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ABSTRACT : The presence of collapsible soils at several locations in Egyptian desert regions has been reported. The constituents of 
these soils and types of binding material are identified. Due to difficulties in obtaining undisturbed samples from these soils, correlations 
between index properties and anticipated collapse potential were tentatively suggested by several researchers. For accurate assessment of 
field collapse potential, it is agreed that plate load tests should be performed. In this paper collapse potential of natural and f&pompacted 
samples were compared. It was found that the collapse potential of soils free from calcium components could be determined with 
reasonable degree of accuracy from tests on recompacted samples, on condition that initial dry density should be accurately equal to 
natural density.

RESUME : La presence des sols collapsibles dans plusieurs regions des deserts Egyptiens a ete reported. Les constituants de ces sols 
ainsi que les caractdres du materiel d'agr6gation ont ete identifies. A cause des difficulties rencontrdes en obtenant des echantillons non 
remanies, des corrreiations entre les properiti6s physique et le potential d'effondrement pr6vu ont ete suggerdes par plusieurs chercheurs. 
Pour une evalution precise du potential d'effondrement en place, on est d'accout que l'essai de chargement a plaque doit etre execute. 
Dans cet article le potential d'effondrement des echantillons naturelle et recompactes sont compares. On a trouve que le potential 
d'effondrement des sols qui ne renferment pas de composant de calcium pent etre determine, avec une prdcesion raisonable, a partir des 
essais sur des echantillons recompactes, a condition que la densite seche initiale de ces echantillon soit precisement egale a la densite 
naturelle.

1 INTROUDUCTION

Collapsible soils are present in many locations in Egyptian desert 
regions (Sabry 1987). The structure of these soils was examined 
by El-Gindy (1991). It was found that granules were 
predominantly held in place with "connectors" of clay particles 
with either iron oxides or calcium compounds. Collapse potential 
depended mainly on the nature of those "connectors". The 
influence of soil constituents on collapsible soils was studied by 
El-Sohby et al (1987); effect of activity of clay portion present in 
soil was analysed. Moreover, El-Sohby et al (1988) concluded 
that differences between collapse characteristics could be 
attributed to the combined effect of enter-related factors, such as 
structure and fabric, type and content of binder and properties of 
clay fraction.

The role of microfabric in some sandy collapsible Egyptian 
soils having by nature very low moisture content was explained 
by Abdel-Rahman (1994). It was found that although the 
collapsible sandy soil had high dry density, they gave 
considerable collapse potential. The importance of genesis and 
macrostructure of soil through the concepts of pedology and 
geology was given by Dias (1994).

With regard to assessment of collapse potential, plate load tests 
are considered the most reliable and informative source of soil 
deformation properties (Elleboudy 1990, El-Sohby et al 1996). 
However, prediction of probable collapse settlement by adopting 
laboratory test results has been more popularly suggested by 
several researchers, e.g. Jennings & Knight (1957), Feda (1966), 
Jennings & Knight (1975), Elmamlouk (1985), Reznik (1993).

Prediction of mechanical properties from "simple" index 
property tests is common in geotechnical engineering. The more 
the difficulty of obtaining natural undisturbed samples, or 
difficulty of carrying out mechanical property test, the more the 
need for correlations between index and mechanical properties. 
This is the case with collapsible soils. There is a general 
agreement that due to the friable nature of collapsible soils, 
extrusion of undisturbed samples is very difficult, and preparation 
of a sample to fit the oedometer ring without cracking or leaving 
gaps is even more difficult. Hence, recovery of adequate sample 
for testing is poor. This is more true for sandy collapsible soils 
which are predominant in semi-arid regions, including Egypt.

It is the purpose of this paper to investigate the microstructures 
of natural and artificially prepared collapsible soils and compare 
between them. The validity of assessment of collapse potential by 
testing recompacted collapsible soil is discussed.

2 EXPERIMENTAL WORK

Samples of collapsible soils were obtained from three locations in 
the Sixth of October City which lies in the Western Desert 
Plateau, about 30 km west Cairo. These locations were selected 
so that the visual appearence and previous information give

Table 1 Field description of the investigated soils

Location No. Field description

1 Light reddish brown clayey sand with trace
gravel.

2 Dark reddish brown slightly clayey sand.
3 Yellowish clayey sand.

different types of collapsible soils. Table 1 gives the field 
description of the investigated soils.

Natural samples were trimmed in-situ from the bottom and 
sides of open pits extending to depth of 1.50 to 2.50 m, which is 
the common depth for placing foundations for residential and 
factory structures. To minimize changes in moisture content, the 
trimming process was done as quickly as possible, and the 
extracted samples were wrapping in thin plastic sheets. Stress 
relief due to extraction of sample could cause Assuring, which 
could eventually during transportation cause break down of 
samples. This was avoided by careful packing and placing 
samples in shock absorber box.

2.1 Index properties

The index properties of the samples obtained from the three 
locations were obtained following standard procedures. These 
properties are summarized in Table 2.

2.2 Chemical analysis

Results of chemical analysis tests carried out on samples obtained 
from the three locations are given in Table 3.

2.3 Microscopic examination

Microscopic examination was carried out so that the behaviour of 
soil could be clarified. Figure 1 shows that the soils at locations 1 
and 3 are poorly sorted; the soil at location 2 is well sorted.
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(a) Natural soil from location 1 (b) Recompacted soil from location 1.

(c) Natural soil from location 2. (d) Recompacted soil from location 2.

(e) Natural soil from location 3. (f) Recompacted soil from location 3.

Fig. 1 Micrographs for the investigated collapsing soils. (x40)
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Table 2. Index properties o f tested soils

Property
Location No. : l

Values

2 3
Grading :
Fine gravel (%) 10 - -

Coarse sand (%) 20 1 15
Medium sand (%) 34 67 50
Fine sand (%) 14 23 15
Sill (%) 10 4 8

Clay (-2 |i) (%) 12 5 12

Plasticity : (-0.4 mm fraction)
Liquid limit 24 32 2 1

Plasticity index NP 18 NP

Natural density (kN/m3)
Maximum 16.6 16.0
Minimum 17.7 18.0

Table 3. Chemical analyses of tested soils

Chemical compound Values
Location 1 2 3

Soluble salt content:

cr  (%) 3.88 2.98 1.8 6

so4" (%) 0.72 0 . 1 1.67
Na (%) 3.45 2.35 1.35
K (%) 0 .2 0.25 0 .2

Oxide content:

Si02 (%) 48.89 45.38 58.55
AI2O3 (%)

8 .0 16.8 6.7
(%) 8.4 15.8 7.9

Ti02 (%) 0.82 0 .6 6 0.92
CaO (%) 6.7 3.2 2.78
MgO 4.3 1. 2 4.2
NajO 2.47 3.55 3.25
k 2 o 1.32 1.41 1. 2

so 3 2.47 0.67 0.93
L.O.I. 16.6 11.53 14.27

The high content of iron oxides appearing in the "connectors" 
is clearly shown in the microstructure of all the soil, particularly
at location 2 .

The microstructures of soils at locations 1 and 3 are open, 
compared with that at location 2. It is noticed that the 
microstructure did not differ much by recompaction at moisture 
content and dry density equal to those for natural sample. But, the 
microstructur of location 1 became less open by recompaction.

2.4 Collapse potential

Collapse potential under a stress of 200 kN/m^ was measured for 
both natural and artificially prepared recompacted soil samples. 
The procedure described by Jennings & Knight (1975) was 
followed. Tests were carried out in oedometer ring 75 mm 
diameter. Artificially prepared recompacted samples were 
prepared inside the oedometer ring.

Pilot tests showed that results could be reproduceable, if the 
dry density was equal to the nearest 0.1 kN/m3. Therefore, a 
recompacted sample was prepared on two conditions, the first 
was that its density was equal to the density of natural sample to 
the nearest 0.1 kN/m^, and the second condition was that the 
moisture content for both natural and artificially prepared 
recompacted samples was 5 ± 0.1 %.

3 ANALYSIS OF RESULTS

Results of tests on natural soil samples from location 1 gave 
collapse potential ranging between about 9 and 13 %. Artificially 
prepared recompacted soil samples gave higher collapse potential 
range of about 12  to 15 %.

Collapse potential of artificially prepared recompacted samples (%)

Figure 2. Comparison between collapse potential for natural and 

artificially prepared recompacted samples.

Both natural and artificially prepared recompacted soil samples 
from location 2 gave collapse potential in the same range of about
0.3 to 0.8 %, and both natural and artificially prepared 

recompacted soil samples from location 3 gave collapse potential 
in the same range of about 2.5 to 5.5 %. Fig. 2 shows 
comparisons between collapse potential for natural and 
artificially prepared recompacted samples from the three 
investigated locations.

Comparing between the chemical analyses of the soils from 
the investigated three locations, it is noticed that the percentage 
of soluble salts of chloride and sodium for the soil from location
1 are higher than those for the soils from locations 2 and 3. It is 
also noticed that calcium, sulpher tri- and magnesium oxides, and 
losses due to ignition for the soil from location 1 are higher than 
those for the soils from locations 2 and 3.

It is believed that the discrepancy between collapse potential 
of natural and artificially prepared recompacted soil samples is 
due to break down during compaction of 'strong' connectors 
initially formed in the natural soils, and build up of new 'young 
connectors', not as strong as the natural ones, leading to collapse 
for the artificially prepared recompacted samples higher than 
those for natural samples. This phenomenon may be termed 
'softening of bonds' between connectors. The increase of soluble 
salts of chloride and sodium, and increase of calcium, sulpher tri- 
and magnesium oxides, and compounds which are lost by 
ignition, can be responsible for the abovementioned phenomenon.

Therefore, to obtain collapse potential of soils of low calcium, 
sulpher tri- and magnesium oxides, and compounds which are 
lost by ignition, it is practically feasible to test artificially 
prepared recompacted samples rather than testing natural 
samples, which are difficult to extract.

4 CONCLUSIONS

1. Three collapsible soils from arid Egyptian desert formations 
were investigated. The microstructurse of the soils are examined 
and the collapsibility of the soils in their natural and artificially 
prepared conditions was evaluated.

2. In view of the microstructure and chemical analyses of the 
studied soils, it is concluded that 'softening' of bonds in the 
connectors between large particles could cause collapse potential 
of artificially prepared recompacteed samples higher than that for 
natural samples. This will occur in soil of high calcium, sulpher 
tri- and magnesium oxides, and compounds which are lost by 
ignition.

3. Collapse potential of soils of low calcium, sulpher tri- and 
magnesium oxides, and compounds which are lost by ignition, 
can be practically evaluated by testing artificially prepared 
recompacted samples rather than testing natural samples, which 
are difficult to extract. The tested samples should have nearly the 
same moisture content and density as natural soil. The limitations 
of this conclusion need further investigation.
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