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ABSTRACT

This paper discusses the mechanical behaviour of soil-lime mixture under various exposure conditions. The study was
carried out with three kinds of tropical soil (i.e., yellow-red latossol, dark red latossol, and yellow-red podzolic) collected
from the northwest of the Sao Paulo State and southeast of the Mato Grosso do Sul State, in the Parana River Sedimentary
Basin, Brazil. The soil-lime mixtures were prepared in two compaction grades (95% and 100% of Proctor energy) with 8%
of lime and tested under axial compression. The specimens were prepared in three different exposure conditions (i.e., fully
immersed, partially immersed, and exposed in the air) and they were tested in three different time intervals (six, twelve, and
eighteen months after compaction). The three soil types showed a very distinct mechanical behaviour in terms of their
strength due to lime addition, exposure conditions, and maximum shearing resistance.

INTRODUCTION

Mixing of soil with lime enhances its mechanical
properties such as plasticity, expansion, bearing capacity,
and elasticity. Although this technique had its origin in cold
climatic regions, it received a wide application in the tropical
areas. In Brazil, Ferraz (1994), Oliveira et al. (1994), and
Alcéntara (1995) studied the properties of the soil-lime
mixture. Most of these studies were carried out in the
laboratory conditions. On the other hand, Alcéntara et al.
(1996) studied the soil-lime behaviour under various exposure
conditions (i.e., fully immersed, partially immersed, and
exposed in the air). The study found that the mechanical
performance of the brick produced in manual press was more
resistant than the specimen produced in the laboratory, even
for the same exposure conditions.

In some cases, the mechanical resistance of the soil-lime
mixture with longer cementing time was less than that of the
soil with shorter cementing time. The decrease in mechanical
resistance with time is opposite to the hypothesis that soil
stiffening with lime guarantees resistance gain. On the other
hand, a higher degree of compaction can restrain the process
of cementation. Consequently, the specimen may not be
strong enough to constrain microfracturing due to dry and
wet cycles or thermal effects. Any chemical process can
ultimately lead to the reduction of mechanical resistance of
the soil-lime mixture. A longer (one year) duration of
consolidation can faithfully represent the time period required
for increased mechanical resistance (Alcéntara et al. 1996)
due to cementation in these soils or could be followed by
new cycles of resistance gain due to lime diffusion, called
“‘auto-regeneration” by Lima et al. (1993). It is also important
to understand whether the durability of the soil-lime mixture
is the same in varied circumstances or there is a relationship
between the working conditions and the tropical
climate.
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In view of the above situation, the present study focuses
on the rheological and chemical characteristics of the tropical
soils from Ilha Solteira (Sdo Paulo State, Brazil) under different
exposure conditions and cementing time interval. The main
objectives of this study were: (1) to characterise the resistance
gain effect of soil-lime mixture in terms of cementing time; (2)
to evaluate this resistance gain for different tropical soil
types of the Ilha Solteira region under different exposure
conditions; and (3) to understand the chemical processes
influencing the resistance.

Soil samples

The three soil types were yellow-red latossol (YrL),
yellow-red podzolic (YrP), and dark-red latossol (DrL). The
main chemical characteristics of these soils (Table 1): organic
matter (OM), cation exchange capacity, and aluminium
exchange (Al) were obtained from the techniques proposed
by De Fellipo and Ribeiro (1981). Free iron oxide (Fe,0,) was
analysed by applying the Cicrate-Ditionite technique (éofﬁn
1963) and pH index was obtained from the soil-water mixture
with a platinum electrode.

The specimens were prepared under two degrees of
compaction (i.e., 95% - more practical working situation and
100% - ideal conditions) with 8% of lime by weight, and
moulded in a Mini-CBR cylinder with normal Proctor energy.
The specimens were moulded in duplicate for each case (i.e.,
soil type, compaction degree, exposure condition, and
cementing time).

Three exposure conditions were considered for the
specimens: fully immersed, partially immersed, and exposed
in the air (representing respectively the soil mass below the
groundwater table, at the water table, and above the water
table). In order to evaluate the mechanical resistance
evolution of these specimens, we used three different
cementing (curing) times: six, twelve, and eighteen months.
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Axial compression test

After the cementing time, the above specimens underwent
axial compression. The test was carried out with the soil

Table 1: Chemical characteristics of soil

Cation exchange Aluminium Organic Fe,0,
Soil type pH capacity exchange matter e.;
(meq/100g) | (Cmolc/dm®) | (dagig) | %
Dark- red
Latossol 46 4.1 0.4 1.2 13.9
(Drl)
Yellow-red
Podzolic 53 48 0.0 04 32
(YrP)
Yellow-red
Latossol 40 33 0.5 0.5 4.1
(YrL)

Table 2: Mechanical characteristics of yellow-red podzolic soil

samples having the following variables: soil type (S),
exposure condition (EC), cementing time (CT), degree of
compaction (CD), and axial compression strength (TR). The
results of the axial compression test are presented in Tables
2,3,and 4.

Chemical analysis

The main objective of the chemical analysis was to
evaluate the influence of chemical environmental conditions
in the reactions involving soil-lime cementation. The
samples after the axial compression test were crushed and
examined for pH and Redox potential. The analysis was
done by applying the Patrick and Gambrell (1996) technique
with a platinum sensitive electrode and an Ag/AgCl
reference electrode. The results are presented in Tables 5,
6,and 7.

Table 4: Mechanical characteristics for dark-red latossol

s Cementin, eree of = 2 Soil Exposure | Cementin ree of Axial compressive
Soil Exposure time ¥ cl())enfp.cﬁon Axial compreamT. type co::isﬁon time 8 c?:lgplcﬁon strength (‘l:g/cm’)
type condition (months) (%) strength (kg/cm®) ( ths) (%)

A 95 13.11 13.12 . 95 0.54 0.43

g 100 17.41 18.81 100 2.00 212

E o 95 22.04 21.34 ,gg i 95 0.75 0.54

4 100 25.80 2578 & E 100 1.51 1.83

o 2 - 95 19.46 2161 A Y 95 0.53 0.64
G 100 25.16 26.76 3 100 1.61 1.82
s P 95 13.97 13.95 = " 95 1.40 1.72
= 1} 100 13.76 12.90 3 2. 100 1.94 2.26
§ 5 E = 95 15.05 17.20 g 5 12 95 1.72 1.84
& 5 E 100 12.47 19.24 o § 100 1.08 1.15
2 : = 95 247 2451 ¥ " - 95 0.96 0,63
z 100 30.21 29.13 ) 100 1.72 2.36
3 g 95 20.96 19.35 E 95 2.16 226
. 2 . 100 17.41 19.20 P 6 100 333 334
£ 12 95 30385 2612 o th 95 333 237

3 100 28.92 29.45 3% 12 100 331 323

g = 95 17.74 18.06 g 95 0.96 129

3] 100 20.64 21.50 18 100 2.36 3.01

Table 3: Mechanical characteristics of yellow-red latossol

Table 5: Chemical characteristics for yellow-red podzolic soil

Soil Exposure Cen!enting Degeree‘ol‘ Axial compressive Soil Exposure Comeaing SRge. o Rde
G st AVL time com]:lcnon strength (kg/cm?) type condition time compaction pH p?tenlill
(months) (%) (months) (%) (millivolts)
: 95 591 6.02 ” 95 1.1 29.1
‘é 100 7.63 7.09 100 10| 283
2 95 8.28 892 = 95 101|295
£ E ;- 100 9.14 934 EE i 100 91 | 417
s - b 95 8.06 9.13 £ i3 95 102 638
= 100 10.96 10.75 & 100 102 | 481
Z 3 95 570 6.24 & ¢ 95 2] 216
2 =73 100 6.77 6.88 = - 100 11.5 16.2
3 St 5 95 9.14 9.56 § Z e 9 98 4738
= EE 100 1559 | 1183 & 5 g 100 97 |__421
g ~ B \# 95 1032 11.50 L : i 95 10.2 251
2 100 1387 | 1290 g ! 100 [103] 312
3 ; 3 19050 :;;(2) :3;3 3 . ¥ 95 112|450
£ ] ; £ 100 11.2 30.2
5 95 30.05 33.09 : 9 100 | 606
%.g = 100 3763|3441 3= B 100 57 | 680
& 95 2494 | 23.76 '% TS 95 94 50.8
100 3956 | 4042 100 102 ] 209
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Table 6: Chemical characteristics of yellow-red latossol
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Table 7: Chemical characteristics of dark-red latossol

. Cementin, eree of Redox e Cementi Degeree of Redox
s Expo.s e time - :()::pnction pH potential . Exp:.".m time . compaction pH potential
ol Ry gl e (%) (millivolts) type | contion | i onilin) (%) (millivolts)

g 95 1.8 182 4 95 111 0.0

g 100 o S = 100 11.9 0.2
=Y 95 98 36,0 2 95 95 | -196.8
z : 9 100 100 | -1450 2 g = 100 98 | -346.9

= - i 95 10.1 15.0 : it 95 8.7 454
2 100 8.9 16.8 3 100 9.9 15.9
= # 95 120 |__-149 3 5 95 120|286
2 3 100 18| -291 3 e 100 11.5 64.1
§ 3 E ® 95 9.7 48 2 B4 = 95 96 68.0
E g 100 9.8 68.7 3 E £ 100 100 | 200

g ; 18 95 10.1 14.8 E : Yé 95 8.7 90.2
H 100 9.9 16.6 § 100 8.8 92.2
3 P s 95 132 |11 258 " = 95 Bt )
- 100 22 | w175 £ 100 18] 376

: 95 8.9 64.2 e 95 86 | -199.1

E 12 100 9.5 2.4 bR 12 100 102 | 297

s 95 98 21.0 % i 95 8.6 19.0

100 10.0 35 100 9.7 9.7

CONCLUSIONS AND DISCUSSIONS Degree of compaction

The effect of resistance loss with time seems to be a
general rule for the studied soils without interference of any
other factor. Soil chemical composition, especially Fe,0, and
organic matter concentrations, seem to be the main factors
controlling the soil-lime reactions. But consolidation time
and environmental conditions also are the other significant
factors. The Redox Potential apparently doesn’t have an
important effect in soil-lime reactions as well as resistance
gain with time for the considered soils. Exposure conditions
play an important role in soil-lime cementation, mainly for
immersed and partially immersed conditions.

Resistance gain

The results indicate that the YrP soil has better axial
resistance evolution in the different exposure conditions
considered. This soil shows good resistance evolution but
has the resistance reduction with time. This behaviour was
previously verified and asserted to less compaction degree
obtained for these soils.

With increasing cementing time, the YrL showed a small
resistance gain in fully immersed and partially immersed
conditions and a good resistance evolution for the specimens
exposed in the air. The significant resistance gain by the soil
samples exposed in the air can be attributed to their least
Fe,O, content in comparison with other types of soil. On the
other hand, the poor results for fully immersed and partially
immersed conditions could be explained by lime migration
to specimen surface. A crust of lime in these specimens and
lime and organic matter concentrations in the water indicated
the migration.

For the DrL, the resistance evolution was less expressive
in any considered conditions. For this soil
type, the lower resistance value could be attributed to
the high Fe,O, and organic matter content, which could
have attracted the negative charge particles of soil
constraining the reactions between the soil particles and
the lime.
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The process of “mechanical resistance loss in time” was
originally observed in the YrP soil by Alcintara et al. (1996),
and in that case, CD was considered to be the main
responsible factor for this process. But this process was not
observed in the other soils. On the contrary, with increasing
EC, the YrP soil and DrL showed some increase in mechanical
resistance. However, the actual results do not permit to
assign the association between degree of compaction and
resistance loss.

Exposure conditions

Generally, immersed and partially immersed conditions
tend to present better results in resistance gain with time.
But these processes are very slow and show that the hard
water content while induced the lime-soil reactions could
need a more long time of consolidation in order to present
better results. In some situation the hard water content in
the environment could cause the lime migration with
resistance losses.

Regeneration factor

This effect was observed only in case of long cementing
time. It is characterised by a initial decrease in resistance
followed by an increase in resistance due to the internal
rearrangement of lime.

Chemical environment conditions factor

The Redox Potential results obtained do not show any
clear relationship between the chemical property and the
mechanical behaviour of the soil-lime mixture. An interesting
aspect was the concentration of negative values of Redox
Potential for the YrL and DrL, which could be related to more
Fe O, and organic matter content in these soils.

In this case, the organic matter could have undergone
oxidation by Fe O, and the iron could have attracted the
electrons (Merklze 1955). If this consideration is valid for
these mixtures, then Fe,O, and organic matter could inhibit
the soil-lime reactions, leading to the resistance loss with time.
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On the other hand, pH values show very small variation,
without any tendency to other related effects. The values
may indicate that soil composition is the main factor
responsible for pH results.
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