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Abstract

This study is concerned with Collapsible soils which have significant volume decrease suddenly due to an
increase in soil moisture content, with or without an increase in the in-situ stress level. Since the collapsible soils
contain low levels of moisture content when they are formed naturally, they are considered to be such a
problematic type of unsaturated soils. Reliable simple correlations between basic soil properties would be
valuable because of the cost and difficulty of performing collapse tests either in the laboratory or in-situ. This
study focuses on silty sand and sandy silt types of the collapsible soils. In order to fulfill the study objectives, a
large database was developed from different researches works. The database contains information regarding
basic soil properties of laboratory and field samples.

Introduction Methodology
Schwartz (1985) states the following: The methodology refers to the
“Collapse  problems are  generally process through which representative data

associated with silty or sandy soils of low
clay content (low plasticity index). It is
important to take into consideration that
high clay content does not necessarily
imply that collapse will not occur. Soils
with collapsible fabric frequently have a
low dry density.”

Based on the structural composition
of these soil samples, recent study focused
on the samples formed from sand and silt
with various proportions.

were collected and analyzed to gain a
better understanding of the behavior of
collapsible  soils before and after
saturation. 4
Data of soil samples includes

different properties as follows:

e  Depth of sample

e  Water content (w,)

e Initial voids ratio (eg)

e Initial degree of saturation (Sy)

e Liquid limit (LL)
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e  Plasticity index (PI)

e Dry unit weight (Yary)

e  Unified soil classification system

(USCS)

e Angle of internal friction before
wetting (¢)

e Angle of
wetting (¢r)

e  Collapse potential (C,)

e Voids ratio upon wetting under 200
kPa pressure (ez00)

e Difference in degree of saturation
upon wetting (AS;=100% - S;,)

internal friction after

Table (1) Sources of gathered data
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e Difference in void ratio due
inundation (Ae = ey — €309)

to

Procedures of Collecting Soil

Samples data

Data of soil properties of 588
different collapsible soil samples have
been gathered from twelve different
geotechnical reports and researches; data
of these samples was divided according to
their sources as shown in table (1) and (2).

No. | Source No. of samples

1 Owens (1990) 26

2 Dames and Moore (Salt Lake City, UT) 79

3 Applied Geotechnical (Salt Lake City, UT) .9

4 Kleinfelder & Associates (Diamond Bar, CA) 2

5 Southwest testing (St. George, UT) 8

6 Rollins et al. (1992) 73

i Roullier (1992) 80

8 NCS Consultants [LLC] (2006) 7

9 NCS Consultants |LLC] (2011) 4

10 Jones & Wagener consulting civil engineers (2006) 4

11 Habibagahi et al. (2004) 25

12 Rollins & Williams (1991) 57

Table (2) Example of gathered samples data

i s-:l‘:le Source D('I:;" Uscs ‘;.c k}v:;.',. | e | e | A Sy AS, Cr w | P v .
1 1 1.83 ML | 91 | 1236 | 1349 | 090 | 053 |08 | 2aa5 | 7sss | 570 [ — | — | 2099 | a0z
] 2 3.20 iaML 63 | 1587 | 1687 | 048 | 044 | 0.04 | 3125 | 6875 | 290% | — | — | 3952 | 40.88
L 14 3 5.79 sM | 108 | 1507 | 1669 | 056 | 052 | 0.04 | 4606 | 5394 | 280% | — | — | 37.02 | 3840
115 4 244 ML | 137 | 1321 | 1502 | 078 | 0.70 | 0.08 | 4205 | 5795 | 466% | — | — | 3380 | 3584
u9 5 0.91 ML | 69 | 1541 | 1647 | 053 | 048 | 004 | 3138 | 6862 | 291% | 19 | 1.6 | 4006 | 4115
197 6 137 sM 23 | 1555 | 1591 | 051 | 047 | 004 | 1074 | 8926 | 280% | — | — | 3857 | 399
198 7 0.61 ML | 71 | 1225 | 132 | 092 | 0.66 | 0.26 | 1849 | 8151 ‘f;_“ — | = | 3037 | 3670
L 285 8 0.91 21(51 69 | 1313 | 1404 | 079 | 0.69 | 010 | 2089 | 79.11 | 5.68% | — | — | 2567 | 29.42
286 9 1.52 —_— 2 15.73 16.04 0.50 0.39 0.11 9.65 90.35 7.20% — —_ _— -—_
292 10 0.61 gﬁ 738 | 1552 | 1667 | 052 | 048 | 0.04 | 3427 | 6573 | 257% | 17.5 | 52 | 3583 | 37.27
38 i - ML | 169 | 1609 | 1881 | 046 | 0.41 | 0.05 | 87.55 | 1245 | 3.40% | — | — | dled4 | 42.87
375 12 1.37 SM 23 | 1555 | 1591 | 051 | 047 | 004 | 1074 | 8926 | 280% | — | — | 3857 | 3991

Table (3) Classification of Collapse Potential, (Cp)

Degree of Specimen Collapse | Collapse Potential (Cp) %
None 0

Slight 0.1 t0 2.0

Moderate 2.1 to 6.0

Moderately Severe 6.1 to 10.0

Severe >10
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e Plasticity index (PI)

®  Dry unit weight (yary)

e Unified soil classification system

(USCS)

e Angle of internal friction before
wetting (¢)

e Angle of
wetting (¢r)

*  Collapse potential (C;)

e Voids ratio upon wetting under 200
kPa pressure (€;q0)

e Difference in degree of saturation
upon wetting (AS;=100% - S;,)

internal friction after

Table (1) Sources of gathered data

C. 63

e Difference in void ratio due to
inundation (Ae = ey — €300)

Procedures of Collecting Soil

Samples data

Data of soil properties of 588
different collapsible soil samples have
been gathered from twelve different
geotechnical reports and researches; data
of these samples was divided according to
their sources as shown in table (1) and (2).

No. Source _ No. of samples
1 Owens (1990) 26
2 Dames and Moore (Salt Lake City, UT) 79
3 Applied Geotechnical (Salt Lake City, UT) .9
4 Kleinfelder & Associates (Diamond Bar, CA) 2
5 Southwest testing (St. George, UT) - 8
6 Rollins et al. (1992) 73
7 Roullier (1992) 80
8 NCS Consultants [LLC] (2006) 7
9 NCS Consultants [LLC] (2011) 4
10 Jones & Wagener consulting civil engineers (2006) 4
11 Habibagabhi et al. (2004) 25
12 Rollins & Williams (1991) 57
Table (2) Example of gathered samples data
Sumple | e | Depth | yees | We | (R | v e se | s AS, c 1w | n o o
o (m) D % o KN/ €y 200 As>y r ? 0
1 1 1.83 ML 9.1 | 1236 | 1349 | 090 | 053 | 038 | 2415 | 7585 “:Z" — | = | 3079 | 4002
69 2 3.20 m‘ 63 | 1587 | 1687 | 048 | 0.44 | 004 | 3125 | 6875 | 290% | — | — | 39.52 | 40.88
114 3 579 sM | 108 | 1507 | 1669 | 056 | 052 | 004 [ 4606 | 5394 | 280% | — | — [ 3702 | 3840
115 4 2.44 ML | 137 | 132t | 1502 | 078 | 070 | 0.08 | 4205 | 5795 | 466% | — | — | 3380 | 3584
119 5 091 ML 69 | 1541 | 1647 | 053 | 048 | 004 | 3138 | 6862 | 291% | 19 | L6 | 4006 | 4115
197 6 137 M 23 | 1555 | 1591 | 051 | 047 | 0.04 | 1074 | 89.26 | 2.80% | — | — | 3857 | 3991
198 7 0.61 ML 71 | 1225 | 1302 | 092 | 066 | 026 | 1849 | 81.51 ’3,2“’ — | — | 3037 | 3670
285 8 0.91 gﬁ 69 | 1313 | 1404 | 079 | 069 | 010 | 2080 | 9.1 | se8% | — | — | 2567 | 29.42
286 9 1.52 — 2 15.73 16.04 0.50 0.39 0.11 9.65 90.35 7.20% —_ — — —
292 10 0.61 Zf,l 738 | 1552 | 1667 | 052 | 048 | 0.04 | 3427 | 6573 | 257% | 175 | 52 | 3583 | 37.27
318 11 - ML | 169 | 1609 | 1881 | 046 | 0.41 [ 005 | 8755 | 1245 | 340% | — | — | 4164 | 4287
375 12 137 sM 23 | 1555 | 1591 | 051 | 047 | 004 | 1074 | 8926 | 280% | — | — | 3857 | 39,

Table (3) Classification of Collapse Potential, (Cp)

Degree of Specimen Collapse

Collapse Potential (Cp) %

None 0

Slight 0.1 to 2.0
Moderate 2.1 to 6.0
Moderately Severe 6.1 to 10.0
Severe > 10
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Records of some samples were excluded
due to missing data from the original
references. Thus, total of 375 records of
collapsible soil samples were used in this
study.

The collapse potential, C,, of the
used samples were in the range of 2.1%
(moderate) to > 10% (sever), As
introduced by (ASTM, D 5333-03) a
classification of collapsible soils according
to severity of problem putting into
consideration collapse potential is shown
in the table (3).

Depth of Samples
Depth of the sample refers to the
depth at which the sample was collected.

The deepest sample was taken from a
depth of 10.50 meter below ground
surface. The distribution of samples with
respect to their sampling depth is shown on

Figure (1).

Dry Unit Weight of Samples (Yary)

The dry unit weight of the sample is
defined as the weight of the soil particles
divided by the volume of the sample.
Figure (2) shows the distribution of used
samples with respect to their dry unit
weight.
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Fig. (1): Histogram of sampling depths
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Fig. (2): Histogram of Dry Unit Weight of collected samples
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In-Situ Water Content of Samples (wc)
The in-situ water contents in this
database range from 1.0% to 22.6%. Figure
(3) shows the distribution of samples with
respect to their in-situ water contents.

Unified Soil Classification System of
Samples (USCS)

The USCS classification is given for most
samples. Sometimes the USCS
classification is determined by the author
based on available sieve analyses. The
distribution of samples with respect to their
USCS classification is shown on Figure
(4); the most frequently cited classification

C: 65

for the collapsible soils was ML (silts with
very fine sand) which form (56%) of the
database. The ML classification was
followed in frequency by SM (silty sand)
(32.8%), SC (clayey sand) (3.75%), SM-
ML (1.87%) and SC-SM (1.6%).

Collapse Potential of Samples (C,)
Collapse potential is the collapse strain due
to inundation of the undisturbed sample
under 200 kPa pressure. Figure (5) shows
the distribution of samples and their
collapse potential (Cp).

60
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g, | e
0-5 | 510 10-15 1520 | >20
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In-Situ Moisture Content Range (%)
Fig. (3): Histogram of sampling in-situ water content
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Fig. (4): Histogram of sampling USCS Classification
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Fig. (5): Histogram of sampling collapse potential
In-Situ Void Ratio of Samples (e) AS, = 100% — S, (3)

The in-situ void ratio (ep), is defined
as the initial void ratio before inundation.
The void ratio can be determined from the
following expression:

G, =y,

= — -l (1)

Yary
Where:
- Gs : Specific gravity of the soil
particles.
- Yw : The unit weight of water and.
- Yary : The dry unit weight of the
soil.

Initial Degree of Saturation (So)

The degree of saturation (Sy) can be
found by using the specific gravity (Gs) of
the soil, the unit weight of water (y,,), the
dry unit weight (y4y) and the in-situ water
content (W¢) in the following expression:

G, X W,

S0 =~ @)
Difference in Saturation (AS;)

The Difference in saturation can be
calculated by subtraction the initial degree
of saturation from the full saturation upon
wetting that can be defined as:

Angle of Internal Friction (¢)

The angle of internal friction is the
measure of the shear strength of soils due
to friction and it can be approximated from
the correlation shown in Figure (6) before
and after saturation because the soil has the
same classification.

Derived Relations:

Graphs are constructed to visualize
potential relationships that exist between
different soil parameters and determine if
mathematical relationships could be
developed between these different soil
parameters.

Relation between collapse potential (Cp)
and difference in saturation (AS;)

Figure (7) plots collapse potential
(Cp) versus difference in degree of
saturation (AS;). The curve suggests that
they related somewhat to each other.
To create a better fit, the natural logs of all
the variables are taken; the relation takes
the form:

C, (%) = (14 X 107*)(AS )™ (4
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Fig. (6) Correlations of strength characteristics for granular soils (DM 7.01), 1986
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Fig. (7) Relation between collapse potential (Cp) & difference in degree of saturation (ASr)

Relation between collapse potential (Cp)
and difference in void ratio (Ae)

Figure (8) includes a plot between
collapse potential (Cp) versus difference in
void ratio (Ae). The curve suggests that
they related somewhat to each other.

To create a better fit, the natural log is
taken for (C,) and logarithmic log for (Ae);
the relation takes the form:

Cp = 05169(Ae)* ¥ (6)
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Fig. (8) Relation between collapse potential (CP) & difference in void ratio (Ae)

Relation between difference in
saturation (AS,) and soil strain at 50%
stress level (€50)

The (€s0) represents the axial strain (€;) at
a stress level equal to 50 percent in the
stress strain relationship that would result
from a drained triaxial test.

It is not known the conditions and
variation in the experimental set of data by
Norris (1986) Fig.(9) particularly, the fines
content, clay content and degree of
saturation. However, in order to obtain
approximate estimation of parameter such

as (€sp), the set of data was used in absence

of data available to estimate (€s) that is
important parameter to estimate the load

versus deformation curve for soil
surrounding laterally loaded piles.

As a result of obtaining (&), relationships

between (Sy), (€s0), (Es0sar) and (AS;) can
be illustrated.

The difference in (esp) due to
reaching full saturation for different initial
degrees of saturation as shown in the
following Fig. (11) through (19) for
different cases of study, different values of
(Cu) and (e0) were assumed as initial
properties for collapsible soils.
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S»
Eigures (14) through (_3-17) ShOWS The value of (A€s¢) is important for
relation between the change in 50% strain studying the behavior of laterally loaded
(AE€sp) before and after saturation and (AS;) piles embedded in collapsible soil before

for different cases of (C,) and (o). and after inundation.
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Conclusions - Value of (€s50) had no change before
After ana]yzing the properties of the and after flllly saturation if the initial
collected soil samples, as illustrated in this degree of saturation is more than 50%
study, it can be concluded that: for different values of uniformity
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