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Forecast settlement of frozen soils after thawing
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Abstract: The results of studies of deformation characteristics and physical properties undisturbed soil

(400 tests) , selected in the north of Western Siberia and the European part of Russia, are described in

this article. Formulas for settlement calculation frozen soil after thawing are proposed on the basis of the

correlation between physical properties and deformation characteristics.
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0 Introduction

By the current moment a lot of experimental and
theoretical information concerning mechanisms and
principles of settlement development in thawing soils of
various composition and structures has been gained.
Two main approaches for settlement estimation have
been specified: measuring ( based on physical charac-
teristics) and experimental (thawing and compression
coefficients identification ). Based on the first ap-

proach, about 15 dependences of thawing fine-grained
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soils settlement on physical properties have been ob-
tained. Their summary is given in the report'”’. It is
noted that it is almost impossible to educe the general-
ized imperical dependence of thaw settlements on phys-
ical properties due to the fact that thaw settlements are
determined by many factors which cannot be quantita-
tively estimated>*). But the formulas obtained for cer-
tain regions and different types of soil, give good agree-
ment with the results of field tests. Prediction of tha-
wing soils settlements is focused on experimental iden-

tification of deformation characteristics. Field stamp
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tests in test pits are labor-consuming and expensive.
That is why they cannot be applied during massive en-
gineering and geological field explorations. Due to this
fact, the most common tests are laboratory compression
ones. Therefore, two approaches have been combined
in this work for reducing time of the forecast.

A lot of experiments ( clayey silt (236), silt
(105) and silty sand (48) ), selected in the north of
Western Siberia, the European part of Russia, Yamal
peninsula with marine genesis, was generalized for the
prediction of deformation characteristics of thawing

soils.

1 Experimental test procedure

Experimental researches of deformation character-
istics were performed on the samples with undisturbed
structure taken from 6 m. The samples were cylinder-
shaped with the diameter of 70 mm and height of 35
mm. Then the samples were kept there for two days at
the temperature of —2 °C and were placed into the de-
vices. Test was performed in odometers made of plexi-
glas which provided thermal insulation of the samples
on their side surface allowing to perform plane parallel
thawing (Fig. 1).

Tests identifying deformation characteristics of
thawing soils are performed in three stages''! :

Stage [ -consolidation of the frozen sample at
freezing temperature with the natural load.

Stage Il -thawing of the sample at the same load.

Consolidation of the frozen and thawing sample is
performed until relative stabilization is reached. Indi-
cator readings of 0. 01 mm per 12 h. are taken as rela-
tive stabilization.

Stage III-consolidation of the thawed sample with
incrementally increasing load. After the thawed soil de-
formation stabilization ( under natural load) the load
was increased by 0.05 MPa for clayey soils and by 0.
075 MPa for sandy soils. Each load stage was main-
tained until settlement reached relative stabilization that
was taken as equal to 0.01 mm per 12 hours.

In total, there were five load stages.

According to the data obtained relative settlement

Fig.1 Odometer scheme:

1-base; 2-leading cylinder; 3-operational non-thermally conductive

ring; 4 - perforated disk; 5-stamp; 6-lid; 7-indicators; 8-soil
dependence on time at each load stage was identified
(Fig. 2a) as well as relatively stabilized settlement de-
pendence on voltage (Fig. 2 b). Based on these de-
pendencies thawing coefficient (A) (equal to relative-
ly stabilized thaw settlement without load) and com-
pression coefficient (m) (calculated as the slope ratio
of the right line to the axis of abscissa) were deter-

mined (Fig. 2 b).

Ei= g

Fig.2 Relative settlement development dependence
on time at each load stage (a), relatively

stabilized settlement dependence on load (b)

2 Forecast deformation characteristics

Correlation analysis for each type of soil performed
for each indicator of the physical properties and predic-
ted deformation characteristics. Paired correlation coef-
ficients considered between dependent variables.

Indicators of physical properties of soil were divid-
ed into two groups in which they are closely correlated
with each other:

1) density-density of frozen soil dry density;

2) water content-total water content, degree of
water saturation.

Characteristics, which greatly affect deformation
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properties of the soil, were selected after correlation a-
nalysis (table 1). Compression coefficient correlates
insignificantly with the physical properties of frozen and
thawed soils. Therefore, the forecast of the deformation
characteristics can not be performed.

Correlation between thawing coefficient and physi-
cal properties of frozen soils is high. Dependences have
the greatest degree of approximation using a linear rela-
tionship. Therefore we used a linear regression analysis.

A lot of parameters (W-Wp, (W-Wp)/S,, (W-
Wp)/Ip, W-Wp)/W,, etc. ) have been considered to
improve the reliability of the model. The highest coeffi-
cient of determination, showing the degree of conformi-
ty the trend model and initial data, obtained for silt
soils -dry density and (W-Wp)/S,,.
and W / S (Fig. 3,4). It is for these variables used

regression analysis. Coefficient of multiple determina-

sand -dry density

tion was equal to 0.7.
Fisher’s ratio test and Student’s t-test were per-

fomed and obtained the equations (table 2).

Table 1 The correlation coefficients between indicators

of physical properties and deformation characteristics

The correlation coefficients ( modulo for
various soil types 1/2/3* ) between

Characteristics physical properties and
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Fig.4 Dependence of the thawing coefficients
on (W-Wp)/S, for silt soils (a) and
W / S, for sand (b)

Table 2 Equation for the calculation of
thawing coefficient

type of soil equations
silty sand A =0.416-0. 23p, (1)
silt 4=0.32-0.187p, +0.32 TP 2)

clayey silt

4=0.23 0. 145p, +0.303 TP

(3)

thawing coefficient

A, u.f

compression coefficient

m, MIa™

density p, g/cm3
dry density p;, g/cm3
total water content W, u.f.
degree of water

saturation S, u. f.

0.73/0.64/0.70
0.77/0.78/0.82
0.69/0.78/0.73

0.13/0.07/0.16

0.26/0.37/0.34
0.26/0.32/0.21
0.21/0.17/0.32

0.10/0.26/0. s22

1/2/3-1-clayey silt, 2-silt, 3- silty sand
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Fig.3 Dependence of the thawing coefficients on

dry density for different soil types

3 Calculation of thawing soils settlement

Settlement of frozen soil after thawing and consoli-
dation includes two parts:

§$=S,+8,, (4)

where S,—settlement under their own weight;

S, ,—settlement under the influence of the additional
load (weight of buildings).

S, = Ah + mho (5)

where A thawing coefficient, u. f. ; m—compres-

sion coefficient, MPa~'; g—natural load, MPa; h—

thawing soil layer thickness, cm.

Sa,K = 0,bK, z miK,L,i(Ki -K.)) (6)

where ¢,—additional vertical pressure on the

base under the foundation, MPa; b—width of the foun-
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dation base, —coefficients deter-

em; K, K, K, K, _,

[3]

mined by the tables in the™’ ; m,—compression coeffi-

cient, MPa ™', [—length of the foundation base, cm.
Formula (5) use to forecast settlement for the
construction of railways and pipelines.
We can calculate settlement without using com-
pression coefficient by the formula
Su = Ah 1)
Relative error thawing settlement, using formula
7, does not exceed 15% for most tests ( Fig. 5).
These values are typical for samples at natural pres-
sures less than 0. 10 MPa. We can use a formulas (1
-3) to calculate settlement by the formula:
S, = 1,15Ah (8)
Absolute error thawing settlement (1 m thawed soil) ,
using formulas 1 —3 and 8, does not exceed 15 cm for
96% of tests (average values for the sandy soil 5 cm
and 8 cm for silt) (fig. 6).
Thus, proposed methodology can be used with

prior forecast of settlement thawing soils on permafrost.
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Fig.5 Dependence of the relative error thawing
settlement on water content by formula 7

for different types of soils
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Fig.6 Dependence of absolute error thawing
settlement on water content by formula
1-3 and 8 for different types of soils

4  Conclusions

Summarize data of compression tests ( about 400
different undisturbed soil) allowed us to develop meth-
od of forecast settlement thawing soil. This method is
not universal and applies in the north of Western Siber-
ia and the European part of Russia for marine genesis
soils, natural loading less than 0.1 MPa. Absolute er-
ror thawing settlement (1 m thawed soil), using for-
mulas 1-3 and 8, does not exceed 15 c¢m for 96% of
tests (average values for the sandy soil 5 cm and 8 cm
for silt). Therefore, proposed method can only be used
for a preliminary assessment of settlement frozen soils

after thawing.
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