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PROPERTIES OF SALINE SQILS USED IN CONSTRUCTION

LES PROPRIETES DES SOLS SALINE ET LEURS UTILISATION DANS LES TRAVAUX PUBLICS
CBOJICTBA 3ACOJIEHHMX I'PYHTOB, UCTOJB3YEMHX B CTPOUTENDbCTBE

V.V. MIKHEEYV, M.S. Science Director

V.P. PETRUKHIN, M.S. Senior Researcher, Research Institute of Bases and Underground Structures, GOSSTROY USSR
YA. A. KRONIK, M.S, Laboratory Head, Moscow Civil Engineering Institute (USSR)

SUMMARY. The paper deals with the specific physicomechanical properties of saline soils

in arid and semlarid regions (Sec.I

and of clayey water-saturated saline soils (Sec.II).

Characteristics are given for five categories of saline soils classified according to
their granulometric composition. Features of the deformation of saline soils with time upon
wetting the soil base are discussed. Laws are set forth for the changes in the properties
of saline soils in the leaching process depending on the quantitative content and qualita-
tive composition of the salts. Proposals are made for standardizing and studying the
properties of saline soils under field and laboratory conditions,and also for carrying

out measures that ensure normal maintenance of structures erected on saline soils,

Saline soils possess certain specific pro-
perties which vary with time in the leach-
ing process (leading to desalination) under
the action of loads from structures, hydro-
logic,climatic and other factors prevalent
in the atilization of hitherto vacant ter-—
ritories, Until recent years the properties
of saline soils and problems arising in the
erection of structures cn such soils have
not been sufficiently investigated. Thare
are practically no stendardized classifica-
tion and generally accepted methods for
determining the basic physicochemical and
structural-mechanical characteristics of
saline solls.

An analysis of the specigl literature, con=-
ducted research and experience gained in
the maintenance of bulldings and structureg
led to the proposal to divide saline soils
into five categories depending on their
granulometric composition: half-rock,
coarse~fragmental, sandy, ¢layey soils
(sandy loam and loam), and clays. These
categories can be the basis for a further
classification of saline soils with res-
pect to the genesis, structure, quantitati-
ve content and quelitative composition of
the salts (Bezruk, 1957).

Phis papér deals with the features of
saline soils (containing readily and
moderately soluble salts) in arid and
gemiarid regions in which the goils are
alr-dry in natural occurrencs (Sec.I by
Mikheev and Petrukhin) and of clagey water-
saturated soils (Seec.II by Kronik).

I. 4 feature of ferritory formed of sallme
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80ils in hot and dry regions is the low
natural ground-water level. In the con-
struction and subsequent utilization of
buildings and structures, the soil strata
are intensively watered and the process

of long-term filtration (seepage) of solu-
tions begins through the soil. As a result,
the salt complex is leached out, the
physico-¢hemical and structurael-mechaniocael
properties of solls containing soluble
salts are changed, with simultaneous
development of suffosion deformation S,
which qualitatively differs from compaction
settlement caused by loads in ordinary
sclls and subsidence due to the wetting of
gubsiding soils.

The main features and properties, determin-
ing the categories of saline soils used
in industrial aend cigll construction in arid
;nglsegiarid regions;” are listed in

anle 1.

The properties of saline coarse-fragmental
gsolls vary in wide ranges: unit weight

P = 1.7 to 2.1 3; coefficient of per-
meability k = 0.0§/¥g 10 m/day (sometimes
from 30 to 70 m/day) and the modulus of
lineai deformation from E = 100 to 1000
kg/ (in the air-dry state). Experiments
conducted on grugs-detritus saline soils
(salinity € <5%) with test loads showed

i e e - aw—

* since saline clays usually swell upoa
being watered, and have no suffosion
gettlement, this category of soils is not
dealt with in Sec.I of this paper.
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(Fig.1) thet upon wetting the base under
the temt plates (at comnstaunt pressure

p = 5 kg/cm®), an additional settlement
Sw-of the soll ie observed. In test II the

settlement curve is of a smooth nature; in
tests I1I and 1V, an abrupt change is
observed. This is followed by undamped
settlement of the plate. The amount of
additional settlement § 6 upon wetting is

comparable with the total settlemsnt sn of
air-dry soil in the interval p (pressure)

from O to0 5 kg/cmz. Rapid settlement of

the plate upon wetting the soil occurs,
evidently, as a result of the dissolution
of salts at the points of contact of the
fragments, softening of the argillaceous
cemenit, and subsidence of the filler. Slow,
prolonged settlement is due, mainly, to

the leaching out of the salts and creep of
the filler. The wetting of the soil in the
base under the testing plates continned
for two weeks. Settlement was not stabili-
zed during this time, Observations of
structures erected on such soils, carried
out for many years, showed that within 0.5
t0 1.5 years after the ground-water level
rises, a process of intensive leaching is
developed with the removal of gypsum and
considerable nonuniform settlement of the
building occurs (Hikheev and Sinelshchikov,
1971). Of great significance in this case
is the nohuniform distribution of the
salts along the depth and area of the site,

Fige1e
Results of static load tests on coarse-~
fragmental and sandy saline soils. Defor-
mation ve time curves (above) and pressure
ve deformetion curves _(below). I - sand,
plate area F = 600 c¢p%._II - coarse-frag-
mental goil, F = 6V0 ¢g<; III and IY -
coarse-fragmental soil, F = 5000 cm<.

The physicomechanical properties of saline
sandy soils very in wide ranges:

{'= 1.5 to 2.2 g/om?, e = 0.45 to 0.9 and

k s 0,05 to 10 m/day. The strength of sands
is high in their natural state: the angle of
internal friction \¥>30°(usually 35° to 40°),
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and the angle of repose § = 33° to 40°.The
modulus of linear deformetion E varies from

400-500 kg/cm? to 1200-1500 kg/cm®. When
wetted, the strength and deformative proper-
ties of saline sands ere sharply changed.
The reduction in Y reaches 25%, that in
reaches 30% and E is reduced by 50 to 67%,
and sometimes by 75 to 80%.

Pregented in Fig. {1 is & characteristic
curve (I) of the resulte of tests conducted
on saline weakly cemented dust-like sand

(C =1%). In the alr-dry state, the sand ig
only slightly compressible ( E = 600 kg/cm<).
After wetting this sand for one day, sharply
defined settlement ("subsidence") of the
plate occurs. The values S, frequently

exceeds sn in the interval of p from O to

5 kg/cm2. Congolidation (laterally confined
compression) tests show that the quantity
SB for saline sands may also be sgual to

and sometimes exceed the amount of "subsi-
dence",

Commonly, intemsive "subaidence" in saline
panes ococurs within the limits of the acting

pressures 3 to 5 kg/cm2 and ends during one
day (24 hours). The amount of the relative
"gubsidency" reaches 0.04 or 0,05, A
characteristic features of ®subasiding"
sends are their salinity, surplus poraesity,
and the presence of a considerable amount of
dust-like particles. In _many cases (especi-
ally at p<2 or 3 kg/em) no ™subsidence"
occurs, and long-term suffosion settlement
is obeerved. Suffosion pettlement of saline
sands ocours st C>0.5% and may reach sub-
stantial values at C>1 or 2%.

Field and laboratory investigations of sali=-
ne clayey soils established (Kirilov and
Frolov, 1963; Rubenstein, 1960) that suffo-
sion petilement ss ocours in both asubsiding

and nonsubsiding loams and sandy loams. The
amount of suffosion settlement may reach 6
or 8% in loess soils and 20% or more in
ordinary high gypsum-conteni loams end sandy
loams.

The classifications of saline soils, exist-
ing at the present time and based on the
quantitative content of salts, require
refinement with respect to the influence of
the salt complex on the behaviour of the
soiles in the basea of industrial and civil
structures. The lower limit of salt content
in these classifications is taken from 0.3
to 0.5%., However, investigations (Lomize,
1961) show that suffosion settlement is
observed in loessial soils beginning with a
content of readily soluble salts equal to
0,2% or of gypsum equal to 1%. On the other
hand, in nonsubsiding loams and sandy loams,
suffosion settlement may occur when the con-

yorwo
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Table 1

Criterion for

Natural salinity, %

Cat- o : = Genegis Structural Characte~ Form
cgo- eme  clageificaron Tl cvpan featuras  ristics of
Ty (salinity C,%) salts granuio— gﬁ sgil
metric
composi-
tion
1. Half-rocx >2 Negligible From 1=2 Bedrock Figsured, - Dispersed,
soil to 25-30 porous grains,
and even aggrega-
more tes,
fragments,
veins and
intercala-
tions
2. Coarse= >2 in the up to Up to 10; Proluvi- Uncemen- Gruss- Dispersed
fragmental skeleton or 3-4 less frequen- al,talus ted, weak- detri- crystal-
goil >5 galts in tly 10 to 20, material,ly cement- tus; lic,
the filler but sometimes eluvial, ed(cement: sandy- lenticu-~
(for a filler 30 or more mixed £ypsunm, loam lar,
content <3U%) types carbonate, filler interbeds
(proluvi-argillace- up to
al-talus, ous) 25=-30%
etc.) less
frequent=-
ly 4u-
0%
3. Sandy >0.5 ¥rom 0O.2- From Q2-0.3 Boelian, Uncemented, From Crystal-
solils 0.3 to to 2-3 talus ma=-weakly dust- lic,
3-4,less teriai, cemented like dispers-
frequent~- proluvi- (cement: to shells
1y to al,mari- carbona- ravel- of
S=10 ne, old- te,sali- J particles
alluvial, ne,argilla~
rixed ceous
types
(eolian-
talus,
etc.)
4, Sandy  Loes~ >0.2 reedi~ From O.2- Eolian, Coagula~  From Crystal~
loam sial 1ly soluble 0.3 to agqueous tion- dugt- lic
and or >1 gyp- 2-3,less deposgits, crystalli- Llike
loam sum frequent- activity =zation sands
(at n=40%) 1y to of weath- structure to lo-
4-5 ering and egsial
goil for- clay,;
mation predo-
processes minan-
ce of
dust-
like
partic-
les
non- >5 From 0.2-0.3 Up to 20-40, Talus ma- Crystal- I from Crystal-
loes~ to 1-2 , sometiues terial, lization P lic
sial gometimes over 40 proluvial,structu- 1 to
(ordi- up to 3,0- eluvial, re 17
nary) -10.0 marine,
mixed
types.

tent of wa

ter-soluble salts® reaches >5%.

* 0f great influence on the physicomechani-

cal proper
the galg

ties of soils (especially with
leached out) is the presence of
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calcium carbonate in the content of the salt
complex. This problem requires additional
investigation end is not dealt with here.
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When subsiding clayey soils are used for
the bases (foundation beds), measures are
usually resorted to that practically exclu-
de the possibility that suffoeion settle-
ment may develop. In this connection, atten-
tion should be paid mainly to a study of
nonsubsiding saline loams and sandy loams.
In their natural occurrence, these soils
are frequently cemented together so that
they are as sirong as half-rock soils.
Consolidation (confined compression) tests
of specimens wetted for 1 or 2 days yield
results which do not practically differ
from those of tests in the air-dry state.
In experiments with the specimens subjected
to long~term percolation, suffosion settle-
ment develops (at C>7 to 10%) and the
strength characteristics are reduced.

LI. The properties of saline water-saturat-
ed clayey soils, found outside of regions
with an arid climate, are due both to the
physicochemical nature of the interaction
of the salts with the clayey particles, and
to the geneais, mineral composition, the
kind and ratio of the malt ioms contained
in the saqil, the composition ef the exchan-
ge complex and other features. With respect
to their salinity, clayey soils cen be
clagssified in accordance with Table II.

Saline clayey

Upon low concentrations of the pore solution
(Cpss 0.05 g/cma) a -coagulation of clayey

particles is observed in soils (Fig.Z2a)
with a dispersion of sandy perticles and

a simultaneous accumulation of dust frac-
tions. Dispersion, however, exceeds aggre-
gation, especially it NaCl predominates in
the pore solution. At this, the strength
and plastic limit of the soil are increased
and the value of k is reduced (Figs.2b and
3). At cps near to normal concentration,

the disperse structure acquires maximum
strength (Fig.3).

This concentiration has been called the
aggregation threshold (or dispersion limit)
Ca for clayey particles. Any increase in

Cps leads to the predominance of coagula-
tion processes, and the coagulated clayey
and coileidal particles form the primary
microaggregates, whicn, upon a further
inecrease in concentration, are united into
macroaggregates., In the range of medium
concenirations (€, = 0.053 %o 0.25 g/cm3)

a dynamic equilibrium is observed beiween

the processes of coagulation and dispersion
in the soil. At high concentration of the

Yable II

goils

No. Degree of Salinity
salinity C,%

Z?fg of ag%ts in goil
eadlily scluble Moderately soluble

Predominent kind
of soil structure

1. g:ukly sa- 0.25 1o 0.50 In the pore solutionm Dispergicn amd coagulation
dne
2. lioderataly 0.5 to 2 In pore solufion In pore sclutiom and Coagulated and coagula-
—amline crystalline form ted~condensed
3. Highly 2105 In saturated pore solution and Coagulated-condensed
saline in crystalline fprm T %gg eﬂgs%g;bizgtion
. saturete frys zation an
4. Ezg;zglvely >5 Igrga:giszzgn pare selution, coagulation-crystalli-
p crystalline form, zation.

and in crystalli-
ne form

It has been shown to be expedient to take
the following indices as the principal phy-
sical characteristics of saline soils
(Kronik, 1970; Tsytovich, et al, 1968):
Kaal = unit weight of the soil, G__, - spe-

cific gravity of the solid particles,

X\c - unit weight of the crystalline salt,
Woal water content by weight, C - salini-
Yy, an - moisture content, correspoading
to the nondissolving volume of pore (ground)
moisture, and p - weight content of coarse-
fragmental particles (when there are over
10%). It it is feasible to determine the
concentration Cpa of the pore solution

without making a chemical analysis of the
salt (for example, by means of a salinome-
ter), this may serve as the basic charac-
teristic of the salt content.

aggregates and
sdlt layerp

pore solution (cps > 0.25 g/cm3), when a

state of complete saturation is reached for
certain kinds of salts, an intenslve
aggregation of the soil particles is observ-
ed. ‘ihis leads to a considerable reduction
in the plastic limits (Fig.2b) and strength
(Fig.3). In addition, the adsorptive and
water-absorbing capacities are increased,
as well as the compressibility. In the
process of leaching out the salis, the
coefficient of permeability of clayey soils
(with a predominance of the chloride type
of salination and monovalent cations)is
reduced to 1/700 of its previous value for
the medium- and low-densiiy soils being
investigated, down to complete cessation of
percolation in overcompacted clayey soils.
Upon percolation in highly or excessively
saline soils, containing salts with multi-
valent cations, a certaln increase in k may
be observed after leaching,.

¢
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A chenge in the water content leads to a
oorregsponding change in the concentration
of the pore solution and in the ratio of
the free pore solution to the nondissolving
volume of pore moisture. This predetermines
the processes described above of micro-
structurization in clayey end the forma-
tion of coagulative structures (hebinder,
1956). An increase in soil density
accelerates the formation of coaguletive
and c¢rystallization structures. In a
density range, 0.98 to 1.03 of the maximum
stendard density, intensive formation of
coagulated-condensed and partly cementa-
tion or crystallization stiructures begins.

Nn,"!v
18 i\
\
oo\
- \
\
4 AL +

5 Cs,g/cmj

0 0.05 0.I5 0.25 0.35

(a)

“:—u' o
~
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ol 0, S N Y
23 B "+ {
0 ,

0  0.10 0.20 ' 0.30 C,,g/cw’
) 88

Figo 2e
Dependence of the clayey particle content
Mc(a) end plasticity indices wp, wp and Ip

(b) on the concentration Ca of solutions

:ﬁiﬁ?Cl and CaCl2 introduced into loamy

This leads to a sharp growth in strength

of the saline soils upon further compaction,
For this reason, overcompaction of saline
clayey soils over 1.03 of the maximum
standaerd density is one of the methods of
streagthening them.
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Fige3e

Dependence of the shear strength of saline
loam on the concentration C s aof the

pore solution and the salinity C.
a = sodium chloride salination
b = calcium chloride salinaticn.

The charactier and the rate of desalination,
or leaching, is determined by three basic
facotrss percolation leacning, diffusive
desalination and desalinatioa by the action
of climatic factors - under the influence
of a temperatnre change in the soils and,
especially, upon multiple freezing and
thawing. ror practically complete desalina-
tion of saline soils it is necessary to
percolate through the soil an amount of
water at least 2 to 4 volumes of the pore
solution (Verigin and Oradovskaya, 1960;
Kronik, 1370). The time t; required for

desalination of a layer of soil of a thick-
ness 1 upon one-dimensional percolation
with a gradient i and coefficient of per-
meability k cen be determined by the follow~
ing proposed formula

. 1
0,02 Kssal"aal - Woo) (1)

Mo 1k
where X;aal is the unit weight of solid

particles of the saline soil.

For Qense clayey soils the main process
providing for desalination is the diffusive
removal of salts. The actual cross-section
of the diffusion flow characterizes the
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diffusion porosity nq which can be determined
approximately by the formula

ng =Xssal(wsal - woy)

Salt removal from seasonal freezing and
thawing of soils takes place only in the
thawing cycle. A thawing time of at least
one or two days is required for this
process to develop. Intensive desalination
of the soils proceeds in the first 4 or 5
cylces of freezing and thawing. After 16
cycles only 20 to 27% of the salt is carri-
ed out of saline soils of medium density;
and 37 to 42% of the salt after 40 cycles
in overcompacted soils. In the latter case,
the salt removed in the last 15 cycles does
not exceed 10%.

III. Conclusions.

1. The specific properties of saline soils
should be taken into account in geological
engineering surveys, and in the design,
construction and mainterance of buildings
and structures. Saline soils should be cha-
racterized, not only by their gqualitative
composition and quantitative content

of water~-soluble salts, but by the dis-
tribution of the salts in the stratum as
well.

2. The following measures can be applied
1o ensure normal maintenance of buildings
and structures: devices to prevent wetting
of the base (foundation bedg; increased
rigidity and strength of such buildings
and structures; use of designs with low
susceptibility to settlement; the applica-
tion of emd-, or point-, bearing piles;
overcompacting of saline soils above the
maximum standard density; etc.

3. Subsequent research on the physicomecha-~
nical properties of saline soils should be
concerned with experimental work under
field conditions to measure the deforma-
tion of the base under test plates upon
long-term percolation and laboratory
laterally confined compression (consolida=
tion) and percolation tests of saline
soils. The minimum length of time for
conducting the tests with continuous per-
colation is 4 or 5 days. Complete informa-~
tion on the character of deformation of
saline soils in erecting important struc-
tures on high-salinity soils (tentatively
3 to 4% for coarse-fragmental, 1 to 2% for
sandy and 7 to 10% for ordinary sandy loam
and loamy soils) can be obtained after a
more prolonged wetting of the soil base
(at least 3 or 4 months) up to practical
stabilization of the settlement.
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