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A Proposal of Standard Test Method for Frost Susceptibility of Soil

Abstract. A recommendation of a standard test method for frost susceptibility of soil is
proposed. The recommendation is required in order to have a design technique of
common and equivalent quality not only in domestic but international practice. This topic
is one of the essential and current objectives of Technical Committee 216 (ISSMGE) and
has been discussing to the present. The purpose of the proposed recommendation test
method is defined, different methods from several countries are compared, necessary and
common articles are selected and some items are specified to discuss. It is expected that
this proposal would take a role to be a draft suggestion to promote discussion and
achieve a final recommendation.
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Attempt for standardization of frost heave test

In 1989, there was held an International Symposium on Frost Geotechnical Engineering organized
by ISSMFE Technical Committee TC-8 on Frost (the present TC216), Finnish Geotechnical Society (SGY),
and Technical Research Center of Finland (VTT) in Finland. The reference testing procedures for the use
of laboratory frost heave tests in the determination of frost susceptibility of soil were published in the
Work report 1985-1989% by TC-8.

In 1995, comparative laboratory frost heave tests were carried out with common soil material
planned by TC-8. Twelve laboratories had reported test results, but a final summary report was not
published. A comparison report of the test results by nine Japanese institutes is available?.

Definitions of Terms

The terms are defined as follows for one dimensional freezing test with cylindrical cell.

Frost susceptibility -The propensity for a soil to accumulate ice and to heave during freezing

Frost heave - Upward displacement due to volume increase of soil with growing ice layers (ice
lens) parallel to 0°C isothermal when soil freezes with water supply.

Amount of frost heave - Change of specimen height during freezing.

Frost heave ratio - Ratio of volume increase to initial volume of the specimen.

Frost heave rate - Increase of frost heave divided by length of time.

Freezing rate - Speed of advancement of freezing line into the unfrozen soil.

Existing Test Methods

Figures 1 to 4 show test devices which are publicized in literature or currently available by the
author. Tables 1 to 3 summarize their dimension and procedure. The classification by frost
susceptibility index used in those methods are shown in Tables 4 to 6. These devices and procedures
have been set up and used for different purpose of freezing test.
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Purpose

Parameters obtained

Specimen

Applied loads
Water supply

Temp. of top/bottom

Temp. sensors
Freezing direction
Test duration

Friction control
Specimen size D/H
Freezing and thawing

Chamber/Insulation

Purpose

Parameters obtained

Dimension and Procedure

Sweden

frost heave

segregational heave,
heat extraction rate

compacted
bottom

cold / warm fixed

7 thermocouples
top to bottom

4 days

100/100 mm

can be performed

+4 'C/70 mm

Dimension and Procedure

USA(ASTM-D5918)

frost susceptibility, thaw
weakening

heave rate, bearing ratio

Table 1

Finland

frost heave,
thaw compression,
frost susceptibility

frost heave ratio, SP

undisturbed/compacted
2,20,40 kPa

bottom

-3 °C/+1 Cfixed

8 thermistors

top to bottom

24 hours

rubber membrane
80-150/70-200

two cycles

0+1 OC/split barrel

Table 2

Japan (JGS-0171)
frost susceptibility

heave rate

Specimen compacted compacted/undisturbed
Applied loads 3.5 kPa 10 kPa
Penetration rate 3.6 mm/hour 1-2 mm/hour
Water supply from bottom from top
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Temp. of top/bottom  cold / warm fixed +0°C/-0.1 C/hour
Temp. sensors 7 thermocouples 2 pt100 sensors(top and
bottom)
Freezing direction top to bottom bottom to top
Test duration 5 days until penetrated top
Friction control rubber membrane, slight space, greased wall,
multi-ring cell freezing direction
Specimen size D/H 150/150 100/50
Freezing and thawing  two cycles and CBR no thawing process
Classification average frost heave rate  maximum heave rate
Table 3
Dimension and Procedure (for artificial freezing)6)
JAPAN(JGS-0172)
Purpose frost heave for artificial freezing
Parameters obtained frost heave ratio, thaw settlement ratio and design
parameters
Specimen undisturbed
Applied loads field over burden stress
Water supply from top

0
Temp. of top/bottom +0 C/ cooling rate required to obtain parameters

Temp. sensors 2 pt100 sensors(top and bottom)
Freezing direction from bottom to top
Test duration until penetrated top
Friction control slight space, greased wall
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Specimen size D/H

Freezing and thawing

60/20-40

one cycle

1/2
Model &=50+(00/c)(1+(UO/U) ),
& : frost heave rate, U: penetration rate,
o : confining stress
Table 4
Classification by Frost Susceptibility Index, SP”
Segregation Potential SP mm?/Kh
Negligible < 05
Low 05-15
Medium 1.5-3.0
Strong >3.0
Table 5
Classification by Frost Susceptibility Index, ASTM(USA)®
Symbol | 8-H Heave Rate mm/day
Negligible NFS <1
Very low VL 1to2
Low L 2 to4
Medium M 4 108
High H 8 1016
Very high VH >16
Table 6
Classification by Frost Susceptibility Index, JGS(Japan)>
Frost Heave Rate U, mm/h, Freezing Rate 1-2 mm/h
Low <01
Medium 0.1-0.3
High = 0.3
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Recommendation of Test Method for Frost Susceptibility of Soil

First of all, it is proposed that the index of frost susceptibility of soil is categorized in the physical
property of soil such as Atterberg index, because most of engineering purposes to carry out frost
susceptibility test would be to investigate not to obtain “how much it heaves”, but to know “it is frost
susceptible or not as a material” for the initial judgement of necessary frost protection in the field. A
proper frost heave test, as a model test with field conditions, will be then selected to obtain required
data for the detailed practical design.

Frost susceptibility test of soil as a physical index test should have clear output to show the
susceptibility and classification of soil making use of certain reliable parameter obtained from the test.
However, it is not a practical idea to indicate single parameter index as a common recommendation
method as we know several index parameters already working in different countries or areas shown
above. Our task is to show a practical guideline which works well for the engineering purpose with an
acceptable concept.

Followings are basically referred to the Work report 1985-1989 by TC-8), and modified by
considering the existing methods for proposal of essential testing elements to obtain a frost
susceptibility index and classify the frost susceptibility of material.

This recommendation does not restrict any optional procedure and dimension as far as the frost
susceptibility index is practically reliable and works well, and the method provides value which is not
relying on material and tester.

Test device

Test device consists of cylindrical test cell, temperature and displacement measurement sensors,
measurement system for supplied water volume, loading device, temperature control unit and data
acquisition equipment. The cell should be constructed of a material with low thermal conductivity and
insulated with proper insulation material to keep a horizontal freezing front line in the sample during
test. The friction between the sample and the cell wall should be minimized with appropriate manner.
Temperatures should be controlled with the precision of 0.1 degree at least.

Sample preparation

Saturated compacted sample with appropriate density is used to ensure a stable physical test
results as possible.

Test and Test results

Temperatures, displacement and supplied water volume should be recorded during freezing with
suitable intervals for the purpose.

It is recommended to confirm to start freezing without delay of frost heave by means of avoiding
the super cooling of sample surface at the beginning of freezing process, and to check the amount of frost
heave coinciding with the calculated value from the supplied water volume.

Test results should give an index parameter to determine and classify the frost susceptibility of the
material.

Determination of frost susceptibility

The index parameter to determine and classify the frost susceptibility should have good
corresponding relation with the field observation to ensure its certainty.

Discussion

Test Device

The insulation around the cell and the precision of temperature sensors are shown as essential
items especially for a testing under low temperature to obtain proper data, but other details for device
are not indicated because several testing devices with different dimensions and styles are already used
and working now.
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Test
The recommendation of avoiding supercooling and checking frost heave by water volume is one of
the reasonable methods to increase the accuracy of test results. Typical techniques to break supercooling
are “tapping” and “thermal shock”.
Frost Susceptibility Index
Frost susceptibility index should have a basis which is connected well to field observation as a
practical physical index. It is expected to clarify correlation between the index and the field data in the
explanation of test method.
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T. Ono

Xoxxkai-T'axyen yrusepcumemi, Cannopo, XKanorus
TonblpaKThIH asi3fa TO3iMAiairiH CbIHAY 94iCiHIH cTaHAAPT peTiHAe YCBIHBICHI

Anpaarma. TonblpakTelH asi3fa OelfiMAiairi OOMBIHINIA CTaHAAPTTHI ChIHAY 9AiCi YCBIHBIAAABI.
YcpIHBIC TeK OTaHABIK KaHa eMeC, XaAbIKapaablK ToXipubOege Ae opTak >koHe Oasamasbl carlaHBI
’KoDaay TeXHMKachlHa 1e 0oay y1riH KaxeT. bya Takpipsin 216 Texnankaarsik Komureriniy (ISSMGE)
MaHBI3ABl 9pi aFrbIMAaFbl MaKcaTTapbIHBIH Oipi 60abIT TaObraaabl. OCHl yaKbITKA A€VIiH TaAKbLAaHBII
KeaeAi. YCBIHBIAATBIH TeCTiAey o4iCiHiH MaKcaThl allKbIHAaAAblL, OipHellle eadepAiH apTypAi aaicrepi
Ca/ABICTBIPBIAABL, KaKeT 9pi >KaAIlbl MaKalalap TaHAaAAbIL, KeifOip TapMaKTap TaAKblLAayFa YChIHBLAABL
Bya ycpiHbIC TaAKblAayFa BIKIIAA €TiIl, COHFBI YCBIHBICKA KO/ YKeTKi3y YIITiH YCBIHBICTBIH >KOOachl 604a
aaaapl AeTI KyTiayae.

Tyi1iH ce3aep: TONBIPaKTHIH as3fa Oeltimaiairi, Tect aaici, TC216.
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Yuusepcumem Xoxxau-I'akyan, Cannopo, fInorus

IIpoexT MeTOAa OTIpeseaeHNsI MOPO3OCTOMKOCTU IPYHTOB B KadecTBe OOIeIIPUHITOrO
cTaHAapTa

Annortamms. Ilpegaoxena pekoMeHJalusl IIO CTaHAQPTHOMY MeTOAy MCHBITaHMII Ha
MOpPO3OCTOMKOCTh TPYHTOB, KOTOpasli HeoDXoauMa AAs TOIO, YTOOBI MeTOAMKa ITPOeKTUPOBaHILA
oOlIIlero 1 paBHOIIEHHOIO KadecTBa Oblda He TOABKO B OTEUECTBEHHON, HO U B MeXXAyHapOAHOI
npaxTuke. JaHHas TemMa sBAseTCs OAHOM 13 OCHOBHBIX M TEKYIIINUX 3a4ad TexHmdyeckoro komurera 216
(ISSMGE) un obcyxaaercst 4o cux mop. OmnpegeasieTcs Lieab IIpeAlaraeMoro peKoMeHAaTeAbHOTO
MeToJa TeCTUPOBaHNs, CPaBHMBAIOTCA pa3AUYHbIe MEeTOABl U3 HEeCKOABKUX CTpaH, BBIOMpPaIOTCs
HeoOXOAMMBIe 1 OOIIye CTaTby, a TakKXXe YKa3bIBaIOTCA HEKOTOpPBIe BOIPOCHI AAs OOCY>KAEHMU.
Oxmaaercs, 4To STO IpejaoKeHMe ChIIpaeT poAb IIpoeKTa HpeAA0>KeHUs, CIIOCOOCTBYIOIero
00Cy>KAEeHIIO U BBIpabOTKe OKOHJaTeAbHON peKOMeHAall.

Karouesble ca0Ba: MOPO30CTOMKOCTD ITOYBBI, MeTOA ucrbiTanms, TC216.
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