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Abstract

Measuring the durability of lime stabilized soils is one of the main concerns in
soil stabilization, since there is no standard procedure for this case. This research
studies the durability of lime stabilized fine grained soils using the slake durability
device.

The effects of curing time and temperature, molding moisture contents, test
duration time, and the effect of drying or wetting the samples before slaking, on the
durability of gypseous soil (34% gypsum) A and clayey soil B were studied. The results
showed that the increase of molding moisture content decrease the weight loss for both
soils, also it is found that soil A gave higher weight loss than soil B. Increasing the
curing temperature or curing time decreases the loss weight due to pozzolanic reaction.

On the other hand, results indicated that the specimens wetted before slaking
gave higher weight loss than specimens dried before slaking.

Finally, a linear relationship was obtained between test duration time and weight
loss of soils. It is found that curing for 2 days at 25°C is approximately equivalent to
curing for (4-13.5) days and (3.4-13.5) days at 25°C for soil A and B respectively.
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1- Introduction:
Durability is defined as the ability of stabilized soil to retain its strength,
impermeability, and dimensional stability over prolonged period of service under the
designed conditions. The degree of durability is based on the performance goals as defined by
resistance to moisture absorption, strength reduction, and wetting and drying cycles [1].

For cement stabilized soils there are two standard procedures of durability tests.
ASTM D559, Standard Test Method for Wetting and Drying of Compacted soil Cement
Mixtures, and ASTM D560, Standard Test Method for Freezing and Thawing of Compacted
soil Cement Mixtures [2].

For lime stabilized soils there is no standard procedure test, so different methods were
used by different authors. Some researchers [3], [4], & [5] used the brushing method
described by the standard durability test ASTM D559, with some modifications. While others
[3].[5].[6],&[7] depended on the change of soil strength with wetting and drying test. Also
the durability of lime stabilized soils was measured as the number of wetting and drying
cycles that the soil samples could withstand without collapse [8]. Some researchers used the
volume (or length) change of lime stabilized samples for durability measurement [3]. Also
the durability was studied by measuring the unconfined compressive strength and the change
of specimens length under loading and subjected to wetting and drying cycles[9]. While
others studied the change of swelling characters of the lime stabilized soils with wetting and
drying cycles, they found an increase in the soil-swelling with the increase of number of
wetting and drying cycles [10] &
[11].

In the present research a new,
quick and simple approach for
measuring the durability of fine
grained soils stabilized with lime is
attempted, using the standard test
method for slake durability of Shales
and similar weak rocks, ASTM
D4644 [2]. This method is originally
used for measuring the durability of
rocks or shales, Fig.(1) shows a
diagram of the used test
device. Fig.(1) Slake durability device (ASTM D4644)

2- Materials and Methods:

Two types of soils were selected for this study, gypseous and clayey soils, denoted as
"A" and "B" respectively. The engineering properties of these soils are shown in the Table
(1), also the compaction curves for soil A and B are shown in Fig.(1)

Table (1) Engineering properties of soil A and B

G Particles grain size Compaction characteristics
Soil [L.L. | P.L| LS | YU G | sand | silt Clay | Modified Proctor compaction
& %) | (%) | (%) ;
v(KN/m®) 0.m.c
A | 26 | 6 |51 34% | 252|225 | 535 | 24 17.62 15.2
B | 42 | 20 | 145 2% 269 | 20 | 37 | 43 18 14
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Fig.(1) Standard and modified Proctor compactive effort compaction curves for
soil A and B

Optimum lime content was selected according to Illinois procedure [12]; soil samples
oven dried at (60°C) and sieved on #4 (4.76mm) sieve, then mixed with different amount of
lime. The mixture of soil and lime mixed with different water contents corresponding to
compaction curve, warped in plastic sacks to prevent loss of moisture for 1 hour, then
compacted with modified compactive effort in a mold of 5 cm diameter and 10 cm height,
cured for 2 days at 49°C. Finally the cured samples were tested for unconfined compressive
strength, the optimum lime content for both soils is 4% as shown in the Tab.(2), which also
shows the unit weight and the water content corresponding to the maximum unconfined
compressive strength.

Table (2) Unconfined compressive Strength (U.C.S.) of Soil A & B Stabilized With 4% Lime

Soil U.C.S, (kN/m°) Dry Density (kN/m°) wi/c (%)
A 2125 16.61 15.5
B 4960 16.90 21.0

3- Preparation of Slake Durability Test Specimens:

The mixtures were prepared with optimum lime content 4% and with three moisture
contents; moisture content corresponding to the maximum unconfined compressive strength
(which denoted as “omc” see Tab.(2)) and £ 5% the dry and wet sides of compaction curve
(which denoted as “dry” & “wet” respectively). After mellowing time for 1 hour, the soils
were compacted with modified Proctor compactive effort in a mold of 3.5cm diameter and
7.0cm height the specimen extracted from the mold by means of a jack, the resultant mixture
is of a cylindrical shape, of course, to get a spherical specimen the edges trimmed with a
sharp knife until approximately spherical shape with (40-60)gm weight is obtained. The
spherical specimen warped with foil paper then with wax to prevent loss of any moisture
during the next stage of curing at 25°C for 2, 7, and 28 days and at 49°C for 2 days.

At the end of curing stage, the samples were extracted from the foil paper and wax,
weighted and divided into two groups; first group oven dried at 60°C for 2 days before
conducting the slake durability test (i.e following the procedure of ASTM D4644), the second
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group submerged for 2 days in water before conducting the slake durability test. After 2 days
of drying (first group) or wetting (second group) ten samples of total weight about (400 to
600)gm slaked in the device of slaking for three cases of test duration time, first is 10 minutes
(standard test duration time), the second and third cases are of 20 and 30 minutes
respectively. Table (3) shows the research plan and the curing conditions (temperature and
time)

Table (3) Research plan

Soil | Molding | Curing conditions for tests consist of Curing conditions for
moisture | drying before slaking tests consist of wetting
content before slaking

2 days @ | 7 days 28 days | 2days | 7days @ 28 days @
25°C @ 25°C | @ 25°C | @ 49°C | 25°C 25°C

A |dry \ \ \
ome v v v v v v
wet v v v v

B |dry \
omc \ \ \ \ \ \
wet \ \ \ \

4- Discussion And Results:

4-1- Effect of Molding Moisture Content:

The weight loss according to the three selected moisture contents were calculated and
presented in Fig.(3 to 6). Results show that the increase of molding moisture content causes
reduction in the amount of weight loss for both soils for all cases of curing conditions. This
behavior may be attributed to the soil structure at the dry side of compaction curve which is
more flocculated than that of the other portions, so the amount lost at this side is larger.

The weight loss for soil A

samples cured for 2 days at 25°C 70

and compacted at moisture content _ g0

(dry) and (omc) is about (29-43)% & /

and (11-13)% respectively, greater @ 50 1

than the weight loss for samples S 40 - _ -
compacted at moisture content . -+~ __ =&

(wet), as shown in the Fig.(3). -0 - _ - p—————
While the extension of the curing § 20 e —e— soil Adiy
time to 7 days leads to weight loss 10 - T e
of (57-85)% and (22-30)% greater - ® - solBwe
than the weight loss for samples 0

compacted at moisture content 0 10 20 30 40
(wet), as shown in the Fig.(4). Test Duration Time (min.)

While for soil A samples cured for i i i

2 days at 49°C the weight loss for Fig.(3) Weight Loss For SO|I§ A and B cured for
samples compacted at moisture 2days at 25°C

content (dry) and (omc) is about

(38-104)% and (15-32)% greater than the weight loss for samples compacted at moisture
content (wet) for the curing conditions, as shown in the Fig.(5).
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The weight loss for soil B
samples cured for 2 days at 25°C
and compacted at moisture
content (omc) is about (19-26)%
greater than the weight loss for
samples compacted at moisture
content (wet), as shown in the
Fig.(3). While the extension of
the curing time to 7 days makes
the weight loss of samples
compacted at moisture content
(dry) and (omc) to be about (61-
90)% and (20-34)% respectively.

This is shown to be greater than
the weight loss for samples
compacted at moisture content
(wet), as shown in the Fig.(4). In
the other hand, for soil B samples
cured for 2 days at 49°C the
weight  loss  for  samples
compacted at moisture content
(omc) is about (33-40)% which is
greater than the weight loss for
samples compacted at moisture
content (wet) for the curing
conditions, as shown in the Fi

4-2- Effect of Curing
Conditions:
Three curing durations were

selected to show the effect of
curing condition, (2, 7, and 28)
days at curing temperature (25°C),
and 2 days curing at temperature
of (49°C).

Figs.(6) shows the results
of loss in weight for soils A and B
samples compacted at moisture
content (omc), it could be noticed
that, for soil A, with curing time 2
days as a reference, the weight
loss decreased about (25-35%)
and about (49-52%) as the curing
time increased (from 2 to 7 days)
and (from 2 to 28 days)
respectively for all tests duration
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times. The obtained results of soil B also showed that the weight loss decreased about (25-
43%) and about (47-61%) as the curing time increased to7 and 28 days respectively for all
tests duration times as shown in Fig.(6).

The reduction in weight loss may be attributed to the pozzolanic reaction which
increases the soil strength with the curing time[12].

The effect of increasing of
the curing temperature can be 60
obtained by comparing Fig.(3) and
Fig.(5). From these figures it can be
seen that, as the curing temperature
increased the weight loss decreased.
For soil A the reduction was about
(11-31)%, (15-42)%, and (17-52)%
for samples molded at moisture
"dry", "omc", and "wet"
respectively as the temperature 0

=30 min.
=410 min.
=+=20 min.

50
40

|
|

0f---

Loss in Weight (20)

[

+
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increased from 25°C to 49°C for 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

10

days of curing. Curing Time(day)

For soil B the reduction was
about (9-15)% and (19-28)% for Fig.(7) Weight Loss With Curing Time For Soil
samples molded at moisture "omc" A Cured at 25°
and "wet" respectively as the
temperature increased from 25°C to 50
49°C for 2 days of curing. -+10min

Soil A gives a higher weight 40 1 ~+=20min,
loss than soil B by (5 to 39)% --30min
depending on the curing and
molding moisture content.

The weight loss for soil A
samples compacted at omc and
cured for 2 days at 49°C is (20.23, W ¥
31.64, and 46.44) for test duration v
time (10, 20, and 30) minutes 0 2 4 6 8 10 Culrzmngz}me%gay)ls 0 2 %4 % 28 30
respectively, using these values in
Fig.(7), it could be notice that, Fig.(8) Weight Loss With Curing Time For Soil
curing samples for 2 days at 49°C is B Cured at 25°C
approximately equivalent in its
effect to curing for (4-13.5) days at 25°C, also for soil B samples compacted at omc and cured
for 2 days at 49°C, the weight loss is (19.20, 28.21, and 36.29) for test duration time (10, 20,
and 30) minutes respectively, using these values in Fig.(8), it could be notice that curing
samples for 2 days at 49°C is approximately equivalent to that cured for (3.4-13.5) days at
25°C
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4-3- Effect of Test Duration:

Weight loss during slaking time of 10 (standard time of ASTM D4644), 20, and 30
minutes was studied, results are presented in Figures (3 to 6) which showed that the weight
loss approximately doubled when test duration time increased from 10 to 20 minutes.
Increasing the test duration time from 10 to 30 min. resulted in, approximately, triple the
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amount of weight loss. In other words a linear relationship between test duration time and
weight loss was attained. So, increasing test duration time to more than 10 minutes provides
no more information about the behavior of lime stabilized soils.

4-4- Effect of Test Procedure:
To study the effect of pre-

wetting or  drying  before S0

conducting slake durability test, 40

two cases were studied; first case, <

similar to the standard procedure

of rock slake durability test, where 2 30 1

the samples are dried for 48 hrsin -

60°C then starting the slaking < 20 - _ ey y——

process. The second case is © ol —— Soil Aweting before siaking

submerging (wetting) the samples > 10 7 — = — S Buying bekor slkig

for 48 hrs then starting the slaking = * = Soil Bweting before slaking

process. It is important to mention 0 ' ' '

that submerging the samples 0 10 20 30 40

causes increase in the degree of Test Duration Time (min.)

:gtifft;%ré lép r(t;; pg:%i\?gl?/ 96)% for Fi_g.(9) Soils A and B Compacted at molding
The results are shown in moisture content omc cur_ed for 7 days at 25°C

the Figs.(9-11) for both soils. Pre- with different slaking procedure

submerging the samples, causes

increase in the amount of weight loss of about (8 to 13)% for both soils comparing with the
standard procedure of drying the samples before starting the test. The samples molded at
moisture content "dry" and wetted before the slake test, were collapsed at the starting of the
test due to weakening caused by wetting.
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Fig.(10) Soils A and B Compacted at  jg.(11) Soils A and B Compacted at molding
molding moisture content wet cured for 7 moisture content omc cured for 28 days at

days at 25°C with different slaking 25°C with different slaking procedure
procedure
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Conclusions:

1. Durability of the gypseous soil A is lower than soil B, due to softening of the gypsum
which acts as a binder of soil particles in the dry state.

2. Test duration time 10 min. is adequate and is recommended for studying the durability
of lime stabilized soils. Longer times just increase the amount of weight loss, and give
no more or new information.

3. Curing for 2 days at 49°C approximately equal to (4-13.5) and (3.4-13.5) days at 25°C
for soil A and B respectively.

4. The cured soil samples subjected to wetting then slaking give more weight loss than
those subjected to drying before slaking. So, to obtain the maximum durability in the
field, it is preferable that the stabilization process of soil should be conducted in a
suitable warm temperature followed by dry season.

5. Soil samples compacted at molding moisture content in the dry side of compaction
curve show a higher weight loss than samples compacted at optimum or wet side of
compaction curve. While a lower weight loss was obtained with samples compacted
at molding moisture content in the wet side of compaction curve.
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