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Influence of aggressive inorganic acids upon the strength
parameters of glacial soil

Rackauskas V. Influence of aggressive inorganic acids upon the strength parameters of
glacial soil. Geologija. Vilnius. 2014. Vol. 56. No. 3(87). P. 74-86.ISSN 1392-110X.

This paper presents a review of monoinfluence of particular inorganic acids - hy-
drochloric (HCl) and sulphuric (H,S0,) acids — upon glacial soil which covers almost
a half of the territory of Lithuania. The results of investigations on how inorganic acids
influence clayey soil, the object of research and methods are introduced here, as well as
the determined background values of strength parameters of glacial soil. The influence
of these acids upon the strength parameters of glacial soil is evaluated and an analysis
of the influence of chemical pollution by the above mentioned inorganic acids on the
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INTRODUCTION

Evaluation of the influence of pollution by chemi-
cal substances for the building properties of soil
becomes an indispensable condition because of
increase in engineering economical man’s activity
intensity and in probability to pollute the soil, both
natural and having the destroyed structure, by
various technological solutions. Industrial com-
plexes in urbanised territories or nearby usually
make bigger chemical effect on ground solid than
the total physical effect. One of the most aggres-
sive chemical pollutants are inorganic acids and
their monoinfluence upon Lithuanian soils, espe-
cially clayey soil, including glacial soils, is almost
uninvestigated. Published works on this subject
and performed investigations have demonstrated
that inorganic acids have clear directions of their
effects, while improving or worsening physical
mechanical properties of soils. Besides, as it is de-
clared, the forecast on changes of the properties of

clayey deposits shall be performed on the ground
of experimental data (Dashko, 1984; Ignatavicius,
1984).

REVIEW OF PREVIOUS INVESTIGATIONS

Many previous investigations on how inorganic ac-
ids affect soils were committed to research chang-
es in clay properties (Jozefaciuk, Bowanko, 2002;
Umesh et al,, 2011; Umesha et al., 2012). Changes
in moraine soils have been almost uninvestigated.
At the same time the moraine soil is heterogenous,
an “optimal mix” or close to it by the composition
of its separate fractions (Marcinkevicius, 1990),
where the fraction of clay amounts to 10-20%.
Thus investigations in the field of clay soils re-
search are also important to the analysis of chang-
es in the properties of moraine soils. Determining
the influence of inorganic acids on the physical
mechanical properties of clayey soils, numerous
materials of previous works were collected, but
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experiments were performed with different lito-
logical and mineral variety of soils, various com-
pounds, usually hydrochloric and sulphuric acids,
their different concentration and duration of pollu-
tion were used.

Foundation soil of industrial buildings and con-
structions, as well as foundation soil of analogical
objects, quite often may be affected by different
acid solutions, especially as a compound of waste
water, which forms specific technogenic ground-
water. At the moment, in most cases it is compli-
cated or sometimes impossible to evaluate critically
such changes in the properties of foundation soils.
Mostly experimental works and their results are
used in order to understand possible changes.

For example, tests have established that the in-
teraction between hydromica montmorillonite
quaternary marine clay of Chvalyn and solutions of
sulphuric acid turns clay into a fluid state with clear
decrease of strength that is conditioned by “chemi-
cal spreading” and change in its chemical miner-
al composition. It is noted that such reduction of
strength does not depend on the concentration of
acid, besides, cementing material is under destruc-
tion (Ziangirov et al., 1981). Alluvial-prolluvial
fat clay of the West Pre-Caucasus was analogically
investigated under the effect of water and indus-
trial waste water. It was established that during
the experiment (4-5 months) under the effect of
sulphuric acid (0.1 N) cementing carbonate ma-
terial of clay, which composition consists mostly
of montmorillonite with kaolinite and hydromica
admixtures, is destroyed and permeability of soil
increases (Monyushko, Kurzina, 1984). After de-
formation analysis of clayey ground foundation,
saturated with water, it was established that inten-
sity of industrial effluent’s effect on clayey soils is
determined by its chemical composition and dura-
tion of influence but not by its quantity. Acid in-
fluence on the properties of soils is determined by
concentration of solutions and material composi-
tion of soils. The most intensive interaction passes
when carbonates (compounds of cement and soil)
are under destruction and hydromicas or chlorites
are changed. Montmorillonite and kaolinite clay
changes much less (Dashko, 1984).

V. Ignatavicius (1984; 1986) performed experi-
mental investigations with moraine clayey soils on
how they are affected by the total chemical pollu-
tion. He investigated the hydromica and kaolinite

hydromica loam of the South Lithuania phase mar-
ginal moraine till and basal till located in the foun-
dations of the Plant of Calculating Machines in
Telsiai. In 15 years of plant operation fresh, hydro-
carbonate, non-aggressive to reinforced concrete
construction water has turned into mineralised,
acid reaction water of technical origin; the water
consists of hydrochloric acid, sulphuric, nitric and
other acids. Such mineralised kalium and sodium
sulphate chloride water of technogenical origin af-
fected the surrounding loam, because there was no
carbonate found in it as sodium replaces calcium
in hydromica, permeability and moisture of loam
increase, strength of soil decreases, especially cohe-
sion (2.5 times), and compressibility of soil increas-
es 1.5 times (Dundulis, Ignatavicius, 1999).

OBJECT OF RESEARCH AND
METHODOLOGY

It was calculated that glacial soils cover the area of
26 706.1 km? or 41.33% of the territory of Lithua-
nia (Guobyté et al., 2001). In this territory moraine
binder soils are like a base for such big towns or
industrial and transport centres, such as Siauliai,
Panevézys, Plungg, Telsiai, etc. (Rackauskas, 2001).
For example, at present a constant, and in some
places even rather intensive, technogenic, chemi-
cal pollution effect covers 4.5% of the Siauliai
area (region) (towns, villages, roads, dumps, etc.)
(Rackauskas, 2003).

Possible main polluters by acids are plants and
manufactories of electrical engineering, metal man-
ufacturing, tannery, accidents while transporting
acids per roads and rails, etc. While foreseeing the
potential polluters, the aim to investigate influence
of various acids on physical mechanical properties
of glacial soils and try to find out causes of possible
changes by use of both investigations performed
and published works on this subject, according to
an example of Siauliai area, was determined.

The object of research is the Siauliai area (Nemu-
nas formation, Baltija subformation) marginal and
basal till (g'TIIbl, glIIbl,, gTIIbl, gIlIbl ) of Middle
and South Lithuania phases (Nemunas formation,
Baltija subformation) and their changes under the
effect of inorganic acids. After selection of typical
sections, near existing boreholes pits were made,
samples were taken and the following physical prop-
erties of moraine soils have been determined by
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laboratory methods: density of particles (p), den-
sity (p), undisturbed moisture content (W), void
ratio (e), liquid index (I,), grain-size distribution
(LST EN ISO 14688-2:2006 It) and strength para-
meters — cohesion (c), angle of internal friction (¢),
undrained shear strength (c ) (Tables 1, 2). The in-
vestigated sandy silty clay (former moraine loam) is
one of the most dominant varieties of moraine de-
posits, especially in the marginal moraine deposits
of the Middle Lithuania phase, Baltija subformation
(Rackauskas, 2003), and Siauliai city is set on them.

The physical mechanical properties of sandy
silty clay (sasiCl) and silty sand (siSa) found
in pits, pass the variation range of values of the
physical mechanical properties indexes of area
moraine soils and are close to the sample means
(Buceviciute, Rackauskas, 1997; Buceviciuté et al.,
2000). The above mentioned silty sand (Pit No. 29)
is similar according to the components of fractions

to sandy silty clay (LST EN ISO 14688-2:2006 1t).
Except grain-size distribution, some results of
physical properties (p, €) are also similar, though
samples of undisturbed soil were taken from mo-
raine soil of different genesis and this provides
a possibility to compare them (Tables 1, 2).

The following undisturbed strength parameters
of moraine soil were determined during the ini-
tial stage of research: angle of internal friction
(¢) and cohesion (c). For those purposes direct
consolidated drained shear made by a modified
VSV-25 device was applied on undisturbed soil
samples at a vertical pressure of 0.1, 0.2, 0.3 MPa,
shearing at the constant speed. Before this test
the soil was pressed by proof load for 24 hours.
Often scientists, like R. E. Dashko, A. A. Kagan,
V. D. Lomtadze, V. N. Sokolov and others, used
mixes (pastes), while investigating strength of clay-
ey soils and its change under the effect of various

Table 1. Grain-size distribution of the till soils taken from pits

1 lentelé. Kasiniuose imty moreniniy grunty granuliometriné sudétis

- it | rere " Grain-size distribution of the soils
(borehole) | sampling, | ical genetic | 5 Fraction as % by mass <0.002by
No. m complexes e 60-2 | 2-0.06 0.06- <0.002 | <0.06 mass of
0.002 <0.06 mm
1(21269) 1.15-1.25 gIIIbl, sasiCl 4.0 49.0 345 12.5 47.0 26.6
3 (21271) 1.30-1.40 gIIIbl, sasiCl 2.5 50.0 34.5 13.0 47.5 27.4
7 (21275) 1.20-1.35 glIIbl, sasiCl 4.0 46.5 32.0 17.5 49.5 354
9(21277) 1.20-1.30 g'IIbl, sasiCl 4.0 54.5 29.5 12.0 41.5 28.9
16 (21284) 1.10-1.25 glIIbl, sasiCl 2.5 45.5 36.0 16.0 52.0 30.8
18 (21286) 1.25-1.45 g'IIIbl, sasiCl 3.0 48.0 36.5 12.5 49.0 25.5
29 (25607) 1.60-1.70 gIIIbl, siSa 3.0 60.5 29.5 7.0 36.5 19.2

Table 2. Physical mechanical properties of the till soils taken from pits

2 lentelé. Kasiniuose imty moreniniy grunty fizinés mechaninés savybés

Strati- Values of the physical mechanical properties of the soils
Pit Depth of graphical =
No. | sampling, m | genetic 3 Po P w, e I P S |
complexes Mg/m’ | Mg/m % degr | kPa | kPa
1 1.15-1.25 glIIIbl, sasiCl  2.69 2.20 106  0.352  -0.095 33 37
3 1.30-1.40 g'TIIbl, sasiCl ~ 2.69 2.25 12.8  0.349 0.121 26 23 620
7 1.20-1.35 glIIIbl, sasiCl  2.68 2.25 122 0.336 0.143 21 71 802
9 1.20-1.30 g'IIIbl, sasiCl  2.70 2.17 13.8 0416 0.200 13 41 395
16 1.10-1.25 glIIIbl, sasiCl  2.70 2.17 11.5 0.387 0.018 26 66
18 1.25-1.45 gIbl,  sasiCl  2.70 2.26 124 0.343 0.070 22 50
29 1.60-1.70 g'IIbl, siSa 271 224 142 0.382 0.315 27 73
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factors (Dashko, Kagan, 1977). Pollutants also of-
ten migrate to fill moraine soils. Besides, pebble
and gravel (fractions >2 mm), which are found in
undisturbed soils, influence the values of strength
parameters (c, @, ¢ ), and it is desirable to get the
most precise values of changes in soil strength ap-
plying different sorts of acid solutions. Consid-
ering that, mixes (pastes) were tested during the
investigations. The soil from undisturbed sample
was drained, crushed and sieved using a sieve with
perforations 2 mm in diameter. The obtained soil
“flour” was mixed with distilled water, when the
density of the particles was p = 2.70 Mg/cm’, the
moisture content of the mix was W = 12% and
the void ratio was e = 0.375. The moisture con-
tent was chosen similar to that of undisturbed soil
(Table 2), the void ratio and the density of par-
ticles were according to respective general para-
meters of the area (Buceviciuté, Rackauskas, 1997;
Rackauskas, 2001; 2003).

Influence of acids was modelled under the ef-
fect of 3% solutions of hydrochloric (HCl) and
sulphuric (H,SO,) acids on disturbed moraine
soils (pastes). The pastes were made accepting the
mentioned p, W, e values, but instead of distilled
water respective solutions of hydrochloric and
sulphuric acids were used. Marginal acid quantity
(3%) in solutions was taken in accordance with
the present and possible pollution of ground wa-
ter, as well as soil, in cities, areas of industrial ob-
jects (Ignatavicius, 1984; Tratsevskiy, 1989), and
necessary minimum or maximum quantity of pol-
lutants in order to ensure their obvious physical
chemical and chemical absorption, metathesis of
ions and etc. (Goncharova, 1973), and the strength
of clay soils gets increased or decreased.

Strength of moraine soils affected by hydro-
chloric and sulphuric acids and its change were
also investigated by a vane-test, using a Torvane
shear device 26-2261. Both background values of
undrained shear strength (c ) of undisturbed mo-
raine soil and its disturbed mix (paste) and values
of undrained shear strength under the effect of hy-
drochloric and sulphuric acids were determined.

Applying a vane-test method undrained shear
strength c was determined for 3 sorts of samples
which are of different genesis but are moraine soils
of the same litological composition (Table 2). The
measurement error of undrained shear strength is
~1-12.5 kPa and depends on the diameter of used

vane (4.75 cm @ vane ~1 kPa, 2.5 cm - ~5 kPa,
1.85 cm - ~12.5 kPa). The main quantity of data
(c, values) was established with the 5-12.5 kPa error.

During the initial stage of these investigations
undrained shear strength of undisturbed moraine
soil was established. The number of tests of mono-
lith from each pit is 27-32. Samples of disturbed
soil with distilled water were prepared. Principles
of these samples’ (pastes’) preparation and taken
conditions (p, W, e) were adequate to the above
mentioned mixes. 13-17 samples of each sort of
soil determined the undrained shear strength of
mixes.

A series of tests to evaluate the influence of
changed moisture on strength parameters of soil
was performed. For that purpose samples of 2 cen-
timetre-height were cut from monolith by rings,
mixes (pastes) with distilled water were prepared,
and placed into a glass vessel with distilled wa-
ter so that liquid submerged a half of the ring. In
24 hours the samples were taken out of the liquid
and undrained shear strength was determined
from both sides of the sample - the contact and
distilled water zone - by vane for several times:
2-4 tests from one side according to the composi-
tion and consistence of the soil. For each series of
tests 19-22 tests of undisturbed soils and 10-12
tests of disturbed soils were performed. At the
same time the moisture of undisturbed soil or
mixes made of it was measured.

Correspondingly, influence of acid solutions
upon undisturbed or disturbed moraine soils was
investigated. Tests with polluted undisturbed soils
are analogical to the tests described above. They
were performed by steeping samples in solutions
for 24 hours. Tests with mixes of disturbed soil
were performed immediately after their produc-
tion, while using 3% solutions of hydrochloric and
sulphuric acids and steeping in these solutions for
24 hours.

84 complex, direct, consolidated drained shear
tests and 434 vane tests of undrained shear strength
determination altogether with samples of both un-
disturbed and disturbed moraine soils were per-
formed having established background values and
soils affected by acids. The results of shear tests
were treated by a method of regressive analysis,
while 21 shearing strength (1) values made a set of
tests, and in case of a vane test, 29-148 undrained
shear strength (c ) values made a set of tests.
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BACKGROUND VALUES OF STRENGTH
PARAMETERS OF MORAINE SOIL

In the process of research, investigation of strength
parameters of undisturbed moraine soil and its mix
with distilled water was performed, which proved
that the strength of the produced mix is similar to
the undisturbed strength of soil, and they were com-
pared with strength parameters of samples affected
by solutions of hydrochloric and sulphuric acids. Di-
rect shear tests determined that the average cohesion
(c) of undisturbed soil equals to ~50 kPa, that of dis-
turbed soil is ~43 kPa, the angles of internal friction
(¢) are 25 and 27°, respectively (Figs. 1, 2).

300 T=50.356 + 0.466*p

80 120 160 200 240 280 320
p, kPa

Fig. 1. Diagram of shear strength test of undisturbed
samples
1 pav. Nataralios sandaros bandiniy kirpimo grafikas
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Fig. 2. Diagram of shear strength test of disturbed sam-
ples (distilled water)

2 pav. Suardytos sandaros bandiniy (distiliuotas van-
duo) kirpimo grafikas

R. E. Dashko and A. A. Kagan (1977) maintained
that soils resistance to shear depends not only on
their granular and mineral composition and dense-
ness but also on the moisture which gets special im-
portance in clayey soils. Thus the undrained shear
strength (c ) of undisturbed soil and its paste with
water was investigated by a vane test, while the con-
tent of moisture (W) was changing. Besides, a com-
parison of the change (c_ type) between undisturbed
soil and its mix was made. And it was determined
that the exponential curve and equation express best
the diminution of undrained shear strength (c ) val-
ues, while the soil is moistured additionally (Fig. 3).

The average undrained shear strength of undis-
turbed moraine soil changes from 910 to 225 kPa
(148 tests), while the moisture changes from 10.6
to 17.2%; and that of its paste changes from 480 to
60 kPa (62 tests), while the moisture changes from
11.5 to 17.3% (Fig. 3).

1400 |
L]
1200} ¢ ¢, Cu=8.544e3%exp (-21.132*W)
1000 ® oo
o
£ 800 ig
~
=5 600
O

0
0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
W,v.d

C,=2.789¢e4*exp (-35.382*W)

0 ¥ 3
0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
W, v.d.

Fig. 3. Diagrams of dependence of undrained shear
strength (c ) of undisturbed (above) and disturbed (be-
low) soils on moisture (W)

3 pav. Nataralios (auks¢iau) ir suardytos (Zemiau) sanda-
ros grunto tariamosios sankibos (c ) priklausomybés
nuo drégmeés (W) grafikai
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A consistent pattern was noticed — if moisture
increases gradually, values of the undrained shear
strength of undisturbed moraine soil in the initial
stage decrease faster, and while the moisture con-
tent of soil is increasing, decrease of intensity of
its c values is getting slower. A wide range of c_
values of undisturbed soil is because soil mono-
lith is not solid and the least strength of soil is in
places where there are defects and inclusions, and
the largest strength is in monolith areas and where
particles exceed 2 mm.

The undrained shear strength of disturbed mo-
raine soil decreases, while the moisture content is
increasing in the same proportions like in the un-
disturbed soil case but values of undrained shear
strength are a bit less, because structural bounds
that exist in undisturbed soil (Marcinkevicius,
1974; 1990) and provide it extra strength are par-
tially damaged.

Comparison of sample values of the undrained
shear strength of undisturbed and disturbed soil
(paste), according to the exponential curves, allows
to determine that if moisture increases from 11.5
to 17.2%, the undrained shear strength of paste
decreases from 1.56 to 3.46 times (if W = 12%,
it decreases 1.7 times). Thus, if soil moisture in-
creases, its disturbed soil analogue has lower value
of undrained shear strength.

INFLUENCE OF ACIDS UPON STRENGTH
PARAMETERS OF MORAINE SOIL

Having analysed the share data of disturbed soil,
polluted by 3% solution of hydrochloric acid, and
the regressive equation, it was established that in
comparison with background values (Fig. 2) the
average cohesion and angle of internal friction are
less. Cohesion diminishes to 29 kPa (-33%) and
the value of the angle of internal friction is 26°
(-4%) (Fig. 4).

Having analysed the share data of disturbed
soil, polluted by 3% solution of sulphuric acid,
and the regressive equation, it was established that
in comparison with background values (Fig. 2)
the average cohesion increased (+27%) and was
55 kPa; the angle of internal friction remained un-
changed - 27° (Fig. 5).

Figures 6 and 7 present values of the undrained
shear strength in undisturbed soil saturated by
distilled water and polluted by solutions of hy-
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Fig. 4. Diagram of shear strength test of disturbed sam-
ples polluted by hydrochloric acid (HC)

4 pav. Suardytos sandaros bandiniy, uztersty druskos
ragstimi (HCI), kirpimo grafikas
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Fig. 5. Diagram of shear strength test of disturbed sam-
ples polluted by sulphuric acid (H,SO,)

5 pav. Suardytos sandaros bandiniy, uzter$ty sieros
ragdtimi (H,SO,), kirpimo grafikas

drochloric and sulphuric acids. The exponential
curve of ¢ change of undisturbed soils, saturated
by distilled water, was made by use of 60 c_values.
While saturating by solutions of hydrochloric
acid (initial concentration 3%) for 24 hours and
changing moisture content from 12.2 to 16.9%,
the average undrained shear strength of undis-
turbed soil changes from 550 to 120 kPa (29 tests)
(Fig. 6).
Incomparisonwithbackgroundvalues,thechange
of undrained shear strength value if moisture con-
tentincreasesinsoil according to exponential curves
has common trend: the strength of undisturbed
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Undisturbed ¢ in distilled water
soil A in HCI solution
1400 4 ——in distilled water
1200 - — in HCI solution
§ 1000 -+
"800 -
o 600 A
400 -
200 4
0 T T
0,100 0,120 0,140 0,160 0,180 0,200

W, v.d.

Disturbed ¢ in distilled water
soil A in HCI solution
1400 A —— in distilled water
1200 - — in HCl solution
& 1000 -
=~ 800 -
S i
o 600
400
200 A
0
0,100 0,120 0,140 0,160 0,180 0,200
W, v.d.

Fig. 6. Diagrams of undrained shear strength (c ) changes of undisturbed and disturbed soil, saturated by
distilled water and polluted by hydrochloride acid (HCI) solution
6 pav. Nattiralios ir suardytos sandaros grunto tariamosios sankibos (c,) kaitos, sotinant distiliuotu vande-

niu ir ter$iant druskos ragsties (HCI) tirpalu, grafikai

moraine soil is decreasing more than in distilled
water environment, while soil is treated by solu-
tion of hydrochloride acid. While the total mois-
ture content is increasing and the strength of soil
is decreasing, this difference is getting less (Fig. 6).
The average undrained shear strength of undis-
turbed soil, polluted by solution of hydrochloride
acid, decreases from 1.45 to 1.25 times if moisture
content increases from 12.3 to 16.9%. The expo-
nential equations of undrained shear strength de-
pendence on moisture (Table 3) are established for
figures demonstrating this difference. According
to these equations, when moisture of soil equals to
12%, the undrained shear strength of undisturbed
soil (~585 kPa) decreases 1.47 times in compari-
son with the background value (~860 kPa). Mo-
raine soils which have higher content of clay frac-
tions (Pit No. 7) are more resistant to the influence
of hydrochloride acid (Table 1).

Under the circumstances when moisture con-
tent changes from 10.5 to 19.9%, the average un-
drained shear strength of disturbed moraine soil’s
mix, saturated by solution of hydrochloride acid,
changes from 675 to 10 kPa (57 tests) (Fig. 6).

Comparison of exponential curve values of the
undrained shear strength of disturbed moraine soil
with background values provides the possibility to
determine that the undrained shear strength of
polluted mixes, as in case with undisturbed soil, al-
ways is less than the background values. Different-
ly than in cases with polluted undisturbed soil, the

c, exponential curve of polluted mix gradually and
in parallel repeats the exponential curve of back-
ground values, and if moisture content increases
from 11.5 to 17.3%, equation values of undrained
shear strength decrease from 1.10 to 1.76 times.
When soil moisture content is 12%, ¢, (~350 kPa)
of the mix, polluted by solution of hydrochloride
acid, decreases 1.14 times in comparison with the
background value (~400 kPa). Besides, mixes of
moraine soils, which volume of silt fractions is
higher (Pit No. 3), are less resistant to the negative
influence of hydrochloride acid (Table 1).

Strength comparison of undisturbed and dis-
turbed soils that are affected by a weak solution of
hydrochloride acid with analogical tests using dis-
tilled water provides a possibility to maintain that
tests with mixes highlighted an obvious common
trend of strength diminution in undisturbed soil
(Fig. 6). However, while moisture content increas-
es from 12.2 to 16.9%, values of the average un-
drained shear strength of disturbed moraine soil
(mix), polluted by 3% solution of hydrochloride
acid, are from 1.72 to 3.00 times less in compari-
son with c_values of the undisturbed soil affected
by the same solution of hydrochloride acid. The
negative effect of hydrochloride acid on undis-
turbed soil is stronger than on the mix, probably
because of there existing structural bounds which
mostly are carbonate type and under the effect of
the solution of hydrochloride acid they decompose,
thus cohesion of soil considerably diminishes.
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Table 3. Exponential equation of dependence of undrained shear strength of undisturbed and disturbed mo-

raine soils on moisture

3 lentelé. Natiiralaus ir suardytos sandaros moreninio grunto tariamosios sankibos (c ) priklausomybés nuo

drégmeés eksponentinés lygtys

Soil saturating sub-

Structure of moraine soil

stance Undisturbed soil | Disturbed soil
Water c, = 8.544e3%exp (-21.132*W) (148) ¢, =2.789%e4*exp (-35.382*W) (62)
HCI 3% solution c, = 2.742e4*exp (-32.047*W) (29) c, = 6.841ed*exp (-43.979*W) (57)
H,SO, 3% solution c, = 1.593e4*exp (-24.439*W) (58) c, = 4.374ed4*exp (-38.24*W) (80)

Note: In brackets — ¢_values set of tests, according to which the exponential equations were derived.

While saturating by solutions of sulphuric acid
(initial concentration 3%) for 24 hours and chang-
ing moisture content from 13.2 to 18.4%, the aver-
age undrained shear strength of undisturbed soil
changes from 630 to 180 kPa (58 tests) (Fig. 7).

Change of the undrained shear strength value in
comparison with background values in accordance
with exponential curves is favourable when mois-
ture content in soil increases, i. e. the strength of
undisturbed moraine soil increases under the ef-
tect of solution of sulphuric acid compared with
distilled water environment (Fig. 7). Under the cir-
cumstances when moisture content increases from
13.2 to 17.2%, the average undrained shear strength
of undisturbed moraine soil, polluted by solution of
sulphuric acid, increases from 1.13 to 1.78 times. In
accordance with exponential equations (Table 3),
if the moisture of soil is 12%, the undrained shear
strength (~850 kPa) of undisturbed moraine soil

almost equals to the background value (~860 kPa)
and is a bit less.

Under the circumstances when moisture con-
tent changes from 11.3 to 20.3%, the average un-
drained shear strength of disturbed moraine soil’s
mix, saturated by solution of sulphuric acid, chang-
es from 580 to 20 kPa (80 tests) (Fig. 7).

Comparison of exponential curve’s values of
the undrained shear strength of disturbed moraine
soil (mix), polluted by solution of sulphuric acid,
with background values provides the possibility
to determine that the undrained shear strength of
polluted mixes, differently than in case with undis-
turbed soil, is higher than the background values
only when moisture content is little (~12%), and
while moisture content increases (>14.5%), it is co-
incident with background values. It means that the
water influence upon the strength of mix is much
higher than the influence of sulphuric acid. If the

Undisturbed ¢ in distilled water
soil A in H,SO, solution
1400 — in distilled water

0,1000,1200,1400,1600,1800,200

W, v.d.

Disturbed ¢ in distilled water
soil A in H,SO, solution
1400 4 — !n distilled wat.er
1200 J —— in H,S0, solution
a 1000 -
=~ 800 -
3 600 -
© 400 -
200 -
0
0,100 0,120 0,140 0,160 0,180 0,200

W, v. d.

Fig. 7. Diagrams of changes in the undrained shear strength (c ) of undisturbed and disturbed moraine soils
saturated by distilled water and polluted by sulphuric acid (H,SO,) solution

7 pav. Natiiralios ir suardytos sandaros grunto tariamosios sankibos (c,) kaitos, sotinant distiliuotu vande-

niu ir ter$iant sieros ragsties (H,SO,) tirpalu, grafikai
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moisture content increases from 11.5 to 14.5%,
curve’s values of undrained shear strength increase
from 1.13 to 1.03 times. When the soil moisture
content is 12%, ¢ (~445 kPa) of the mix, polluted
by solution of sulphuric acid, increases 1.11 times in
comparison with the background value (~400 kPa).

Strength comparison of undisturbed and dis-
turbed soils that are affected by a weak solution
of sulphuric acid with analogical tests using dis-
tilled water provides a possibility to maintain that
while the moisture content is little (~12%), both
undisturbed soil and the mix under the effect of
sulphuric acid become firmer. But if the moisture
content is increasing and undisturbed soil is still
getting firmer, the tendency of mix strengthening
is decreasing until reaches the strength of undis-
turbed mix - the effect of water eliminates the ef-
fect of sulphuric acid. While the moisture content
increases from 13.2 to 18.4%, values of the average
undrained shear strength of disturbed moraine soil
(mix), polluted by 3% solution of sulphuric acid,
are from 2.25 to 4.50 times less in comparison with
c, values of the undisturbed soil affected by the
same solution of sulphuric acid.

ANALYSIS OF CHANGES IN SOILS’
PARAMETERS UNDER POLLUTION OF
INORGANIC ACIDS

In order to establish the causes of changes in soil,
one or another way of interaction was analysed:
according to the analysed medium of interaction,
possible characters of interaction, their variants

and consequences are interpreted and their com-
parison with the established results allows us to
make the following conclusions, which confirm or
deny probable characters of interaction and con-
sequences, in many cases they are determined by
chemical equations (Rackauskas, 2003).

While hydrochloric acid and its solutions treat
moraine soil, carbonate is disturbed; carbonate
structural relations decompose and soil strength
decreases down (Fig. 8). This statement was proved
by the results of plain shear strength and vane tests
as well as by the grain-size distribution test of dis-
turbed soil before and after its reaction to solution
of hydrochloride acid (Table 4). Direct disturbing
of carbonate silt and sand is probable as well.

There is no change in the clay fraction, because
a radiostructural analysis has not showed any re-
markable changes in the composition of clay min-
erals or their quantity (Rackauskas, 2003). Only
regular diminution, sometimes within the range of
error (0.5%) of the silt fraction, was observed. This
provides a possibility to make a presumption that
hydrochloric acid mostly influences both particles
themselves and carbonate. Also, melting of parti-
cles was noted in the sand fraction (sample from
Pit No. 7).

If moraine soil is polluted by sulphuric acid and
its solutions, then calcium carbonate and disperse
particles become gypsum, which cement the soil
particles, and due to it soil becomes firmer (Fig. 9).
The strength improvement and availability of cal-
cium carbonate are determined by tests. There are
other ways to cement soil particles that must be

Table 4. Grain-size distribution of sandy silty clay mix (fractions <2 mm) and this mix, affected by 3% solution

of hydrochloric acid (HCI)

4 lentelé. Smélingo dulkingo molio misinio (dalelés <2 mm) ir $io misinio, paveikto druskos ragsties (HCI)

3 % tirpalu, granuliometriné sudétis

) Grain-size distribution of the soils
;:)t. Depth, m |Soil or type of its mix Fraction as % by mass <0.002 by mass
60-2 | 2-0.06 | 0.06-0.002 | <0.002 | of <0.06 mm

1 1.15-1.25 Mix - 51.0 37.5 11.5 23.47
Mix + HCI - 52.0 34.5 13.5 28.13

3 1.30-1.40 Mix - 51.0 36.0 13.0 26.53
Mix + HCI - 52.5 33.5 14.0 29.47

7 1.20-1.35 Mix - 53.0 35.0 12.0 25.53
Mix + HCI - 50.0 34.5 15.5 31.00

9 1.20-1.30 Mix - 56.0 31.0 13.0 29.55
Mix + HCI - 58.0 30.5 11.5 27.38
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Hydrochloric acid

{ (HCID)

Medium

A\ 4

Particles of silt and
sand composed of
carbonate substance
are destroyed

Carbonate cement is
destroyed

A 4

After carbonate
structural relations
dissociation, silt
- - particles decompose

Dispersion of into monominerals —
mixture changes clay particles

A 4

Character of interaction
A

A

Soil strength
decreases down

Consequences
A

[ v

1. Disturbed moraine soil, polluted by hydrochloric acid solution
(3%), loses up to ~30% of its initial cohesion within 24 hours.

2. The average undrained shear strength of undisturbed soil,
polluted by hydrochloric acid solution and having moisture of
12.3-16.9%, is 1.45-1.25 times lower in comparison with
< analogues saturated by distilled water.

Determinated

3. After reaction to hydrochloric acid, the silt fractions of disturbed
soil decrease up to 0.5-3.0% and clay fractions mostly increase up
to 0.5-3.5%.

Fig. 8. Influence of hydrochloric acid upon moraine soil strength: process and consequences
8 pav. Druskos ragsties poveikis moreninio grunto stiprumui: procesas ir pasekmés
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1. Cohesion of disturbed moraine soil, polluted by sulphuric acid solution
(3%), increased up to ~25% within 24 hours, in comparison with its back
ground value.

Consequences

2. The average undrained shear strength of undisturbed soil, polluted by
sulphuric acid solution and having moisture of 13.2—-17.2%, is 1.13—1.78
< times higher, compared with analogues, saturated by distilled water.

3. Moraine soil includes carbonate particles and cement, determined
polluting with hydrochloride acid.

Determinated

4. Red brown colour of moraine soil shows availability of iron oxides and
hydroxides (Zatenatskaya, 1985).

Fig. 9. Influence of sulphuric acid upon cementation of moraine soil particles and soil strength: process and
consequences

9 pav. Sieros ragsties poveikis moreniniy grunty daleliy cementacijai ir grunto stiprumui



Influence of aggressive inorganic acids upon the strength parameters of glacial soil 85

mentioned: turning of iron oxides and hydroxides
into sulphates and carbonates, and their fall out of
the undisturbed solution in the form of cement un-
der the favourable condition. In case of the favour-
able condition (numerous inflow of meteogenous
water unsaturated with calcium sulphate or chemi-
cal materials that decomposes gypsum) and during
long-time influence, gypsum cement may be elimi-
nated and strength of soil decreases down.

CONCLUSIONS

1. Under the effect of hydrochloric acid distinct
changes of strength parameters via diminution are
observed and soil cohesion decreases up to 33%
of its background value, on the average. Strength
parameters improve under the effect of sulphuric
acid. On the average, cohesion increases up to 27%
of its background value. The angle of internal fric-
tion of soil remains the same (in cases with sulphu-
ric acid) or slightly changes (in cases with hydro-
chloric acid - 4%).

2. Decrease of soil strength under the pollution
of hydrochloric acid solution is determined by its
reaction to carbonate cement and carbonate parti-
cles available in the silt fraction - soil dispersion
changes and structural relations are eliminated
partially; and improvement of soil strength under
the pollution of sulphuric acid solution is deter-
mined by the above-mentioned reaction to carbon-
ate cement and formation of new gypsum as well as
cement of iron compounds.
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Vytautas Rackauskas

AGRESYVIUJU NEORGANINIU RUGSCIU JTAKA
GLACIALINIU GRUNTU STIPRUMO PARAMETRAMS

Santrauka

Esant tar$ai cheminémis medZiagomis, viena i§ aktualiausiy
problemy dél Zmogaus tkinés veiklos tampa grunty staty-
biniy savybiy poky¢iai. Tirtas konkreciy neorganiniy rags-
¢iy - druskos (HCI) ir sieros ragsciy (H,SO,) — monopoveikis
Lietuvos Siauliy regiono glacialiniams gruntams. Nustatyta,
kad gruntas, veikiamas ragéciy, skirtingai reaguoja i jy po-
veikj. Druskos ir sieros ragsties poveikis moreniniam grun-
tui yra priesingas (bent pradiniame etape). Tai patvirtina tiek
plokscio konsoliduoto drenuoto kirpimo metodu atlikti ban-
dymai su suardytos sandaros gruntais, tiek menteliy metodu
atlikti bandymai su nataralios ir suardytos sandaros gruntais.

Tersiant druskos ragsties tirpalu (3 %) pastebimi ryskas
stiprumo parametry mazéjimo poky¢iai, grunto sankabu-
mas vidutini$kai sumazéja iki 33 % foninés vertés. Veikiant
sieros rugsties tirpalu (3 %) stiprumo parametrai pageréja.
Sankabumas vidutiniskai padidéja iki 27 % foninés vertés.
Grunty vidinés trinties kampas lieka nepakites (sieros rags-
ties atveju) arba $iek tiek sumazéja (druskos ragsties atve-
ju - =4 %). Grunto stiprumo sumazéjima tersiant druskos
riigéties tirpalu lemia jos reakcija su karbonatiniu cementu
ir karbonatinémis dalelémis, esan¢iomis dulkio frakcijo-
je, — keiciasi grunto dispersis$kumas ir i§ dalies suardomi
struktiriniai ry$iai, o grunto stiprumo padidéjimg ter$iant
sieros riigsties tirpalu lemia anks¢iau minéta reakcija su
karbonatiniu cementu ir naujo gipso bei gelezies junginiy
cemento susidarymas.

Atlikti tyrimai padeda jvertinti esamus ir galimus (ka-
tastrofinius) glacialinio grunto stiprumo pokycius tersiant
agresyviomis druskos ir sieros riigtimis tiek jam slagsant
nataraliai, tiek projektuojant ar statant Zemés statinius.
Esant moreniniy grunty tar$ai ragstimis, batina prognozuoti
pasekmes.

RaktaZzodziai: moreninis gruntas, druskos rugstis, sieros
ragstis, sankiba, vidinés trinties kampas, tariamoji sankiba



