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ABSTRACT

Lime stabilization is one of the most practical methods to improve undesuable
charactenistics ol the so-called dispersive soils, which are susceptible for severe
crosion when wet. In Thailand, the technique is often recognized as Lime treatment,
The major advantages are attributed to the physico-chemueally stabilizing effects due
to soil-lime reactions so that the stabilized materials can be used safely as a
construction matenals for earth-fill typed infrastructures such as dam, cmbankment
and so on.

This study has focused on the comprehensive tests in order to assert a better
understanding on essential factors by which the improved properties such as strength,
plasticity aud soil permeability are controlled. Durabilit test under repeated wetting
and drying cycles has also been performed in order to evaluate the alility of the
stabilized materials to withstand changes on cnvironmental condition. Emphasis has
been paid on the effects of soil properties such as inirial degree of dispersion, mmtal
grain size, and the effects of compaction techniques on the degree of stabilization and
durability charactenistic. An overview on the sequential construction on lime treatment
for Mun Bon Dam is presented and practical guidance for quality control has been
recommended.

Expesimental results have :cvealed that stabilization of dispersive soil can be
achieved with high satisfactory level when the soils are mixed properly with their
optimal lime contents and with sufficient water for mixing and curing, depending on
the imtial degree of dispersion. The properties of the lime-stahilized soils are
improved sigmificantly by allowing the sotl-lune mixture to compact soon after mixing,
It 15 believed that the prompt treatment promotes good contacts between the reacting
hydrated lime and soil particles, and thus enhance the early hydration. Based on the
regular ficld test duning the construction and timely comprehensive tests on the lune
treatment of Mun Bon Dam project, it is concluded that the stabilized materials exhibit
good performance as slope protective base courses
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1. INTRODUCTION

Dispersive soils are one of those regional soils that have been lound substantially
worldwide In Thailand, they are widely distributed in northeastern and castern regions. Some
are found in northern and central regions. The so-valled dispersive smils can easily erode due to
chemical deflocculation of the clay particles i the presence of water from the sources outside.
According (o Sherard et al, (1972), dispersive action occurs when repulsive forces between
clay particles exceed altractive forces, causing these fine particles remain in suspension even in
still water Visual evidence can therefore be seen easily through the observation on turbidity of
seepage water in the ponds or reservoirs nearly The dispersive soil can also be observed by
the erosion features in the forms of gullies, sinkholes, and piping tunnels

Soil dispersivity can be determined mn accordance with several identifications  These
methods include the physical index tests such as ficld crumb test, dispersion test in accordance
with ASTM D422 1, dilution turbidity ratio test, and pinhole test (Emersan, 1969, Ryker, 1970,
Sherard ot al 1976) and the chenueal index tests such as exchangeable sodium percentage and
sodium adsorption ratio (Richards, 1954)

Damages in civil engineening infrastructures such as varth-tilled dam cmbankment, and
irigation canal can often be attributed dispersive soils whose crosions may lead to failure of
structures. Figwere [ shows some examples of dispersive effecrs on earth-filled structures. In
Fhailand, i1 has been reported i the past decade that several dams were subjected to severe
failures due to leakape at the first season, while many irrigation canals failed afler operations
for several years Occurrence of dispersive soils and results of destructive phenomena such as
this ascertain the need for effective treatment prior 1o construction

Treatment ol dispersive soils can be either i the physical and/or chemieal pracedores
Physical treatment can be provided using well-designed filter, good compaction, and provision
of sufficient slope protection. Chenueal treatment aom at improving their disparsive properties
so that the soils become nondispersive eventually  his can be accomplished by mixing the
soils with optimal amounts of stabilizing chemicals such as lime, fly ash, and their combination
(Supakij et al., 1994) or other cementing matenal such as cement. For a large-scale earth filled
dam, when soils m the nearby area are donunantly dispersive, combination ol physical and
chemical treatments 1s used 1o mnerease the stability, such as for the case of Mun Bon Dam.
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(1-a) Severe collapse of fill material under (1-b) Completely fatlure of tnbutary canal
concrete slab of an irrigation canal

Figure I Dispersive effects due to erosion on earth-filled embankments.
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2. CURRENT RESEARCH AND TEST PROGRAM

Our preliminary study (Supakij et. al, 1994) has shown that addition of 2-3% of hydrated
lime improves chemical behaviors of moderately and highly dispersive soils while compaction
of the lime-treated soil promotes addwional improvement to engineering properties, The
double hydrometer test in according to ASTM D4221 15 used effectively to idenlify degrce of
dispersion of soil  Based on the results from field test sections associated with laboratory
testing, it can be concluded that degree of dispersion, plasticity mdex, relative compaction, and
permeability are essential factors which control quality of the stabihzed soils for dam slope
protection purpose.

In addition, a construction guideline which called for -+ degree of dispersion (DIIT) at
< 20 %, Plasticity Index (PI) between 10 - 20 %, Percent Compaction at = 95 % Standard
Proctor and Coefficient of permeahility at < 1 E-04 cm/sec, has been proposed. It has been
used to control quality of the construction of lime-treated layer compacted on the slope To
Mun Bon Dam Rehabilitation project (Supaky, 1993, Warakorn and Supaky), 1995)

This paper continues research on the stabilization ol disperive soil using lime treatmen
technique, The main objective 1s 1o illustrate the improved properties of the soil via the
comprehensive laboratory tests i order to assure field performance of the lime-treated soil
layer in the site A summary on the field practice of lime treatment for Mun Bon Dam Project
is also presented Experimental program as illustrated in fignre 2 below is conducted o study
the following areas,

- Evaluate the eflect of minal degree of dispersion and imitial gram size of the soll

- Further substantiate the tests on the effects of improvement technique

- Determine the durability in term of the unconfined compressive strength test (UCS)
of the stabilized soil after wet-dry cvcles

Soil sampling, Ger ral propeny test, Soil Classitizaton
ldentification of degree of dispersion
i
‘I'nal mux proparuons of namral dispersive sotl
to obtain the predetennined initial soil dispersions
which are identificd a= mederately and highly dispersion
-
Searilication of air<dred =nil
to obtain the wewal =01l grain wath differant sizes
which cover the range of field applicabiliry
Laboratory tesis on Physical and Enginesring Properies (befors mixing)
which include UCS. Compaction. Alterberg’s lunils and Permeshilily lests
1

Deternunation on the optimal mux proportions of lime
Laboratory tests on Physical and Enginecring Mroperties (after mixing)
which include UCH, Compaction, Atterberg's lnnuts and Permeability tests

[

w

Durahility test undar repeated wel and dry eveles in conjuncton with UUS test

Figure 2 Flow chart of the experimental program
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3. RESULTS AND DISCUSSION
3.1 INITIAL DEGREE OF DISPERSION AND INITTIAL GRAIN SIZE

According to the preliminary soil sampling in the borrow areas of Mun Bon Dam
Project, two types of soils with different initial degree of dispersion were obtaned. One group
could be identified as nondispersive soil having an average DHT ratio of 27.03 % The other
has an average DHT ratio of #4 15 %, which therefore was classified as a highly dispersive
soil. The Tatter will be sclected as a soil representing highly dispersion group for further
subsequent tests. In order to obtain another representative soil which has initial degree al
dispersion substantially defined as moderate dispersive clay, trial mix proportions ware
performed by varying the amount of highly dispersive and nondispersive soil.

= 80 S N —— I

= wlv dizpessiva

E 0T s Pepgroc of disprrawn h 7% higly dispocsive

= =

8w ..

= -E o G ) muderately disparsive

R S | .

[~ T

o 40 + l\\

o —

E:.lj:' B Depree ol diaperaan 13% nondidparsive

= 2 i I I i — i —
il 42 43 | (R 4 P4

Mix propaortion
(ldghly dispersive @ nondis pers i)

Figure 3 Degree of dispersion of trial mis to determine a mixing
ratio for producing moderately dispersive soil group

Fignre 3 illustrates the results of the double hydrometer test for the tnal mix proportions
of the soil, Obviously, the depree of dispersion decreases with an increase quantity ol
nondispersive soil into the mixtures. The mixing ratio Uetween highly dispersive soil and
nondispersive soil of 4:2, which has a corresponding degiee of dispersion of 62.84 %, was

selected to produce a seil representing for moderately dispersion group since it is close Lo the
natural soil found in borrow area.

Theoretically, inasmuch as relatively small grain size of the soil can be scarified, the
chemical reaction of lime-stabilized soil mixture is easily progressed. However, in practical
procedurc such as for area mixing method, to crush soil lumps into particles smaller than 25
mun is rather time consuming and even more difficult particularly when wet.
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Figure 4 Relation between initial grain sizes and degree of dispersion
at various curing time.

Figure 4 shows results which are agrecable to the fact that initial gran size ol the s0il
affects rate of improvement on soil dispersiveness, especially at the early age. Soil having the
average prain size larger than 25 mm initially reacts slower than those of smaller in sizes,
However, aller 12 days or longer, the stabilized soil with initial grain size within a range of 25-
50 pun can sausty the cntena for ime stabilization purpose,

Figures 5 and 6 illustrate the relations between degree of dispersion against time [or the
lime-stabilized soils with various stabilizing contents. For moderately dispersive soil, lime
reaclion causes sipnificant reduction in the degree of dispersion. Trend lor dechination seems
to intensily and conforms to the desired value when lime content is inerez-cd from 0 5% to
1.0%. However, there has been some questions of the permanency ol the hardening effects
due to lime reaction at the early curing period, which thus needs further substantiation in
future work.
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Figure 5 Relation between degree of dispersion of moderately dispersive soil
stabilized with lime in corresponding to curing time.
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Figure ¢ Relation between degree of dispersion of highly dispersive soil
stabilized with lime in corresponding to curing time.

It is obviously seen that higher degree of dispersion needs more lime in order to improve
the dispersive behavior of the soil  Frgure 6 reveals that the rate of reaction seems Lo progress
more rapidly in the order of low to high lime content. A mix proportion ol 1% hme seems (o
decrease as curing period increases. However, insufficient ime content may lead (o incomplele
reaction espectally when applied to in-siu mang. Marked reduction in degree of dispersion 15
more pronounced when 3% lime 1s added mto the soil Nevertheless, our preliminary tests
indicated that vigorous reaction due to excessive addition of lime can impair some engineering
properties of the lime-stabilized so1l On the other hand, when relatively high lime content is
used, generally, lhme-stabilized soils have rends to become less cohesion and more brttle.
resulting i relatively higher coefficient of permeability. [L s therefore considered that addition
of 2% lime by weight 1s the most suntable proportion for the stabilizanon ol highly dispersive
soil since 1t compromises concerns lor technical and cconomical aspects along wath field
practicability.

In summary, it is therefore decided to set the initial grain size of approximately 25 - 30
mm, lor subsequent mixing in laboratory since it reflects closely to the capacity of mixing
cguipment obtained in the feld practice.  Specimens are prepared by muxang the soil with
hydrated lime using the predetermined opumal mix proportions by total weight of air-dried
sail; 1.2, 1% and 2% for moderately and highly dispersive soils, respectively The prepared
eylindrical specimens of @5 cm = 10 cm are cured and then used substantally for the
following tests.
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3.2 PROPERTIES OF THE LIME-STABILIZED SOILS
( TIME-COMPACTION EFFECT )

In urder 1o elucdate the eflect of delaying time to compaction on the properties of the
lime-stabilized soils, the prepared specimens were subjected with two different conditions; 1.e.,
compaction immediately after mixing and compaction after a curing of 4 days as recommendel
by Royal Irrigation Department (RID) of Thailand (Pultanasophon, 1989} Stabilizing effects
are evaluated in terms of unconfined compressive strength, plasticity, and coefficient of
permeability as a function of time, the results of which are discussed as follows

() Unconlined Compressive Strength

Compressive strength of the soils mixed with the optimal lme contents show an mcrease
in strength with time. In With independent 1o degree ol dispersion, rapid improvement on the
early strength for the mixtures quickly compacted aller mxing (MIX-1 and MIX-3 in Figures
7 ared 8) can be observed. Strengths increase with mereasing lime content; ig, MIX-3 have
higher strength than MIX-1 when compared to the same curing time. On the other hand, when
lime-stahilized soil mitures were moist-cured in loosely compacted state and then recom-
pacting after 4 days (MIX-2 and MIX-1), the gains in strength are relatively small. The rates
of gain in strength seem to be much less prominent when comparcd to MIX-1 and MIX-3,
respectively, In addition, no distinet change w streagth of the mixtures having difterent lime
contents (MIX-2 and MIX-4) can be observed Test results thus reveal that although the delay
time to compaction may enhance the chemical reaction, it significantly affects strength
increasing characterstics of the lime-stabilized soil For an example, the 28-day strenpth ol
MIX-1 is approximately 2.5 times of MIX-2 at the same cuning penod, while, the 28-day
strength of MIX-3 15 approximately 3 times of MIX-4
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Figure 7 Relation between unconfined compressive strength
of moderately dispersive soil stabilized with [% lime
and time-to-compaction at various curing time.
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Figure 8 Relation between unconflined compressive strength
of highly dispersive soil stabilized with 2% lime
and time-to-compaction al various curing (e,

(b) Plasticity

The plasticity of the lime stahilized dispersive sails broadly follows the pattern for
chemical soil stabilization such as soil-cement mixtures. As obviously seen in Figures 9 cond
H), for all mixtures, the liquid limits remain uncharged as curing time increases, while, the
plastic lumts markedly increase, especially at the early age. This results in remarkable
decreases of the plasticnty index, however, the rates ol which decrease as cunng tme
continues.

It is noted that the higher the degree of dispersion the more prominent of increasing
plastic limit. Plasticity index are slightly lower when stabilized soils are quickly compacted
after mixing. It is believed that an early compactior promotes more rigid structures due to an
additional cementation that forms on the contacts of soil particles. However, the rate of
increase m solid phases due to the eflect of time-to-compaction and subsequent relationships
ta the development of strenzth 1s not clear and thus needs further elucidation.
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lime-treated moderately dispersive soil.
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Figure 10 Relation hetween the plasticity and time-to-compaction for the

lime-treated highly dispersive soil.

(c) Coefficient of Permeability

The coefficient of permeability of the lime-stabilized soils are shown as a function of
curing time in Figures {1 and /2 The results indicate that the coeflicients of permeability
increase with increasing time to a certain level, approximately aller twa weeks and have trends
lo decline at longer curing time. Obviously that is due to the fact that the early hydration will
establish cementitious bonds combining fine particles together, whereas reactions at long term
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constructs denser stiuctures  Typical values of MIX-1 and MIX-3 (compaction immediately
after mixing) range from 643 F-05 to | 32 E-05 emv/sec and 4.31 E-05 to 1.05 E-05 om/fsec,
respectively, whereas those of MTX-2 and MIX-4 (compaction delay) range from 2.63 E-04 o
5.43 E-05 en/sec and 8 .73 E-05 to 3,99 E-05 civ'sec Additionally, the results illustrate that

the coefficients of the former are situate within the specified guideline, whereas the latter

somewhat situate beyond the boundary line It can thus be stated that impravement on soil
permeability can be obtained by allowing the stabilized soil W compact as soon as it can be

practically done afler a homoegeneous mixing,
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Figure 11 Effect of time-to-
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Figure 12 Effect of time-to-compaction un coefficient of permeability
ol highly dispersive soil in corresponding to curing time.
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3.3 DURABILITY TEST UNDER REPEATED WET-DRY CYCLES

In order to evaluate the ability of the ime-treated soil to withstand change of climatic
stresses durability test under repeated wetting and drying (ASTM C 672-91 A) was conducted
reflecting closely to the conditions in the in situ. Actually, no standards have been established
for determining acceptance after durability test. In this study, durability charactenstics arc
evaluated m terms of slaking resistance and resultant strength (UCS) afler 5 cycles. Lime-
treated soils that can withstand without slaking and can maintain strength greater than 15
kgfem®  are indications of satisfactory durability. Strength and durability may not be directly
established into a correlation. However, 1n general, better strength provides superior durabality
{Takano and Sakamaki, 1984, Kamon et al , 1990)
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Figure 13 Durability test under repeated wetting/drying cycles.
(lime-stabilized moderately dispersive soil)
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There 15 a general trend in high resistance to water-sollening (slaking resistance) fon all
mixtures when the specimens were subjected to wetting cveles. Addilion of lime with their
predetermined optimal amount results in improvement on paticles integrity when compared to
the compacted samples of untreated soils. Figures 13 and 14 llustrate changes in strength
with respeet to the number of diying and wetting cveles and improvement techniques for the
moderately and highly dispersive soils Strength declination can be markedly observed [

MIX-3 which are compacted soon after mixinz. In addition, MIX-4 has remarkable strength
loss (about 83%) in the early eycle though this trend becomes smaller as the cycles continue

For MIX-1, MIX-2 and MIX-3, strengths sipnificantly decrease after 3 cycles, however,
MIX-1 and MTX-3 were able to sustain stresses hugher than 13 kefem” at the end of the Sth
cycle. Tt is obvious that MIN-1 and MIX-3 exhilnt satisfactory characteristics to withstand
environmental stresses, This mdicates that the compaction of lime-stabilized soil soon after
T|]'|;-;]T|,I|_; ]1[:_1|1|4_1l|,_'.,1_\' Iﬁ.‘_u_ﬂj contacls t_1c|,'..-..'|"|_'11 [|',L' |:'.".l.'ri:]_:_: |:1-.'L1Ir1rl'.':| ||11'.1‘. .'|[!|.] Rl.']“ |'H'll"|.-|C]L'S 1.'-:"1iC]1
subsequently enhances bath short- and long-term reactions The results also suggest that the
stabilized material thar has a high carly strength can exhihit a lugh durability.

4. OVERVIEW ON THE FIELD PRACTICE OF LIME STABILIZATION OF
DISPERSIVE SOIL FOR MUN DON DAM PROJECT]

Lime treatment 18 one of those remedial works used to rehabilitate the Mun Don Dan,
besides the construction of plastic concrete cut-off wall, the mnstallations of dam instruments.,
the redesign and reconstruction of filters and dam slope, and the enlargement ol upstecam
unpervious blanket (Warakorn and Supaky, 1995) Map advantage ol hims treatment 15 o
supplement senes of protective layer on d. o slape The compacted ime-stabilized layer wi
increase the overw| stahulity of the dam v the prevention the uatreated soil inside fron
erosion due to the change of climatic stresses For Mun HBon Dam, the lime treatment for
dispersive soil was successfully and timely constructed and jointly provided good functions
with other slope protection materials such as sand and gravel beddings, and rock nprap. The
sequence ol hme treatment construction is illustrated in Frgnores 15 () - ().

LA 3 i i

(&) Scarnfication and Acrating with Farm Tractor [ by Spreadmg Tine by hand

Figure 15 Constroction sequence of lime treatment for Mun Bon Dam

Corresponding Author 13 Supakip N Paper No, GT - 10

[

Page: |



Infrastructure Development m Civil Fugineering

December 19-20, iy Bangkok. Thailand

g

A T W e e

B S =y S
{ &) Dise latrow onsang, lome with scanfied sonl (ol b Addimge water by sprayig and remisang,

= e

(e ) Compa on of ime-stalized sml on slope ( 1y ) Curng co npacted lime-treated layer vith
by track-wheel bulldozer water betore coverad with sand

(1) Placing and compacting sand bedde [av e CrbA plae view of the Qo sath 93 completion

Froore 15 Construction seoguence ol booe teeatment tor Mun Bon Dam (continue)

Corresponding Author - Dr Supaki] S Faper Sos el - H Fose 173



Infrastructure Development in Civil Engincering
December 19-20, 1925 . Bangkok, Thailand

In summary, the whole amount of the compacted layer of lime-stabilized soils used in
this project is about 60,500 m* . Untreated soils in borrow areas were dominantly sandy and
silty clay having a degree of dispersion (DHT) range from 20 - 60%. Based on the results of
laboratory trial mix and ficld test sections, the appropriate lime stabilizing contents for the in-
situ area mixing fall within a range of 1.5 - 2.0 %, According to the chemical reactions, the
stubilized soils have their improved degree of dispersion with highly satisfactory, From a total
number of 86 tests performed by using double hydrometer method (ASTM D 4221), an
average value of degree of dispersion of 13.6% for the hole lime-stabilized soil could be
achieved In addition to chemically improved property, most of the lime stabilized soils had
their plasticity index falling within a range of 10 - 17 % and had an average value of
approximately 14%. Compaction of the lime-treated soil on dam slope was rather a difficult
tusk. however, results from the field density tests illustrated that the soils could be elliciently
compacted to achieve an average relative compaction of 98 12% Standard Proctor test with an
averape final moisture content of 0.7% greater than the optimum moisture content. It can be
concluded that the quality control such as this in the field could assure the improved physical
and engineering properties comparable to those tests in the laboratory,

5. CONCLUSION

Based on the experimental tests on lime stabilization of the dispersive soil, the main
results can be summanzed as {ollows,

1) Stabilization of dispersive soils using hydrated lime can be aclieved to a satisfactorily
high level when the soils are mixed with their predetermined optimal lime contents. Stabilizing
effeets significantly improve hoth physical and chemical propertics agreeable to the proposed
construction puideline. It has been revealed that tlwe optimal lime content is substantially
influenced by the initial degree of dispersion of the soil In this study, a lime content ol 2 %
was sufficiently improved the properties of highly dispersive soil, while, for moderately
dispersive soil was 1.0 % by total weight Far the process of pre-treatment of soil before the in
situ arca mixing, it is sugpested to scarified the seil into an approximate of 25 - 50 mm in size
as it meets all concerns for technical and economical aspects as well as field practicality.

2) Compaction performed soon afier mixing promotes good contacts between the
reacting hydrated lime and soil properties, which it is believed can enhance the early hydration,
It is obvious that the prompt treatment can significantly improve the important propertics such
as compressive strength, plasticity and coefficient of permeability to a lugher level when
compared with the delay compaction method.

3) Dispersive sails stabilized by optimal mix proportions exhibited satisfactory durability
under wetting and drying cycles In addition. the results emphasize that immediate compaction
can markedly enhance relatively high durability as evaluated in term of slaking resistance and
strength loss. The results also asserted that stabilized material that has a high early strength
can develop a ligh durability.

4) Lime stabilization of dispersive soils for Mun Bon Dam Rehabilitation Project was
successfully constructed and exhibited good performance as slope protection based on the
field test results.
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