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SWELLING AND BEARING CHARACTERISTICS IN CLAYEY SANDS AND LOESS

ASPECTS DE GONFLEMENT ET DE RESISTANCE DE SABLE ARGILEUX ET DU LOESS 
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SYNOPSIS. Clayey sands and loess, which are common in Israel, were found to exert swelling pressures damaging non
isolated cast on ground floors and foundation beams. An analysis carried out on undisturbed samples of clayey sands 
established a relation between swelling characteristics and dry density. The rise of concrete plates was determined when 
the underlying soil was wetted.

Vertical and horizontal loading tests were carried out on piles. The pile frictional resistance was unaltered when the soil 
was wetted. Low values of horizontal pile displacements were observed for soil at low moisture contents.

INTRODUCTION SWELLING OF CLAYEY SANDS

Clayey sands and loess when wetted under low pressures 
may swell, while under high pressures may show a tendency 
to collapse. Low pressures are applied by many engineering 
elements such as floors cast on the ground, foundation 
beams and friction piles. Investigations in the laboratory 
and field were aimed at defining the engineering problem 
and establishing design requirements.

However, the resistance of clayey sand in its natural 
condition is relatively high, as may be shown by lateral 
load tests on plates and piles.

Collapse and loss of strength upon wetting or saturation 
of loess was investigated by Holtz and Gibbs (1951), 
Clevenger (1956), Gibbs and Bara (1962), Feda (1966), 
Kassiff and Henkin (1967), Zur (1969) and others.

Criteria for predicting whether a soil will swell or collapse 
is referred to by Danilov (1964). Jennings (1967) and 
Komornik (1967) mention the possibility of swelling 
occurring under low pressures in soils which might be 
expected to collapse.

OCCURRENCE OF CLAYEY SANDS AND SILTS IN ISRAEL

Clayey sands are abundant along the coastal plain of Israel. 
Locally known as "Hamra", Picard (1943) considers it to 
be the weathering product of calcareous sandstones in 
Mediterranean climatic conditions. Vroman (1944) 
suggests that the clay fraction is of aeolian origin deposited 
and washed into sand.

Clayey silts are found in the south of Israel. Aisenstein
(1959) has shown that they are a mixture of aeolian loess 
and alluvial clay.

Cracks in foundation beams and heave of ground floors are 
observed in areas where the soil is a clayey sand whilst 
the the building frame remains undamaged. This may be 
explained by the difference in contact pressures.

Whereas foundation contact pressure is sufficient to 
restrain swelling, the light elements, e.g., monolithic 
floors, beams, partitions, etc., are usually not designed 
to resist pressures higher than 1 to 3 ton/m^.

Accordingly, swelling tests were carried out in the 
oedometer on undisturbed samples. The samples were 
saturated under loads of 1. 0-5. 0 ton/m^ and consolidation 
or swelling was observed (Fig. 1).
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FIG. 1 SWELLING OR CONSOLIDATION vs. 
OF UNDISTURBED SAMPLES

DRY DENSITY

Natural dry density, moisture content, percentage of fines 

and Atterberg limits of the samples were determined and
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the correlation between the parameters were examined.

Dry density is shown to relate to the percentage of fines 
(particles smaller than 0. 074 mm), where a maximum of 
about 1900 kg/m3 is attained at approximately 35% fines 
(Fig. 2).
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FIG. 2 NATURAL DRY DENSITY vs. PERCENTAGE 
FINES OF UNDISTURBED SAMPLES

Swelling of samples saturated under loads of 1. 0-5. 0 
ton/m2 was observed with natural dry densities above 
1750 kg/m3. In another series of tests, samples were 
saturated and swelling pressure was balanced continually 
by loading the samples, no swelling being allowed. The 
swelling pressure increases with the increase in natural 
dry density for fines content of 21-41%. Pressures of
1. 5 to 15. 0 ton/m^ are related to dry densities of 1700 
to 1850 kg/m3, (Fig. 3).

The test results thus indicated that the clayey sand in its 
undisturbed condition could be found at densities high 
enough to exert sizeable swelling pressures which must 
be taken into account in design.

SWELLING OF LOESS

A sample of compacted loess was tested for swelling 
pressure in the laboratory. Dry density of the compacted 
sample was 1890 kg/m3, the liquid limit 29% and plastic 
limit 14%. The sample is classified according to the 
"Unified Classification System” as a lean clay (CL)., A 
swelling pressure of 0.37 kg/cm2 was measured.

A field test was carried out on a natural loess having a 
liquid limit of 28%, plastic limit 16% and natural dry 
density of 1740 kg/m3. In the test, a plate loaded to 
1. 0 ton/m2 was wetted and it swelled about 4-5 mm, 
(Curve 2 of Fig. 4). A similar test was carried out on a 
compacted loess. The thickness of the compacted 
material was about 1. 0 m  consisting of lean clayey silt 
to medium silty clay. The maximum liquid limit was 
and plastic limit 14% with average dry density of 1750
kg/m i of Modified A. A. S. H. O.

In this test a concrete slab 2.0x2.0m, 0.25 m  thick 
(0.6 ton/m2) was wetted and moved upwards 1. 5 cm.
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FIG. 4.RESULTS OF PLATE LOADING TEST ON
(1) COMPACTED LOESS
(2) NATURAL LOESS

DISCUSSION OF SWELLING TEST RESULTS

Komomik and David (1969) suggested for clay a formula 
relating swelling pressure and a combined function of 
initial dry density, moisture content and liquid limit. By 
setting dry density of 1750 kg/m3, liquid limit of 28% and 
moisture content of 15% in the formula a swelling pressure 
of 3. 0 ton/m^ is obtained. This is in agreement with the 
test results for clayey sand (Fig. 3).

The results of the laboratory test on compacted loess and 
on undisturbed loess may be compared with Russian 
criteria described by Danilov (1964), from which a soil 
with a liquid limit of 28% would be expected to collapse if 

its density were lower than about 1700 kg/m3 and to swell
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with densities over 2000 kg/m . The compacted loess 

with a liquid limit of 48% would have been expected to 

swell ii Its density were more than 1530 kg/m3.

Observed damages to structural elements and results of 

field and laboratory tests show that these soils tend to 

develop swelling pressures of 1.5 to 15. 0 ten/m2. The 

amount of swelling or collapse depends on the applied 

pressure (Komornik, 1967), as well as the density, 

moisture content, index properties, mineral composition 

and structure in the undisturbed state. Therefore, any 

empirical criteria for determining whether the soil will 

swell or collapse should also include a pressure parameter.

PILE SKIN FRICTION IN CLAYEY SAND

Five vertical loading tests were carried out on bored 
cast-in-place piles at two sites of similar clayey sand.
The piles varied in diameter and depth and loading tests 
were carried out at natural moisture or after surrounding 
soil was extensively wetted. Test results are summarized 
in Table 1.

Skin friction along the pile shaft was computed by sub
traction of the load carried by the pile end. The 
following comments may be drawn from the test results:

a. Both test piles 1 and 2 show high values of skin 
friction and no detrimental influence of prewetting.
It should be noted that larger deformations are 
observed when friction is developed in the wetted 
case.

b. In respect to tests 3 and 4, comparison is made of 
skin friction at the maximum pile load, which was 
below failure. Although the friction values were 
similar, settlement of the prewetted pile was much 
greater than for the pile in natural soil.

c. The skin friction value of 1.4 ton/m2 shown for the 
short pile of test 5 was developed at 4. 0 m m  
settlement and increased only to about 2 ton/m2 at 
failure when settlement reached 25 mm. The 
friction resistance corresponds to that to be expected 
of a "0-material" where friction is a function of depth.

3
d. All wetted test results did not show a tendency for 

collapse, which may be explained by the low stress 
acting on the soil. As noted before, in these materials, 
collapse would occur only at higher stresses.

LATERALLY LOADED PILES IN CLAYEY SAND

A series of horizontal loading tests were carried out on 
one site. The soil was a clayey sand with natural dry 
density of 1720 kg/m3 containing 20-25% fines and 
moisture content of 5. 0-6. 0%.

The tests included the following:

1. Two horizontally loaded plates(30 x 30 cm),

2. Two laterally loaded piles, 60 cm diameter, 13. 5 and 
15. 0 in long (Fig. 5),

3. Menard Pressuremeter tests in a borehole, (Fig. 6).

The deflections were measured with dial indicators. A 
Wilson Slope Indicator was also used for one pile (Fig. 6).

FIG. 5 HORIZONTAL PILE LOADING TEST RESULTS

TEST
NO

LOCATI ON SOI L PROFI LE
S.P. T

AVERAGE

( N)

INITIAL 
AVERAGE 
MOI STURE 
CONTENT (•/•)

PI LE DI MENSI ONS MOI STURE
CONDI TI ON

TESTED

SKI N 
FRI CTI ON 
(Ton / m2)

PI LE SETTLEMENT 
AT SKI N FRI CTI ON 

( mm)
DI AMETER 
(m )

DEPTH
(m)

1
K i ryat  

Ono
OO- i aOmSC)  10-20%f i nes 25 16 0.48 9.0 Nat ur al 11.0 

(At fai l ure)
5.0

2 — „  — ---  11 - - - - - 25 11 0.48 90 Prewet t ed 11.8 

(At fai l ure)

11.0

3 —  ”  - - - - 25 13 0.48 16.0 Prewet t ed 6.1 6.5

4
Kef  ar  

Saba

Q0-12.0m.(SC) 257*f i nes 

12.0-13.5m.CSC) 10° /. f i nes 

U 5-15.0 m. (SP) 4 % f i nes

25 14 0.60 14.0 Nat ural 5.1 10

5 —
0.0-4 0m(SC)  10- 20% fi nes 

4. 0-5.0m(SC) 35*/.  f i nes - 10 0.39 4.2 Prewet t ed 1.4 4.0

TABLE 1 - VERTICAL PILE LOADING TEST RESULTS 
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4. The frictional resistance of cast-in-place pile foundations 

was not found to be reduced when the soil surrounding 

the pile was wetted. However, it was observed that 

settlements were larger for the wetted condition.

5. The low frictional resistance of the short pile can be 

attributed to the cohesionless character of the clayey 

sand where the friction is a function of depth.

6. The relatively high lateral resistance of the clayey sand 

indicated the benefit of low field moisture contents. It it, 

however, obvious that an actual design would have to 

take the possibility of wetting into account and the soil 

parameters selected according to criteria for a granular 

material.

FIG. 6 SOIL PROFILE, PRESSUREMETER AND
TILTMETER MEASUREMENT RESULTS OF 
HORIZONTALLY LOADED PILE

Displacements of 2. 5 m m  were observed at 2/3 of failure
load. Solving the equations of Broms (1964) and Hetenyi
(Teng, 1962) for the measured displacement of laterally
loaded piles, the appropriate coefficients of subgrade
reaction k were: 

s
for Broms : = 5 kg/cm3

and for Hetenyi: = 15 kg/cm3

The computed values were found to agree with the other 
field tests:

The two tests with 30 x 30 cm plates have a k of
22 kg/cm3. An E of 300 kg/cm3 from the pressuremeter 
test indicated a kg of 17 kg/cm3.

The behaviour of the clayey sands, indicating a very stiff 
soil, may be attributed to the low natural moisture content 
of the soil at the time of testing.

CONCLUSIONS

1. a. Natural clayey sand, with a dry density above 1750
kg/m3, moisture contents below 10-15 per cent, and 
a liquid limit of about 28 per cent, might exert, after 
wetting, swelling pressures high enough to damage 
floors on ground and foundation beams.

b. Dense loess, natural or compacted, behaved in a 
similar manner, showing significant amount of swelling 
under light loads.

c. Swelling pressures observed range between 1. 5 to 
15. 0 ton/m2.

2. Volume change upon wetting is dependant on load 
magnitude. For a given condition, under small loads 
the soil may swell.

3. Contact pressures used in shallow footings on clayey 
sands and silts are generally sufficiently high to 
restrain swelling. On the other hand, isolation of 
foundation beams and monolithic floors is necessary in 
order to prevent damage and transmission of undesirable 
stresses to the building frame.
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