QH“y) Designation: D 4083 — 89 (Reapproved 2001) <!

Standard Practice for

Description of Frozen Soils (Visual-Manual Procedure) *

This standard is issued under the fixed designation D 4083; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

€' Note—Editorial changes were made in June 2001.

1. Scope (Unified Soil Classification Systerh)

1.1 This practice presents a procedure for the description of D 2488 Practice for Description and Identification of Soils
frozen soils based on visual examination and simple manual _(Visual-Manual Proceduré)
tests. 2.2 Military Standard:

1.2 ltis intended to be used in conjunction with Test Method MIL-STD-619 Unified Soil Classification System for
D 2487 and Practice D 2488, which describe and classify soils, Roads, Airfields, Embankments and Foundatfons
but do not cover their frozen state. .

: . . . . 3. T I
1.3 This procedure is based on “Guide to Field Descrlptlon3 srminoiogy

of Permafrost for Engineering Purposes,” National Research 3-1 Definitions: _ ,
Council of Canada, 1963, and MIL-STD-619. 3.1.1 Definitions of the soil components of a frozen soll

1.4 This standard does not purport to address all of theMass, that is, boulders, cobbles, gravel, sand, fines (silt and
safety concerns, if any, associated with its use. It is thé:lay),_ and organic soils and peat shall be in accordance with
responsibility of the user of this standard to establish appro-Términology D 653. . o
priate safety and health practices and determine the applica- 312 _The following terms are used. |n4conjunct|on with the
bility of regulatory limitations prior to use. description of frozen ground areas (Fig."1):

1.5 This practice offers a set of instructions for performing 3-1.2.1annual frost zone (active layerthe top layer of
one or more specific operations. This document cannot replacg’ound subject to annual freezing and thawing.
education or experience and should be used in conjunction 3-1.2.2frost table—the frozen surface, usually irregular,
with professional judgment. Not all aspects of this practice ma)}hat represents the level, to wh|_ch thawing of seasonally frozen
be applicable in all circumstances. This ASTM standard is noground has penetrated. See Fig. 1. o _
intended to represent or replace the standard of care by which 3:1.2.3 frozen zone-a range of depth within which the soil
the adequacy of a given professional service must be judgetf frozen. The frozen zone may be bounded both top and
nor should this document be applied without consideration oPOtom by unfrozen soil, or at the top by the ground surface.
a project’s many unique aspects. The word “Standard” in the 3.1.2.4 ground ice—a body of more or less clear ice within
title of this document means only that the document has bedfozen ground.

approved through the ASTM consensus process. 3.1.2.5ice wedge—a wedge-shaped mass in permafrost,
usually associated with fissures in polygons.
2. Referenced Documents 3.1.2.6icing—a surface ice mass formed by freezing of
2.1 ASTM Standards: successive sheets of water.
D 420 Guide to Site Characterization for Engineering, De- 3:1.2.7 permafrost—the thermal condition in soil or rock,
sign, and Constructién wherein the materials have existed at a temperature below 0°C
D 653 Terminology Relating to Soil, Rock, and Contained(32°F) continuously for a number of years. Pore fluids or ice
Fluid< may or may not be present.
D 1452 Practice for Soil Investigation and Sampling by 3-1.2.8 permafrost table-the surface that represents the
Auger Boring& upper limit of permafrost.

D 2487 Classification of Soils for Engineering Purposes

3 Available from Naval Publications and Forms Center, 5801 Tabor Ave.,
1 This practice is under the jurisdiction of ASTM Committee D18 on Soil and Philadelphia, PA 19120.
Rockand is the direct responsibility of Subcommittee D18.19 on Frozen Soils and * For more complete lists of generally accepted terms used in the description of

Rock. frozen ground see: Hennion, F., “Frost and Permafrost DefinitidBslletin 111,
Current edition approved Feb. 24, 1989. Published October 1989. OriginallHighway Research Board, Washington, DC 1955; and Brown, R. J. E., and Kupsch,
published as D 4083 — 82. Last previous edition D 4083 — 83. W. D., “Permafrost Terminology, Technical Memorandum No. 11National
2 Annual Book of ASTM Standardggl 04.08. Research Council of Canada, 1974.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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Areas of Seasonal Frost Action Area of Percnnially Frozen Ground
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FIG. 1 lllustration of Frozen Soil Terminology

3.1.2.9 polygons (polygonal grounéymore or less regular- 3.1.3.11poorly bonded-a condition in which the sail

sized surface patterns created by thermal contraction of thearticles are weakly held together by the ice so that the frozen

ground. Two types are commona)(those with depressed soil has poor resistance to chipping and breaking.

centers andh) those with raised centers. 3.1.3.12porous ice—ice that contains numerous voids,
3.1.2.10residual thaw zone-a layer of unfrozen ground usually interconnected and usually resulting from melting at air

between the permafrost and the annual frost zone. This laydaubbles or along crystal interfaces from presence of salt or

does not exist where annual frost extends to permafrost.  other materials in the water, or from the freezing of saturated
3.1.3 The following terms are used to describe the characsnow. Though porous, the mass retains its structural unity.

teristics of the frozen earth: 3.1.3.13thaw stable—the characteristic of frozen soils that,
3.1.3.1 candled ice—ice that has rotted or otherwise formed upon thawing, do not show loss of strength in comparison to

into long columnar crystals, very loosely bonded together. normal, long-time thawed values nor produce detrimental
3.1.3.2 clear ice—ice that is transparent and contains only asettlement.

moderate number of air bubbles. 3.1.3.14thaw unstable-the characteristic of frozen soils
3.1.3.3cloudy ice—ice that is translucent or relatively that, upon thawing, show significant loss of strength in

opaque due to the content of air or for other reasons, but whichbomparison to normal, long-time thawed values or produce

is essentially sound and nonpervious. significant settlement, or both, as a direct result of the melting
3.1.3.4 excess ice-ice in excess of the fraction that would of excess ice in the soil.

be retained as water in the soil voids after thawing. 3.1.3.15well bonded-a condition in which the soil par-
3.1.3.5friable—a condition under which the material is ticles are strongly held together by the ice so that the frozen

easily broken up under light to moderate pressure. soil possesses relatively high resistance to chipping or break-
3.1.3.6 granular ice—ice that is composed of coarse, more ing.

or less equidimensional, crystals weakly bonded together. o
3.1.3.7 ice coatings on particles-discernible layers of ice 4- Significance and Use

found on or below the larger soil particles in a frozen soil mass. 4.1 This practice is intended primarily for use by geotech-

They are sometimes associated with hoarfrost crystals, whichical engineers and technicians and geologists in the field,

have grown into voids produced by the freezing action. where the soil profile or samples from it may be observed in a
3.1.3.8ice crystal—a very small individual ice particle relatively undisturbed (frozen) state.

visible in the face of a soil mass. Crystals may be present alone 4.2 It may also be used in the laboratory to describe the

or in combination with other ice formations. condition of relatively undisturbed soil samples that have been
3.1.3.9ice lenses-lenticular ice formations in soil occur- maintained in a frozen condition following their acquisition in

ring essentially parallel to each other, generally normal to théhe field.

direction of heat loss, and commonly in repeated layers. 4.3 The practice is not intended to be used in describing
3.1.3.10ice segregation-the growth of ice within soil in  unfrozen soils or disturbed samples of frozen soil.

excess of the amount that may be produced by the in-place

conversion of the original void moisture to ice. Ice segregatiorP- APparatus

occurs most often as distinct lenses, layers, veins, and massesb.1 Required Apparatus

commonly, but not always, oriented normal to the direction of 5.1.1 Pocket knife or small spatula.

heat flow. 5.1.2 Low-power magnifying hand lens.
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7. Part |, Description of the Soil Phasé

7.1 The soil phase, whether thawed or frozen, is first
described in accordance with Practice D 2488.

5.1.3 Pint-size graduated jars.

5.2 Useful Auxiliary Apparatus

5.2.1 Camera.

5.2.2 Small bottle of dilute hydrochloric acid.

5.2.3 Small test tube and stopper. 8. Part II, Description of the Frozen Soil

INCHES

oy

| | I
*

Nf Nbn Nbe
POORLY BONDED WELL BONDED - WELL BONDED -
NO EXCESS ICE EXCESS ICE

LEGEND:

soiL -

ice - Ml o FJ

Note 1—Frozen soils in thé&l group may, on close examination, indicate presence of ice within the voids of the material by crystalline reflections or
by a sheen on fractured or trimmed surfaces. The impression received by the unaided eye, however, is that none of the frozen water occupies space i
excess of the original voids in the soil. The opposite is true of frozen soils i y@up.

Note 2—When visual methods may be inadequate, a simple field test to aid evaluation of volume of excess ice can be made by placing some frozen
soil in a small jar, allowing it to melt, and observing the quantity of supernatant water as a percentage of total volume.

Group Subgroup . o
Symbol Description Symbol Field Identification
Poorly bonded or friable Ne
Identify by visual examination. To determine presence of excess ice, use procedure under Note 2
No excess ice Ny Nopn and hand magnifying lens as necessary. For soils not fully saturated, estimate degree of ice
N Well-bonded saturation; medium, low. Note presence of crystals or of ice coatings around larger particles.
Excess ice Noe

FIG. 2 Description of Frozen Soils—Ice Not Visible

8.1 Frozen soils in which ice isot visible to the unaided
eyeare designated by the symbidland are divided into two
main subgroups as shown in Fig. 2.

8.1.1 Poorly bonded or friablematerial in which segre-
gated ice is not visible to the unaided eye is designated by the
symbolN;. This condition exists when the degree of saturation

6.1 The system for describing and classifying frozen solil iSg |ow.
based on an identification procedure which involves three steps 8.1.2 Well-bonded frozen soil in which the ice cements the
designated as Parts |, Il, and Ill. Part | consists of a descriptiomaterial into a hard solid mass, but in which segregated ice is
of the soil phase, Part Il consists of the addition of soilnot visible to the unaided eye is designated by the syrhiol
characteristics resulting from the frozen state, and Part Ilit may further be described on the basis of detailed examination
consists of a description of the important ice strata associateahd assigned to one of two subtypes. See Fig. 2.
with the soil. 8.1.2.1 If no excess ice is present as indicated by the

absence of segregation even under magnified viewing, the
_ .NOTE 1—In addition to the descript_ion of the soil prof_ile at a given sitg, material is designated by the symb\j,,
it is normally advantageous to describe the local terrain features. Particu- 8.1.2.2 Ifexcess icés present, but is saniformly distrib-

larly useful are descriptions of the type of vegetation cover, depth and typﬁted that it is not easily apparent to the unaided eye, the

f local relief and drai diti d depth of thaw. L . . L
O Sriow cover, ‘ocal Telet anc crainage condiions, anc ¢epm o av:glatenal is designated by the symb\l.. This condition may

One or more photos of the area also can be very helpful. The terminolog . fi i i i
given in 3.1.2 should be used to describe any special conditions which ¢ ceur in very fine silty sands or coarse silts and can be verified

be recognized. To these should be added any available information on the
depth of thaw as estimated from borings and test pits at the site.

5.2.4 Munsell Soil Color Chart or Rock Color Chart, or
both.

5.2.5 Thermometer.

6. General Procedure for ldentification

5 When the surface soils are mostly organic (peat) a more complete description
can be achieved through use of the “Guide to a Field Description of Muskeg,” I. C.
McFarlane, inSpecial Procedures for Testing Soil and Rock for Engineering
Purposes5th Ed.,ASTM STP 4791970.
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by placing some frozen soil in a graduated jar, allowing it t09. Part Ill, Description of Substantial Ice Strata

melt, and observing the quantity of supernatant water as a g 1 |ce strata that agreater than 1 in(25 mm) in thickness
percentage of the total volume. See Fig. 2.
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Note 1—Frozen soils in thé&l group may, on close examination, indicate presence of ice within the voids of the material by crystalline reflections or
by a sheen on fractured or trimmed surfaces. The impression received by the unaided eye, however, is that none of the frozen water occupies space i
excess of the original voids in the soil. The opposite is true of frozen soils i @@up.

Group Symbol DescriptioSnUbgmup Symbol Field Identification
For ice phase, record the following when applicable:
Individual ice crystal or inclusions V,
Location Size
Ice coatings on particles Ve Orientation Shape
v Thickness Pattern
Random or irregularly oriented ice formations Vi Length
Spacing
Stratified or distinctly oriented ice formations V. Hardness
Structure
Uniformly distributed ice V4 Color
Estimate volume of visible segregated ice present as percentage of total
sample volume.

FIG. 3 Description of Frozen Soils—Visible Ice Less Than 1 in. (25 mm) Thick

8.2 Frozen soils in whichsignificant segregated ice is are designated by the symbol ICE and divided into two
visible to the unaided eye, but individual ice masses or layersubgroups as shown in Fig. 4.
areless than 1 in(25 mm) in thickness are designated by the 9.1.1 If the ice stratum contairsil inclusions it is desig-
symbolV. These are divided into five subgroups as shown imated as ICE + Soil Type.
Fig. 3. 9.1.2 If the ice stratum containso soil inclusions it is

8.2.1 The symboN,, designates those frozen soils which designated simply as ICE.
containindividual ice crystalsor inclusions. See Fig. 3. 10. Identification of Frozen Soils

8.2.2 The symboV/, designates those frozen soils in which  10.1 Figs. 2-4 also contain information that is helpful in
theice occurs as coatingen particles. determining the proper identification of a frozen soil mass. The

8.2.3 The symbol, designates frozen soil masses with various items listed which pertain to the ice phase should be
2. .

random or irregularly oriented icdormations. recorded whenever applicgble. . .
d 4 10.2 When greater detail and more specific information are

~ 8.2.4 The symbolV, designates that the frozen soil is gegjred than is obtainable from visual inspection, additional
interspersed wittstratified or distinctly oriented icdorma- physical tests and measurements may be performed on the
tions. frozen or thawed soil, or both. These may include in-place

8.2.5 The symboV,, designatevisible ice, uniformly dis-  temperature, density, water content, stress-strain characteris-
tributed throughout the soil mass. tics, thermal properties, and ice crystal structure.

Note 2—When more than one subgroup characteristic is present in thg‘l' Keywords
same material, multiple subgroup designations suct,asmay be used. 11.1 frozen; ice; permafrost; soil; undisturbed
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Note 1—Where special forms of ice such as hoarfrost can be distinguished, more explicit description should be given.
Note 2—Observer should be careful to avoid being misled by surface scratches or frost coating on the ice.

Subgroup
Group Symbol Field Identification
Description Symbol
Ice with soil inclusions ICE + soil type Designate material as ICE (Note 1) and use descriptive terms as follows,
ICE ce without sol inclusions IcE usually one item from each group, when applicable:

Hardness Structure(Note 2)

HARD CLEAR

SOFT CLOUDY

(of mass, not individual POROUS

crystals) CANDLED
GRANULAR
STRATIFIED

Color Admixtures

(Examples): (Examples):

COLORLESS CONTAINS

GRAY FEW THIN

BLUE SILT INCLUSIONS

FIG. 4 Description of Visible Ice Strata Greater Than 1 in. (25 mm) Thick

APPENDIX
(Nonmandatory Information)

X1. FIELD RECORDS AND PRESENTATION OF DATA

X1.1 The record of site exploration should include all itemsborings or test pits, with the various soils encountered shown
normally contained in a well-documented field log (see Prachy appropriate symbols. The recommended procedure is shown
tices D 420 and D 1452) plus those items relating to terrainin Fig. X1.1. Note that the symbol for the unfrozen soil is given
permafrost, and thaw conditions that are peculiar to frozen sofirst, followed by the frozen soil designation. For the purpose
areas. of readily identifying the frozen soil zones, a wide line is

X1.2 The results of the exploration can usually be conve—drawn down the left of the graphic log within the range in

niently presented on drawings as schematic representations WP'Ch the frozen material occurs.
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Depth,
Symbol Soil Description Ice Features
m ft
0.0 0.0* -
OL Organic, sandy SILT, not frozen None
0.15 05 - - -
GwW Brown, well-graded, sandy GRAVEL, None
medium compact, moist, not frozen
0.6 1.8
GW Brown well-graded, sandy GRAVEL, No visible segregation, negligible thin ice film on
. 37 N¢ frozen, poorly bonded gravel sizes and within larger voids
GwW Brown, well-graded, sandy GRAVEL, No visible segregation
Non frozen, well bonded
1.6 5.4
ML Black, micaceous, sandy SILT, frozen Stratified horizontal ice lenses averaging 4 in. (10
\'A cm) in horizontal extent, hairline to % in. (0.6
cm) in thickness, % to %-in. (1.2 to 1.9-cm)
spacing. Visible excess ice ~20 + % of total
volume. Ice lenses hard, clear, colorless.

2.4 7.7 . -
; ICE Hard, slightly cloudy, colorless, few scattered
! inclusions of silty SAND
;2.8 9.1

Dark brown PEAT, frozen, well bonded, ~5 % visible ice
high degree of saturation
32 10.5 ¥~ - -
MH Light brown SILT, frozen Irregularly oriented ice lenses and layers % to %
V. in. (0.6 to 1.9 c¢m) thick on random pattern
grid approx. 3 to 4-in. (7.6 to 10-cm) spacing.
Visible ice ~10 % % of total volume. Ice mod-
» a3 erately soft, porous, gray-white.
49 16.0
=R+ Bedrock. Laminated SHALE. Top few Ye-in. (0.2-cm) thick ice lenses in fissures to 16.0
feet weathered ft (4.9 m). None below.
Bottom of exploration
N )

* Surface elevation 963.2 ft
FIG. X1.1 Graphic Log of Field Exploration lllustrating Use of the Frozen Soil Descriptive Nomenclature and Symbols
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