o “ %} i
— ¢ . i
~ 2400 - S T O eoin & 3.
~ Q 3 S
:JJ N J ] N 23 /[/e:l
\S - ———— b b — 4 + =3 . /»/e‘/og,.
@ < Lo 4% .%e
“ 2000f8— - -l S NS S S I S o W
S 3 fux® ~ A TBY
kS 3 $=+ § ! -
a * A « .3 s | ° X .
2 e s NE RS R R
« N 8 2SIy S0 i '
s 3 u§ o -R¥|-¥ 238 R : l ‘ l
1I600R — 23~ — 3T~ X% "~ 8. 8 |8 Ve ' ! T '
-4 < v = "0 ¥ 3 =¢> % k&o X ! eo( :
« S S8 2 &0 ovs & v A 0
- § e % ¥ rfy SR TAA 3 -
5. S €. £ 8 $ 5 TRA T . tof
[ §8 8% 82 > s 3 X
§9 S8 O o S = « | '
O 1200}- -2 S 8.6 § 3 & '
§38 S8 d & >
< T a%erls ° ' |
S o3 S 9
DG, 4= 8% ! t
S e33l ‘
QU o “ ; l ’
Y] '
=
A~ |
' . . } O — coidest yeor in 30 yeor period
i I X
. ' ® -
+ ‘ —d
l - NOTES
’ t N ] - - * monfMy temperotures
l J “pyriod of record, 11 yeors.
o o] o o T "o o)
§ o o o 3 o o o
o N b4 © @ Q S
ME AN AIR FREEZING INDEX

U.S, Army Corps of Engilneers

§
i
+
]
|

U.S. Army Corps of Engiqeerg

LEGENOD

— Average of 3 coldest years in 30 yeor period
Average of S coidest years in 30 year period

. Meon oir freexing indexes were compuled from meon

Figure 3-4. Relationships between mean and other air freezing indices,

2400

2600

2800

y ‘doyd ‘9-88 WAV/Z-818-§ W1

ti li

0c'd



http://intlir.cn

P.21

240n

FHEH It H e e R 'Hﬁﬁiﬂﬁ.’{:: i !T!*‘Lﬂn il
ABENRANSI T TL g8 HH yuityg et e .42 o8 ltJA‘If;l;l"J N
SREEGINM it . it AR R AN i LN Y S DR Pt DEDEMENRENPOUS 1 044 l;' d
T chppiten s
H- =lih i r
Sad NOTES b i o
1+ ﬁ?l..hg N o
1T l. Frost penetration depths are based on modified IR L{‘: L -
_;% Berggren formula and computation procedures Sl P e e
. outlined {n T 5-852-6/AFM 88-19, Chap. 6. T 'i .b ; T
R H i i
5 YRS Hils n
- 2, Frost penetration depths are measured from pave- il 11. 2°/¢,1 ! Hum ;‘ [
200 4 ment surface. Depths shown are computed for 12- T R HETT i : I[ j""!"i‘l" T e e
| 1 tach PCC pavements kept free of snow and ice, and S 1l~ 1 1 :o H14 } °~ fH T -
it are good approximations for bituminous pavements H 1'!1‘“ .1 f i ! l l[2 /o, 135 pCf;
[ over f to 9 fnches of high quality base. Computa- T ‘.Jl ._l SRE RIS (ELHE0E 13t e 11 R 1 T
n tions also assume all soil heneath pavements with- | + BRI AR Y-
B Heitpde - [REE a
b - {n depths of frost penetration {s granular aed non- ! B i ] “ H 2"{{ h t51/°u" l.sq PCf
[ frost-susceptible with indicated dry unit welght T ERSR e REY R THI I i gmnON
" and moisture content. 4“ ul%' 3 ){ i 1/ il “ !
T H e websast N Al s ik
[ 3. It was assumed in computations that all soil moisture t magas A l{i *
1 freezes when soil is cooled below 32°F. ol LL H L!J J“ HH {
: R et e - tH441 -.L
|60: 4. Dry unit wefght and moisture content (in percent) - ____‘i ’ T :
a given on figures. 114t .b g FEH il i “i‘
»j 29951 -JD:‘_‘- Y rin .?'é
1 S. For pavement design, use design freezing {ndex b T : .‘ /0.
? 8 (para. 1-2,b(5) and 3-3). L L-F‘H»--] H{H LG
= . ] CHASTIA L N
~ uag TEH 2y 188
c H- Notes to figure 3-5. 1 A f“’] ik
o : IHHLEEA A A
>~ Aug 44 4 H H
o N - e ceperperres " .t ity A H ]
v 1 / i1
= } LH ﬂh i Jéss ‘ 1 il 1
@ 12 T T frt i
[= anm ! -l SREERERARRNE L1 P :t HEHHTH
g a9 Nt i SEBREARS 8 1 ’ -[.h :‘
]
:s + - b4 2 axrsdbe. H
- | » _M" HTHHR
v {4 444 agee H
S EgeuRREl L KNJIEN 14 r },
i i I
u 8 0 1111 ¢
N [ tH nr ,._44..1 <+ +f +141 1
B - H +hbet b4
i L7 ugaae LN i
T : HEEREEL i EEEER R e
g L e : si37lie) Hp fihba T i
80 4=t 41 443 14 14 5 e g ¢4 +H v
111 - 5 -t 0
iaalapeds a8 il ‘ veagas diibliinasast afs it
I AT HGHE Rpgae . :
L ITIT t,lr» 1 .{ ERHEVT 14 IR | H
L Palitakefitovnts A H S HEHH TR “.'
RS ﬂﬁiij_1-§ﬂ'7’ gt Tl o s
X 4- 1 : 414414 b it
1L [ B 0 SER RN
it TEH TR AR e e
1 -:-r-_:[ -.{1 Aty s - i g
2 RPGASSENT Fast AL N S HH Hil ittt
hRaRRsEst) ; £ﬁ in Hy{ 1 hllil T
E : pheved 4 HF Hi444 ~4r: FHH®
it b 144 H 4 TR ) T 177 Hr H bt i PNl
LEFTHH A HH Bt i i
mr L‘“L-{ -I:—hﬂff' HYE l n't'i i_.,1 i L 'e!'
S} r e Hibe b Rt LA A uillal
T +1+ " +
T T s g i
s l LR LR BT
58 et Stal it indnsubtnsin i
it it T
: frits, fiili lF A L i W
F Pt e =B e

Air Freezing Index (°F-days)

U.S. Army Corps of Engineers

Figure 3-5. Frost penetration beneath pavements. (Sheet 1 of 3)
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4

depthe. beneath surfaces, other than pavements kept
free of snow and ice, are discussed in TM
5-852-6/AFM 88-10 Chap 6.

3-5. Water

A potentially troublesome water supply for ice segre-

gation is present if the highest groundwater table or a
perched water table is, at any tiwse of the year, within
5 fest of the proposed subgrade surface or of the top of-
any frost-suscepiible subtvase materials: used. A water
table less. tham 5 feet deep indicafes potential ground
moisture problems: with associzied prof¥ens: of severe
frost heawing, and: therw weaiteving:. § @l dopilts fo the
water mn‘r i'xs ﬁ@‘WeMn Zu sm& '&2) foet,, &}"m pswm m ¥

bemasm sﬁ‘wm it m‘m wager MM& 5 fwz dmru :md that
with the water bl move than 10 feet deep, as de-
sembed below. Whwen the depth to the top of the water
table is in excess of 10 feet throughout the xeer, ice

TM 5-818-2/AF. 6, CRap.

2.
segregation and frost heave may be reduced, but sp-:

cial subgrade preparation techniques are still meees-

sary to make the materials more uniform. Siftt s
grades may retain enough moisture to cause: sigmidfi-
cant frost heave and thaw weakening even whem the
water table is more than 10 feet below them. Special
precautions. must be taken when these mils are

encountered and a relatively thin pavement section is

planned, e.g. all-bitumizous concrete. The waier con-
tent that homogenecws clay subgrades will attain is
usually sufficient 10 cause: some ice segregation, even
with a remaiic water tablie. Closed-system laboratory
freszimg tests that correspond to a field condition with
a very deep wilter table wenally indicate less severe
heuwing tham will actually teke place. This is because
moisture contents near complete saturation may occur
in the top of 2 frost-susceptible subgrade from surface

_imfiliiation through pavement and shoulder areas or

from other sources.
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CHAPTER 4

THICKNESS DESIGN OF LAYERED PAVEMENT STRUCTURE

25

9

4-1. Alternative Metheds of 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 deteriora-
tion under traffic loads and environmental conditions
will be acceptably low. In seasonal frost areas the
thickness design process must include the studies and
analyses required by TM 5-822-~5/AFM 88-7, Chap. 3,
TM-5-822-6/AFM 88-7, Chap. 1, TM 5-825-2/AFM
88-6, Chap. 2, TM 5-824-3/AFM 88-6, Chap. 3, and
TM 5-823-3, and it must also account for the effects
of frost action. Two methods are prescribed here for
determining the thickness design of a pavement that
will have adequate resistance to 1) distortion by frost
heave, and 2) cracking and distortion under traffic
loads as affected by seasonal variation of supporting
capacity, including possible severe weakening during
frost-melting periods.

a. Limited subgrade frost penetration method. The
first method is directed specifically to the control of
pavement distortion caused by frost heave. It requires
a sufficient thickness of pavement, base and subbase
(chap 5) to limit the penetration of frost into the frost-
susceptible subgrade to an acceptable amount. In-
cluded also in this method is a design approach which
determines the thickness of pavement, base and sub-
base necessary to prevent the penetration of frost into
the subgrade. Prevention of frost penetration into the
subgrade is nearly always uneconomical and unneces-
sary, and will not be used to design pavements to serve
conventional aircraft and motor vehicle traffic, except
when approved by HQDA (DAEN-ECE-G) or HQ
AFESC. For pavements where layers of synthetic ther-
mal insulation are permitted, full protection of the
subgrade against freezing may be feasible. Guidance
for the use of insulation is provided in appendix C.

b. Reduced subgrade strength method. The second
method does not seek to limit the penetration of frost
into the subgrade, but determines the thickness of
pavement, base and subbase (chap 5) that will ade-
quately carry traffic loads over the design peried of
years, each of which includes one or more pericds dur-
ing which the subgrade supporting capacity is sharply
reduced by frost melting. This approach relies on uni-
form subgrade conditions, adequate subgrade prepara-

tion techniques (chap 7) and transitions for adequate
control of pavement roughness resulting from differ-
ential frost heave.

4-2. Selection of design methed

In most cases the choice of the pavement design meth-
od will be 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
cost, include pavements in locations where subgrade
soils are so extremely variable (as, for example, in
some glaciated areas) that the required subgrade prep-
aration techniques could not be expected to suffi-
ciently restrict differential frost heave. In other cases
special operational demands on the pavement might
dictate unusually severe restrictions on tolerable pave-
ment roughness, requiring that subgrade frost pene-
tration be strictly limited or even prevented.

a. If use of the limited subgrade frost penetration
method is not required, tentative designs must be pre-
pared by both methods for comparison of costs. Also, a
tentative design must be prepared following the non-
frost-design criteria of TM 5-822-5/AFM 88-7, Chap.

3, TM 5-822-6/AFM 88-7, Chap. 1, TM 5-825-2/

AFM 88-6, Chap. 2, TM 5-824-3/AFM 88-6, Chap. 3,
or TM 5-823-3, since the thickness requirements un-
der non-frost-criteria must be met in addition to the
frost design requirements. .

b. In accordance with anticipated traffic patterns,
airfield pavements are normally divided into four traf-
fic areas (A, B, C and D) as defined in TM 5-824-1/
AFM 88-6, Chap. 1. When the limited subgrade frost

penetration method is used, the traffic area concept is -

not applicable in determining the required combined
thickness of pavement and base, the latter being a
fixed value for all traffic areas. When the reduced sub-
grade strength design method is used for flexible pave-
ments, the combined thicknesses of pavement and
base required for each traffic area differ. Thus, the to-
tal thickness required may change abruptly in the
longitudinal direction or across the transverse section
of a feature because two types of traffic areas are in-
cluded. Transitions in the combined thickness of pave-
ment and base should be provided as described in para-
graph 7-3. All such thickness transitions should be

made by increasing the thickness of the less costly ma-

terials used in the subbase,
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4-3. Design for Limited Subgrade Frost
Penetration—Airfields and Roads

This method of design for seasonal frost conditions
should be used where it requires less thickness than
the reduced subgrade strength method. Its use is likely
to be economical only in regions of low design freezing
index, or for pavements for heavy-load aircraft in re-
gions of moderate to high freezing index.

a. The design freezing index should be used in deter-
mining 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 winters
do not fall below freezing. A design method has been
adopted, therefore, that uses the average air freezing
index for the 3 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 be provided. The design freezing index is
more explicitly defined in paragraph 1-2H(5).

b. The design method permits a small amount of
frost penetration into frost-susceptible subgrades for
the design freezing index year. The procedure is de-
scribed 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. As the base
course may in some cases comprise successive layers
containing substantially different fines contents (see
chap 5), the average moisture content and dry unit
weight should be weighted in proportion to the thick-
nesses of the various layers. Alternatively, if layers of
bound base course (para 1-2g(2)) and granular un-
bound base course (para 1-2g(10)) are used in the pave-
ment, the average may be assumed to be equal to the
moisture content and dry unit weight of the material
in the granular unbound base course.

(2) From figure 3-5, determine frost penetration
a, which would occur in the design freezing index year
in a base material of unlimited depth beneath a 12-
inch thick rigid pavement or bituminous pavement
kept free of snow and ice. Use straight line interpola-
tion where necessary. For rigid pavements greater
than 12 inches in thickness, deduct 10 degree-days for
each inch of pavement exceeding 12 inches from the
design freezing index before entering figure 3-5 to de-
termine frost penetration a. Then add the extra con-
crete pavement thickness to the determined frost
penetration.

(3) Compute base thickness c (fig 4-1) required
for zero frost penetration into the subgrade as follows:

thickness of portland-cement
= a - p, where p = concrete or bituminous

concrete.
water content of
: sugrade
tior =
(4) Compute rati water content of base

(5) Enter figure 4-1 with c as the abscissa and, at
the applicable value of r, find on the left scale the de-
sign base thickness b that will result in the allowable
subgrade frost penetration s shown on the right scale.
If r computed in paragraph 4- 3b(4) above is equal to or
exceeds 2.0, use 2.0 in figure 4-1 for type A and B
traffic areas on airfield pavements. If r is equal to or
exceeds 3.0, use 3.0 for all pavements other than those
in type A or B traffic areas at airfields.

c. The above procedure will result in a sufficient
thickness of material 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. The reason for estabhshmg a maximum limit for
r is that not all the moisture in fine-grained soils will
actually freeze at the subfreezing temperatures that
will penetrate the subgrade. By limiting r to 2.0 for
type A and B traffic areas on airfields, greater thick-
ness will result, thereby causing differential frost
heave to be less than on other pavements.

d. When the maximum combined thickness of pave-
ment and base reqmred by this design procedure ex-
ceeds 60 inches, consideration shall be given to alter-
natives such as the following:

(1) Limiting total combined thickness to 60 inches
and, in rigid-type pavements, using steel reinforce-
ment to prevent large cracks.

(2) Limiting total combined thickness to 60 inches
and, in rigid- type pavements, lumtmg the maximum
slab dimensions (as to 15 feet) without use of reinforce-
ment.

(3) Reducing the required combined thickness by
use of a subbase of uniform fine sand, with high mois-
ture when drained, in lieu of a more free-draining ma-
terial.

(a) The first two of these alternatives may result
in a greater surface roughness than obtained under the
basic design method because of greater subgrade frost
penetration. With respect to the third alternative, it
should be noted that base course drainage require-
ments of TM 5-820-2/AFM 88-5, Chap. 2, must still
be met. If steel reinforcement, reduced slab dimen-
sions, high-moisture-retention base course or com-
bined thickness over 60 inches is selected for frost de-
sign purposes, specific approval of HQDA (DAEN-
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Figure 4-1. Design depth of non-frost-susceptible base for limited subgrade frost penetration.
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ECE-G) or HQ, AFESC shall be obtained.

(b) Less total thickness of pavement and base
than indicated by the basic design method may also be
used if definite justification, based on local experience
or on special conditions of the design, is provided;
again this is subject to approval of HQDA (DAEN-
ECE-G) or HQ, AFESC.

e. If the combined thickness of pavement and base
required by the non-frost-criteria of TM 5-822-5/
AFM 88-7, Chap. 3, TM 5-822-6/AFM 88-7, Chap. 1,
T™™ 5-825-2/AFM 88-6, Chap. 2, TM 5-824-3/
AFM 88-6, Chap. 3, or TM 5-823-3 exceeds the thick-
ness given by the limited subgrade frost penetration
procedure of design, the greater thickness given by the
non-frost-criteria will be adopted as the des1gn thick-
ness.

f. The base course composition requirements of
chapter 5 should be rigorously followed. The design
base thickness determined in paragraph 4-3b(5) is the
total thickness of filter layers, granular unbound base
and subbase, and any bound base. The thickness of the
asphalt surfacing layer and of any bound base, as well
as the CBR (California Bearing Ratio) requirements of
each layer of granular unbound base, will be deter-
mined as set forth in TM 5-825-2/AFM 88-6, Chap. 2
and TM 5-822-5/AFM 88-7, Chap. 3. The thickness
of rigid pavement slab will be determined from TM
5-824-3/AFM 88-6, Chap. 3, TM 5-823-3, and TM
5-822-6/AFM 88-7, Chap. 1.

4-4. Design for Reduced Subgrade
Strength—Airfields and Roads

Thickness design may also be based on the seasonally
varying subgrade support that includes sharply re-
duced values during thawing of soils that have been af-
fected by frost action. Excepting pavement projects
for heavy-load aircraft or those that are located in re-
gions of low design freezing index, this design proce-
dure usually requires less thickness of pavement and
base than that needed for limited subgrade frost pene-
tration. The method may be used for both flexible and
rigid pavements wherever the subgrade is reasonably
uniform or can be made reasonably horizontally uni-
form by the required techniques of subgrade prepara-
tion. This will prevent or minimize significant or objec-
tionable differential heaving and resultant cracking of
pavements. When the reduced subgrade strength
method is used for F4 subgrade soils, unusually rig-
orous control of subgrade preparation must be re-
quired. When a thickness determined by the reduced
subgrade strength procedure exceeds that determined
for limited subgrade frost penetration, the latter,
smaller value shall be used, provided it is at least equal
to the thickness required for non-frost-conditions. In
situations where use of the reduced subgrade strength
procedure might result in objectionable frost heave,

4-4

but use of the greater thickness of base course indi-
cated by the limited subgrade frost penetration design
procedure is not considered necessary, intermediate
design thicknesses may be used. However, these must
be justified on the:basis of frost heaving experience de-
veloped from exisfing airfield and highway pavements
where climatic and soil condltlons are comparable.

a. Thickness of flexible pavements. In the reduced
subgrade strength procedure for design, the design
curves in TM 5-825-2/AFM 88-6, Chap. 2, should be
used to determme the combined thickness of flexible
pavement and base required for aircraft wheel loads
and wheel assemblies, and the design curves of TM
5-822-5/AFM 88-7, Chap. 3, should be used for high-
way and parking area design. In both cases, the curves
should not be entered with subgrade CBR values deter-
mined by tests or. estimates, but instead with the ap-
plicable frost-area soil support index from table 4-1.
Frost-area soil support indices are used as if they were
CBR values; the term CBR is not apphed v0 them, how-
ever, because, being weighted average values for an
annual cycle, their value cannot be determined by CBR
tests. The soil support index for S1 or S2 material
meeting current specifications for base or subbase will
be determined by conventional CBR tests in the un-
frozen state.

Table 4~1. Frost-area 'soil support indices for subgrade soils for
flexible pavement design.

Frost group of subgrade soil FlandS1 F2andS2 F3andF4

Frost-area soil support
index 9.0 6.5 3.5

(1) General field data and experience indicate that
on the relatively narrow embankments of highways,
reduction in strerigth of subgrades during frost melt-
ing may be less mnsubstantlal fllls than in cuts because
of better dramage conditions and less intense ice segre-
gation. If local field data and experience show this to
be the case, then a reduction in combined thickness of
pavement and base for frost conaitions of up to 10 per-
cent may be permitted for highways on substantial
fills. !

2) T™M 5- 825 2/AFM 88-6, Chap. 2, and TM
5-822-5/AFM 88-7, Chap. 3, should also be used to
determine the thicknesses of individual 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 re-
quirements set forth in chapter 5 must be followed rig-
orously. \

b. Thickness of rigid pavements. Where frost is ex-
pected to penetrate into a frost-susceptible subgrade
beneath a rigid pavement, it is good practice to use a
non-frost-susceptible base course at least equal in
thickness to the slab. Experlence has shown, however,
that rigid pavements with only a 4-inch base have per-




formed well in cold environments with relatively uni-
form subgrade conditions. Accordingly, where sub-
grade soils can be made reasonably uniform by the re-
quired procedures of subgrade preparation, the mini-
mum thickness of granular unbound base may be re-
duced to a minimum of 4 inches. The material shall
meet the requirements set forth for free-draining ma-
terial in paragraph 5-1, as well as the criteria for filter
under pavement slab stated in paragraph 5-5. If it
does not also meet the criteria for filter over subgrade
as stated in paragraph 5-4, a second 4-inch layer meet-
ing that criterion shall be provided.

(1) Additional granular unbound base course, giv-
ing a thickness 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. 4-2) and permitting a pavement
slab of less thickness. Bound base also has significant
structural value, and may be used to effect a further
reduction in the required thickness of the pavement
slab. TM 5-824-3/AFM 88-6, Chap. 3, TM 5-823-3,
and TM 5-822-6/AFM 88-7, Chap. 1, establish cri-
teria for determination of the required thickness of
rigid pavement slabs in combination with a bound base
course. The provisions of chapter 5, referenced above,
comprising requirements for granular unbound base as
drainage and filter layers, will still be applicable.

300
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U.S. Army Corps of Engineers

Figure 4-2. Frost-area index of reaction for design of rigid airfield
and highway pavements.
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(2) The thickness of concrete pavement will be de-
termined in accordance with TM 5-824-3/AFM 88-6,
Chap. 3, or TM 5-823-3 for airfields and T™M
5-822-6/AFM 88-7, Chap. 1 for roads and parking
areas, using the frost-area index of reaction deter-
mined from figure 4-2 of this manual. This figure
shows the equivalent weighted average index of reac-
tion values for an annual cycle that includes a period
of thaw-weakening in relation to the thickness of base.
Frost-area indices of reaction are used as if they were
moduli of reaction, k, and have the same units. The
term modulus of reaction is not applied to them, how-
ever, because being weighted average values for an an-
nual cycle, they cannot be determined by a plate-bear-
ing test. If the modulus of reaction, k, determined
from tests on the equivalent base course and subgrade,
but without frost melting, is numerically smaller than
the index of reaction obtained from figure 4-2, the
test value shall govern the design.

4-5. Design of Flexible Pavement for Run-
way Overruns

a. Frost condition requirements. A runway overrun
pavement must be designed to withstand occasional
emergency aircraft traffic such as short or long land-
ings, aborted takeoffs and possible barrier engage-
ments. The pavement must also serve various mainte-
nance vehicles such as crash trucks and snowplows.
The design of an overrun must provide:

(1) Adequate stability for very infrequent aircraft
loading during the frost-melting period.

(2) Adequate stability for normal traffic of snow-
removal equipment and possibly other maintenance
vehicles during frost-melting periods.

(3) Sufficient thickness of base or subbase mate-
rials of low heave potential to prevent unacceptable
roughness during freezing periods.

b. Overrun design for reduced subgrade strength.
To provide adequate strength during frost-melting pe-
riods, the flexible pavement and base course shall have
the combined thickness given by the design curves in
T™M 5-825-2/AFM 88-6, Chap. 2; enter the curves
with the applicable frost-area soil support index given
in table 4-1 of this manual. The thickness established
by this procedure shall have the following limitations:

(1) It shall not be less than required for non-frost-
condition design in overrun areas, as determined from
TM 5-825-2/AFM 88-6, Chap. 2.

(2) It shall not exceed the thickness required un-
der the limited subgrade frost penetration design
method.

(3) It shall not be less than that required for nor-
mal operation of snowplows and other medium to
heavy trucks.

The subgrade preparation techniques and transition
details outlined in chapter 7 of this manual are re-

45
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quired for overrun pavements. The composition of the
layered pavement structure shall conform with the ap-
plicable requirements of TM 5-825-2/AFM 88-6,
Chap. 2, except that the composition of base courses
shall also conform with the requirements of chapter 5
of this manual.
¢. Overrun design for control of surface roughness.
In locations with low to moderate design freezing in-
dices, thicknesses smaller than those required by the
reduced strength method may be given by the limited
subgrade frost penetration method of design. If this
happens, the latter should be used, but in no case will
combined thicknesses smaller than those given for
non-frost-design by TM 5-825-2/AFM 88-6, Chap. 2,
be adopted. On the other hand, in some instances, local
experience may indicate that a design thickness deter-
. mined by the reduced subgrade strength method,
coupled with the required subgrade preparation proce-
dures and transitions (chap 7), will not restrict maxi-
mum differential frost heave to an amount which is
reasonable for these emergency areas, generally not
more than about 3 inches in 50 feet. In the selection of
a design for restricting frost heave, consideration
must be given to type of subgrade material, availabil-
ity of water, depth of frost penetration and local ex-
perience. Guidance is provided in the following sub-
paragraphs.

(1) For a frost group F3 subgrade, differential
heave can generally be controlled to 3 inches in 50 feet

- by providing a thickness of base and subbase equal to
60 percent of the thickness required by the limited
subgrade frost penetration design method.

(2) For well-drained subgrades of the F1 and F2
frost groups, lesser thicknesses are satisfactory for
control of heave. However, unless the subgrade is non-
frost-susceptible, the minimum thickness of pavement
and base course in overruns should not be less than 40

percent of the thickness required for limited subgrade -

frost penetration design.

(3) The criteria set forth in subparagraphs 4-5¢(1)
and 4-5c¢(2) apply only if they require a combined
pavement and base thickness in excess of that required
in subparagraph 4-5b, which is the minimum thick-
ness needed for adequate load supporting capacity.

4~6. Design of Shoulder Pavements
6. Pavement thickness design and composition of

base courses. Where paved shoulders are required on
heavy-, medium- and light-load design airfields, the
flexible pavement and base shall have the combined
thickness given by the design curve in TM 5-825-2/
AFM 88-6, Chap. 2; enter the curve with the applic-
able frost-area soil support index shown in table 4-1,
Subgrade preparation as set forth in chapter 7 is re-
quired. If the subgrade is highly susceptible to heave,
local experience may indicate a need for a pavement
section that incorporates an insulating layer or for ad-
ditional granular unbound material to moderate the ir-
regularity of pavement deformations resulting from
frost heave. The composition of base courses for
shoulder pavements will be as provided in chapter 5.

b. Control of differential heave at small structures
located within shoulder pavements To prevent objec-
tionable heave of small structures inserted in shoulder
pavements, such as drain inlets.and bases for airfield
lights, the pavement substructure, extending at least 5
feet radially from them, should be desigiied and con-
structed entirely: with non-frost-susceptible base and
subbase course materials of sufficient thickness to pre-
vent subgrade freezing. Gradual transitions are re-
quired in accordance with the provisions of paragraph
7-3. Alternatively, synthetic insulation could be
placed below a base of the minimum prescribed thick-
ness to prevent the advance of freezing temperatures
into the subgrade; suitable transitions to the adjoining
uninsulated paveinent would be'needed.

4-7. Use of Stete Highway Requirements for
Roads, Streets and Open Storage Areas

To provide further flexibility in design options, and to
exploit economical local materials and related experi-

~ ence, state highway requu'ements may be used for

pavements with a design index! less than 4. Design in-
dex is defined in TM 5-822-5/AFM 88-7, Chap. 3, and
TM 5-822-6/AFM 88-7, Chap. 1. The decxsxon to use
local state highway requirements will be based on
demonstrated satisfactory performance of pavements
in that state as determmed by observation and experi-
ence. This should give reasonable assurance that the
life cycle cost resultmg from use of state highway re-
quirements is comparable to that from use of Army
criteria and procedures. If state requirements are
used, the entire pavement should conform in every de-
tail to the applicable state criteria.
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CHAPTER 5

BASE COURSE COMPOSITION REQUIREMENTS

5-1. Free-draining Material Directly Beneath
Bound Base or Surfacing Layer

Base courses may be made up of either granular un-
bound materials or bound base materials or a combina-
tion of the two. However, a cement- or lime-bound base
should not be placed directly beneath bituminous pave-
ment unless approved by HQDA (DAEN-ECE-G) or HQ
AFESC. Also, an unbound base course will not be
placed between two relatively impervious bound lay-
ers. If the combined thickness, in inches, of pavement
and contiguous bound base courses is less than 0.09
multiplied by the design air freezing index (this calcu-
lation 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 material shall be placed di-
rectly beneath the lower layer of bound base or, if
there is no bound base, directly beneath the pavement
slab 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 require-
ment it probably will have to be screened and washed.
The material in the 4-inch layer must also conform
with the filter requirements prescribed in paragraphs
5-4 and 5-5. If the structural criteria for design of the
pavement do not require granular unbound base other
than the 4 inches of free draining material, the materi-
al in the 4-inch layer must be checked for conformance
with the filter requirement of paragraphs 5-4 and
5-5. If it fails the test for conformance, an additional
layer meeting those requirements must be provided.

5-2. Other Granular Unbound Base Course

If the structural criteria for design of the pavement re-
quire more granular unbound base than the 4-inches of
free draining material, the material shall meet the ap-
plicable requirements of current guide specifications
for base or subbase materials. In addition, the top 50
percent of the total thickness of granular unbound
base must be non-frost-susceptible and must contain
not more than 5 percent by weight of particles passing
a no. 200 sieve. The lower 50 percent of the total thick-
ness of granular unbound base may be either non-frost-
susceptible material, S1 material or S2 material. If the
subgrade soil is S1 or S2 material meeting the require-
ments of current guide specifications for base or sub-
base, the lower 50 percent of granular base will be
omitted. An additional requirement, if subgrade freez-

ing will occur, is that the bottom 4-inch layer in con-
tact with the subgrade must meet the filter require-
ments in paragraph 5-4, or a geo-textile fabric meet-
ing the filter requirements must be placed in contact
with the subgrade. The dimensions and permeability
of the base should satisfy the base course drainage cri-
teria given in TM 5-820-2/AFM 88-5, Chap. 2, as well
as the thickness requirements for frost design. Thick-
nesses indicated by frost criteria should be increased if
necessary to meet subsurface drainage criteria. Base
course materials of borderline quality should be tested
frequently after compaction to ensure that the mate-
rials meet these design criteria. When placed and
compacted, subbase and base materials must meet
the applicable compaction requirements in TM
5-822-5/AFM 88-7, Chap. 3, TM 5-822-6/AFM
88-7, Chap. 1, TM 5-824-3/AFM 88-6, Chap. 3, or
TM 5-825-2/AFM 88-6, Chap. 2.

5-3. Use of F1 and F2 Soils for Base Materials
for Roads and Parking Areas

A further alternative to the use of S1 and S2 base ma-
terials is permitted for roads and vehicle parking
areas. Materials of frost groups F1 and F2 may be used
in the lower part of the base over F3 and F4 subgrade
soils. F1 materials may be used in the lower part of the
base over F2 subgrades. The thickness of F2 base ma-
terial should not exceed the difference between the re-
duced-subgrade-strength thickness requirements over
F3 and F2 subgrades. The thickness of F1 base should
not exceed the difference between the thickness re-
quirements over F2 and F1subgrades. Any F1 or F2
material used in the base must meet the applicable
requirements of the guide specifications for base or
subbase materials. The thickness of F1 and F2 mate-
rials and the thickness of pavement and base above
the F1 and F2 materials must meet the non-frost-
criteria in TM 5-822-5/AFM 88-7, Chap. 3, or TM
5-822-6/AFM 88-7, Chap. 1.

5-4. Filter Over Subgrade

a. Granular filters. For both flexible and rigid pave-
ments under which subgrade freezing will occur, at
least the bottom 4 inches of granular unbound base
should consist of sand, gravelly sand, screenings or
similar material. It shall be designed as a filter be-
tween the subgrade soil and overlying base course ma-

5-1
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terial to prevent mixing of the frost-susceptible sub-
grade with the base during and immediately following
the frost-melting period. This filter is not intended to
serve as a drainage course. The gradation of this filter
material should be determined in accordance with cri-
teria presented in TM 5-820-2/AFM 88-5, Chap. 2,
with the added overriding limitation that the material
must be nonfrost-susceptible, or of frost group S1 or
S2. Experience shows that a fine-grained subgrade soil
will work up into a coarse, open-graded overlying grav-
el or crushed stone base course under the kneading ac-
tion of traffic during the frost-melting period if a filter
course is not provided between the subgrade and the
overlying material. Experience and tests indicate that
well-graded sand is especially suitable for this filter
course. The 4-inch minimum filter thickness is dic-
tated primarily by construction requirements and limi-
tations. Greater thicknesses should be specified when
required to suit field conditions. Over weak subgrades,
a 6-inch or greater thickness may be necessary to sup-
port construction equipment and to provide a working
platform for placement and compaction of the base

5-2

course.

b. Geotextile fabric filters. The use of geotextile
fabrics in lieu of a granular filter is encouraged. No
structural advantage will be attained in the design

~ when a geotextile fabric is used; it serves as a separa-

tion layer only. HQDA (DAEN- ECE G) or HQ AFESC
should be contacted for guxdance and approval of the
materials proposed for a specific project. Gradations of
materials to be located above and below the fabric
should also be furnished.

5-5. Filter Under Pavement Slab

For rigid pavements, all-bituminous-concrete pave-
ments and pavements whose surfacing materials are
constructed directly over bound base courses, not more
than 85 percent of the filter or granular unbound base
course material placed directly beneath the pavement
or bound base cotirse should be finer than 2.00 milli-
meters in diameter (U.S. standard no. 10 sieve) for a
minimum thickness of 4 inches. The purpose of this re-
quirement is to prevent loss of support by the pumping
of soil through joints and cracks.
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CHAPTER 6

USE OF STABILIZED SOILS IN FROST AREAS

6-1. Stabilizers and Stabilized Layers

a. Additives. Asphalt, portland cement, lime and
Lime-Cement-Flyash (LCF) are the most common addi-
tives used in stabilized soils. Other stabilizers may be
used for pavement construction in frost areas only
with the express approval of HQDA (DAEN-ECE-G) or
HQ AFESC, as applicable. The limitations of use, the
basic requirements for mixture design and the stabili-
zation procedures using bituminous and chemical
stabilizers are set forth in TM 5-822-4/AFM 88-7,
Chap. 4. Pertinent information also is presented in TM
5-825-2/AFM 88-6, Chap. 2, and TM 5-824-3/AFM
88-6, Chap. 3. Special or supplemental requirements
are outlined in the following paragraphs.

b. Limitations of use. In frost areas, stabilized soil
in most cases will be used only in a layer or layers mak-
ing up one of the upper elements of a pavement sys-
tem. Usually, it will be placed directly beneath the
pavement surfacing layer, where the added cost of sta-
bilization is compensated for by its structural advan-
tage in effecting a reduction in the required thickness
of the pavement system. However, a cement, lime or
LCF-stabilized base should not be placed directly be-
neath bituminous pavements because cracking and
faulting will be significantly increased. Treatment
with a lower degree of chemical stabilization in layers
placed at lower levels within the pavement system
should be used in frost areas only with caution and
after intensive tests. This is because weakly cemented
material usually has less capacity to endure repeated
freezing and thawing without degradation than firmly
cemented material. A possible exception is the use of a
low level of stabilization to improve a soil that will be
encapsulated within an impervious envelope as part of
a Membrane Encapsulated Soil Layer (MESL) pave-
ment system. Appendix D contains additional guid-
ance on the use of MESL in pavement systems in cold
regions. The limited experience to date suggests that a
soil that is otherwise unsuitable for encapsulation, be-
cause moisture migration and thaw weakening are ex-
cessive, may be made suitable for such use by moder-
ate amounts of a stabilizing additive. Materials that
are modified by small amounts of chemical additive al-
so should be intensively tested to make sure that the
improved material is durable through repeated freeze-
thaw cycles and that the improvement is not achieved
at the expense of making the soil more susceptible to
ice segregation.

c. Construction cut-off dates. For materials sta-
bilized with cement, lime or LCF whose strength in-
creases with length of curing time, it is essential that
the stabilized layer be constructed sufficiently early in
the season to allow development of adequate strength
before the first freezing cycle begins. Research has
shown that the rate of strength gain is substantially
lower at 50°F, for example, than at 70° or 80°F. Ac-
cordingly, in frost areas it is not always enough to pro-
tect the mixture from freezing during a 7-day curing
period as required by the applicable guide specifica-
tions. A construction cut-off date well in advance of
the onset of freezing may be essential. General guid-
ance for estimating reasonable construction cut-off
dates that will allow time for development of frost-re-
sistant bonds are presented in Transportation Re-
search Board Records 442, 612 and 641.

6-2. Stabilization With Lime and With LCF

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 systems
in frost areas, except possibly in a MESL pavement
system as previously mentioned. Lime, cement and a
pozzolanic material such as flyash may be used in some
cases to produce a cemented material of high quality
that is suitable for upper base course and that has ade-
quate 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/AFM 88-7, Chap.
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/AFM 88-7, Chap. 4, for cement-stabilized
soil. The procedures of ASTM D-560 should be fol-
lowed for freeze-thaw testing, except that the speci-
mens should be compacted 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/AFM 88-7, Chap. 4, for unconfined com-
pression tests on lime-stabilized soil.

b. Lime-stabilized soil. If it is economical to use
lime-stabilized or lime-modified soil in lower layers of
a pavement system, a mixture of adequate durability
and resistance to frost action is still necessary. In addi-
tion to the requirements for mixture design of lime-
stabilized and lime-modified subbase and subgrade ma-
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terials set forth in TM 5-822-4/AFM 88-7, Chap. 4,
cured specimens should be subjected to the 12 freeze-
thaw cycles of ASTM D 560 (but omitting wire-brush-
ing) or other applicable freeze-thaw procedures. This
should be followed by determination of frost-design
soil classification by means of standard laboratory
freezing tests. These tests should be conducted by
USACRREL in Hanover, New Hampshire. For lime-
stabilized or lime-modified soil used in lower layers of
the base course, the frost-susceptibility, determined
after freeze-thaw cycling, should meet the require-
ments set forth for base course in chapter 5 of this
manual. If lime-stabilized or lime-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 subgrade
strength design method is applied.

6-3. Stabilization With Portland Cement

Cement-stabilized soil meeting the requirements set
forth in TM 5-822-4/AFM 88-7, Chap. 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 re-
quirements of TM 5-822-4/AFM 88-7, Chap. 4 also
may be used in frost areas. However, in addition to the
procedures for mixture design specified in the TM,
cured specimens of cement-modified soil should be
subjected to the 12 freeze-thaw cycles of ASTM D 560
(but omitting wire-brushing) or other applicable freeze-

6-2

thaw procedures. This should be followed by deter-
mination of frost design soil classification by means of
standard laboratory freezing tests. These tests should
be conducted by USACRREL in Hanover, New Hamp-
shire. For cement-modified soil used in the base
course, the frost-susceptibility, determined after
freeze-thaw cycling, should meet the requirements set
forth for base course in chapter 5 of this manual. If ce-
ment-modified soil is used as subgrade, its frost-sus-
ceptibility, determined after freeze-thaw cycling,
should be used as the basis of the pavement thickness
design if the reduced subgrade design method is ap-
plied.

6-4. 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. As-
phalts are affected to a lesser extent by temperature
changes, but a grade of asphalt suitable to thé prevail-
ing climatic conditions should be selected (see app B).
Excepting these special conditions affecting the suita-
bility of particular types of bitumen, the procedures
for mixture design set forth in TM 5-822-4/AFM
88-7, Chap. 4, and TM 5-822-8/AFM 88-6, Chap. 9,
usually will ensure that the asphalt-stabilized base will
have adequate durability and resistance to moisture
and freeze-thaw cycles.

P.34




P.35_

i)

T

TM 5-818-2/AFM 88-6, Chap. 4

CHAPTER7

SUBGRADE PREPARATION AND TRANSITIONS FOR CONTROL
OF FROST HEAVING AND ASSOCIATED CRACKING

7-1. Subgrade Preparation

It is a basic requirement, for all pavements con-
structed in frost areas, that subgrades in which freez-
ing will occur shall be especially prepared to achieve
uniformity of soil conditions. In fill sections the least
frost-susceptible soils shall be placed in the upper por-
tion of the subgrade by temporarily stockpiling the
better materials, cross-hauling and selective grading.
If the upper layers of fill contain frost-susceptible
soils, 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 exca-
vated material shall be windrowed and bladed succes-
sively until thoroughly blended, and relaid and com-
pacted. The depth of subgrade preparation, measured
downward from the top of the subgrade, shall be the
lesser of:

— 24 inches

— two-thirds of the frost penetration given by figure
3-5 (except one-half of the frost penetration for air-
field shoulder pavements and for roads, streets and
open storage areas of class D, E and F) less the actual
combined thickness of pavement, base course and sub-
base course

— 72 inches less the actual combined thickness of
pavement, base and subbase.
The prepared subgrade must meet the compaction re-
quirements in TM 5-822-5/AFM 88-7, Chap. 3, TM

Subgrade

5-822-6/AFM 88-7, Chap. 1, TM 5-824-3/AFM
88-6, Chap. 3, or TM 5-825-2/AFM 88-6, Chap. 2. At
transitions from cut to fill, the subgrade in the cut sec-
tion shall be undercut and back-filled with the same
material as the adjacent fill (fig 7-1). Refer to appen-
dix A for field control of subgrade and base course ma-
terials.

a. Exceptional conditions. Exceptions to the basic
requirement for subgrade preparation in the preceding
paragraph are limited to the following:

(1) Subgrades known to be non-frost-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 thor-
ough subsurface investigations and by the perform-
ance of nearby existing pavements, if any, are excep-
tions.

(2) Fine-grained subgrades containing moisture
well in excess of the optimum for compaction, with no
feasible means of drainage nor of otherwise reducing
the moisture content, and which consequently it is not

feasible to scarify and recompact, are also exceptions.

b. Treatment of wet fine-grained subgrades. If wet
fine-grained subgrades exist at the site, it will be
necessary to achieve equivalent frost protection with
fill material. This may be done by raising the grade by
an amount equal to the depth of subgrade preparation
that otherwise would be prescribed, or by undercutting
and replacing the wet fine-grained subgrade to that

Depth of frost penetration
nfo subgrade

75 10 100'+

”~
-~

-~ Recommended Transition

- (To be undercut and reploced with
-~ materigl similor to adjocent fill)

U.S. Army Corps of Engineers

Figure 7-1. Tapered transition used where embankment material differs from natural subgrade in cut.
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same depth. In either case the fill or backfill material
may be non-frost-susceptible material or frost-suscep-
tible material meeting specified requirements. If the
fill or backfill material is frost-susceptible, it should be
subjected to the same subgrade preparation proce-
dures prescribed above.

¢. Boulder remoual. 1t is essential that all stones
larger than 6 inches in diameter be removed from
frost-susceptible subgrades to prevent boulder heaves
from damaging the pavement. In the process of con-
structing fills, all large stones should be removed from
subgrade materials that will experience freezing. In
cut sections all large stones should be removed from
the subgrade to the same depth as the special subgrade
preparation outlined in the preceding paragraphs.

7-2. Control of Differential Heave at Drains,
Culverts, Ducts, Inlets, Hydrants and

Lights
a. Design details and transitions for drains, culverts

CORRECT

{min)

Relotively Snow
Impervious \

P.36

and ducts. Drains, culverts or utility ducts placed
under pavements on frost-susceptible subgrades fre-
quently expenence differential heavmg Wherever
possible, the placmg of such facxhtxes beneath pave-
ments should be avoided. Where this cannot be

avoided, construction of drains; should be in accord-

ance with the “correct” method indicated in figure
7-2, while treatment of culverts and large ducts
should conform with figure 7-3. All drains or similar
features should be placed first and the base and sub-
base course matenals carried across them without
break so as to obtam maximum lumformxty of pave-
ment support. The practice of constmctmg the base
and subbase course and then excayatmg back through
them to lay drams pipes, etc., is unsatisfactory as a
marked discontinuity in support will result. It is al-
most impossible to compact material in a trench to the
same degree as the surroundm'g base and subbase
course materials. Also the amount of fines in the exca-
vated and backfilled material may be increased by in-

INCORRECT

Topsoilor Clay —

I\Poyemem /\

. ,
| ' ! 7 oa0-g

. . e N

Roofing Felt
or Geotextile Filter

Geotextile
Fitter

Joint Over
Transition Point

Frost-susceptible .-
Subgrade

Slopes Not Steeper

than ton 10

SUBDRAINS UNDER PAVED SURFACES

NOTES

l. fFor additional detalls on design and depth of subdrains and filter
courses see TM 5-820-2 (AFM 88-5, Chap. 2).

2. Granular or geotextile fabric filter may be necessary between base

course and subgrade (para. 5~4).

|
3. Upper 4 inches of base courge must have free-draining

characteristics (para. 5-1).

U.S. Army Corps of Engineers

Figure 7-2. Subgrade details for cold regions.
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Top of Finished Surface
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TXY7

Gronuler 0
Material
Gronular
Bedding

d. Frost Penetration>F

¢ Frost Penetrotion>E<F

TREATMENT OF CENTERLINE CULVERTS IN PLASTIC SOILS

U.S. Army Corps of Engineers

Figure 7-3. Transitions for culverts beneath pavements.

corporation of subgrade soil during the trench excava-
tion or by manufacture of fines by the added handling.
The poor experience record of combination drains—
those intercepting both surface and subsurface wa-
ter—indicates that the filter material should never be
carried to the surface as illustrated in the “incorrect”
column in figure 7-2. Under winter conditions, this
detail may allow thaw water accumulating at the edge
of the pavement to feed into the base course. This de-
tail is also undesirable because the filter is a poor sur-
face and is subject to clogging, and the drain is located
too close to the pavement to permit easy repair.
Recommended practice is shown in the “correct”
column in figure 7-2.

b. Frost protection and transitions for inlets, hy-
drants and lights. Experience has shown that drain in-
lets, fueling hydrants and pavement lighting systems,
which have different thermal properties than the
pavements in which they are inserted, are likely to be
locations of abrupt differential heave. Usually, the
roughness results from progressive movement of the
inserted items. To prevent these damaging movements
the pavement section beneath the inserts and extend-
ing at least 5 feet radially from them should be de-
signed to prevent freezing of frost-susceptible mate-
rials by use of an adequate thickness of non-frost-sus-
ceptible base course, and by use of insulation. Con-
sideration should also be given to anchoring footings
with spread bases at appropriate depths. Gradual
transitions are required to surrounding pavements
that are subject to frost heave.

7-3. Pavement Thickness Transitions

a. Longitudinal transitions. Where interruptions in
pavement uniformity cannot be avoided, differential

TM 5-818-2/AFM 88-6, Chap. 4

frost heaving should be controlled by use of gradual
transitions. Length of longitudinal transitions should
vary directly with the speed of traffic and the amount
of heave differential; for rigid pavements, transition

_sections should begin and end directly under pavement

joints, and should in no case be shorter than one slab
length. As an example, at a heavy-load airfield where
differentials of heave of 1 inch may be expected at
changes in combined thickness of pavement and base,
or at changes from one subgrade soil condition to
another, gradual changes in base thicknesses should be
effected over distances of 200 feet for the runway
area, 100 feet for taxiways, and 50 feet for aprons. The
transition in each case should be located in the section
having the lesser total thickness of pavement and
base. Pavements designed to lower standards of frost-
heave control, such as roads, shoulders and overruns,
have less stringent requirements, but may neverthe-
less need transition sections (see para 4-5).

b. Transverse transitions. A need for transitions in
the transverse direction arises at changes in total
thickness of pavement and base, and at longitudinal
drains and culverts. Any transverse transition beneath
pavements that carry the principal wheel assemblies
of aircraft traveling at moderate to high speed should
meet the same requirements applicable to longitudinal
transitions. Transverse transitions between traffic
areas C and D (see para 4-2b) should be located entire-
ly within the limits of traffic area D and should be
sloped not steeper than 10 horizontal to 1 vertical.
Transverse transitions between pavements carrying
aircraft traffic and adjacent shoulder pavements
should be located in the shoulder and should not be
sloped steeper than 4 horizontal to 1 vertical.

7-4. Other Measvures

Other possible measures to reduce the effects of heave
are use of insulation to control depth of frost penetra-
tion and use of steel reinforcement to improve the con-
tinuity 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, culverts and drains, changes in character
or stratification of subgrade soils, as well as subgrade
preparation and boulder removal should also receive
special attention in field construction control (see app
A).

7-5. Pavement Cracking Associated With
Frost Action

One of the most detrimental effects of frost action on a
pavement is surface distortion as the result of differ-
ential frost heave or differential loss of strength.
These may also lead to random cracking. For airfield

7-3
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pavements it is essential that uncontrolled cracking be
reduced to the minimum. Deterioration and spalling of
the edges of working cracks are causes of uneven sur-
face conditions and sources of debris that may serious-
ly damage jet aircraft and engines. Cracking may be
reduced by control of such elements as base ‘composi-
tion, uniformity and thickness, slab dimensions, sub-

7-4

basg and subgrade rpaterials, unifgrmity of subsurface
moisture conditions, and, in special situations, by use

~ of reinforcement and by limitation of pavement type.

The importance of 'uniformity cannot be overempha-
sized. Where unavdidable discontinuities in subgrade
conditions exist, gradual transitions as outlined in pre-
ceding paragraphs 4re essential.
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CHAPTER
EXAMPLES OF PAVEMENT DESIGN

8-1. Exxample 1

Light-load airfield pavements. Design flexible and rig-
id pavements on Air Force airfields for the following
conditions:

—Design aircraft: single wheel, tricycle gear, con-
tact area 100 square inches.

—Gross weight: 60,000 pounds

—Number of passes: 300,000

—Traffic area: B

—Design freezing index: 700 degree-days

~—Highest groundwater: about 3 feet below sur-
face of subgrade

—Concrete flexural strength: 650 psi

—Subgrade material:

Lean clay, CL

Plasticity index, 18

Frost group, F3

Water content, 25 percent (average)

Normal-period CBR, 8

Subgrade modulus (normal period) ¢ = 150
psifinch on subgrade and 250 psi/inch on top 24-inch
base course.

Local experience indicates that subgrade ma-
terials, if scarified, blended and recompacted, do not
produce excessive nonuniform heave.

—Base course materials:

High quality base material—graded crushed
aggregate, normal-period CBR=100, 30 percent pass-
ing no. 10 sieve, 1 percent passing no. 200 sieve.

Good quality base course material—non-frost-
susceptible sandy gravel (GW), normal-period
CBR=50, 35 percent passing no. 10 sieve, 4 percent
passing no. 200 sieve, does not meet filter criteria for
material in contact with CL subgrade.

Subbase material—coarse to fine silty sand
(SP-SM), normal-period CBR=20, 11 percent passing
no. 200 sieve, 6 percent finer than 0.02 millimeters,
frost classification S2, meets filter criteria for mate-
rial in contact with CL subgrade.

—Average dry unit weight (assumed equivalent to
that of good quality base): 135 pounds per cubic foot.

—Average water content after drainage (assumed
equivalent to that of good quality base): 5 percent.

a. Flexible pavement design by limited subgrade
frost penetration method. From figure 3-5, the com-
bined thickness of pavement and base to prevent any
freezing of the subgrade in the design index year (com-
plete protection) is 45 inches. From TM 5-825-2/AFM

88-6, Chap. 2, the minimum required flexible pave-
ment thickness p is 3 inches. Thickness of base ¢ to
prevent frost penetration into subgrade, then, is 42
inches. The ratio of subgrade to base water content r =
25/5 = 5. From figure 4-1, required total base thick-
ness b is 28 inches, using the maximum allowable val-
ue of r for the type B traffic area of 2.0. This base
thickness will allow 7 inches of frost penetration s into
the subgrade 1 year in 10 and would limit to tolerable
amounts pavement frost heaving and cracking, and
loss of subgrade strength. Required combined thick-
ness of pavement and base is 31 inches.

b. Flexible pavement design by reduced subgrade
strength method. From paragraph 4-4 the frost-area
soil support index is 3.5, which is less than the normal-
pericd CBR and consequently will be used to enter the
appropriate design curve of TM 5-825-2/AFM 88-6,
Chap. 2. The design curve gives a required combined

- thickness of pavement and base of 34 inches. This is

more than the 31 inches required under design for lim-
ited subgrade frost penetration, and therefore the lat-
ter design is more economical. Since the 31-inch thick-
ness is also greater than the 21 inches required by TM
5-825-2/AFM 88-6, Chap. 2 for non-frost-design, 31
inches will be selected as the combined thickness of
pavement and base for the flexible pavement design.
This could be made up of 3 inches of flexible pave-
ment, 6 inches of high quality base (since the high
quality base contains only 1 percent passing the no.
200 sieve, it can also be used as the 4-inch free-drain-
ing layer (see para. 5-1), 8 inches of good quality base,
and 14 inches of S2 subbase material. In accordance
with paragraph 7-1, no subgrade preparation is re-
quired because the combined thickness of pavement
and base exceeds two-thirds of the design frost pene-
tration depth.

c¢. Rigid pavement design by limited subgrade frost
penetration method. The required slab thickness, from
TM 5-824-3/AFM 88-6, Chap. 3, with no subgrade
weakening is 12 inches. By the same computation pro-
cedure as just described for flexible pavement, but us-
ing a 12-inch instead of a 3-mch pavement, minimum
thickness of base required is 22 inches. The resultant
combined thickness of pavement ard base, then, is 11
4+ 22 = 33 inches. No subgrade preparation would be
required.

d. Rigid pavement desigh by reduced subgrade
strength method. Since subgrade conditions are suit-
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able to achieve uniform heave, only a minimum base
course of 4 inches is required as a free-draining layer.
Only the high quality base course meets the gradation
requirements for material directly beneath the slab, or
alternatively the good quality base may be washed and
processed to reduce the material that passes the no.
200 sieve to 2 percent or less. Neither of these mate-
rials meets the filter criteria for material in contact
with clay subgrade. Therefore, a 4-inch layer of sub-
base material is also required. From figure 4-2, the
frost-area index of reaction is 50 psi per inch. The slab
thickness required, from TM 5-824-3/AFM 88-6,
Chap. 3, is 13 inches. The combined thickness of 13 +
8 = 21 inches is possibly more economical than that
obtained by the limited subgrade frost penetration
method, even though subgrade preparation to a depth
of 2/3 x 45 — 21 = 9 inches would be required. Com-
parative cost estimates would indicate which design
should be adopted.

8-2. Example 2

Heavy-load airfield pavements. Design heavy load
flexible and rigid pavements on Air Force airfields for
the following conditions:

—Design aircraft: twin-twin assembly, bicycle
gear, spacing 37-62-37 inches, contact area 267 square
inches each wheel.

—Gross Weight: 480,000 pounds

—Number of passes: 12,000

—Trafficarea: B

—Design freezing index: 3000 degree-days

—Subgrade material:

Lean clay, CL

Plasticity index, 18

Frost group, F3

Water content, 25 percent (average)

Normal-period CBR, 5

Normal-period modulus of reaction & = 125
psi/finch on the subgrade and 400 psi/inch on top of a
42-inch thick base.

Subgrade shows relatively uniform heave
characteristics in existing pavements, which in gener-
al have performed well.

—Base course materials:

High quality base material—graded crushed
aggregate, normal-period CBR=100, 30 percent pass-
ing no. 10 sieve, 1 percent passing no. 200 sieve.

Good quality base material—non-frost-suscep-
tible sandy gravel (GW), normal-period CBR=50, 35
percent passing no. 10 sieve, 4 percent passing no. 200
sieve, does not meet filter criteria for material in con-
tact with CL subgrade.

Subbase material—coarse to fine silty sand
(SP-SM), normal-period CBR=20, 11 percent passing
no. 200 sieve, 6 percent finer than 0.02 millimeters,
frost classification S2, meets filter criteria for mate-
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rial in contact with subgrade.

—Average dry unit weight (good quality base and
subbase): 135 pounds per cubic foot.

—Average water content after drainage (good
quality base and subbase): 5 percent.

—Highest groundwater: approximately 3 feet be-
low surface of subgrade.

—Concrete flexural strength: 650 psi.

a. Flexible pavement design by limited subgrade
frost penetration method. From figure 3-5, the com-
bined thickness @ of pavement and base to prevent
freezing of subgrade in the design freezing index year
(complete protection) is 128 inches. From TM
5-825-2/AFM 88-6, Chap. 2 required flexible pave-
ment thickness p is 4 inches. Thickness of base to pre-
vent frost penetration into s}‘ubgrade, then, is 124
inches. The ratio of subgrade to base water content r is
over 2.0. Therefore, 2.0 is used in figure 4-1, which
yields a required base thnclmess b of 83 inches. The re-
quired combined thickness of _pavement and base to
limit subgrade frost penetration is 83 + 4 = 87 inches.
As shown in flgure 4-1, this w1ll allow about 21 inches

of frost penetration into the relatxvely uniform F3 sub-
grade on an average of 1 year in 10. (Note: Since this
is limited subgrade frost penetration design, the same
total thickness would apply for types A, C and D traf-
fic areas. However, the thicknesses of bituminous sur-
facing and high quality base would vary between the
traffic areas as required by TM 5-825-2/AFM 88-6,
Chap. 2.) Whereas the local experience with existing
pavements indicates that heave has been relatively
uniform, a limiting thickness of 60 inches will be
adopted for the limited subgrade frost penetration
method of design. This design will limit pavement
heaving and cracking and loss of subgrade strength to
tolerable amounts, provided all other requirements are
met, such as use of base material meeting the pre-
scribed composition requirements, uniformity of the
base course as placed, subsurface drainage meeting the
criteria of TM 5-820- 2/AFM 88-5, Chap. 2, use of
procedures of subgrade preparation meeting the pre-
scribed requirements, and use of appropriate transi-
tions at any substantial and abrupt changes in the sub-
grade characteristics. The 60 inch thickness is in ex-
cess of the thickness reqmred by TM 5-825-2/AFM
88-6, Chap. 2, for non-frost-design.

b. Flexible pavement design by reduced subgrade
strength method. From paragraph 4-4a the frost-area
soil support index is 3.5. That value, used with the ap-
propriate design curve of TM 5-825-2/AFM 88-6,
Chap. 2, ylelds a required combined thickness of pave-
ment and base of 68 inches. Thls would not be adopted
because it is more than the 60 inches required for lim-
ited subgrade frost penetration design. It is possible,
however, that a pavement sectidn that incorporates a
bound base might be developed which, based on re-
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duced subgrade strength, would reduce the 68-inch re-
quirement to a section thinner and less costly than the
60-inch section. If not, the 60-inch section would be
adopted. Its composition could be: 4 inches of asphalt
concrete, 9 inches of high quality base (since the high
quality base course contains only 1 percent passing the
no. 200 sieve, it can also be used as the free-draining
layer), 19 inches of good quality base, and 28 inches of
S2 subbase. Subgrade preparation would be required
to a depth of 24 inches, since this is less than 2/3 x
128 - 60 = 25 inches (para 7-1).

c. Rigid pavement design by limited subgrede frost
penetration methed. The required pavement thickness
p, based on the normal-pericd & = 400 psi per inch, is
18 inches. Each inch of concrete pavement in excess of
12 inches reduces the design freezing index by 10 de-
gree-days. In this example the reduction = 10 x (18 ~
12) = 60 degree-days. Therefore, the modified freezing
index is 3000 — 60 = 2940. From figure 3-5, the com-
bined thickness ¢ of 12-inch pavement and base re-
quired to prevent freezing of the subgrade is 125
inches. Adding the originally deducted 6-inch thick-
ness of pavement results in a combined thickness of
pavement and base of 131 inches. Therefore, the thick-
ness of base ¢ required for zero frost penetration into
the subgrade is 113 inches. From figure 4-1, the re-
quired design base thickness b is 75 inches, which per-
mits a corresponding subgrade frost penetration s of
19 inches in the design year. The combined thickness
of (75 + 18) = 93 inches would be reduced to the maxi-
mum limiting value of 60 inches since existing pave-
ments show satisfactory performance. The 60 inches
could comprise 18 inches of portland cement concrete,
4 inches of high quality base, 17 inches of geod quality
base and 21 inches of S2 subbase. Subgrade prepara-
tion would be required to a depth of 23 inches. A study
should be made to determine whether a thinner slab
with a bound base over various layers of granular un-
bound material would be more economical.

d. Rigid povement design by reduced subgrade
strength method. Since the experience with heaving of
existing pavements has been favorable, 2 minimum of
4 inches of free-draining material could be used, plus 4
inches of filter material on the subgrade. For this case
the frost-area index of reaction would be 50 psi/inch
(fig 4-2), requiring a pavement slab 27 inches thick,
according to the criteria established in TM
5-824-3/AFM 88-6, Chap. 3. Preferred practice for
high-speed pavements, however, would be to use a base
of total thickness equal to the slab thickness. Accord-
ingly, the modulus would be increased, and by a trial
and error process it can be determined that, with a 24-
inch base (giving a modulus of 145 psifinch), a 24-inch
portland cement concrete slab would be required. Sub-
grade preparation would be specified to a depth of 24
inches. Cost comparisons of either of the two latter
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pavement designs with that developed under the
method for limiting subgrade frost penetration, which
would essentially involved trade-off costs of concrete
versus base course, would indicate the choice of design.
At equal cost the design that includes the greater com-
bined thickness of pavement and base is preferred be-
cause it would provide greater protection against frost
action in the subgrade.

8-3. Exemple 3

Heavy-load overrun pavement. Design a heavy-load
overrun (non-blast area) pavement at an Air Force air-
field for the following conditions:

—Design aircraft: 360,000 pounds gross weight,
twin-twin assembly, bicycle gear, spacing 37-62-37
inches, contact area 267 square inches each wheel.

—Design freezing index: 600 degree-days

—Subgrade material:

Uniform sandy clay, CL

Plasticity index, 18

Frost group, F3

Water content, 20 percent (average)

Normal-period CBR, 10

—Base course materials:

Good quality base material—crushed gravel
(GW), normal-pericd CBR=80, 30 percent passing no.
10 sieve, 1 percent passing no. 260 seve.

Subbase material-—coarse to fine silty sand
(SP-SM), normal-pericd CBR=20, 11 percent passing
no. 200 sieve, 6 percent finer than 0.02 millimeters,
frost classification S2, meets filter criteria for mate-
rial in contact with subgrade.

—Average dry unit weight (gosd quality base and
subbase): 135 pounds per cubic feot.

—Average water content after drainage (good
quality base and subbase): 5 percent.

—Highest groundwater: approximately 4 feet be-
low surface of subgrade.

a. Alternative designs. From the design curves of
TM 5-825-2/AFM 88-6, Chap. 2, the required com-
bined thickness of pavement and base for the normal-
pericd subgrade CBR is 18 inches. According to the re-
duced subgrade strength methed of design, the re-
quired combined thickness for F3 subgrade is 37
inches (from para 4-5b) of this manual, and appropri-
ate design curve of TM 5-825-2/AFM 88-6, Chap. 2.

b. Limited subgrade frost penetration design meth-
cd. The combined thickness of pavement and base ¢ to
prevent any freezing of the subgrade in the design year
is 40 inches. With the thickness of the double bitu-
minous surface treatment neglected, the thickness of
base c required to prevent freezing into the subgrade is
also 40 inches. The ratio of subgrade to base water
content is r = 20/5 = 4. Since this is an overrun pave-
ment, the maximum allowable r of 3.0 is used in figure
4-1 to obtain the required thickness of base d of 23
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inches, which would allow about 6 inches of frost pene-
tration into the subgrade 1 year in 10. From compari-
son of the alternative frost designs, the 23-inch thick-
ness would be selected. The layered structure of the
pavement could comprise the following: double bitu-
minous surface treatment, 12 inches of good quality
base (since the good quality base contains less than 2
percent passing the no. 200 sieve, it can also be used as
the free-draining layer), and 11 inches of subbase. Sub-

grade preparation would be required to a depth equal .

to 2/3 x 44 — 23 = 4 inches.

8-4. Exemple 4

Shoulder pavement. Design a flexible shoulder pave-
ment at an Air Force facility for the following condi-
tions:
—Design air freezing index: 2800 degree-days
—Mean annual air temperature: 39°F
—Subgrade material: silty clay (CL), F4, known
locally as highly frost-susceptible material subject to
marked differential heave.

Water content, 29 percent

Plasticity index, 10

Normal-period CBR, 7

—Base course materials:

Good quality base—stabilized aggregate,
normal-period CBR=80, 30 percent passing no. 10
sieve, 1 percent passing no. 200 sieve. Average dry
unit weight 135 pounds per cubic foot, average water
content 5 percent.

Subbase—coarse to fine silty sand (SP-SM),
normal-period CBR=20, 11 percent passing no. 200
sieve, 6 percent finer than 0.02 millimeters, frost clas-
sification 52, meets filter criteria for material in con-
tact with subgrade.

—Average dry unit weight: 115 pounds per cubic
foot, average water content 12 percent.

a. Conventional frost designs. According to para-
graph 4-6,a in.this manual, and the appropriate de-
sign curve of TM 5-825-2/AFM 88-6, Chap. 2, the re-
quired combined thickness of pavement and base is 17
inches. Sinch local experience indicates frost action in
the subgrade produces excessive differential heave,
additional protection is necessary. For the conditions
summarized, the depth of frost penetration into granu-
lar soil having thermal properties equal to those of the
good quality base would be given by figure 3-5 as
about 122 inches. Pavement thickness required by TM
5-825-2/AFM 88-6, Chap. 2, is 2 inches. According to
figure 4-1 a combined thickness of pavement and base
of 71 inches would be needed under the method of de-
sign for limited subgrade frost penetration, allowing
subgrade freezing to a depth of about 17 inches. Since
the cost of such a shoulder pavement would be intoler-
ably high, an alternative design incorporating polysty-
rene insulation would be considered.
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b. Insulated pavement designs for prevention of
subgrade freezing. (See app. C.) A readily available ex-
truded polystyrene that has been used for pavement
insulation has a compressive strength of 35 psi. For
this facility, the minimum cover will be estimated as
that necessary to limit to 11.5 psi the vertical stress on
the insulation caused by the over-burden and a single-
axle truck with a load on dual tires of 12,000 pounds.
Using the Boussinesq equations of stress distribution
in a semi-infinite elastic solid, we find that the cover
required under this criterion would be about 24 inches
of pavement and base. The mean annual soil tempera-
ture is estimated as 39° + 7° = 46°F. Figure C-1
gives a surface temperature amplitude A = 38°F, and
the initial temperature differential v, is 14°F. With
UvJA = 14/38 = 0.37, figure C-2 indicates that about
3.2 inches of insulation is required to prevent frost
penetration through the msulatlon Accordingly, it
probably will be more economlcal to use a lesser thick-
ness of insulation and a layer of subbase material be-
neath the insulation. Figure C-3 shows that with total
cover above the insulation of 24 inches (2 inches as-
phalt pavement and 22 inches base), the following
combinations of insulation and underlying granular
material, with thermal properties equal to those of the
subbase, would fully contain the freezing zone:

Thickness of
Insulation granular material
thickness Total depth of beneath insulation
(inches) frost (inches) (inches)
1 58 33
2 45 19
3 40 13

Since pavement sections that include these thicknesses
of subbase still appear excessively thick, consideration
should be given to permitting limited frost penetration
into the subgrade.

c. Insulated pavement designs permitting limited
subgrade freezing. Taking the total depth of frost
tabulated above as the value g in figure 4-1, deducting
the 2-inch thickness of surface course to obtain ¢, and
averaging the water contents of good and intermediate
quality base materials to establish r as 18/8.5 = 2.1,
we see that the following thicknesses of base plus insu-
lation are required to meet the criteria for limited sub-
grade frost penetration:

For limited subgrade
For no subgrade freezing frost penetration
Insul. Total Totalbase Totalbase Totalbase Depthof
thick-  depth plus plus below  subgrade
ness  of frost insulation insulation® insulation® freezing®
(inches) (inches) (inches) (inches) (inches)  (inches)
1 58 56 37 14 9
2 45 43 28 4 7
3 40 38 25 0 (4)°¢ 6 (3)

8 From figure4-1, withr = 2.1.

b For example, 37-22-1 = 14.

¢ If frost will penetrate through the insulation, 8 minimum of 4
inches of granular material must be provided beneath the insulation.
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d. Summary of alternative designs. The trial design
with 3 inches of insulation over 4 inches of base, which
permits 3 inches of subgrade freezing, does not appear
advantageous because with only 0,5 inches (rounded
upward from 3.2 inches) of additional insulation, the
base can be dispensed with and frost penetration into
the subgrade can be prevented. Accordingly, the fol-
lowing alternative pavement designs should be consid-
ered and compared on a functional and economic basis:

Thickness for various alternatives (inches)

n m v v Vvi VI

Asphalt concrete 2 2 2 2 2 2 2
Good quality base 8 35 11 11 11 11 11
Subbase 7 34 11 1 11 11 11
Insulation - — 35 2 1 2 .1
Subbase - - = 19 33 4 14
Total 17 70 275 45 58 30 39
Depth of subgrade frost
penetration, inches a 18 0 0 0 7 9

? Not determined but judged to be excessive.

8-5. Example 5

Heavily trafficked road. Design flexible and rigid
pavements for the following conditions:

—Class B (rolling terrain within the “built-up
area”)

—Category III

—Design index: 5 (from TM 5-822-5/AFM 88-7,
Chap. 3, for flexible pavements), 4 (from TM
5-822-6/AFM 88-7, Chap. 1, for rigid pavements)

—Design air freezing index: 700 degree-days

—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 psifinch on subgrade and 400 psi/inch on 24
inches of base course.

—Base course material:

Crushed gravel (GW), normal-period
CBR=80, 30 percent passing no. 10 sieve, 1 percent
passing no. 200 sieve.

—Subbase course material:

Coarse to fine silty sand (SP-SM), normal-
period CBR=20, 11 percent passing no. 200 sieve, 6
percent finer than 0.02 millimeters, frost classifica-
tion S2, meets filter criteria for material in contact
with subgrade.

—Average dry unit weight (good quality base and
subbase): 135 pounds per cubic feet

—Average water content after drainage (good
quality base and subbase): 5 percent

—Highest groundwater: about 4 feet below sur-
face of subgrade.
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—Concrete flexural stength: 650 psi
Since this pavement has a design index greater than 4,
criteria in TM 5-822-5/AFM 88-7, Chap. 3, and TM
5-822-6/AFM 88-7, Chap. 1, must be used rather
than local highway department requirements. Local
experience with existing pavements indicates that
frost heave has been relatively uniform.

a. Flexible pavement design by limited subgrade
frost penetration method. From figure 3-5, the com-
bined thickness a of pavement and base to prevent
freezing of the subgrade in the design freezing index
year is 45 inches. According to criteria in TM
5-822-5/AFM 88-17, Chap. 3, the minimum pavement
thickness is 2-1/2 inches over a CBR = 80 base course
that must be at least 4 inches thick. The ratio of sub-
grade to base water content is r = 20/5 = 4. Since this
is a highway pavement, the maximum allowable r of 3
is used in figure 4-1 to obtain the required thickness
of base b of 24 inches, which would allow about 6
inches of frost penetration into the subgrade in the de-
sign year. Subgrade preparation would not be required
since the combined thickness of pavement and base is
more than one-half the thickness required for com-
plete protection (para 7-1).

b. Flexible pavement design by reduced subgrade
strength method. From paragraph 4-4a the frost-area
soil support index is 3.5, which, from the design curve
in TM 5-822-5/AFM 88-7, Chap. 3, yields a required
combined thickness of pavement and base of 21
inches. Since this is less than the (2-1/2 + 24) 26-1/2-
inch thickness required by the limited subgrade frost
penetration method, the 21-inch thickness would be
used. The pavement structure could be composed of
the following: 2-1/2 inches of asphalt concrete, 9
inches of crushed gravel (since the crushed gravel con-
tains only 1 percent passing the no. 200 sieve, it also
serves as the free-draining layer directly beneath the
pavement) and 10 inches of the silty sand subbase ma-
terial. Subgrade preparation would be required to a
depthof 1/2 x 45 - 21 = 1-1/2 inches.

¢. Rigid pavement design by limited subgrade frost
penetration method. From TM 5-822-6/AFM 88-7,
Chap. 1, the required pavement thickness p, based on
the normal-period & = 400 psi per inch, the concrete
flexural strength of 650 psi and the design index of 4,
is 5.5 inches. From figure 3-5, the combined thickness
of pavement and base is 45 inches, equivalent to that
for the flexible pavement. By use of r = 3 in figure
4-1, the required thickness of base b is 23 inches,
which would allow about 6 inches of frost penetration
into the subgrade in the design year. No subgrade
preparation would be required.

d. Rigid pavement design by the reduced subgrade
strength method. Since frost heave has not been a ma-
jor problem, a minimum of 4 inches of the free-drain-
ing base course material could be used, plus 4 inches of
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the subbase that will serve as a filter material on the
subgrade. For this case the frost-area index of reaction
would be 50 psi per inch (fig 4-2), requiring a pave-
" ment slab 8 inches thick. Subgrade preparation to a
depth of 1/2 x 45 — 16 = 6-1/2 inches would be re-
quired. - '

e. Alternative designs. Other designs using stabi-
lized layers, including all-bituminous concrete pave-
ments, should be investigated to determine whether
they are more economical than the designs presented
above. Criteria from chapter 6 and TM 5-822-4/AFM
88-7, Chap. 4, must be followed when using stabilized
layers.

8-6. Example 6

Lightly trafficked road. Design flexible pavements for
the following conditions:
—Class E (flat terrain within the “open” area)
—Category 11
—Design index:
2 (from TM 5-822-5/AFM 88-7, Chap. 3)
—Design air freezing index:
1500 degree-days
—Subgrade material:

Fine silty sand, SM

Nonplastic

Frost group, F4

Water content, 15 percent (average)

Normal-period CBR, 15

—Base course material:

Gravel (GW), normal-period CBR =80, 30 per-
cent passing no. 10 sieve and 3 percent passing the no.
200 sieve.

—Subbase course material:

Coarse to fine silty sand (SP-SM), normal-
period CBR=20, 10 percent passing no. 200 sieve, 5
percent finer than 0.02 millimeters, frost classifica-
tion S2, meets filter criteria for material in contact
with subgrade.

—Average dry unit weight of the base and sub-
base:

125 pounds per cubic foot

—Average water content of the base and subbase
after drainage: 7 percent.
—Select borrow material:

Silty sand (SM), normal period CBR=15, 25
percent passing no. 200 sieve, 15 percent finer than
0.02 millimeters; frost classification F2, meets filter
criteria for materials in contact with subgrade.

—Highest groundwater:

Approximately 3 feet below surface of sub-
grade.

a. Limited subgrade frost penetration method. By
use of the procedure outlined in example 5, paragraph
8-5, the combined thickness of pavement and basea to
prevent freezing of the subgrade in the design year is
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70 inches, which was determined by interpolation be-
tween the soils having densities of 115 and 135 pounds
per cubic foot. From TM 5-822-5/AFM 88-7, Chap. 3,
the minimum pavement thickness over an 80 CBR
base course is 1-1/2 inches. From figure 4-1, the de-
sign base thickness is 48 inches for r = 15/7 = 2.1.
This would allow about 12 inches of frost penetration
into the subgrade in the design year. No subgrade
preparation would be required since the thickness is
greater than 1/2 x 70 = 35 inches.

b. Reduced subgrade strength design method. From
paragraph 4-4a, the frost area soil support index is
3.5, which, from the design curve in TM
5-822-5/AFM 88-7, Chap. 3, yields a required thick-
ness of pavement and base of 15 inches. This is sub-
stantially less than the thickness required by the lim-
ited subgrade frost penetration method. Subgrade
penetration would be required to a depth of 1/2 x 70
— 15 = 20 inches. The pavement structure could be
composed of 1-1/2 inches of pavement, 7 inches of
base course and 6-1/2 inches of subbase course plus
the 20 inches of prepared subgrade. Since the base
course material contains more than 2 percent passing
the no. 200 sieve, material in at least the upper 4
inches must be washed to reduce the amount passing
the no. 200 sieve to 2 percent or less.

¢. All-bituminous concrete pavement. The pave-
ment structure from paragraph 8-6,b can be used to
obtain the thickness required through the use of equiv-
alency factors listed in TM 5-822-5/AFM 88-7, Chap.
3. For the base course, the equivalency factor is 1.15,
and 8 inches + 1.15 = 7.0 inches of bituminous con-
crete that could be substituted for the base course. The
equivalency factor for the subbase is 2.30, and 7.5
inches + 2.30 = 3.3 inches of bituminous concrete
that could be substituted for the subbase. The all-bitu-
minous concrete pavement wouldbe 1.5 + 7.0 + 3.3 =
11.8 inches or 12 inches thick. A filter course a mini-
mum of 4 inches thick is required beneath the pave-
ment (para 5-5). Subgrade preparation would be re-
quired to a depth of 1/2 x 70 — 16 = 19 inches. De-
signs using elastic modulus values for the pavement
and subgrade may also be devéloped according to pro-
cedures outlined in TM 5-822-5/AFM 88-7, Chap. 3.
Use of this method must be coordinated with HQDA
(DAEN-ECE-G) or HQ AFESC. The procedure for ob-
taining the modulus values is too lengthy to describe
here, but figure 8-1 is used to obtain the pavement
thickness when the modulus values have been ob-
tained. For this example, a subgrade modulus, E,, of
4000 psi and a pavement modulus, E,, of 200,000 psi
will be used. The minimum pavement thickness is 7.5
inches. This thickness is substantially less than that
determined using the equivalency values. A 4-inch
thick filter course is required beneath this pavement
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Figure 8-1. Design curves for ABC road pavements.

and the depth of subgrade preparation would be 24
inches.

d. Use of F2 soil. Use of the available F2 borrow ma-
terial will allow reduced thicknesses of base and sub-
base and, if desired, could also be used to reduce the
depth of preparation of the F4 subgrade. The reduced
subgrade strength design method is used to determine
the minimum thickness of pavement and base above
the F2 soil which has a frost area soil support index of
6.5. The design curve in TM 5-822-5/AFM 88-7,
Chap. 3, yields a required thickness of pavement and
base of 11 inches above the F2 soil. Therefore, the
pavement structure could be composed of 1-1/2 inches
of pavement, 5 inches of washed base course, 4.5
inches of subbase and at least 6 inches of F2 soil above
the subgrade to comply with the minimum of 15

inches of cover required over the F4 subgrade, (para.
8-6b). The pavement structure outlined above would
still require processing and preparation of the upper
20 inches of the F4 subgrade. This depth could be re-
duced by increasing the thickness of F2 soil. For exam-
ple, if 12 inches of F2 soil was used, preparation to a
depth of only 12 inches would be necessary in the F4
soil.

e. Use of local highway design criteria. As stated in
paragraph 4-7, the local state highway design criteria
and standards could be used for this project. If the
state criteria are used, however, they must be com-
pletely adopted. Portions of the state criteria and por-
tions of the Corps of Engineers criteria should not be
mixed.

8-7
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APPENDIX A

BIELD CONTROL OF SUBGRADE AND BASE COURSE
CONSTRUCTION FOR FROST CONDITIONS

A-1. General

Personnel responsible for field control of airfield and
highway pavement construction in areas of seasonal
freezing should give specific consideration to condi-
tions and materials that will result in detrimental
frost action. The contract plans and specifications
should require the subgrade preparation work estab-
lished in paragraph 7-1 of this manual in frost areas.
They also should provide for special treatments, such
as removal of unsuitable materials encountered, with
sufficient information included to identify those ma-
terials and specify necessary corrective measures.
However, construction operations quite frequently
expose frost-susceptible conditions at isolated loca-
tions of a degree and character not revealed by even
the most thorough subsurface exploration program. It
is essential, therefore, that personnel assigned to field
construction control be alert to recognize situations
that require special treatment, whether or not antici-
pated by the designing agency. They must also be
aware of their responsibility for such recognition.

A-2, Subgrade Preparation

The basic requirements of subgrade preparation are
set forth in paragraph 7-1 of this manual. The sub-
grade is to be excavated and scarified to a predeter-
mined depth, windrowed and bladed successively to
achieve adequate blending, and then relaid and com-
pacted. The purpose of this work is to achieve a high
degree of uniformity of the soil conditions by mixing
stratified soils, eliminating isolated pockets of soil of
higher or lower frost-susceptibility, and blending the
various types of soils into a single, 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 uniform frost-
susceptibility and thus create conditions tending to
make both surface heave and subgrade thaw-
weakening as uniform as possible over the paved area.
The construction inspection personnel should be alert
to verify that the processing of the subgrade will yield
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-susceptibility. In that case the pockets of soil to
be removed should be excavated to the full depth of
frost penetration and replaced with material of the

same type as the surrounding soil.

a. A second, highly critical condition requiring the
rigorous 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 mate-
rial is spread in the embankments. Any such large
stones exposed during the subgrade 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
gradually upward toward the pavement surface. They
eventually break through the surface in extreme cases,
necessitating complete reconstruction.

b. Abrupt changes in soil conditions must not be
permitted. Where the subgrade changes from a cut toa
fill section, a wedge of subgrade soil in the cut section
with the dimensions shown in figure 4-2 should be re-
moved and replaced with fill material. Tapered transi-
tions also are needed at culverts beneath paved areas
(fig 7-3), but in such cases the transition material
should be clean, non-frost-susceptible granular fill.
Other under-pavement pipes should be similarly
treated, and perforated-pipe underdrains should be
constructed as shown in figure 7-2. 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.

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

d. In areas where rock excavation is required, the
character of the rock and seepage conditions should be
considered. In any case, the excavations should be
made so that positive transverse drainage is provided,
and so that no pockets are left on the rock surface that
will permit ponding of water within the depth of
freezing. The irregular groundwater availability cre-
ated by such conditions may result in markedly irregu-
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lar heaving under freezing conditions. It may be neces-
sary to fill drainage pockets with lean concrete. At in-
tersections of fills with rock cuts, the tapered transi-
tions mentioned above and shown in figure 7-1 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. Fre-
quently, 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 penetra-
tion and replaced with non-frost-susceptible material.
If this is impractical, it may be necessary to remove
the rock to the full depth of frost penetration.

e. An alternative method of treatment of rock sub-
grades—in-place fragmentation—has been used effec-
tively 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 shat-
tered rock and out of the zone of freezing in the sub-
grade. A tapered transition should be provided
between the shattered rock cut and the adjacent fill.

A-3. Base Course Construction

Where the available base course materials are well
within the limiting percentages of fine material set
forth in chapter 5 of this manual, the base course con-
struction control should be in accordance with normal
practice. In instances where the material selected for
use in the top 50 percent of the total thickness of
granular unbound base is borderline with respect to
percentage of fine material passing the no. 200 sieve,
or is of borderline frost-susceptibility (usually mate-
rials having 1-1/2 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 con-
tractor to be selective in the pit in order to obtain suit-
able materials, his operations should be inspected at
the pit. It is more feasible to reject unsuitable material
at the source when large volumes 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 iz compacted
thin lifts in order to ensure uniformity. Complete sur-
face stripping of pits should be enforced to prevent
mixing of detrimental fine soil particles or lumps in
the base material.

a. The gradation of materials taken from the base
after compaction, such as density test specimens,

A-2

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
base course compaction equipment. For base course
materials exhibiting possibly serious degradation
characteristics, construction of a test embankment
may be warranted to study the manufacture of fines
under the proposed or other compaction efforts.
Mixing of base course materials with frost-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 un-
der traffic, and by eliminating the kneading caused by
overcompaction or insufficient thickness of the first
layer of base course. Experience has shown that exces-
sive rutting by hauling equipment tends to cause
mixing of subgrade and base materials. This can be
greatly minimized by frequent rerouting of material-
hauling equipment.

b. After completion of each course of base, a careful
visual inspection should be made before permitting ad-
ditional material placement to ensure that areas with
high percentages of fines are not present. In many in-
stances these areas may be recognized both by exami-
nation of the materials and by observation of their ac-
tion under compaction equipment, particularly when
the materials are wet. The materials in 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 mate-
rial. 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 pre-
vent overrun of concrete. Since the base course re-
ceives high stresses from traffic, this prohibition is es-
sential to minimize weakening during the frost-melt-
ing period. Action should be taken to vary the base
course thickness so as to provide transition, when this
is necessary, to avoid abrupt changes in pavement sup-
porting conditions.

A-4. Compaction

Subgrade, subbase and base course materials must
meet the applicable compaction requirements in TM
5-822-5/AFM 88-7, Chap. 3, TM 5-822-6/AFM
88-7, Chap. 1, TM 5-823-2, TM 5-824-3/AFR 88-6,
Chap. 3, or TM 5-825-2/AFM 88-6, Chap. 2, when
placed and compacted.
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APPENDIX B

MINIMIZING LOW-TEMPERATURE CONTRACTION
CRACKING OF BITUMINCUS PAVEMENTS

B-1. Causes and Effects of Low-temperature
Contraction Cracks

In cold regions, one of the most prevalent and objec-
tionable modes of distress, affecting only bituminous
pavements, is thermal cracking. This type of cracking
includes thermal fatigue cracking caused by repeated
(often diurnal) cycles of high and moderately low tem-
peratures, and low-temperature contraction cracking,
which results from thermal contraction of the bi-
tuminous-stabilized layer. The thermal contraction in-
duces tensile stresses in the cold and relatively brittle
bituminous mixture in the layer because it is partially
restrained by friction along the interface with the sup-
porting layer. In very cold regions some of the cracks
may penetrate through the pavement and down into
the underlying materials. Unfortunately, in the win-
ter, when the most severe tensile stresses develop,
flexible pavements are less ductile and more brittle
than in other seasons. Closely spaced thermal cracks
are particularly detrimental in airfield pavements be-
cause the crack edges may ravel and produce surface
debris that can damage jet engines. The ingress of wa-
ter through the cracks also tends to cause loss of bond,
increasing the rate of stripping, and resulting in some
cases in a depression at the crack brought about by
raveling of the lip of the crack and pumping of the fine
fraction of base material. During the winter months
when the entire pavement and substructure is frozen
and raised slightly above its normal summer level, de-
icing solution can enter these cracks and cause lo-
calized thawing of the base and a pavement depression
adjacent to the crack. In other cases, water entering
these cracks can form an ice lens below the crack that
produces an upward movement of the crack edges.
Both of these effects result in rough-riding qualities
and often secondary cracks are produced that parallel
the major crack. Pavement roughness at low-tempera-
ture contraction cracks can be especially severe where
subgrade soils are expansive clays; moisture entering
the cracks causes localized swelling of subgrade soil,
which results in upheaval of the pavement surface at
and adjacent to each crack.

B-2. Effect of Penetration and Viscosity of
Asphalt

Currently, the most effective means available to mini-
mize low-temperature contraction cracking is the use

of asphalt that becomes less brittle at low tempera-
tures. This may be accomplished in part by use of soft
grades of asphalt such as AC-5 and AC-2.5. It may al-
so be accomplished in part by use of asphalt of low
temperature-susceptibility. A useful measure of tem-
perature-susceptibility of asphalt cement is the pen-vis
number (PVN) which may be determined from the
penetration at 77 degrees F. and the kinematic vis-
cosity at 275°F (fig B-1). Current Corps of Engineers
specifications for asphalt for use in pavements in cold
regions require a PVN not lower than -0.5. For air-
fields and major roadways in severely cold climates,
asphalt cement is to be selected and specified in ac-
cordance with the requirements for special grades hav-
ing a minimum PVN of -0.2.

B-3. Selection of Asphalt

Figure B-2 is a useful guide for selection of asphalts
that will resist low-temperature cracking for various
minimum temperatures. To minimize low-temperature
contraction cracking during a pavement’s service life,
a grade of asphalt should be selected that lies to the
right of the diagonal line representing the lowest tem-
perature expected during the service life at 2 inches
below the pavement surface. In the absence of tem-
perature data from nearby pavements, the minimum
temperature at 2 inches below the surface may be
taken as the lowest air temperature in the period of
record (not less than 10 years), plus 5 degrees F. It can
be seen from figure B-2 that if asphalt of relatively
high PVN can be obtained, selection of extremely soft
grades of asphalt will be unnecesary, except in the
most severely cold environments. Asphalt of grades
AC-2.5, -5 or -10, or the equivalent AR grades,
should be selected for airfield pavements and roads in
cold regions. For roads with a design index of 4 or less
in extremely cold regions, slow-curing SC-3000 road
oil also is acceptable.

B-4. Effect of Mix Design Variables

It may not always be possible to use the extremely soft
grades indicated by figure B-2 for very low tempera-
tures and still produce mixtures meeting the require-
ments of TM 5-822-8/AFM 88-6, Chap. 9. In that
event the softest grade that will still meet those re-
quirements should always be selected. In designing as-
phalt-aggregate mixtures in accordance with TM

B-1
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Figure B-1. Pen-vis numbers of asphalt cement.
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Figure B-2. Guide to selection of asphalt for pavements in
cold regions.

5-822-8/AFM 88-6, Chap. 9, it should be realized
that age-hardening of asphalt, which leads to increas-
ing incidence of low-temperature cracking, will be re-
tarded if air voids are maintained near the lower speci-
fied limit. Consequently, mix design and compaction
requirements are especially critical for pavements that
will experience low temperatures. Asphalt content in
most cases should be set at a level above the optimum
value, and it may be necessary to readjust the aggre-
gate gradation slightly to accommodate the additional
asphalt. The latest version of TM 5-822-8/AFM 88-6,
Chap. 9, and special criteria issued by HQDA
(DAEN-ECE-G) or HQ AFESC should be followed
rigorously.
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APPENDIX C

USE OF INSULATION MATERIALS IN PAVEMENTS

C-1. Insulating Materials and Insulated
Pavement Systems

The only acceptable insulating material for use in
roads and airfields is extruded polystyrene boardstock.
Results from laboratory and field tests have shown
that extruded polystyrene does not absorb a signifi-
cant volume of moisture and that it retains its thermal
and mechanical properties for several years, at least.
The material is manufactured in board stock ranging
from 1 to 4 inches thick. Approval from HQDA
(DAEN-ECE-G) or HQ AFESC is required for use of
insulating materials other than extruded polystyrene.

a. The use of a synthetic insulating material within
a pavement cross section is permissible for airfield
shoulder pavements, including small structures in-
serted in shoulder pavements. With the written ap-
proval of HQDA (DAEN-ECE-G) or HQ AFESC, insu-
lation may also be used for other pavements. Experi-
ence has shown that surface icing may occur on insu-
lated pavements at times when uninsulated pavements
near-by are ice-free and vice versa. Surface icing cre-
ates possible hazards to fast-moving aircraft and
motor vehicles. Accordingly, in evaluating alternative
pavement sections, the designer should select an insu-
lated pavement only in special cases not sensitive to
differential surface icing. Special attention should be
given to the need for adequate transitions to pave-
ments having greater or lesser protection against sub-
grade freezing.

b. Aninsulated pavement system comprises conven-
tional surfacing and base above an insulating material
of suitable thickness to restrict or prevent the advance
of subfreezing temperatures into a frost-susceptible
subgrade. Unless the thickness of insulation and over-
lying layers is sufficient to stop subgrade freezing, ad-
ditional layers of granular materials are placed be-
tween the insulation and the subgrade to contain a por-
tion of the frost zone that extends below the insula-
tion. In consideration of only the thermal efficiency of
the insulated pavement system, an inch of granular
material placed below the insulating layer is much
more effective than an inch of the same material
placed above the insulation. Hence, under the design
procedure outlined below, the thickness of the pave-
ment and base above the insulation is determined as
the minimum that will meet structural requirements
for adequate cover over the relatively weak insulating
material. The determination of the thickness of insula-

tion and of additional granular material is predicated
on the placement of the latter beneath the insulation.

C-2. Determination of Thickness of Cover
Above Insulation

On a number of insulated pavements in the civilian
sector, the thickness of material above the insulation
has been established to limit the vertical stress on the
insulation caused by dead loads and wheel loads to not
more than one-third of the compressive strength of the
insulating material. The Boussinesq equation should
be used for this determination. If a major project in-
corporating insulation is planned, advice and assis-
tance in regard to the structural analysis should be
sought from HQDA (DAEN-ECE-G) or HQ AFESC.

C-3. Design of Insulated Pavement to Pre-
vent Subgrade Freezing

Once the thickness of pavement and base above the
insulation has been determined, it should be ascer-
tained whether a reasonable thickness of insulation
will keep subfreezing temperatures from penetrating
through the insulation. Calculations for this purpose
make use of the design air and surface freezing indices
and the mean annual soil temperature at the site. If
the latter is unknown, it may be approximated by add-
ing 7 degrees F. to the mean annual air temperature. If
the design surface freezing index cannot be calculated
from air temperature measurements at the site, or can-
nof be estimated using data from nearby sites, it may
be estimated by multiplying the design air freezing in-
dex, calculated as described in paragraphs 1-2k(5),
and 3-3, by the appropriate n-factor from TM
5-852-6/AFM 88-19, Chap. 6. For paved surfaces
kept free from snow and ice, an n-factor of 0.75 should
be used. For calculating the required thickness of insu-
lation, the design surface freezing index and the mean
annual soil temperature are used with figure C-1 to
determine the surface temperature amplitude A. The
initial temperature differential v, is obtained by sub-
tracting 32 degrees F. from the mean annual soil tem-
perature, or it also may be read directly from figure
C-1. The ratio v/JA is then determined. Figure C-2 is
then entered with the adopted thickness of pavement
and base to obtain the thickness of extruded polysty-
rene insulation needed to prevent subgrade freezing
beneath the insulation. If the required thickness is less
than about 2 to 3 inches, it will usually be economical

C-1
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to adopt for design the thickness given by figure C-2,
and to place the insulation directly on the subgrade. If
more than about 2 to 3 inches of insulation are re-
quired to prevent subgrade freezing, it usually will be
economical to use a lesser thickness of insulation,
underlain by subbase material (S1 or S2 materials in
table 2-1). Alternative combinations of thicknesses of
extruded polystyrene insulation and granular material
(base and subbase) to completely contain the zone of
freezing can be determined from figure C-3, which
shows the total depth of frost for various freezing in-
dices, thicknesses of extruded polystyrene insulation
and base courses. The thickness of subbase needed to
contain the zone of freezing is the total depth of frost
penetration less the total thickness of pavement, base
and insulation.

C-4. Design of Insulated Pavement for Lim-
ited Subgrade Freezing

It may be economically advantageous to permit some
penetration of frost into the subgrade. Accordingly,
the total depth of frost penetration given by figure
C-3 may be taken as the value a in figure 4-1,and a
new combined thickness b of base, insulation and sub-
base is determined that permits limited frost penetra-
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tion into the subgrade. The thickness of subbase
needed beneath the insulation is obtained by subtract-
ing the previously established thicknesses of base, de-
tefmined from structural requirements, and of insula-
tion, determined from figure C-3. Not less than 4
inches of subbase material meeting the requirements
of paragraph 5-5 should be placed between the insula-
tion and the subgrade. If less than 4 inches of subbase
material is necessary, consideration should be given to
decreasing the insulation thickness and repeating the
process outlined above.

C-5. Construction Practice

While general practice has been to place insulation in
two layers with staggered joints, this practice should
be avoided at locations where subsurface moisture
flow or a high groundwater table may be experienced.
In the latter cases it is essential to provide means for
passage of water through the insulation to avoid pos-
sible excess hydrostatic pressure in the soil on which
the insulating material is placed. Free drainage may be
provided by leaving the joints between insulating
boards slightly open, or by drilling holes in the boards,
or both. HQDA (DAEN-ECE-G) or HQ AFESC may be
contacted for more detailed construction procedures.

Cc-3
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Figure C-3. Effect of thickness of insulation and base on frost penetration. (Sheet 1 of 4)




pP.54

o)

TrA

TM 5-818-2/AFM 88-6, Chop. 4

Air Freezing Index (Degree-days°F)

—~ 24 | . —

c Insulation Thickness

- L

S

©

£ 48|

(5

-

O

a -

w 72—

1S

£

Q

S N

596 ——nispef (12%) \ N[

S| ——13spef (5%) N
N\

120 A

I

IO'OO | ZOIOO 1 3O|OO | 40100' 50}‘00

21" Base Course

L ' R S B | P

U.S. Army Corps of Engineers

Figure C-3. Effect of thickness of insu

lation and base on frost penetration. (Sheet 2 of 4)

|

1

|




P.55

TM 5-818-2/AFM 88-6, Chap. 4

Air Freezing Index (Degree-days °F)
1000 2000 3000 4000 5000

T T ]

I R L
- —

— 24} _

=

§ I Insulation Thickness

2 a8

Q

c

()]

Q_ .

[

2 72

ys

_C S

&

o

5 %6 A NN

o

2L lispef (2% N O«
— —135pcf (5%)  \

1201~ 33" Bgse Course N -
ol L N

C-6

Figure C-3. Effect of thickness of insulation and base on frost penetration. (Sheet 3 of‘4)
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APPENDIX D

MEMBRANE-ENCAPSULATED SOIL LAYERS (MESL)

D-1. Concept of Encapsulation

Fine-grained soils exhibit high strength and low de-
formability (high stiffness) when well compacted at
moisture contents below optimum. The Membrane-En-
capsulated Soil Layer (MESL) is a developing tech-
nique that is meant to assure the permanence of these
desirable properties by preserving the moisture con-
tent at its initial low level. Full-scale test sections have
indicated excellent structural performance of a lean
clay MESL serving as either base or subbase course in
pavement systems in a warm climate. Experimental
pavements undergoing tests in New Hampshire and
Alaska also indicate that under favorable conditions
MESL may serve as an acceptable replacement for
granular material. Laboratory tests on fine-grained
soils have shown that freezing under a closed system,
i.e., preventing inflow of water from sources outside
the moist soil specimen being tested, causes much less
frost heave than freezing of similar specimens in the
open system, i.e. with water fully available. Loss of
supporting capacity during thaw also is much reduced
in fine-grained soils that have been compacted at low
moisture contents, because less moisture is available
during freezing.

D-2. Testing Requirements

If a MESL is proposed for use in a pavement system in
a frost area, any soil that is intended to be encapsu-
lated should be thoroughly tested to determine classifi-
cation index properties and CBR-moisture-density re-
lationships. Representative samples, together with the
test properties, should be sent to the USACRREL in
Hanover, New Hampshire, for further testing to deter-
mine the effect of closed-system freezing on volume
expansion, moisture migration and reduction of resil-
ient modulus, CBR or other measure of supporting ca-
pacity, and to ascertain the moisture content at which
the material must be placed to acceptably limit ad-
verse frost effects. The results of the tests by
USACRREL, together with pavement design criteria
in TM 5-822-5/AFM 88-7, Chap. 3, and TM
5-825-2/AFM 88-6, Chap. 2, will also serve to indi-
cate at what levels in the layered pavement system the
MESL may be used.

D-3. Permissible Uses of MESL

If the results of freezing tests are favorable, the use of
MESL is permissible as supporting layers in pave-

ments for roads, streets, walks and storage areas of
classes D, E and F; for airfield shoulders, and for air-
field overruns. With the approval of HQDA
(DAEN-ECE-G) or HQ AFESC, MESL incorporating
soil of demonstrated low susceptibility to closed-sys-
tem freezing may be used as supporting layers for
other areas.

D-4. Materials

a. Fine-grained soils. As guidance in the prelim-
inary appraisal of the feasibility of MESL at a given lo-
cation that experiences subfreezing temperatures,
tests to date have shown that, among the fine-grained
soils, soils of higher plasticity tend to respond most fa-
vorably to closed-system freezing. In general it will be
necessary to compact the soil on the dry side of opti-
mum moisture content. Even nonplastic silts are sub-
stantially altered in their response to freezing by
closed-system conditions, but tests to date indicate it
will be necessary to place such soils at moisture con-
tents several percentage points below the optimum

- values. The need for placement of encapsulated soil at

low moisture contents establishes regional limits for
the economical application of the MESL concept. Suit-
able soil existing at a low moisture content must be
available within economical haul distance, or the cli-
mate and rainfall regime must be such that reduction
of moisture contents of the soil be economically feas-
ible.

b. Membrane materials. From tests performed to
date, it is considered that the most suitable mem-
branes for use in cold regions are the same materials
used in temperate climates. Successful experimental
use has been made of a lower membrane of clear, 6-mil
polyethylene, and an upper membrane of polypropy-
lene cloth, field-treated with cationic emulsified as-
phalt conforming to ASTM D 2397, grade CRS-2.

D-5. Construction Practice

Construction techniques for encapsulation of soil have
been developed in experimental projects. The recom-
mended construction procedures have been summa-
rized in a report for the Federal Highway Administra-
tion (Implementation Package 74-2). Special require-
ments for frost areas, not covered in the referenced re-
port, relate to the rigorous control of moisture con-
tents to meet the limiting values determined as out-
lined in paragraph D-2.
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APPENDIX E

SUMMARY OF RESULTS OF FREEZING TESTS ON NATURAL SOILS

E-1. Introduction

The U.S. Army Cold Regions Research and Engineer-
ing Laboratory (USACRREL) has conducted frost-sus-
ceptibility tests on scores of soils. Generally, these
were base course materials proposed for use in road or
airfield pavements. Most soils came from construction
projects within the United States, but some came from
Canada, Greenland, Antarctica, Africa and Asia. In
addition, many fine-grained soils were obtained for
special studies at USACRREL and have been tested.
They are included in the tables of this appendix. These
data are presented for general guidance for estimation
of the relative frost-susceptibility of similar soils. It
should be noted, however, that a freezing test on a
sample of a specific soil will give a more accurate eval-
uation.

E-2. Presentation of Test Data and Results

Table E-1a contains the test data of soil specimens
grouped according to the Unified Soil Classification
System. The soils are positioned within each group ac-
cording to the increasing percentage of grains finer
than the 0.02-millimeter size by weight present in the
soil. Other data include the physical properties of the
material, the results of freezing tests, and the relative
frost-susceptibility classification as shown in figure
2-2. Table E-1a contains the test results on 1) soils
that met the test specification of having a dry unit
weight of 95 percent or greater than that obtained by
the appropriate compactive procedure used or speci-
fied, and 2) soils that had an initial moisture content
before freezing equal to or greater than 85 percent of
full saturation. The test results listed in table E-1b
(average rate of heave versus percentage by weight of
grains finer than the 0.02-millimeter size) are plotted
on figure 2-2, in envelopes according to soil type.
Table E-1b contains data grouped similarly in every
respect to those in Table E-1a, except that they do not
meet the compaction criterion of 95 percent or greater
and do not have the required initial degree of satura-
tion. Table E-1c contains heave rate data on speci-
mens tested under a lower load pressure than speci-
mens in tables E-1a and E-1b. Data from tables E-1b
and E-1c have not been plotted on figure 2-2.

E-3. Discussion

a. Two heave rates have been computed for each
specimen presented in the tables: an average heave

rate and a maximum heave rate, both in millimeters
per day. This is done to measure the maximum degree
of variability, if any, occurring during each test. The
degree of variability is expressed as a heave rate varia-
bility index. The reason for high variability is not
known. It may be reflective of several variables either
in some portion of the specimen or in the test controls,
such as specimen inhomogeneity (density, layer dis-
continuities or other internal influencing factors), fric-
tion between the soil and container, rate of heat ex-
traction and interruption of water supply (internal and
external). A large variability index could be indicative
of dominance of several counter forces during tests.
Such a test result might be assigned a smaller degree
of confidence than one whose test variability index is
low.

b. Recent experimentation at USACRREL indicates
that some variable degree of friction may exist be-
tween the specimen and its container during freezing
and heaving. Freezing tests of specimens performed in
horizontally segmented (multi-ring) cells usually
showed higher heave rate than those of counterpart
specimens in inside-tapered, solid-walled cells. The in-
side-tapered cells were a great improvement over
straight-walled soil cells. The types of containers used
in these tests are indicated in the last column of tables
E-laandb.

c. More recent investigations at USACRREL to sim-
plify and shorten the time interval for the frost-sus-
ceptibility test revealed that soil specimens in cylin-
ders made of segmented rings 1 inch high usually gave
considerably higher heave rates than their counter-
parts in inside-tapered solid-walled cylinders, especial-
ly at the highest rates of frost-penetration. Studies to
simplify and reduce time for frost-susceptibility test-
ing are still in the development and evaluation stage.
When sufficient data are available from segmented
ring cylinders it may be possible to correlate these data
with the maximum heave rate.

d. For each specimen listed in tables E-1a through
¢, a detailed temperature and heave versus time plot
for the complete period of freezing is available in the
USACRREL data files. A plot of moisture content dis-
tribution with depth after freezing for each inch of
specimen height is also available. The tabular data pre-
sented in this appendix give only the overall initial and
final average water content, the percentage of heave,
and the rates of heave computed in the manner de-
tailed in the notes within the tables.
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Table E-1. Summary of frost-susceptibility tests on natural soils (1).

a. Opensystem, nominal surcharge pressure 0.5 psi.

SOiL GRADATION DATA (As Frozen)

PHYSICAL PROPERTIES OF BASIC SOIL

SPECIMEN DATA (As Molded)

FREEZING TEST ODATA

Coefticients] Atterberg Compaction Dato by ,,Ao,"},' eows’ }““Vé
. . ich 14 ompacti A ove T
Soecimen Moterial Source uu-l:'od o Percent tiner, mm 3 Limire (4) 5) Ory D.qv'oo voia SG',‘:: °°'||m, Content Toras mm/doy (9) Rote Frogt :'po
Numbde Cloamiti- | mom. Specitic - - unit 1 o | patio] of o rronee var. Isuse| cyi

¢ otion " o |Mosimumioptimum [ weignt | MO0 Test Endex|Cians|

Symbo | Size Grovity [pry Unit |Moisture tion ° cmmec [(Bstoreiattec] (g) | wol | un | w2y

'm 4.76 [0.42)0.074{0.0210.01 {0,008 Cy | Cc |LL |PI weight | Content 6) ag-e | Test | Tewm ve

in, oct * oct % % % * % %
GRAVSLS JMD SAMDY GRAV.LS
BPR-5 B.P.R. Alaska oW 1 0 .0f 1,5 {0.7 [0 | 0.2 Lk |[1.0 - 124 98 0.395{ 90 - 13.4 | 9.8| L1 | 0.3] 0.8 [2.67 [N-1{ SC
[7N Keflavik 3 h, 13 ,,3 o0.810.8| 05117 [1.4 - 109 98 [0.589] 100 - 21,3 |17.7} 5.9 | 0,1] 0.3 [3.00 |N SC
rc-l Fairehild bt 30 [6.0] 2.9 | 1.1 |o.7 ] o.u] 8.2} 1.7 - 126 98 |o.u62| 100 - 1.7 {10.7} 1.3 | 0.1 0.3 ]3.00 N TL
PBJ-6 Project Blus Jay 3/ | 38 h 5.0 ] 1.701.3) 0,953 2.4 - o 95 0,212} 100 - 7.8 |28.L |51.8 | 3.L| 5.8 1,70 [MH | SC
DFB-2 Dow Pield 3N | by p2 b7 | 2.4 J1.7] 0.9 |20 1.1 - 138 97 0.231| 100 - 8.5 l2L.3 152.5 { 2.6] L,3 |1.65 [M=H | 5C
DFBa3 Dow Field 3L L2 3 b9 |2.4] - - 33 |24 - b533 9 |0.296] 95 - 10,3 |13.6 |13.8 | 1.0{ 1.6 |1.60 |L sC
DFB-4 Dow Field 3/ | L2 ) o9 [ 2.4 - - {33 (2.4 - 131 9% |0.300| 99 - 10,9 (k.8 {25.7 [ 1.2]1.8 1.cg L s¢
HN-1 Hancock 3L | 3 [7.0] LB | 2.6 [1.5] 1.0 B.2]1.8 - 130 96 0.322 | 100 - 1,6 [1L.8 [12.6 | 0,7] 1.3 [1.86 Jvi-L| sC
HN-2 Hancock 3N L3 | 7.0] 4.8 |2.611.5] 1.0| 8,2]|1.8 - 132 91 0,309 100 - n.2 [12.3 [12.8 | 0,k] 1.6 [3.75 |N-L | 5C
L5C-7 Loring 3 | 39 h.l L.9 | 3.2{2.6 ] 2.0 |24 |1.4 6.1 137 9 {0.237| 100 2,08 8.6 {1L.8 [18,3 | 2,3 3.2 [1.39 |m .
L5G-36 | Loring 2 | Lo |8.0 b6 [3.7133 ] 2.7[17 (1.0 - 135 97 [o0.255| 100 - 9.4 [17.7 [2L.6 | 1.9 3.2 [1.68 (L= | sC
PBJ-11 Projeot Plus Jay 14 3% L ﬁ‘l b Jok|0.3] 0.2 |57 0.k - pFAN 97 0,188 | 100 0.1 6.9 [12.L 16,0 | 1,9 3.3 I.At: LM | sC
FLJ-12 | Project Blus Jay AN L A7 1.4 | 0ok 10,3} 0,2 157 | O.h - 0 % |o.228] 91 0,21 25,5 |b3.0 | 3,116.7 |18k |mit | SC
CDB-1 Cape Dyer GW-GM < h2 p 5.7 2.0'1.3 1.0 (87 1.1 - 139 99 0,200 ( 100 - 7.5 {10.8 | 9.8 | a,5112.012.00 %L T
Ka-8 Keflavik 37!. 42 :.K 5.3 (2.3 [1,2] 0.7]38 |2.2 - 120 97 lo.uk6| 91 - .6 |15.0] 1.3 | 0.1] 0.2 [2.00 [N s¢
KA-9 Keflavik 3 | L2 P 5.3 | 2.1 1.2 | 0.7 (38 2.2 - 121 98 |o,L35| 85 - 13.3 |1k.8 | 2,1 | 0.1 0.3 |3.0n [N >C
TAFB-1 | Thule 3/ [ L2 p8 7.0 J 2.5 1.9 ] 1,359 | 1.7 - 1Lo 98 |0.228| 100 - 8.3 |13.0 {13.5 | 0.7] 1.5 |2.1, |L-M | sC
TAFB-3 | Thule 3 (L ps 7.0 12,9122 ] 1.5 |57 |2.0 - 0 98 |[0.230 | 100 - 8.4 [16.2 [21.L | 1,2 2,5 [2.08 [L-M | SC
OFSB-2 | Dow Field 3/ | Lo k1 8,0 | 32{ - - |57 {2a - 134 9% [0.27L | 100 4.6 10.0 |16,8 |20.5 | 1.1 | 1.k {1.27 |L sC
OFSB-3 | Dow Field | b p7 8,0 | 3.2} - - Is7 |24 - 132 9 10,2881 99 6.2 10.L J15.9 |18.L | 1.2} 1.6 [1.33 L sC
SA-) Stevart 2 |s3 po 7.h | 3.512.5 | 1.3448 |1r.0 - 139 91 |o.2:m | 100 2.) 8.4 13,7 }16.2 | 3.1 3.7 |19 |1 T
SA-§ Stevart 2 |s3 po 7.4 ] 3.5 {25 | 1.3 (L8 |10 - pIAY 98 (0,222 | 100 2.0 8.1 |19.1 |29.6 | 2.5 L.0 |1.60 |M T
LSG-8 Loring M| 51 p2 5.5 | L0 ]3.3 | 2.3(22 |13 - 137 98 |o.231| 98 1.1 8.L [13.2 (1.6 | 2.1} 2.7 |1.20 (M sC
AFG-1A | Afghanistan 1 |52 h 9.2 { ko [3.0] 2,2 - - - U - |o.202) 99 - 7L | - {25.0] 2.3} 3.7 |1.60 In T
BFO-1 Bewley Pit 3 | L;: 7.5 | b.3{3.2 | 1.8 [u7 {2.2 - 132 9% |0.267| 100 - 9.L [23.L [36.1 | 2.5 3.5 [1.L0 | T
Plel Presque Isle 3/ | L 7.0 J L5131 ) 2.5 32 ]1.3 - 140 98 }0.220] 100 - 8,1 [16.8 |22.6 | 2.0] 2.2 |1.10 |M sC
LSG-37 | Loriews Y |8 {9.0f 5.6 {boefua {116 p1.0f - 13y 97 lo.259 | 100 - 9.6 [21.1 [3u.3 | 3.1| 5.0 [1.61 [Mtt | 5C
LSGell: | Loring 1 50 P2 8.0 | 6.3 [S.b | L.O |26 1.9 -~ 134 »95 0.263 9% | .0 9.3 119.1 (32.8 | 3.4 L.3 1.26 |M-H | SC
LS0-1A | Loring 34 | LT pr 9.5 | 6.8] = - |- - - 137 -~ 10.250 | 100 - 9.1 [30.0 f61.2 | 2.9 L. |1.55 {n-B | =C
CDB.2 Caps Dyer GP-CH 2 {ur p3 9.1 | 3.2{21 | 1.5 120 | 0.6 - 136 9 0,233 97 - 8. |15.9 |23. 1.4 2.7 [1.92 [Lm | T
SA-3 Stewart 2 |sy h2 5.8 | 3.3 2.5 | 1.8 ]23 |o0.8 - ua 98 Jo.218 | 100 1. 7.9 [15.L {213 | 3.3 b.O {1.2) [M T
SA-7 Stewart z [s1 fp2 5.8 {3.3(2.5 (1.8 (23 {0.8 - 141 98 {0.221 | 100 2.0 8.0 (19.1 {30.5 | 2.2 3.2 {1.45 (M T
MP-3 Marble Point 2 156 P2 (11 3.7 (3.0 | 2.0 |10 | 0.3 - W2 9 {099 | 99 - 7.2 } 9.3 7.9 | 1.0] 2.0 |2.00 |L T
PBJ-13 | Project Blue Jay sy P2 | 4.0 2,2 | 1.5 |81 |o.h - 143 100 |[0.194 | 100 0. 7.1 [15.2 |19.6 | 1.8] 2.3 |1,2- {L-¥ | sc
AFG- Afghanietan 1 7 Rb 10 L.S13.3 [ 2.4 |75 1.5 - 12 97 0,18h % - 6.8 (Wb (13,0 [ 2.1 2.4 |2k (M T
AFO- Afyhariotan 1 9 P8 8 ]6.517- - I |13 - 1Lk 98 [0.175 95 - 6.3 [12.0 [19.3 | L.2] L.k {206 |H T
WP-2 Martle Point 2 |us ps In 6.8 |6,0 | u.0}258 |0.7 - 135 97 |0.262 | 100 - 9.6 12,0 [7.0 | 1.2 2.3 192 [Lm |
PPb Mart.le Point 2 Ju5 pS N 6.8 16,0 | 4.0 [258 | 0.7 - 135 o7 lo.260| 99 - 9.5 J1b.2 J1b.6 | 1.21 2.3 1,92 [Lm | T
AFC-6 Afghanistan 1 Iss po |1 6.9 4.7 | 3.4 225 | 3.2 - 1LY >95  loan| 99 - 9.2 |1:.1 [2b.7 | b5} 7.6 |1.65 iH T
SILTY GRAYLS

AFG-2 Afghanistan GH 1 58 P1 13 6.3 |L.b | 3.0 {193 | 3.6 2.72 (b - 1L2 98 n,151 96 - 6.8 [11.2 - 2.2 1.36 |M T
CRG-1 Cold Brook Pit 23 ss k8 J1s 6.3 |b.1 | 2.0 167 | 0.9 2.72 .7 (w)] - 139 %6 0,218 96 - 7.6 {20.9 {L0.0 | 3.0 1.00 |M-H | T
BM-7 Ball Mountain T11l 2 f91 Bs (18 7.0] - - {250 0.3 2.8 - - 1L5 - Jo.210]| 10 - 7.5 | 8.7 ]10.7 | 0.7 3L fvea) T
BPRaY 8.P.R, Alaske 1 |58 p8 (27 fo |s.0] 2.2 {270 {01 2,72 f32.L (b)} - 127 96 [0.338) 92 - 11,4 [26.9 |38.7 | 2.0 1.40 |m- | €

)Gensral Note: Ses last aneet of those tables for notes referred to by rumlers in parentheses,
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SQIL GRADATION DATA

(As Frozen)

PHYSICAL PROPERTIES OF BASIC SOIL

SPECIMEN ODATA (AsMolded)

FREEZING TEST DATA

oatticienn ¢ ion D w‘o‘;g' Rote of
Percent tiner, mm oefficient r ompaction Daro De G, ot Heove Jype
s:«:::n Material Source Mani- (3) Socit (5) 3’:" :;l. voia | & Content Total ™™ /0y (9) ‘vc°,'l
m mum pecific N X W Col -| Ratio of Heove
Si:o Grovity ‘5:’;'3,‘:{;‘°°',',';‘u“,': Weight ,?::c Tost Before|Atter| (g) u2)
4.76|0.42 0.01 Cu Weignt | Content () Test | Test Avg. !
in. pet * pet - - - - . | % b
T
SANDY GRAV.:
wDG-1 Washington, D.C. 1 31 16 - s? 9 2.65 [133.9 (a L.7 135 101 0,220 97 8.0 [12,7}15.6{ 2.1 ] T
WDG -2 Washington, D.C. 1 7 |16 s7 9 2,65 [133.9 (a] L.7 | 13 101 {0.218| 9% 7.7 |12.0|15.5 | 2.6 M T
P1-2 Presqus Isle 3| 3T W 5.0 WS- 2.712 1136.8 (b - 134 98 0.265 97 9.7 (22,3 | L2.5 | 2.9 s
PL-4 Presque Isle 341 33 s 6.9 s 2.75 - - 10 96_ |0.250] 98 8,8 [16,2]19.9] 1,5 SC
s [ s
CL-1 Clinton County 14 [ s |3 l20 S 19.0 L8s 20o8[ 6.8 2.7 (130.2 (8] 9.0 | 129 99 [0.320] 100 11.7 [30.3 ] 65.6 ] L.& S
T T T
CLAYEY GRAVCLS ~
GF-1 Great Falls 1 8 136 22 17 15 000 2.66 [W40.0 {d 5.6 133 o5 0,252} 100 9.5 {21.0] 28,0 | 2.4 SC
LST-18 | Loring 3/L |68 |52 |k 30 25 9LS 2.73 35.8 (a 7.5 129 95 |0.320] 100 11.6 |3L.8 | 8u.L | L.O 5C
LST-19 Loring 3/L | 68 |52 L 30 25 9Ls 2,73 [135.8 (d 7.9 132 97 0.290| 100 10.3 [19.0} 30.2 { 2.3 3C
LST-20 Loring 3/ | 68 |52 L 30 25 9LS 2.73 35.8 (a 7.5 136 100 0,250 | 100 9.0 117.6 ] 28.89{ 1,5 sC
LsT-21 Loring 3/ | 68 |52 [N X as LS 2.713 35.8 (a 7.5 134 99 0,270 | 100 9.7 j2u.3 | L2.5 | 2.6 SC
LST-3 Loring M| 68 (52 w . | 23 LS 2.1 5.8 (4 1.5 132 97 0.290 95 10.0 {32,0] 81,9 | 4.9 SC
SA-b Stevart 2 53 |15 b.y 2.3 |1.5 23 .3 2.72 139.92!13 - 136 97 0.254 | 100 9.7 18.1] 20.61 2. .0 [1. b
SA-8 Stewart 2 58 |15 b,y 2.3 1.5 23 1.3 2.72 139.9{b - 136 97 0.250 | 100 9.3 21.4] 32,3} 2.4 3.8 ]1. T
PAF-3 Plattsburg 1i 57 |20 2.1 {1.0 [0.8]0.5 {24 Jo.3 2.67 132.8(b) - 130 98 0.281 { 100 10.% 11.2) 6.0|0.6)0.7 |1. sC
PAF-4 Plattsburg 1 59 {20 2.1 {1.0 |0.8{0.5 |24 0.3 2.57 132,8(b) - 130 98 0.283 | 100 10.6 12.81 9.6|0.3]0.4 ]1. sc
PAF-T flattsburg 1 T2 7.01 3.0 {1.3 [0.5]0.5 3.3]2.0 3.20 139.1(b) - 139 100 0.4k0 86 11.7 11.7] t.5| 0.3 |0.4 (1. sC
FC-1 Fairchild 2 8 |8.46(3.6 {1.3 |1.2| - 3.40.2 2.7 119.2(b) - 116 98 0.u69 | 100 17.0 | 13.0f 10.k] 0.8]1.6 |2. -
FC-3 Fairchild 2 70 5.9| 3.4 |1.6 1.3 - L.711.3 2.76 132.1(b) - 125 95 0.368 | 100 13.4 15.41 10.8] 0.7 | 1.1 |2, -
PAF -5 Plattsburg 1) 72 |36 L.5 [1.8 {1.4|1.0 5.1]0.7 2.67 125.2(b) - 124 99 0.338 95 12.0 12.0] 9.3]0.6]0.8 1. sc
PAF -6 Plattsburg 1} 12 |35 4.5 [1.8 jr.u})i.0 ».1}0.7 2.67 125.2(b) - 125 100 0.329 90 123 13.9] 9.8fjo.7}ec.9 1. 3¢

(e
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SOIL GRADATION DATA (As Frozen) PHYSICAL PROPERTIES OF BASIC SOIL SPECIMEN DATA (As Molded) FREE2ING TEST DATA
— AV R
- . . of
. . Coetficients| Arterderg Compaction Dato Porme - wafer mo
. Unitiso Parcent finer, mm A M Type
s::::" Material Source oot | Maui- ' (3 Limite (4 . 19 Ory o.:;.. void st'a?: o Content | ror mlacyls) aa'o st | op
r:::-"olnl- o Soucitic feimom timum \::-"" Compoc-| Rotlo | _of n JHeove d.l é‘;“‘. Cnt
Sombor | Site Gravity |pry Unit [Molsture ¢ tion Tost | cmmec | Betorelatrer| (g) |o) an fuzy
(2) 4.76|0.42]0.074|0.02]0.0t {0,008 Cu { Cc | LL |PI Weight |} Content (6) 207 Tost | Temt AvQ | Moa
Lin_ pct % pet % % *® * * %
LILTY GUAVELLY SN
HA =5 Keflavik 5. -SM S E D Y [ T F N - - I PO 2.4 112.0(b) - i 9 0.532 | 100 - 13,5 17.31 2.0{0.3]0.5 [1.: 5"
BruL2 B. P. R., Alaska ;l WS 12 v j2.0 231183 1o 1.0 2.7> 123.1(b) - 17 45 {0.407 2 - 15.8 2:.5] wv.7] 2.8 .0} L sC
S1%-1 Spuene 1! P il PRI 5 P -5 I - T2 A 2.80 - + 128 >33 0.350% | 100 - 13.0 195.81 13.6 5.0 J2.o 1.2 | L 57
MIN-1 Mianesots 2 ) f20 i3 {3.8 - - 28 |:.8 2.713 135.6(a)} ..\ 139 100 0.258 2 . ) 22.0] 37.0]2.8}u.y Lo ke ]t
SA-2 Stesnrt 2 [ I [ @1 Ju0 2. 1.8 I3y faay | isa3f ua3lele ,1.7(b) - 13y ;) 0.244 | 100 3.5 8,. 82727 - bu])le oy ) -
SA-6 Stevart 2 58 f2 s fuo J2., )08 [30 1 ) 1) eaf2aro 141,7(b) - 138 28 .224 100 | u.0 8.5 20.u] 32.2) 2.7 Ju.3 |t
1T b M. 1. T. 11 70 |2, 1 jule [ 327206 |24 .2 2.70 n137.9(b) - 13 +H 0.285% 7 - 10.2 20,74 21.5f .2 12.0 .5 L
4o -6 Hutchinson's Pit 1 7 Jeo 8.: 2.0 J3.542.0 Ju3 |1 2. 77 hhi.3(e)] 5.3 144 101 0.173 99 0.0 5.7 2u.7) w30 v T, s | v -
HOG-12 Hutchinson's Pit . Vi 2o a0 ] [3.:]2.0 Ju3 {10 . 2.7 3.3e)| 5.3 1L} 8 0.221 87 0.1} 7.0 37.0] 81.3] .8 |5.3 ]:.20 | #
KM -13 Hutchinson's Pit 1 o feo A, 0 [3..]2.0 |63 10 2. 75 143.3(e)] 5.3 :38 2 0,262 7 0.23 8.7 23.3| v3.8|3.. Je.8 |i.37 | -8
155-38 | Loring ! 2 1 L2 O0jb.0 |1 3 2. 139.1(5) - 3 I o.296 | 8 - 52 el ars] 3y ey e | ra | s
He.y Mpid City 1 . jo p2 8 A B9y .. [ ie.0] 2.0f2. 00 - - 13 > 0.2} Y] 0.0u8 8.9 1.y r g2 b L fose
AFG-7 Afghanistan 2 8 23 3.2 |3. 2.3 1.8 w8 |..2 2.1 11;6.7?-») - w2100 .10 | 100 - 4yl LTS I PO N I P bIN LU I B B
GR-b freenland SP.SH 3w o 3. e .3 o8] - 2 jo.2 2.1 138.0(d)| .3 137 2 0.245 | 100 0.4u8 .0 19.2] 20,01 1.311.8 .38 | L
Fo-2 Fairchild 2 8y 2 O | [T R - Lol 2.1 123.5(b) - 121 ) p.uzx 100 - 15.3 175} 0.8]0., |t 1.0 |-t
MIN-b Minnesota - 100 |7: 3.8 |a. | W b3y 2.0 uh.hsb; - 1L : p.u73 | 100 - 15.8 15.0] 2.u|n.2]o.v J2.v0
YF-5 Vo.k Field - 100 {86 h.0  f2. 2.4 1(..8 2.0{0. 2.1 125.6(b - 5 100 0.450 { 100 - 1.3 1. 3 2.8{0.: o .00
-1 Indiana - 100 Jtoo 4.3 |2 2.2 |1.: 1.3]:.0 2.5 107.1(pb) - [oX] 102 0.513 | 100 Fu.o 1,3 1.0l o.:]0.r O .o0 SC
w-2 Indiana - 100 {160 { ..3 (2.0 [2.2].. 1.9i0.0 2.- 107.1{v) - 2, ] p.u'> } 100 B38.0 2:.8 1,.8) 1.3}0.: o oo )y o
w3 lndisna - 100 100 |...3 [2.. |2.2 L]0 2.. 107.1(t) - 0y 102 b.s1u | 100 Fu.o 1.4 20..} 2.3lo00 Jo. 12 5"
MI-1 Minot 1} 73l n .2 2.7 |22 1. 3.:lo.) 2.1} 130.5(%) - i2y 93 o.315 {1000 | - 11.5 1L.3f 8.8]0.% .0 p-no
DFR.1 Dow Field 3 5 |18 |50 J2.3 1o )..0 Jiw oo 2.12 137.6(v) - 133 7 .2:8 | 100 0.2 10.7 2:.8l27.51:1.803.3 |..Ay Ji-» ]er
SLF-1 Selfridge 1t cwlew (4.9 3.2 [e.o 8 Jiv o 2.0 126.9(b) - 2t 100 p.32y | 100 - 12.2 15,9 .8.3]1.0}0.7 oo bt
SLF-2 Selfridge 1} Tiper v 3.3 |]3.0f2.¢ |13 Jo.; 2.70 126.8(b) - w2t .00 .32y | 100 - 12.2 20.7§18.01.2 |2.2 1.8y -
SCA-1 Schenectady I 2 | 84 ho 3.3 l3.0]2.0 3.u1.8 2.58 113.9(b) - 13 100 0.484 P ] - PN 25.5] 13.5 1.1 2.2 R.0O | 1M | sF
SCA-2 Schenectady 3/ a0 | A% RO 3.3 {3.0]2.0 3.h01.8 2.68 113.0(b) - L2 29 0.487 | 100 - 18.2 25.2| 7.5 1.0 [2.0 . %
X1§-6 Kinross 1h A 18 (8.9 [3.3 [2.0])0.) 2.811.4 2.52 109.0(b}) - 108 9 b.518 | 100 - 13.8 21.5{ s.2jo.7t:.2 h.my
w152 Kinross - 190 | 82 {j.0 (3.4 (2.0]0.) 2.8(1.4 2.92 109.0(b) - 106 38 o.542 | 100 - 20.5 20.3) 3.3{0.% |o.7 1.7
vis-3 Kiaross - o9 | & |0 |3.4 [2.0]0.9 2.8h.4 2.53 109.0(b) - 105 97 p.552 | 100 - 20.4 21.3| L.0}o0.t |0.8 .00
[ Y Hutchinson's Pit 2 w1y [o.0 (3. |2k - 23 (0.7 2.7 141.0(b) - 140 2] o.222 | 100 0.1 8.1 18.2) 28,1 ) 3.7 5.5 [2.uB
“-2A Korea ' a o8 [ & P 2.0 {1.% L:z 0.3 2.9. 227.0(b) - 128 100 .28 96 - ).6 13.0] u5.232.2 3.5 .93 |
“-28 Korea 21 5 | 28 U S - R P“ 0.3 2.0% 127.0(b) - 2L 48 0.3.9 9) - 11.9 17.3]1 20.813.91<.0 .32 | u-H
LIN-2 Lincoln ) » | 22 . 3. 2.7 12.0 1 lo.3 2.65 13L."(d) - 13k .00 j0.238 | 100 - 2.0 13.7]1s.0] 0.8 {1.6 1.7 | vL-L) SC
SPK-3 Spokane Y F I DS T I PORRE ORI JRl B 5.3.2 2.80 - - .28 <35 p.361 | 100 - 12.5 17.7 ‘.g.s 1 2t sC
B S Spokane 3 913 9. ey J2.a7 s S.403.2 2.80 - - 128 <95 p.35 90 - 1.3 18. 5 15.3 ) 16 2.3 ook | sc
KIS-1 Kinross 3/ 92 67 3.0 2.9(:.8 L2 11.2 2.6, 20.k (b - 115 25 0.438 | 100 - 16.5 } 19.3] 8.2 } 0.8)1.7 |]2.12 jvL-L] T
“1S-k Kinross 3m o321 ot 7.0 2.51:.8]u.2 (1.2 2.69 20.L (b - 115 38 0.396 {100 - 1.y | 31.a§36.5 | 2.7] 3.7 §1.37 | 4
KIS-5 Xinrose 3] 3 57 7.0 2.3):.8 )62 1.2 2.65 20,b (b - 120 |100 0.367 ] 99 - 13.9 | 32.9]ue b | 5.0]7.8 J1.uu Iy T
18J-3 Pro). Blue Jay 3| 1| Lo |10 vw.0| 1.8 |20 0.2 2.70 L2.6 (» - 138 5 0.215 | 100 - 8.0 | 29.8]23.0 | 3.1 | k.5 [1.45 SC
PBJ -4 Froj. Blue Jay /8 ) 71 ) bo 10 5.0]:.8 20 0.3 2.70 2.6 (b - 137 2 0.230 } 100 - 8.5 | 37.8]o3.4 | 3.2} 5.8 J:.8: }x sc
T3 " otyharna M Y IR Y A, o f2s) s ».0 0.2 2.72 0.L (b - 13% D) 0.280 | :00 - J.) ] 20.2]2:.8 | 1.5§2.3 |1.53 [ ~-M| SC
LIN-} Lincoln 1 80 { 2. 51 w9l 3.8 3.0 fi° 0.8 2.9% 33.1 (¢ - 135 {i0d 0.228 | »8 - 8.5 1 13.5016.) { 1.0 1.6 o ft sc
LIN-1 Lincoln L 53 | 30 0| ..9]3.0,2.0 |28 0.4 2.5 33.1 (a - 137 103 0.212 | 100 - 8.0 112.7]15.8 ] 1.9} 1.4 |1.80 JL s
LIN-L Lincoln 1 i 27 .3 ez i 0. 2.55 33.1 (d - M 13 0.250 - 7.3 [ 15.,[19.6 [ 1.2{1. 1.62 {t 5C
@DB-3 Tape Dyer 2 w2, . fe2b 3 82 [} 2.68 3n.8 (b - 130 7 0.289 | 9u - 10.1 | 2u.1|37.3 | 2.1 1 3.3 |r.s7 Qv
AFC -1 Afghanisten H L 1.3 . 3..12.9 - 3.2 éb - RO - 0.205 | % 7.2 | 19-9135.9 | 3.2 7. |1.82 Jwn
ws-3 west Virginie ! .0 L. - 8. c.3 29.1 (b - 125 ” 0.3k, | 87 - 11.3 1 23.8027.4 1 1.813.) 1.893 |- -
Ir-1 Volk Fileld 2 4 10 211.. {yol:. 21.6 (b - 120 ) 0.35% 1100 - 1305 | 31.2]35.2 } 2.3]3.2 ]1.3, ¢
1.5G-3* Loring ) <y A, P IR 2 T 1 24 o J9.1 (v - 13y 2 0.2} N 2.3 8.5 | 16.6)27.6 12.0£3.831.50 |1 sc
156 -39 Loring 3 i) 10 a2l c2] 8wz |b. 3% (b - -3 27 0.2.0 ] J2 - 8.5 | 31.9]52.8 | 2.0]w.2 |2.10 ]t <
. .
1 s M h
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SOtL GRADATION DATA

(As Prozen)

PHYSICAL PROPERTIES OF BASIC SOIL

SPECIMEN OATA (As Moided)

FRELZIING TEST OATA

e " Coefticients| Attarberg Cempaction Dato "u":'" wordr
Unitied ercent finer, mm i i Degre G, ot | obility
’:':‘::" Meteriot Source c':‘onl_'. 3 Limits (4) (% &'z :; *| veia svo‘n (f" ‘M.M Tota!
v 88104- X \ Compoc-| Mario| _© Heave
Symbol By Onim [aiurare | O™ |y ign Tes! | cmmec [Botorelatrer] (g)
,m 0.42/0.074[0.02{0.01 € | C |LL weight | Content ®) | ao-e |Test |Tewr
pet % oct % - * - L Y A
.III' eﬁ'lﬁ
1aFal Flattebury -] - 95 |28 .5 (1.2 2.9 | 0.9 10.3 (b - 107 | 97 0.567 | 0% - 18,6 | 1v.7| u.4 | 0.2 2.50 |n SC
o | i b |8 RS || TiS N RN O 515 B B R o R o ) g R
0N &9 - . - » » ] - . - . . - - .
w =2 Westover - 86 |20 2.5 - L. | 162 119.9 (v . us | % 0.uS8 | 99 - 16.5 | 17.6) L.3 | 0.2 1.50 | SC
S Min@sota - 95 j20 3822 3.7 113 hi.2 (d - 1 |100 0.u3l | 99 - 16,0 | L2.8]u9.8 | 2.3 Lok |M-vi} T
BRF=2 Iradley J;hh 27 & tﬁ .g 2; ;L\.g 1);.& : - il’.) igg o.)og igoo - 10.9 | 20.6}20,0 1.: i;a L T
BRP-1 Bradle: 3, n Wba, . . - 3 0, 20; - 7.3 | 2A.9]0.9 | 2. .38 [n T
BAFS.1 Bo'.holy - 100 [ LS |2.5 3.0 [ 1 06l (d - 106 |100 0,578 | 96 - 2.7 | a.6j2.6 | 0.5 2,00 {vL T
BA*S2 | Dethel - poo |21 LS | 2.5 3.0 |10 L06.L (d - 105 | 99 0,593 | 88 - 19.4 | A.8|a.6 | 0.6 1.66 v T
whey Westover 8 | 2v S - 27 1.3 b 3 - 116 100 | 0.467] 100 - 17.7123. w.2] e.711.0 fr.y <
aRe] Greenland us |1y 5.2) 3.7 2.4 | W7 0.4 137.9 J . 135 98 | 0.258] 100 - 9.5 232 35.3 a.; 2.7 ,ia: rL ?c‘
tiR-2 Areenland L5 117 5.2 3.7 2.4 47 0.4 137.9(0)1 - 137 99 | 0.2ks| 97 - 8.6|1.6 [60.2]3.8]5.5 Jauumen|r
nw-) fireenland ks 117 3.2[ 3.7F 2.4 | W7 0.4 137.9 b; . 136 99 | 0.252] 100 - 9.2 |22.9 [ 38.8[2.0f2.9 hous| w |17
™J-10 rroj. ltlue Jay sy a1 G.of 5.2} 2.8 | » 0.4 136.0(0 7.0 129 5 0,312 88 - 184 28.5 6.? 2'? .8 1&é M ,?c
AF.i-S Afghanistan 23 {12 6.2 i.q 2.7 111 3.1 Lk.6(b) - 1k 99 | 0.1%% 98 - O kg (.72 ?.7 1. ]
v | verover 8 |3 |93 "0 s 1 HOIR o | P B (8B 8 o 8RB 230 i) ¢ G
Westover 8s |27 7.0( - - 16| 1.2 L16.4(b . nl 95 [ 0.521] 100 - i3.a |&.4 | 10.8]0.6 §1.3 [2.16 [vL-L|sL~
LT L7 [ 13 7.5 5.3} 3.6 17 1.9 12).664; 13.2 123 100 | 0.37% 96 - 13.2 |21.9 | 22.4 2.; 3.2 P3| w T -
M, I.T. Wy |17 7.8} u.5] 3.0 |28 1.4 122.1(a) | 14.2 122 100 0,384 100 - 1b.2 (25,3 | 28.3|1.9]2.7 1.62 ] L-vTr
rart th gk {2 8.2] v.4] 3.7 ] b.o 1.8 111.2{d - 109 98 10.560 96 - 19.8 126.2 11y.510.8 [1.5 [1.86 .
w?:n::g:n 9T hé , 881 Ls| - Lok 0.8 2,74 126.0}!:; - 120 95 o0.k19 99 - 15.3 | 22.0 13; 1.4 3,; Jz.;s "’L‘.ﬂ-?c
Wemiover 21 | 8.9| 7.5] ».0 (@50 2.2|21.9 2.10 129.1.5») - 128 »93  }o.n2| 100 0.6 [11.% [i2.6 ] B.5]| 0.9 |1.2 N.33 {viL-L]se -
Jolk Fileid 88 (13 1 9.5 t.or | 20 7.5 2.12 [119.5(b) - 1L 75 0.375 128 - 16.7 33.5 31.2 2.2 e.o 1.36 L] r
“ansfield Hollow 53 |23 N1 | 7.5 w5 | 38 1.3 2.70 136.0{a) - 3 9% | o0.290 0.097 110.5 133.1 |&5.0f3.3 JL.0 .21 {m |sc
MH-2 “ensfield Hollow 53 123 1 7.5 4.9 | 38 1.3 2.70 hag.oidg - 131 96 .29 88 0.098 | 9.5 {au.2 [35.3[ 6.6 |6.5 h.s1 3c
wie -2 Fairchild 3 123 il [ 6.3] ko |9y 2.2j21.6 2.79 RL2.9(v - 136 95 | 0.280} 100 - 10.0 f22.2 f27.112.8 |u.8 h.n sc
~AFR -5 “hule 47 |20 12 9.0} 6.2 | M 1.8/14.1 2.88 D50.9(v) - 1k 96 0.243{ 100 0.092 | 8.4 [30.2 [58.0[2.6 5.3 .OM 8¢
"AFD-H Thule 47 f20 12 9.0l 6.9 | T1 1.8{16.2 2.88 150.9?,; - 1k 95 0.2u8 98 0.10 | 8.4 |36.1 |66.4|3.0]6.5 R.16 s
PArt -9 fortsmouth ks |23 1% 9.1 1.2 | 14 1.2 2.7 Pp28.6{v - 127 99 0.3313| 100 - 12.3 (W61 181.8]5.6 18,8 h.57 %
wo-3 Westover 75 (38 hk | T.0] - 17 0.8 2.65 - - 112 »95 0,483 97 - 17.6 [13.3 ms.9]u.9 |76 h.52 T
0.8 Trusx 79 (28 15 ha | v.0 |36 4.2 2.70 P37.3(d) | 5.6 130 95 [0.300] 9 - 10.2 [19.5 23.2 1.5 |2.7 p.8o sc
MIN-2 Minnesota ;3 g; }3 :; x;h lso 13612'! :'g D30.2(® i:“ >gg g.;;lh m’) o'os‘ }g.g sa.g aio.g g; 10.2 1.62 T
T0-1} Truax . . . - . 9 gul o9 .09 {10.8 |14, . .2 (3.0 B.3 7
T 4,1, s8 133 hg ha 165 |9 0.9120.7 2.70 R19.0(d) | 1s.0 19 100 |0.bok| 100 - 15.0 |y0.2 |3s.u 2.1 [2.8 B.33 T
TV Trunk no|w 19 (1Y | 9.9 | % b,6] b4 8.70 R39.0(0 s.g 136 98 10.846| 100 0.9083| 9.1 [17.2 |a1.07] 1.8 ).3 b .o sJp
™0 Sk 1) (3 ey e % Loyfaleh 2.7 H.gd I8 130 9y 10.303| 100 - u.z 18.2 |22.0(2.5 [2.8 h.12 ©
*n.10 Truax v |3 22 {15 |ae 3% 1.916.4 2.72 BY.)(a 3.6 134 98 0.26% 98 - 9.6 |1k.9 1. 7}2.9 [2.8 h.12 K
*n-31 Truax 79 19 15 2 55 1.9010.4 2.7 @37.XMa 5.2 139 1R o.zag 100 . 8.0 116.3 |15.% 5.3 1.7 1.33 8C
Ip-32 Truss 79 135 Je2 {5 a2 55 1.9{1k.b 2.72_n37.3(d 5. 132 96 0.2 100 - 10.3 123.3 |37.0]2.9 ]13.3 ]. s
’ ‘J_CLAYEX SILIX SAMDS :
or.y Sioux Falls $M-80 28 |io 9.0f 4.0 108 .pfaw.af s.9]  2.72 p3T.0(d 1.2 13 96 [o0.292] 100 0.16 [10.6 {15.7 [16.6 1.7 |@.7 h.38 {L-m [ec
] e BB B ORR Poaftaltsl BRERE 1) G S| R | SRS B3 pR
T - “hule . . . . .. - . . . . - ! . . -
TAM-8 Thule 3y 122 1v |io 310 0.9[16.1 ] 4.3] 2.87 hs2.S(v 146 96 }0.223] 100 0.029 | 7.8 |35.9 |68.8]3.3 [6.5 p.96 |mM-u |3
cA-} Casper 48 la3 s (13 225 |13 Je2.0| u.6] 2.64 D20.8(d) | 7.2 120 99 }10.378] 100 0.66 liv2 119.6 [17.1 1.5 j2.7 p.8O fL-NM gg
pral ratterson 33 |22 15 o 400 2.7|22.0| 6.1 2.7 - - 135 95 0,267 100 0.001 | 9.7 |26.0 fub. b 13,3 [8.2 h.27 [M-H
cA-1 Casner 21 16 hk 137 1 |21.8) 6.0] 2.6) m.a}d; 7.2 118 98 1o.k03| 100 1.3 [1s.2 |27 |ar.7 2.6 ja.y B.be Jrem |sc
CA-2 Casper 68 |2y 18 116 195 11 |22.0] &.6 2.66 N20.8(d T.2 119 99 0.393 95 0.5y [1h.0 [22.0 | 20.0}2.2 3.2 p.b&5 |n e
B0OSG-1 Hong 75 s J21 s N 1.3{16.8] s.1{ 2.76 ;9.5&.,; - 135 97 |0.290] 100 | 0.0003 [10.8 |13.1 [13.1[1.3 |2.0 h.sk L [?
BO6G-2 Bong 75 {ub 21 s N 1.2)16.81 5.1 2.76 P39.K(e - 136 97 0.26T| 100 0.0001 | 9.7 {12.8 pa.B 1.3 [1.7 p.yo L A4
BNSG -5 Bong 75 (e 21 N 1.3116.81 3.0 2.76 139.5(c) - 136 9 Jo.282] 100 | 0.000R |10.% N6.2 R1.8 |1.7 3.7 R.18 JL.M jr
LBT-5 Loring 63 |u6 0 (2% 133 0.8{21.1| 6.0f a.m - - 127 »93 10.3%] 100 | o0.o034 |12.y |uws.0 [717.6 |6.7 {8.7 h.30 [nm.vi|sc
Lst-3 Loring 62 w8 12 |[ak 100 o.2|21.1] 6.0] 2.m - - 127 »95 ]0.3%| 100 | 0.003s |12.3 {50.1 9 [2.8 3.3 p.a8n |5

y ‘doyd ‘9-88 WiV/Z-818-§ Wi
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9-3

SOIL GRADATION DATA (As Frozen) PHYSICAL PROPERTIES OF BASIC SOIL SPECIMEN DATA (Asadided) FREEZING TEST DATA
Avg. Rote of
. Coe ticionts] Atterberg Compaction Oato Perme- warde . kll .‘4
Percont tiner, mm Heove
Boscimen] Wi ion Source "g’o'..‘,“ . 3 Limits () (3) Ory | Oegree 0. a1 | ottty Content m7doy (9] ROTE 1Frosr] 7P°
re Moui- - of Void | Stert Total of
Number €1039:%i- | mum Specitic - - Unit {09 Rotio| _of o Vor. Suse! cyt
cation : Masimum/Optimum | weignt cadl %1 rout Heove Index|Gossl
Symboi® Size Gravity |ory Unit sture tion 8! | cmmec [Bsforg Afred (g) wol | un | vy
(21 4.76 l0.420.0740.02/0.01 Jo.008 €, | Cc jLL |PI Weight [Content 6) | qo-¢ |Tost | Tow Avg. | Mos. t
in. ot * et * » % . * * *
CLAYEY S~NDS
FA-1 Fargo sc 3/6 | 98 17 92.5]7-5} 5.5} 50 5.2} 30.7{10.5 2.70 x21.2§d; 2.0 12 97 0.378] 100 0.09 |13.9f21.91 18,7)1.5]2.7]1.80}1L-% |sc
FA-b Fargo 3/6 ] 98133 117 2.5 1.5) s.5) 50 5.2} 30.7410.5 2.70 {127.2(a 2.0 11 23 0.k24] 100 0.17 115.7132.8} w2.u} 3.3 Ju.5)1.36] - e
BJ-1 Pro). Blue Jay SN N VIR B3 23 po 19 500 | 1.7 26,1 8.1 2.70 [133.1{(e)| 9.8 134 101 0.272| 100 0.033| 8.0[27.9] 25.3|2.2|2.8]1.27|n N
BH-1A Breed‘s Efll (EBT) 3/ 76 | 60 | M2 2u - < | | 1aaf2-.011.0 2.75 [138.7(e)| 7.2 139 100 0.237 P - 8.0 |10.5 T.3{06 (10106 L Bt
un.9 Westover 3 8 | o hg 30 p3 17 115 | 0.y 23.1 7.2 2.7 - - 130 >95 o.'z:w 100 10.9 122.3 | 31.5] 3.0 |v.6 r.u8)n |k
MIN-7 Minnesota 3/ | )7 ] 18 | & 3 - - - - | 28.7110.7 2.70 - - 114 295 0.475 91 - 1.2 132.0] 38.6{1.8|2.5}1.38}1.2 |
PRI-15 rtroj. Blue Jay 3/6 | 80 { 58 | Lk ) Bl 22 310 { 0.1 ] 18.454 9.2 2.715 1)9.6(:; 7.0 13y 100 0.234f 100 0.002¢ 8.5 [17.3 ] 26.3 2.2 [3.8[1.72u RC
p8J-16 Proj. Blus Jay 3L} 80 | 98 | bb 3% i 22 310 | 0.1]18.9] ,.2 2.75 1139.6(c ;.0 132 5 0.301| 100 0.0042] 10.y 134.7] 83.0| 6.5t8.3|1.80]| w.uubpr
SILTS AMD “ANDY SILTS
e - Gonse Ba s . oo |2 to 5.0 - - - - 2,76 102.0{c)| /.. 102 100 |0.588| 100 3.5 f2u.b [25.6 7.0} 0.3} 1.0]3.33 [~ SC
uo.; u..mv.ry - (100 i {53 Pl] - - - - . 2.0 {113,6{d)] 11.0 112 9 0.48u | 100 - 18.0 [26.0 { 17.3 ] 1.0] 1.5Qr. 0 ¢t 5
L-l Lsbrador - Nco hoo | .2/ {10 - - - j{2o.0] 3.0 2.7 |102,0(a)} 18, 100 104 0.6261 100 0.4 22.7 |27.3 | 16 | 222 L 57
L-18 Labrador - o o |05 27 }|i0 - - - |25.0} 3.0 2.1 102.0?1) 18.1 103 102 0.668 Sl 0.5 22.4 |30.0 | 15,3} 1.5F 2.3]1.53 L |80
VIS-1 Valparaiso . o hoo | 5k oS 15 - - |23.7] 8.0 2.72 [115.8(a}| 15.5 113 48 0.991 8 0.026 [18.4 [62.1 | 5.3 % >.8[11.511 .7 {vn sc
vI18.2 Valparsiso - lwo poo | ohol2y 14 - - |23.0l w0 2.72 |115.8(a)! 13.5 13 ) (o.s01] 100 0.%24 [18.0 |65.56 {100.0 [10.0f13.3]1.33 |vu |sr
NAN-I Hanover - oo (100 |98 135 & | 8 -~ - l295112.3} 2. WY 1.9 104 96 10.69%5 100 ~ 124.8119.0 [105.6114.1 |18 :.3’2 vH T
DFC-1b Dov Fleld 3/ |5 |63 |87 sk fuo 28 - - |32.8] 81 2.0 [107.1{eV - ) 8 0.90} 100 |0.00000u[22.2 [135.8]10b.0 }13.5[23.3]1.08 |V sc
NIM.3 Minnesota 36 | o1 R |83 Gy Jub 28 - - |3%.0} 51 2.02 - - 101 *s5 0.011 1&; o-l gg.o 50.9 lggg )}.‘, 25.3 Poows [M-H .
N Je - - Iz . . P . . . o . . N g
- Nev Hapehire -l R 21%E (118 I R Y S F DA SR 3T % 44 (8:%4] 138 $:13 (33:8 148:5156:3 (1e: 4[58 8138 (¥ (&
KH-11 Nev Hampshire - (0 |9 |I7 > 2.0 106.7(c)| 12 - N . 2 .
7 vo |22 10 - - |20.51 0 2.0 1.5 108 101 0.557| 100 0.11 }20.9 | 99.9]190.6 |26.0({28.3{1.08 |-u sC
NK-12 fiev Hampshire el ks ; : o [106.1(e) ] 10 9 |o.o11| 100 0.15 [22.. la16.7]23,.2 ha9fi. " hive jow s
NH-20 Nev ilampsbire - oo fs {97 S0 |22 10 . - (2.0 0. 2.0 {106 7(c)f I o # . . . . 9. oH
CLAYLY S1LTS
- 6 - - fas. ».8 2.” < 11.5 123 5 0.385] 100 [0.0031 1.2 { 28.9] 37.0] 2.2f 3.5[1.9: |4 sc
A | NewTampehire Ry o e ;% PO - E T IO I B 0t Bdt e 1&72; s | 105 B |olob3l 88 [oiowh ooy | B.a150.2 [ 7.5115.8)2.00 fu-vk |sc
T H dew {tamrehire - foo x| YRR IEY -4 - 2.0 50 2.70_}106.7/) 1o.5 101 5 0.562] 100 ]o0.033 2u.5 | W.51117.6 116.0/18.3]1.%0 JuH sC
men | N R G b L I I IR e B B R E S Rl e IR Bl Ll e e Y S Y e
NH-bbA New Ha-mpshire - 100 00 2) B - - . 5] - 110.1(c . N ST7 . ;‘- 0. ! -22 .
or-u0 New Hmn:nhlu > lico boo |55 7 |37 |13 N P B N Eer et BU: 100 % |o.5»-] 100 - 22.0 | 3¢.af 2.8 6.o] v.3}1.30 {s s+
SILIS . ITH OHC. :1ICS
1L 1:0 po0 |31 38 |13 Jh.0 - - |31.0] © 2. 1101.6(a)| 18.1 58 97 0.7371 100 |o0.6% 26.8 | 45.7] 3.5 | 3.1 woofii2e e sc
ll_::~1 Ir'.ttmb“:u o : 100 BOO (97 82 f22 12 - - {s2.5] .2 2.n7 107.1.?‘:5 17.1 101 45 0.546 ] 100 }o0.20 2u.2 112.5]223.6 |11.3|1s 0]t 26 vy SC
T airbanks - i % ) . N £96 5 N S B v, ih. .
m-lz Fairbanks - no |97 82 |22 12 - - 132.0] 5.2 2.0 [InT.Lle) t7.L 13 103 0.595 100 |0.03 18,y 104572812 [1:.5013.741.19 4R sC
—GRAVELLX AND SANDY CLAYS
- - - o) 7. 2.7 - - 133 »95 0.352| 100 L2.7] 73.0 | w.Bl:0.3f2. 10 faovm |sr
Dow Fleid ° yu | €2 10 62 to na ﬁs ohaol 2 ..3, nu.o@!l 1.0 | 15 wo  |o.us8| 2:.tf 250 1.3f 2oofea S|
Fort Belvolr 3% ] a5 (BT H6h h3 3% |30 - - 2;'0 Kabd IS 130'5&1; b 5 5 le.inn) 160 o. PESER BTOE T B L 0N FRR- S PROTTS Pt
East Roston 3 |8 2 )56 Lo EE O 21T 1330] el 2ie amiaga 130 3 |o.32k 100 |oO. 30,2} Wiz | Wl . 138 e sc
East Roston 3 |8 |72 )56 L3 |35 2 - N 3.00 7. 2' . 1”.926; 5. > 0.3/ ]| 100 Jo. 22..,}22., D] U EUER I HA - -ty
East Foston 3/6 18 {72 [56 43 (39 2 - - {23.00 7.0 - * - :
) 7 ; 4 ] - - l23y.0f] o] 2. R 130 3 0.328{ 100 |0 .oy a8 xs g8 5"
o ponot £/ el e b P B A A T PN S ISR v oot IS IO + fo.533) 100 [0 Bt ER LT (RN CERE] TR (B oy
Fort Relvoir 0 Jo . 13af2n.3 2.3 {1 1 . ‘o2 0.4 0 |o 22.3) 2.2 OER IR IR MO
Foart Pelvelr x;: ))g ): "’i :) :: ;l - - '2.; 20.3 2. 3 m.g%:) - - 3 3 oul 160 |o Pare T Al e o s
Pel ol 3 " h - - 3. . 4 . N T et B B N 6~
;3:' veliatr IRON RCT I X1 PR (YO N -1 - [v3.8f03] 2.3 [1the9(a) ! - - 103 [o.burf 100 [O 2nap2n. 22l zepe M
fortemouth - 100 100 |- ur |39 30 - - [30.0 2.°3 [11n.2(e) ¢ . Bl 1) 0.5, » - 1.2 0. |12, 7| w. 2.3
Eas' I 'ston 3 19 |y s L 42 30 . - la2t.0 2. 130.8(d Do 8 0.333 | 00 |O.02 12.2 3 .| 2. . 1.2
East Fust SR B T3 v I KN M u2 30 - - {21.0 2. 130,P!d I3 o 0.328] 100 Jo.o:. 1.0 2.1 8831 7.3 T2
. East Fos'on 36 [8 | b, a2 30 - - 1210 2. 130,8(a ;2? 8 0.33, 1 100 [0.0:2 2 |20 w12 8 I
East l'oston EECTE BT s ) L L2 30 - - {er.o 2. 1, 8(d 13 100 0.31 100 |0.00, 11.5 | 18.3] 22,3} &, 2L
oFC-12 | Dov Field | ey »” I Y] F . 2. 2. . 129 ia 1,0 .9 -] 0.424) 100 0.0028 |1+, w2} 0. 2
DFC-13 f e Pleld 3:"‘ a ':2 ‘3 3 juo 1 - - 12 2.1 Li9.0 (d} .0 e . 0.22{ 100 [ 0.0000" 1",.8 RN EIEed I
AeT.2 AASHY 1l u 3 [ 3 - - 123 2. % 121 (a 3. s ¥ O.L'.- 190 0.0047 l'lf 2.3 :1 3
AR <) AASHN :: . a u 1 30 . - l2 .3 2. .l. 121.0 (a 23 i o 0. 29 100 0.0020 1,.‘ ;.) 2.2 ”n‘ i .
ART.b AASHO b . = u LI 33 - - ]2 3 2.6 J121.9 (a) .3.- 12~ 103 0.3.°} 100 0.0008 ]13.9 ) 23faeng
ART-19 | AN 1! 5 19 L -3 |ay 33 - - 2 2.8 1N (.i 3. 1. A o.Lt2} @ 0.0030 1.3 2.8] 3.9]1.3 |-
ANT-15 | AASY 1‘, s o 3 |64 33 . . 2'3 1. 2. [221.0 -a) 13.’ 12 108 0.3.0] 100 |0.000’ 13.3 ).i‘ 1.3 f'?‘ !
PSi-b | Bong LN B I % 9 |u3 3 - - 28.-1:2. | 2.% |12x.8 ic 12 B 0.3m| - 0.00002 ”‘.’ 1. 1.0
3086-6 | Bong 3’ p a0 30 0 |48 3 - - 29.-.|12..] 2.% §128.8 (e 125 B |o.n3]| 100 }0.00003 |1k, 1,2 1 1.7 162
8-y | vone 3/ 5 B L} 1 .0 3 . - 2uv]13.01 2.% 12t.8 (e 2 A 0.38.] - 0.00001 §13.9 LN I DO (S -0 B
Dow Field 1! » 188 80 de o2 3 - - jo.oj12.0] 2./} }119.8 (ai 8 Jo.wBl 100 }o0.0032 |io.k po.: N2.o]l1.20) ¥k o
Dow Field : 1! A | 88 80 b |2 3 - 30.0132.0] 2.1 119.8 (¢ A 0.411] 100 0.002> Jv..} 3.3 ] 3.8) 1.0 s
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SOIL GRADATION DATA (As Frozen) PHYSICAL PROPERTIES OF BASIC SOIL SPECIMEN DATA (As Moided) FREEZING TEST DATA
Av Rote of
- Coetficients| Atterberg Compoction Data Perme- watde
. Unitied Percent finer, mm iy G abuit Heave Heu Tyoe
Specimen Moteriol Source glo»ll_ “ | moxi- (3 Limits (4) - (5) Dry Dl:;oo void S"c?'v ity Content | o1 |mm/doy(9)[Rate Frost| of
Number Clossiti- | mum Specitic - - Unit Roti of (n ™ var. {Suse] Cyl
cation | g Grawity | MosimumiOptimum | weignt Compac-| Rotlo | o0, aey eove dex|Cioss
Symbot ize ravity [ Dry Unit {Molsture tion cmmec [Boforelafter] (g) A woy § un{ a2y
2) 4,76 |0.42(0.074 10.02]0.01 |0.008] Cu | Cc | LL |PI Waignt | Content (6) x10-¢ | Tost | Test vQ. | Man.
in, pcf * pef *% % *% % * %
LEAN CLAYS
PAFB-MA | Partemoutn cL - Lo {98 a1 33 a2 1| - - |28.0112.01 2,711 4113.k }a; - 13 100 |07k} g2 - 16.3 |38.0|47.1 |[s.0 [ u.8f1.20]|n . |
ool Cramty - oo} 8 | 0 o Ly 9 - - 30.5016,812.78  {819.3 (el 13.5 117 48 |0.485{ 100 - 1.5 las6l17.7 |1 | 2.3 168 |L-m)T
PBW-1 | Greeniand - |roo 100 vl o (W3 | 3 - - .31v.2) 2.0 el Sag 15.6 11 i 0.5181 100 . 18.3 {30.1]26.8|2.2 | 5.3]2.80|Mm}T
Y8-7 Yukon - joo {100 |100 a3y 2 - - 23.0] 8.5 2. (4 121.4 (d4)} 12.8 117 96 0.460}] 89 0.000003[15.0. [22.0l2k.0|1.2 | 2.5]|2.27|L-M}|SL
Ys-8 Yukon . hoo {100 |00 |67 37 |2y | - - |28.0]8.6]2.7% [1212.4 (d)[12.8 |118 97 |o.uu8§ 9k Jo0.000002] 15.4 [33.0|45.7 |3.8 | 5.3|1.3) M |SC
YS-1k Yukon - oo ji00 100 67 |37 2; - - 28.0} 8.6 2.7% 121.4 (d4)]12.8 123 101 0.385 {100 0.0000006 14.1 §29.5138.5)2.1 jh.0l1.0'n SC
¥$-15 | Yukon - |00 1100 l100 |67 {37 |2y | - . |28.0} 8.6 2.7% [121.4 (d)] 12.8 |120 98 Jo.k2u|100 |0.000001| 15.5 |23.1]13k.3 1.8 ]3.7]2.06|LM|SC
¥3-16 Yukon - o Jico [100 o1 37 |2 - - 23.0} 8.6 2.7 |121.L (d)]12.8 115 95 0.u76 1 9 0.000005| 16.5 [36.6 | 46.2 2.5 | .2 |1.68 |n-H |SC
LEAN CLAYS WITH CRGANICS a
WASHO=1 | Malad, Idaho CL-0L - poo |9o | 96 jé65 [u8 |3 |- |- [37.0p3.0]2.58 99.6 |21.0 (¢] 99 99 0.6% |100 - A |2 |20.9 |3 | 6.0 [2.18 w0 s
WASHO-S | Malad, Idaho - poo (99 96 lées (L8 135 | - |- |37.003.0)2.58 99,6 [21.0 (c] 9% 96 n.618 | 100 - 26,3 |60.8 [61.0 32 7.3 {1.58 i |sc
WASHO=64 Malad, Idaho - pno |99 9% |65 |L8 §3 | - - 37.0p3.0]2.58 97.6 21.0 sc 98 98 0. 100 - 25,0 -]k2,5 [L2.3 |u.) [S5.2 |1.26 [H SC
WASHO-7 | Malad, Idaho - poo |99 [96 |65 (u8 [35 [- [- [37.0R3.0]2.58 99.6 121.0 (e] 99 99 10,627 | 100 - 24.3 |L5.0 [4S.0 [L.2 | 5,0 J1.19 |H  |sc
AL CLAYS
FCH-1 | Frederick cH - Loo 99 W (6L |52 |u3 |- |- [55.0[37.0[2.88 106.7 {19.5 (chos 98 0.715 | 86 - 21.2 |38.4 [39.0 [0.8 |1.7 |2.12 |vi-LfT
U.S. Army Corps of Engineers
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b. Open system, nominal surcharge pressure 0.5 psi. (soils do not meet compaction criterion of 95 per cent of greater and do not have the 85 percent or greater initial degree of saturation).

SOIL GRADATION DATA (As Frozen) PHYSICAL PROPERTIES OF BASIC SOIL SPECIMEN DATA (As Molded) FREEZING TEST OATA
Avg. Rate of
. Coetticie Atterberg Compoctrion Date Perme- water He. I}k;
Soecimen]  poreriar Source unitiea o Parcent tiner, mm (31 | Limita(a) %) Ory |Deores| . | G.at | obuiity Comtent | mm /a0y (9) Rotefeo Troe
Number Crossifi- g Spacitic Unit of Stort ota voar. 'suse] ¢t
: mum : i ! Compoac-| Ratio| _of n {Heave ¥
cotion . Gravi MarimumiOptimum | weigre ; Tost Index [Ciass
Symbor | 570 ravity | Dry Unit | Moisture tion cmmec |Beforejatier] (g) 0ol | vnj u2y
i2) 4.760.42{0.07410.02/0.04 10.008| €, | Cc L1 |PI Weight | Content 16) o-e | Test | Tem Avg | Max
in. pet LS pct * - L3 - - -
GRAV=LS AND i} GRAVILS
BPR-1 Alsska Highvay oW 1 n 1] 2,0 |1,0] 0.6) o] 24 | 1.1 2,75 |143.9 (v - 136 95 0,261 oo - 7.6 )311.6 111,32} 0.7] 1.~ j1.02 VL €<
LGS Loring 3/ | LS 9.0 3.9 t1.8| 1.¢] 1.2 16 |1.3 2,71 jLL3.E (a) 6,1 123 06 0,3} N - 12,5 |1blb f23.2 | 1.3) 1.8 [1.28 L sc
LSG~6 Loring 3/ | h6 | 10| L. | 3.4 ] 2.9) 2 | 18 | 1.k 2,71 [143.8 (a) 6.) 130 90 10,3001 98 - 10,8 |11 | 8.3} 11 1.6 ey gL sC
-3 Xaflavik oP 2 |37 | %0 3010 ~ 138 {08 2,81 |112,0 (v} - 11 100 lo,ce2) €2 - 16,6 116,61 0,3 ] a2} 0.1 1,00 {n T
BPR-3 Alasks Highway 1 | W] 11} 2.6 [1.2) 0,7 0.5 | 26 | 0.9 2,73 [1L3,3 (b)Y - 127 95 |0.3u1| 83 - 10,4 |13.9 | v.6 | 0.7 1.3 [1.6A (VL)
XA~ Keflavik k] 38 | 12 ] b {1.6 ] 0,0l 05} 91 | 0.5 2.6k J1u5.€ (b} - 137 9L |o.30| & - 1.k 11§ 7.8} c.5)uk (2,80 jviaLl sC
SILTY Saif)Y GPAY LS
KA-2 Keflavik GW-CM 3 32 | W | 6.002. 1 1.1 0.1 |159 | 2.7 2,65 |138.6 2!1 - 137 98 |0.380| 70 - 8.7 | 8.7 2.7 ] 73] 0.7 |2.23 |Nen| 52
LG-27 | Loring 3M 153 | 10] 6.2]L.9 | Ll 3L 1S |10 2.1 139 (v - 139 100 |o.210] 7 - 6.0 11,1 J2L.¢ | 1.5] 3.9 2,00 | L1} SC
L5G-28 Loring 3| S) 10 A2 ke | Lk 3| 1S |10 2.7 [13%.1 (b - 13 96 3| T2 - 7.8 |19 [23.9 | 1.8 3.€ f1.94 Lk | SC
Loring 3L 1S3 | 10| 6.2) k.9 | bk du | 15 |1.0 2,71 |1392.1 (b)| -~ 126 91 [o.3u2]| 7% - 9. [13.1 J20.0 | 1.5) 2.8 {v.c6 Lt | s
15G-30 | Loring 34 (53 1 10 6.2{hk.ol Nl{ AL 25 1.0 2.7 {13%.1 (b} - 120 86 |o.409] 73 - 22,0 (13,3 (11,6 | 2.2 1.7 [R.64 {L 3¢
L0<13 | Lorirng 2 1| 9.0 6.b s.;l bl 3. | 22 113 |2u0f 8.5 2.7 [139.1 ()] - 138 94 10.256 | 100 10 9.5 117.7 {331 } 2.9 3.8 [a.n |u sC
MP=7 Marble Point OP-GM 2 56 32| 12 |3.7] 3.0] 202 [n.3 2.7 [150.8 (b)] - ua 93 |0.213 1100, - 7.8 jr2.€ 1170 | 1) 2.2 157 jLw | T
MA) Marble Point 2 38 21| 10 391 - - {165 15.7 2,75 [LuS.6 (e} - 137 9L 0,252 | 100 - 9.2 | 9.6 3.5 ] o.z{n.Ef2.66 (L {71
MP-S Marble Point 2 38 22 1] 10 3.9 - - |185 | 5.7 2,75 |1bS.€ (b - 137 9% Q,2¢2 1100 - 8.6 111.0 | 7.7 | 2.6 1.0 |1.6¢6 | UL T
FLJ-14 | Project Blue Jay 3/ | Sk 32 {10 [h.o} 2.2{1,5 {1)9 |n.2 2.73 UL (b)) - 138 9% lo.238] 79 - 6.9 |2uué [L7.L | 1.3{5.2 {1.58 |:-u § sC
CLAY-Y GRAY.LS
LST-31 | Loring oc 3/M |68 | s2| ;g 25 16 [9us | 0.1 |22.1] 7.6} 2,73 (135.8 (a}f 1.5 120 Re  Jo.u20 | 97 - 15.1 16947 |13L.3} 8.0| 13.8|1.72 -
LST-32 | Loring 3L 68 | s2{ L 25 (18 [9u5 [ 0.1 {22.1( 7.8 2,73 (135.7 (d}{ 7.5 122 90  10,39h | 9L - 13.5 {56848 1106.5| 6.5 10,3{1.56 {d-¥i.] &
L5T-33 Loring 3/ |8 52 | L 3 |25 18 95 ] 0.1 [22.1} 7.,8F 2.73 [135.8 (d) 7.5 127 93 0,290 | 98 - 12.) |56.€ 1111.3] 6.6 | 10.€11.6k [H-VH} SC
SADS LND G YOLEY Sn S
_PAF=8 Plattsburg Sp 38 160 | 1,0 0.1K0.1 €01 0,1 | 3.8 | "9 [ l 2,96 Ll?én (b)l - 127 o0 [0.L55 | 80 - 12,3 112,2 | 1.0 | 01| 0.1{1.00 |N 5C
5. LTY GUAYCELLY SADS
HDO-10- -} -Hutchinsen's.-Pit . SW-SH 2 1s7 j 20| 8.775.0f 3.5]2,0]) L3 |1.2 2.7 |w.3 {c; S.3 U 98  jo.2 | N - 5.7 §ﬁ'5 61,7 'h.g 5.3 J1.23 |H T
HDG-11 | Hutchinson's Pit 2 [57 [ 20 B.775.07] 3NS172.0 1 by |11 -1 2.75-|W3.3-(e))- 5.3 | Wo gt - [n.231 ] 70 - A.5 13001 | 73.€8] L.BS.E 1.20 {a T
TAFB-2 Thule SP-2i 3{1, 65 [AY 8.612.8 | 2,0{1.L}| 3 }o0.3 2.75 (.7 (b} - 135 ol o.271 |100 1.10 9.8 12,9 | 10.4] "] 1.0 (1.2¢ | £
Tl Tobyhanna 1 So | 39} B.5lL.S | 2.2/1.6]6.0]N.2 2.72 |wn.6 (b)) - 132 9L ]o.280 [100 - 10.0 29,5 | 2u. ') 1L} 2.5 }2.00 _C
SILTY SaJDS
AF3.3 Alaska Hishway SH - 100 jyw |3y 2. - - [1.6]1.0 2.79 |ws.7 (b} - 104 98 {o.672 | 8 - 18.9 J2L.0)[ 7.0) 03[ 0.5 |1.& |u x
-5 Tobyhanne 1} 79 us | W (5.5 ) Loo]3lf2u [9.7 2.72 W06 {p)] - 13 92 [n.300 11n" - 11,1 27,2 | 9.00) 2.6 5.5 J2.12 . <
437981 | Dot oY 3 |61 {27 ] b [7.6 | 5.5 3.8 1160 12.7 [17.6] 3.1 | 2.72 16,7 (v)| - 138 99 |o.254 | 60 - S5 [35.7 | 10.5] L.o|s.0 J1.LS i o3
ViCal Fairchild N |n |23 J1 | 6.3) 6.0 |95 ez |eruE 209 2019 UL (b)Y - 13l 93 jo.287 1M - -10.3-130,3. fos6. ] 3.0 5.2 J1.73 ek | o
BMa1 Ball Mountain 3/, |ee sa | 28 12 T.5]3.6 | 36 |1.2 2,77 {18 (d)| S.6 133 9% 0,300 {100 n.nsh 10,8 136,5 | 77.3| ¢ 7.2 ras | ~
B2 iall itountain JMu |88 58 | 28 2 ?.5(3.6 36 1.2 2,77 [U1.8 (d)]| 5.6 132 U 0,307 {100 A2 11.1 30.L | LS.61 5.3 7.2 {1.36 [u 58
a1 Hill -ield - o | os |28 |13 [1n [ 7.5 |17 [L.) 2.6 {120,4 ()] - 13 9, |n.Lén ) 95 140 [1S.e J26,2 1 16.8] 1.9) 2.7 roue [o-n | oo
Ftd=7 | Project Llus Jay 34 fr0 | su v Jre 2 8,5 |7 Jo.k |16.01 3.7 ) 2.70 [137.3 (a)] 7.5 134 s9 {0,238 ]| 13 003 | L 4.8 1.7 1027 [1LeB L foe
m3-6 Pre et Elue Jay 3L | 10 s, | N 12 |12 8,5 {147 [n.k [16,0] 3.7 2.0 [137.3 (a)] 1.5 132 b 0.275 | L - 4.9 J20.9 | 31.4) 3.0 5.2 {193 |t | i
TD~& Truax N |92 1913 |2 15 1.9 | 55 [1.9 |1b,L | 1.6 2,72 J137.) (d)] 5.6 129 oL |05 ] 9L 0.0027 11n,9 J23.2 | 28.2] 3.3 | n.2 J1.27 fi-n | %
=7 92 79 22 1 1.9 S | 1.9 |1kl 1.6 2.72 [137.3 (d 5.6 110 &7 n.L23 91 0,M9 | 1.3 [14,5] 7L} 1.1] .7 .5k )L o
TD-8 11;: %ﬂ 92 | 1 §§ 22 1‘5; 1.9 §: 1.9 J1L.L) 1.6] 2,72 1373 &d <o | 126 o1 Jo.¥®n| 9 0,76 | 11.7117.0§13.2] 2.0] 3.0 |10 fn o
T0-33 Trusx a2 9] 3 t22 | 15[ 1.9 55 | 1.9 1uf 1.6] 2,72 [137.3 (a)  S.E | 12% ol 038} 100 .2 12,3 [27.0 {112 | 2.4] 3.5 41,25 |k o
T0-3L Truax 34 | 92 70| 35 22 15§ 1.2 rs 1.9 k] 1.6 2,72 {137.3 (4 €.b 118 sl 0.h1| 10 2.4 1.0 {2L. Vb 20.2 | LA 2.0 |22 L .
. ]
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SQIL GRADATION DATA (As Frozen)

PHYSICAL PROPERTIES OF BASIC SOIL

SPECIMEN DATA (As Moided)

FREEZING TEST DArTA

Ave Rate of
- . Perme-
- : Coefticients| Atterberg Compoction Doto " Waoter Heove a ve T,
Soecimen Materiai Source Ug.o'-ll.d Mari- Percent tines, mm (3} Limits (4) (5 Ory Degres Void SGv‘o‘r,; °°'."'V Content Total ""“/d:'(g' Rate Frost ::.
Number Crossifi- | mum Spacitic - Unit of Ratl of n Heave var igusc| cyt
cotion A K Mosimum|Optimum | weignt Compac-] Ratlo T v ndoxiCiassl
Sympot | 51¢ Grovity | Dry Unit [Molsture tion S8t | cmnec |Botoralatter] gy | | Tuor | un | uz)
(2) 4.76(0.42|0.074(0,02{0.01 [0.005| Cu | Cc [LL {PL Weight | Content (6) wp-e | Tost | Test ve | Max
in, pct Y% pcf % % * % % %
CLAYSY SILTY SatDS
WwS-1 Fairchild SM-5C 3{11 76 29| 17 9.5 | 7.0] keS| 55 [ 7.2 | 2L.6| 6.3 2.77 [{1k2.}) Eb - 131 92 0,314 9o - 10,7 [22.7 [29.0 | 3.2| 5.7 |1.78 |H-H | SC
LST-1 Loring 1 83 | 60 47 3L | 27} 20 }320 |0,3]121.1] 6.0] 2.7x 135.8 (d) 7.5 123 91  10.365| 100 0.0022§ 13.5 | 78,8 ] 159.L}15.L ]2 .3 }1.38 |H S
t
CLAYEY .ANDS
PA-1 Pierre sC 1d 167 1 3| 17 8.7 7.0] ha3 |200 | 3,0725.3] T.3| 2.72 1dL.S }a 6.9 123 91 |0.381] 100 1. | 1.0 16,51 9.7 ) 0.6] 0.7 {116 |VL | 3C
TA-S Fargo 3/4 | 98 331 17 2.5 | 7.5] 5.5 | 50 | 5.2 [30.7[20.,5]| 2.70 |[127.2 (4} 9.0 113 89 o.L9 87 0.3 15.9 {LO.5 | 52.6 [°5.0] 7.8 |1.56 | SC
“Ab Fargo 3L |98 | 33} 17 | 9.5 7.5{ 5.5 50 | 5.2[30.7/10.5] 2.70 [127.2 (d) 9.0 117 92 [0.438( 89 0.19 1. [37.6 (W08 | 3,5 €.5 11.87 M= | oC
A= Fargo 3/L | 98 33417 9.5 1 7.5] 5.5 S0 | S.2]30.7[00.5| 2.70 [127.2 (d) 9.0 173 81 0.6l 99 - 25,1 |7h.9 | 60,0 | 2.9] 5.0 |1.72 [M-# | SC
TA-8 Fargo M fen | 33|17 9.5 1 7.8 5.5 | 2 | 5.2 {30.7110.8] 2.70 {127.2 (4} 9.0 107 8L |0.581] 100 - 23.1 133.8 128.8 ) 1.9) 2.8 ha. L7 (L ) T
FA=9 Fario L | 84 33|17 |95 7.5/ 5.5 | 50 |s.230.7000.5]| 2.70 [t127.2 (4} 9.0 108 85 |o.s00 | 100 - 20.8 {60.2 {65.0 | 3.9| 6.2 |1.58 |mtt"| 1
FA-10 Fargo 3 |98} 33| 17 [ 9.5 7.5| 5.5 | 50 |5.2[30,7(10.5| 2.70 }127.2 (d) 9.0 112 88 [0.507| 10 - 18,8 (41,9 [LPo0 | 3.0 L3 fLL3 [N-H | T
PBJ-2 Project Blue Jay Y S] S5 1 3 23 21 15 |S00 | 1.7 }2h.7| 8.1] 2.73 J133.1 (A} 9.k 128 96 0.3 83 - 10,0 jhhkJd 77.1 ] S.1] 9.2 11,30 jn-mf SC
LA-1 *ovry - (00 | 8 39 25 21 | 17 {150 ['6.9 {2L.S| 7.8| 2.5 Jt21.0 (d) - 112 92 0.L68 | 100 0.3 17.7 |3L.3 [37.8 | 2.7] k.3 |1.59 [M-H | SC
1A-S Lot - froo | w6} 39 |25 | 21 | 17 150 | 6.9 |2u.5| 7.8| 2.6k [121.0 (d} -~ jS5Y 91 [n.sr | 1m 0.30 18,6 |3H.1 {u2.8 | 3.2 k.o [1.25 (M. | sC
789 Lowry - o} 86| 3% (2% | 21 } 17 150 | 6.9 |2L.5| 7.8} 2.6k h21.0 (4} - ne 92 |0.u67| 98 n.22 17.4 §27.0 1321 | 2.9 3.8 1. jk .| ¢
LA-2 Lowry - |00 | 90| b 32 | 28 | 22 [150 | 1.5 |2L.5) 7.8] 2.8k f121.0 (a) - 112 92  |0.u72 [ 100 0.2 17.8 {57.1 [103.3] 5.8] 8,0 |1.38 [H SC
SILTS AND SANDY SILTS
Ni-1 New Hampshire " - hoo [ 99] 97 60 |22 (10 |- - }26.6[0.1] 2.70 J106.7 §c;16.5 90 85 |n.872 | 100 0,78 32.3 |72.0 60.3 8.3112.8 1.52 w ] sc
NH-2 New Hampshire - fton | 99t 97 |60 |2 |10 | - - 126.6]0.1| 2.70 |106.7 {c)|16.5 95 9 [0.773 | 170 0.2 28,5 163.7 |68, 9.3111.7 }1,26 |2 | SC
NH-3 New Hampshire - oo | 991 97 |é0 |22 |10 | - - 26,610 2.70 06,7 (c)f16.5 98 92 [o0.n2] 100 0,29 26,0 [123.2{72.7 | 6.2 P2.7 | 2.0k [H=Vi| SC
NH=9 Now Hamushire - hoo 99 | o1 60 22 |10 - - 126,61 G| 2.70 §106.7 (c) 16.5 95 89 e.781 | 100 0o.L2 26,8 166.6]105.6{11.4 35.7 1,38 [vH SC
NH-10 Now Hampshire - oo | 99 ] 97 t{en J22 10 |- - 126,60 2.70 |i106.7 (c)|14.5 97 91 [o.762 ] 100 0,35 27.4 {1685.4{1Lk,b]15.909.0 [1.19 |vi | 5
CLAY:Y SILTS
DFT-4 Dov Field ML-CL | 3/ (88 | 16 | 66 fuo | 30 j20 | - - |22 |o0.9] 2. 127.6 (d)f - 119 Zﬂ 0.4,18 [ 100 - 15.4 | s7.1fass.ujnanheas 12 (v | sc
[ % 2 Loring 34 |8 | 10159 L |35 |27 |- - {21.106.0| 2.70 133.8 (a)| 8.3 112 0,506 | 99 0,050 [ 18.5 | 78.0|26L.4[13.1 E9.3 147w {sC
LSi~2+ Loring ) 1 90 73] 61 L8 Lo | 30 -~ |7= |21.1]6.0] 2.70 {133.8 (d)] 8.3 113 85 0.502 a - 15.0 | L7.1{ 82.1 7.L pS5.0 |2,02 |H-VH| SC
1H-32 Hiew Hampshire - hoo | 6|9 167 13 |16 |~ - lau8lsat 2,70 06,7 (e)lr6.5 100 9L [0.685 | 100 o.0u0 |25,k |166.3|262.2112.3 %6.5 PO A 1 I )
NH-35 New Hampshire - poo | %69 |67 |36 [16 | - - f2n.8]5.1| 2.70 [106.7 (c)|16.5 99 93 [n.702 | 200 0,043 | 26,0 [103,3[139.3[13.3 R0.5 1.5 |v¢ | sC
NH-36 New Hanpshire - poo | 96|90 |67 | 36 |16 |- - |24.8] 5.2 | 2.70 {106.7 (e)|16.5 100 9L |0.685 | 100 0.040 | 25.3 | 95.8/119.1)11,5 A7.0 [1.LB W | SC
NH-98 New Hampshire - BM 197193 (67 | 39126 |- - l26.5] 60 2,11 [109.9 (4)]15.6 105 96 0608 | 170 - 15.7 |16L.6{275.5127.6 [36.0 {1.30 {w T
=99 New Hampshire - PO 107193 |67 |39 |26 |- - l26,516,0] 2.1 |199.9 (a4){15.6 105 96 0,605 | 82 - 18,2 j138.9]221.7122.7 8.8 |1.26 (v T
MH=200 | New llampshire - BOO | 97|93 |67 |39 |26 | - -~ |26.516.,0( 2.0 [109.9 (d)[15.6 106 9% o600 | 61 - 13.L [161.3]275.8(26.2 33.7 |1.28 |w |t
H=100 New Hampshire - _pon 97 | 93 67 39 | 26 - - [26.5]6.0] 2,70 {199.9 (d4)]15.6 10k 9 .61 | 100 - 23,3 |1k2.1f{226.L)2L.7 1.3 [1.26 |vH T
SILYS WITH (HGAILS
L¥T=28 | Fatrbanke N0l « [100 (100 | 95 2 116 |10 | - - [28,L b | 2.72 ju2.5 (a)15.7 85 75 {1,000 | 100 - 36.6 | 3. 2.9] 0.5}1.0 |2,00 |1 {sL
UFT-26 | Fatrbanks - oo 105 [32 |16 {1 |- |- lesuluml 272 fnziz §¢ 15.7 90 80 |89 | 100 - 32.6 | W] 7.9] 0l711%s f2.an [vielsC
LFT-27 | Fairbenks - Jwo (100 f95 [32 (16 10 |- -~ (2B fud | 2,72 [n2.5 (d4)]15.7 98 87 |0.7L0 | 100 - 26,9 | 29.2f 12.4] 0.5 | 1.7 3.0 |VI-L{ SL
el Ladd Fiald « Jwo fwo [er (38 |13 (6,0~ - {3.6]0 2,75 |103.6 (4)]18.1 a4 83 10,0 98 1 74 ;ah 7.8] 0.6 | 1.5 {2.50 |vL-L] sC
LF-2 Ladd Field - Jwo |10 ] |3 {13 [6.0] - - |3.6(0 2,75 |101.6 (a)[18.2 90 89 J0.899 | 97 1.2 31.6 | 35.8] 11.2]| 0.6 1.0 j1,66 |1 | sC
-3 Ladd Field - (100 100 | 92 8 13 | 6.0] =~ - { N6 0 22; 101.6%::; 18.1 9 gg 0.511] 99 0.9 29.4 29.3 25.5 | 1.8f 2,0}1.11 L sC
LFT-10%| Fairbanks - 100 |100 9 0 |23 13 - - | 25.8) 3.8] 2. 107.4(d 17.1 9 0.,702] 96 - 26,0 | 65.5 hz 0] LoS| 8.7]1.93 | H-W} SC
FT=19 | Fairbanks - 100 100 [ 9% | uo |23 [ 13 | - - | 25.8] 3.8| 2.61 [107.4(d)| 171 98 91 | 0.703] 100 - 26,2 |65.8 | 82.8 ] 7.h| 8.7 1.76 | H-vH} SC
LFT-20 | Fairbanks - J100 f100 | 9k [ho §23 | 23 | - - {25.8] 3.8] 2.67 l107.Lk{a}| 17.1 9 91 |0.7117| 00 - 26.8 | 82,1 hoz,1 | B.0f 9.7[1.22| M | sC
7.0 XN Fairtanks - ]300 {100 | 97 | L2 |22 {312 | - - .8] 3.8 2.67 [108.5(a)] 1.3 99 91 |[0.695] 86 - 22.4 0.1 10,4 ] 0.7} 3.2)1.70 SC
%4 Undistwrbed
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SOIL GRADATION DATA (As Frozen) PHYSICAL PROPERTIES OF BASIC SOIL SPECIMEN DATA (As Moided) FREEZING TEST OATA
Avg. Rate of
ici 1 f Perme- w
Unitied Percent tiner, mm Coef ticienty ".'.A'b.'o Compo(c;n)on Dato Degree G, ot abitity Co:":!’w “7:'.(9, -Ro'l h Type
Specimen Moterial Source it Moxi- (3) Limits (4) Dry of void | Staet k Totol ™™ /99y vor s::" cof
Number Classiti- [ mym Seecific [ imomlOptimum &"" Compac-| Rotlo | _of iy jHeave Index|Ciose] -""
;ﬁ;‘;“ Size Gravity [0ry Unit |(4olsture 9 tion Tost | cmmec [Beforelatteri (g) avg |mon | 1OV U] vy
Y 4.76{0.42|0.074|0.02}0.01 {0,008 Cu | €c |LL |PI Weight | Content ) wp-e | Test | Teet .
2 in. pet L pet - - L 3 L 3 - -
GRAVELLY AdD SANDY CLAYS
5 $6 1LY 135 1 25 | - 23 17 2,76 §130.8(d)| =~ 110 8, ]0.565] 100 0,13 | 20.8 76,9 os.1 | 7.7{10.7]1.38 | s sC
ig-; g: Siim o g;bh g ;g s6 | L3 1% |25 | - -123 |7 2,76 |130,8(d)| =~ 120 91 |o.L3s| 100 o, 158 122.2 isco | 9.8{12.7 (1.3 vum 5C
EBT-19 Eest Boston M| se |12 s6 L3 [ 3 25 - - |23 7 2,76 |130,8(d) - 110 8y }0.565| 100 0.13 20,5 | 65.8 | 12,2 | 6.8|10.2}1.50 | ] sc
EBT-20 | East Loston )86 |12 | 56 b3 j35 |25 |- - 123 |1 2.76 |130,8(d)| =~ 120 91 lo.hk3s} 100 0,005 | 15.8 | 84.1 po2.8 | s.2[12.2 |2 k8fwe | sc
EBT-23 East Boston L |86 | T2 56 L3 35 25 - - 123 {17 2,76, {130,8(d)| =~ 120 91 jo.u30( 87 o, 13.6 [49.5 [US.T | 2.4] 3.2{1.33]n sC
'
56 L3 |35 25 - - |23 |1 2.76 1130.8(d) - 110 8y |o.5a ) 88 0.11 17.8 |u7.b | 274 | 1.9 2.8 |1 k? LN | sc
-2l | East Loston Ml s hi 1% us |3 |3 | 2 | I 5.0 2073 [10i3e)]| 173 | 9 - Jo.m| 98 - 27.7 {62.2 | 95.3 | b.2) 7.0 [2.66 )0 | i
PAFB-2 | Portsmouth - 1o hoo | 92 | W 13 | 30 | - - |30.0011.7| 2.73 {10.3(e}| 17.3 95 - 0.798} 95 - 27,7 | 73.3 Mk.9 | L.1} 8.0 |2.95 |H sC
EBT-26 | East Boston 3|86 [72 | 56 fu |b2 | > | - -2 |1 2,76 {130.8(d)| - 120 91 |0.L33] 100 0,06 | 15.7 |60.L | 96,2 | ka1 | 9.8 2.39 [H-vH| sC
KBT-27 East Boston 3 8 | 72 56 49 L2 0 - - 21 [ 2.76 |130.8(a) - 110 -'N 0.561 | 100 0.30 20,3 -56.0 | 0.0 | 2.6} 7.312.80 \mt1 ] sc
ART-1 AASHO bt 95 | 68 75 58 (L9 37 - ~ [27.3[11.9] 2.7% [120.0(a)| 13.5 1o 7 0.553 | 100 0.0215] 20,3 {90.2 156,68 | 7.2{11,3[1.56 [H-vH| ¢
LEAN CLAYS
” - oo | 97 160 [uy {3u | - - |36.5016.8] 2.78 [n9.u{c)| 15.0 2 77 o930 | 99 - 31.) [52.8 {1,3 | 2.9] 5.3 182 it | T
s | Vericia o T R Boo |93 {77 lto fse |2 | lissolauk| 2ies |- 27w | -7 oy fim : 2.8 (2605 |19.3 | 1.0| 1.€ |3is0 L | T
SCole Searsport - |ino hno (100 [ B0 |69 | K9 | - - [ 36.5111.9] 2.17 - - 99 - 0.7u21 % - 25.6 "L.1 he2,2 | B.6(12.8 [1.L8 |'n |
SC-2# Searsport - (100 fioo {100 [80 (62 (L9 | - - [36.5117.91 2.77 - - 99 - 0.753 | 100 - 27.2 169.0 11,3 | Le7] 6.7 [L.L3 {H i
506 Searsport - {100 hoo {100 | B0 (62 : L9 | = - |36.5]17.9| 2.77 - - 96 - o.804 | 93 - 27.0 {LB.7 47,2 | 2.1 3.8 [1.80 |n sC
SCe Sear 'S - 100 pno |10 80 |69 h9 - - |36.8017.9] 2.77 - - 96 - 0,808 | Sh 0.0005 1 27.3 127.3 2,03 | 8.L[14,0 J1.66 |'H E/
Goge | Searspert 2 lwo hoo (170 [ 80 {8 [ | [ {3%.5h1ie| 2017 - - 98 - lorss| 98 0,000k | 27.3 |R8.Z hes 2 | 6.2) 7o7 |1i2u {u | a¢
C-10 Searsport - f100 hoo {100 | B0 |69 | % - - |36.517.9) 2.717 - - 98 - 0.755| 98 - 26,8 |h7-5 38,6 | 2.5] 3.7 1.8 {p sC
BC=)». Boston Blus Clay - 100 hno j1mm 8L |74 63 - - L3316 272 [106.2(e) | 20.2 82 - 1.083 | 9% - 37.3 160.L {38.L | Le€] 5.3 11015 4 i
BC-B+ Boston Blus Clay - oo poo (10 84 74 |63 | - - {43.3(21.6{ 2.72 |206.2(e} | 20.2 79 - 1.162 | 100 - k2.5 107.6 2,8 [12.%:17.8 {11 (W | sC
DFC-6m Dow - 100 200 [100 89 |75 57 - - |33.8]26.,L1 2.79 Ji7.0(d) - 100 85 0.739{ 87 - 23,0 !n_:.h 173.6115,4 (21,2 {1.38 | SC
DFC-7# Dow -  Joo pon |100 89 175 57 - - ]33.86.4} 2.79 j117.0(d) - 103 88 JO.68L ) 94 - 23.0 ]109.21188,8]19,8122.8 }1.15 |w .
DFC-8+ | Dow - poo poo [100 |89 (715 {87 | - - 133.6h6n| 2.79 [nr.o(@)| - 105 %0 le660| 92 - 21,8 . 6.3 67,71 B.6p1.0 [1.28 |w | sc
DFC-9= | Dow - oo poo 100 89 |15 5T | - - 33,8164 2.79 [n7.0(d) - 102 87 |n.706} 93 - 23.L | 87.3}127.8{13,3{17.8 |1.34 | X%
BC-10 | Boston !lus Clay - oo poo |99 |90 |81 j72 | - W37 2,72 106.2(e) | 20,2 80 - 1.197 | 97 - L1.3 |12k,7| 83.3] 8.1p1,2 |1.38 |w | s
1C-11% |' Boston Blue Clay - hoo }oo % |90 (b1 |72 | - - [ut3 Rk 2,72 |w6.2(e) | 20.2 LM - 1.166 | 98 - b1.2 124.21130.8} 9.5 5.7 J1.65 [N | sC
1C=12* | koston Blue ‘lay - poo poo |99 |90 B2 |72 |- ~ |u7.3 7.k | 2.72 [w06.2(e) | 2n.2 78 - 1.2 | 98 - L3.2 | 96.5] 18.1] 8.9h2.0 j1.3 [m | sc
5C-1> | Boston Blue Clay - _poo hoo 99 {90 jBL J72 | - |u7.3R7.8 | 2.72 Ji06,2(e) | 20.2 80 - 1.200 {100 - L2.7 | 93.1} 84,7 7.9 p1.7 11.b8 ln-vH| 5
LEAN CLAYS YITH ORGAUICS
WASHG-8 | Malad, Idaho CleOL | = OO (99 [ 96 165 8 (35 |- - {36.9p3.3| 2.58 9‘.‘.65-; 21.0 9 92 [o.7u45 [170 - 28.9 1 53.31 63.3] 5.4 6.8 [1.26 IH k]
WASHO=9 | Malad, ldaho -  poo }99 96 65 L8 35 - - [3%.9p3.3] 2.58 99.6(a 21.0 90 90  |0.790 |10 - 30.6 | 56.0| $8,6] s.1]6.3 |1,24 |H s
“WATHO-2F -Malad,lda‘o - - -poo. {99 9. |65 |uB 35 - - )6.9_%).3‘ 2.58 _ |_97.6(a)_| 21.0 |_ B0 80 11,002 |100 - 39.7 | 94.4{110.7] 6.019.5 |1.98 |H~-wH| sC
WASHO-28 Nalad, ldano - poo Jug |96 165 JuB |38 | - ~ 136,903.3] 2,58 99.65-) 21,0 ay 8L 10,913 99 - 35.7 | 78.61 90.5) 5.2°1°8.7 |1.67 IH-wil'sc
WaSHO-?9  Malad, Idano - hoo jo9 | 96 65 L8 |35 - - 136.903,3| 2.58 | 99.6(s) | 21.0 88 88  [0.828 |10 - 32.L | 99.1{116.1] 5.8 1 9.2 |1.58 |H-wn| sC
WASHO-30 Malad, Idaho - 00 |99 } 96 |65 Ju8 |3 |- ~ 136.903.3 ] 2.8 | 99.6(a) | 21.0 90 90 _|0.768 |100 - 30,3 1201.60229.9) 6,5]9,7 |1,49 H-WH] sC
FAT CLAYS of ol os {125 [
- . - 3] 2. .8 0.4} 0.5 1. T
-9 Volk Field CH - 100 98| 78 | 68| & 591 - - | 55.5 32.0 ;.7(5 62 (o] 202 182 53 clygg 19’3 - %; 101.,3 u{.e Ox1 83158 [Nl &
BC-20 | Boston Blue Clay - 100[100( 100 | O} B a, - - |32-1126.24 2.7 3 (o] 20.2 87 <95 lo.989 | 100 - 35.3 | 61.2] 56.9] 2.u| u.B|2.00 |{mH | sC
BC-23 | Eoston Blus Clay - }100]100f 100 | Sb) 88} 611 - - [52.7126.1} 2.78 [106.2 (e . oF 9 locare| % - 29081 L3.d 43,9 2.u| 3.0 |1.25 |M | ¢
s | Nsgers R o B BTl N B < O Bl 503 4404 IS : 93 | 8 [olm| w0 | I [ | uig 307 1is) 23 10is) i f s
e ’":i‘.ﬁ:: 2 lroofio0f 100 | oesl 95t erd . | - jeoielirul 2.7 - - 9 87 {n.8u5] 100 - ook | = | %.8) 1.5f 2.8 /1.8 [Lu ] sc
FAT CLAYS wiTH UHCALICS
2.00 | L sc
_ _ ol 10 8 B | 76| 6| - - ler.alus.el 2.7 - - 89 «95 lo.9881 100 - 35.7 | Lh.S| 20.41 1.0] 2,032,
eyl e AN (leolioo| | se{ 6| el | |ersfusie| 2irs | - - 8 | <95 |oiss8| 10 | - | 35.7| u8id auc0| 15|20 {1 |L | sc
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¢. Open system, nominal surcharge pressure 0.073 psi.

SOIL GNADATION DATA (As Frozen) PHYSICAL PROPERTIES OF BASIC SOIL SPECIMEN DATA (As Moided) FREEZING TEST OATA
Avy Rate of
. Costticients] Atterderg Compaction Dato Porme - woter Heove
. Unified Percent tiner, mm A De G, ot obetigy v Type
Specimen|  4eiariol Source Soit - | roxic (3 | Limita(a) ‘ C Ory 99 1 void | start | Content [ ro1|mm7aoy(® Rate Frost| ot
Number Clossiti- | ‘mym Specitic - - Unit | o moac.| Retio| ot [%4) |Heave Indexlormc| Cvt
cotion : . MosimumiOptimum | weignt Test dex
Symbol Size Grovity |[Dry Unit |Moisture tion cmmec |BeforejAtter] (@) a - wod | un | uz)
(2) 4.76]0.42]0.074]0.02/0.01]0.008 €y | Cc {LL |PI Weight | Content (8) wo-e | Test | Test vQ | Man
in. pet L Y pet “ - % - LS * .
GRAVELS nnd SANDY CRAVELS
ADG-2 l Alaska Highway ow 2 wo| 10 3.7 1.9 1.5] 0.9 22 1.6 2,64 PIdL (b - 132 99 |0.2L9{ 100 - 9.b | 114 1,9 | 0,9} 1.3 |1.45 | L-L]| SC
SILTY SANDY GRAVELS
AMS-1 Alaska Hirhway GP-CM 2 271 10| S.2} 3.1 2.0l 1.2 WO | L.738.6] 2.7 2.73 p23.6 (v)] - 121 98 |o.u02 | 100 - 1.7 | 1. 317.6 | 1.1 2.5 [2.27 JL-n | sc
NG-2 Alsska [tighway GW-GK 2 | 16 7.2 S.uf 3.8 2.L | 67 2.2| 38.6] 2.7] 2.73 p18.5 (v} - 121 102 j0.4ol | 1no - 10,6 | 20.8/17.6 | 2.L| 3.8 {1.65 | M 5C
ACR-1 Alaska Hichway GP-GM 2 N 18| 1 6.2 L.2| 2,7 [LkO | 6.6 25.7 3.6| 2.72 p27.0 2» - 126 99 [0.33% 77 - 9. | 0.8 3.5 | 1.9 3.7 |1.95 L] s¢
ACR=2 Alaska Highway GPGN H 37] 20| 12 8.s| 6.5 5.1 {310 | 3.3 25.7] 3.6]| 2.70 Q26.7 (b} - 128 10 |n.31s 94 - 11.0 | 19.6129.7 | 1.9 2.3 2.7k L | s
SILTY SRAVELS
BM=b I Ball Mountain Till [+11} 2 91} 35 18 - - (250 | 0.3 2,681 - - w7 - n.195 { 100 - R 0 O (D & 3 PO D WA I 0 5 N O I S o
T
SAND. nnd SRAYELLK CANDG
AC-2 | hlatka Highwsy £ 2 s3{ 13| 3.8f 1.0l 1.u{ 0.9] 20 | 1. 2.65  P32.9 (v - 129 97 |0.277{ 100 - .0 | 12.2[10.2 | 1.0] 1.7 [1.70 | L sC
L I -
SILTX SANDS !
Adu=l Alaska Highway ™ - |100f10f 33 J2.5] - - | 1.6] 1.9 2,79 i\b.u (b} - 112 105 |o.ssi| 92 - 1.2 |.32.8[ 20, | 2,0] 3.0 |2.50 | M 5C
AF5-2 I Alasia Highwey - |1wrfro0| 33 Jo25]| - - | 1.6] 1.0 2,79 P16k (v - 111 105 |0.5¢5 | 100 e,3 ] 29.311.1 | 1. 1.7 sy |L ks
1
CLAYEY SILTY SANDS
LoT<¢ l Limestons T11l SM=SC 3 BL| 65| L5.7)% » |21 22s 1M 21,1 6.0) 2.72  J3).8 (4) B.) 13) 9y 10,2719 | 100 - 10,2 | 17.1)2h.7 | Y.b{ 2.7 [1.93 jL-M | SC
SILPS und SANDY SILTS
vis-) }vupnrauo, Indisnal L - l1o]no | 99 [su |25 |15 - - [23.7] b.o| 2.72 p15.8 (d) 13.5 12 oL - 72 025 13.5 | 53161 | 6.8 11.0 [1.62 |n-w| sc
VIS-7 )1 - 10010 | 99 [sk 25 15 - ~ |23.7] k.0 2.72 BAS.R {a)1).© 112 % - 9l .026 17.7 | 4S5.2M2.3 [ 5.8 11,5 [1.98 [H-wl sc
1ai-13 New Hampshire Uilt - 1| 9| 97 7 |22 |10 - - f2r.6]0.1] 2.70 hos.7 (c) 165 115 9 lo.600 [ 100 |nas 22,5 |10%.8p55.1 [12.7 f17.8 [1.52 3¢
SILTS v/ORCANICS
LF-10 Ledd iield Silt !LeCL - |wo{100] 52 38 113 |60} - - |26} 0.2] 2.75 pOL.E (d)] 16,2 99 92 |0.72L ] 100 |~61 26.L | 66.1193.2 [ 7,11 9.5 1.3 {n-w] sC
wrT-9 Sairhanks S31t - Jaojioo | 97 2 (22 12 - - |32.6] 6.2] 2.61 p0T.h {e)11.1 102 o5 |n.602 ] 100 - 2L.8 | €1.0]55.7 | S.5111.3 |2.05 |H-VH| SC
GRAVELLY und SANDY CLAYS
B T-1) East loston Till cL i Ou| 72} 56 [ 5 |S - - {23.0] 7.0 2.76 p¥.8 (d) - 126 % 0.3 | 100 .0M2 13.8 | £3.9000.1 |11.5 pL.o |1.28 | sC
ART<? AASHO Noad Test o5 717 k8 1.8 138 - - 127301091 2.7 pR1.0 () 13.5 1ué 2 |~.ue1{ 100 mca 174 0 N0y, 3.1 E.; 1.06 |n T
ATT=13 | AASHO Nosd Teat 1 S| 87| W 5 5 |38 - - |27.3{1.9] 2.7u  p21.0 (e)f 22.5 11 9 [0.u57 | 100 . 1.2 | 29.0{ 31, 3.1y oy |t | T
ART=19 | .AZMC Road Test 1! 95! 07 | v BB Ly [38 - - l27.311,7] 2.7k P21.0 (a)]12.5 122 15 [0.h1L | 100 | L0020 _115.3 | L3.3j72.7 | 2.5) 3.7 |1.u.8 |n T
Y-) Yukon Silt - 100{170 100 W7 137 l29 - « |28.0} 8.6 2.7 p2r.k (4} 12.B 120 a9 lo.lbd{ 91 18.700°70 1.3 | 26.2[33.1 | 1.6 2.9 ]1.75 |Lu | ;L
¥s-10 Yukon Lilt - [10]170 10 BT |37 |29 - - J2 .nfe] 2.7 g1k fe)12.2 118 91 [n.715 99 11.57x1979 15.2-} 27.2]2h.3 | L.2] 4.5 [1.07 |H sL
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‘but the minimum number of consecutive-days used for a determination is five. Maximum rate—the average of the three hig

Notes for tables E- 1a through ¢
1. The data reported in these tables pertain to specimens frozen in the laboratory under conditions which include the following:
a. Degree of saturation before freezing equal to or greater than 85 percent.
b. Molded dry unit weight equal to or greater than 95 percent of the applicable maximum standard.
c. Rate of penetration of the 32 degrees F. isotherm approximately 1/4 to 1/2 inch/day.
d. Surcharge pressure:
Table E-1a—0.5 psi
Table E-1b—0.5 psi )
Table E~1¢—0.073 psi (1/4-inch steel plate only)
e. Height of molded specimen approximately 6 inches.
f. Free water supply at base of specimen (water maintained at approximately 38°F).
The specimens are listed in order of increasing percentage of grains finer than 0.02 millimeters within each soil classification group.
2. MS MIL-STD-619 B.
3. Gradation coefficients (for reference—see note 2):

Deo
u = coefficient of uniformity =
Dio
. (Dao)?
C = coefficient of curvature = —————
(Deo) (D1g)

4. Atterberg limits tests performed on material passing the U.S. standard no. 40 sieve. If no limits are shown, material is nonplastic. LL. = liquid limit; PI = plasticity index.
5. The maximum dry unit weight and the optimum moisture content are shown for the natural soil of each specimen. The type of compaction test used in each case is indicated by the letter
in parentheses listed alongside the maximum dry unit weight:

a. AASHTO T99-74 method A, “Moisture-Density of Soils Using a 5.6 Ib Rammer and a 12 in Drop.”

b. Providence vibrated density test.

c. AASHTO T180-57 method D, “Moisture-Density Relations of Soils Using a 10 b Rammer and an 18 in Drop.”

d. AASHTO T180-57 method A, “Mositure-Density Relations of Soils Using a 10 Ib Rammer and an 18 in Drop.”

e. Harvard miniature compaction test.
6. Degree of saturation in percent at start of freezing test. Remolded specimens allowed to drain for 24 hours just prior to freezing.
7. Permeanbility tested with de-aired water under falling head and corrected to 10°C. Values reported are for corresponding specimen void ratios.
8. Based on the original height of the frozen portion,
9. Rate of heave—the average rate of heave in millimeters per day, determined from a representative portion of the plot of heave versus time, in which the slope is relatively constant and
during which the penetration of the 32°F isotherm is relatively linear and between 1/4 and 1/2 inch/day. Rate of heave is averaﬁed over as much of the heave versus time plot as practicable,

est, not necessarily consecutive, daily heave rates.
10. Heave rate variability index——maximum heave rate/average heave rate. - . .
11. The following tentative scales of average and maximum rates of heave have been adopted for rates of freezing between 1/4 and 1/2 inch/day:
Rate of heave millimeters/day Relative frost- susceptibility classification

0-056 Negligible N
05-1.0 Very low VL
1.0-2.0 Low L
20-40 Medium M
4.0-8.0 High H

>80 Very high VH

12. Symbols indicate different types of specimen containers used during the studies:
SC—Straight-wall, waxed cardboard S-TR—Straight-wall, Transite pipe
SM—Straight-wall, Micarta T—Inside tapered, acrylic
SL—Straight-wall, acrylic
13. The specimens listed in supplementary table E-1b do not fulfill requirements given under notes 1a and b above; otherwise all other notes apply.
14. The specimens listed in table E-1c have been tested under a surcharge pressure of 0.073 psi, and may or may not fulfill 1a and b; otherwise all other notes apply.
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e. Figure 2-2e presents a summary grouping of the
individual envelopes shown in flgures 2-2a through d.

There are no distinct neat grouping nor is there a

unique heave rate for any given percentage of 0.02-
millimeter grains in the gradation. The groupings

... Unified Soil Classification System was not developed
" for frost classification but is used here because of its

TM 5-818-2/AFM 88-6, Chop. 4

overlap considerably, and it should be noted that the

wide acceptance in soils engineering.
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APPENDIX F
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TM 5-822-4/AFM 88-7, Chap. 4 Soil Stabilization for Roads and Streets
. TM 5-822-5/AFM 88-7, Chap. 3 Flexible Pavements for Roads, Streets, Walks and
Open Storage Areas
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Storage Areas ‘
TM 5-822-8/AFM 88-6, Chap. 9 Bituminous Pavements, Standard Practice |
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ment Design |
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