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ABSTRACT

The occurrence of dispersive soils and their subscquent fatlure to dam in
Thailand ascertain the nced for effective treatment prior to construction, In this
study, hydrated lime is used as a hardening material to improve dispersive
characteristics of the soil. Utilization of lignite-coal fly ush as a partially replacing
material for lime is also examined, based on an environmental geotechnological
viewpomnt. Specifications based on the field-related performance have been
proposed as guidelines for quality control.

The present study mvestgates degree of dispersion according to double
hydrometer method (DHT) and by using centrifugal particle size analyzer (CPA) in
order to classify a dispersive soil and to compare with the DHT standard testing
method. Results revealed that CPA can be used to determine the dispersivity of the
soils with high reliability.

Based on the experimental results, lime, fly ash, and their combinations, in
certain proportion, show promise for use in stabilizing a dispersive soil. For the
samc stabilizing level, fly ash-blended lime results in a significant decrease of
percentage of dispersion. The contribution of {ly ash to improve dispersive
characteristics is examined using X-ray diffraction (XRD) analysis and scamuing
electron microscope (SEM) observation. Calcium silicate hydrate (CSH), hydrated
gehlenite (CASH) and etiringite are reaction products contributing to the
flocculation and cementation of fine-grain soils. It is found that suitable time lag
for compaction is underlying factor which effects properties of the treated soil.
Engineering properties such as compressive strength and permeability are markedly
improved when the soils are compacted soon after mixing. It 15 concluded that the
chemically modified soil can be used as matenial for dam construction,
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I, Introduchan

e oeowrence of  disporsive soils and  their

suhsequent [ailures to dam i Thailand ascertain
the need T effectve  meatment  poor 0
construction. The teatnents of dispersive soils can
be cither in the physical and / or chemical
procedures.  Chenucal  weatment focuses  on
madifying the dispersive behavior of soils by
nuxmng them with stabibang chemucals such as
lime, gypsum, fly ash, and thew combinanons
I'hysieal treatment to the prevention of leakope and
cracks can be provided using o well-desipned filter,
poud compaction, proper slope protection anid
faundation nnprovenient

luprovement  of dispersive soils as a filling
material for dam has heen recommended based on
an covironmental peotcchnological viewpointe,
Geotechnical engineenng for the provention of
environmental  1isks  due o human sclivites
(K.amon, et al, 1991). Concepts for a successful
treatment have been proposed as guidelines fin
quality control

In the beginning stage, smdy has heen focused on
the determination of optimal mixes and their
sybsequent effects on properties of the treated
soils. In situ trial test secthons have been alsu
carried out hefore actual construetion, in order (o
determine the actual nuxing efficiency and the
modified properties of the svils. Hydrated hme
(Ca{OH)2) is used as a stabilizing matenal to
improve dispersive charactenistics of the soil
Utilization of lignite-coal fly ash as a pamally
replacing material for lme is also examined in
order to explore prospective for resource recovery
of this material.

The present study investigales degree of dispersion
gccording to double hyvdrometer methed {DHT,
ASTM D422). This classical test is then compared
to the test using a centmifupal particle size analyzer

hy

-

Naszashi Kamon?)

Tukeshi Katsumi®)

(CPA) o determine the pradution of soil parucles:
According to ASTM D4221, the double hydemoeter
test for the detenmination on dispersive characs
temstics of sotls, deproe of dispersion (D13 ) can he
exprossod as)

%o particles Aner than Szant ASTN [H221)
Yo putlicled finee than 5 pm{ ASTM L2

s

ldentificanon of dispersive soils based on inheren
devree of dispersion can be detonnined o Lullerwrs,
For dispersion of 0-33%,
r|:11|.—.:!i_t..11:'.:\1'1.'+.'
- For dispersion of 34-66%, the soils are
moderately dispersive, amd
- For dispersion of 67-100%, the soils an
highly dispersive.

the soils wie

Experimentully, the approach used in this study
alse consisted of Xeray diffraction analysis (XK1Y}
and  scanming  clectron  microscope  (SEM)
shecrvation to investigate stabilizing ettects of the
chemically trearcd soil mixes; Le contnbution of
lime and fly ash on the particle Qecculation and
cementznon.

2. Dispersive Soils and Relevant Problems in

Dhspersive soils are one of those regional soils that
have besn found substantially world wide In
Thailand, they widaly  dismbured  in
northeastern and eastern regions, Some are found
in northemm and central regions. The so-called
dispersive soils can casily erode due to chemmcal
deflocculaton of the clay particles in the presence
of water from the sources outside. According to
Sherard ot al. (1972), dispersive acbion occurs
when repulsive  forces  between  clay  particles
excead attractive forces, causing liese fine particles
remain in colloidal srate even in stll water. Visual
cvidence can therefore be seen easily through the
observation on  twhbidity of eroding water in the
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ponds or reservoirs nearby. The dispersive soil can
also be observed by the crosional featurcs in the
forms of gullies, sinkholes, and piping tunnels
Mhspersive  chamelenstics are mherently  wnder-
lincd by many factors such as sodium  and
bicarbonate ions concentration, type of clay
minerals and subsequent specific surface arcas, and
the total salt concentraton of croding water
{Holmgren and Flanagen, 1576; Cole et al, 1977;
Udomchoke, 19913 Enhancement on chemical
pipings are related to subsequent formation of
expansive double Tayers of clay partcles which
results inan increase of repulsive forees, causing
dispersion Therefore,  snceessful  treatment for
dispersive soils can be achicved by the additon of
achve chemical apent i order to suppress the
diffused douoble water layer, or turhidity o the
basin water.(Mc Donald ot al | 1985)

Loil dispersivity can be determuned i accordance
with several identifications. These methods welude
physical index tests soch as Geld crumb est,
dispersion test, dilution turbadity ratio test, and pin
hole test (Emerson, 1969, Ryker, 1976, Sherared
etal , 1976) and the chemienl index lests such as
cxchangable sodium percentage (517 and sodinm
acdsorplion rato  (SAR) (Bachards, 1954} The
double hydrometer testf ASTM Da221) 15 selected
i this study becouse the test procedwe 15 reliable
and similar o the wethod (o pacticle-size analysis
of goils (ASTM D422 which is casy to understand
b enprineers

Destructive  phenomena 1n ol enginecnng
structures such as earth-filled dam, embankment
and dike, irmigation canal cun often be seen due 10
piping of soils. Dispersive soils are among these of
problemaric soils which are susceprible to unusual
erosion and may lead to failure of strucnires

For earth-filled dams consmucted wath dispersive
soil, fatlwes could be existed both at shor- and
beng time; oo, soon after the completion of
construction and the first reservoir filling and the
repeated wetting and dryvmg encountersd over nome
[n Thailand, it las been reported in the past
decades that several dams constucled o the
noitheastern region were subjected 1o catastropic
failure due to leakape a1 the beginning stage of
1eservion operation. Also, minor damages could be
found in several other dams. Photo 1 shows an
example of surface erosions which ae formed in
the patterns of pullics, sinkholes and  piping
tunnels, accuring along the dam slope. The resulls
af destructive phenomena such as this have led 1o
studies to improve the dispersive characteristios of
the sml
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[Thote, 1 Fragion an dam slope due o the

dinpersive elTeuts of sails

i Coneeprs of Lime Treatment sl Desipn
Hecurenient

[he main concept of lime reatment tor dispersive
sotls 15 to unprove their dispersive characteristics
so that the souls become non-dispersive eventually,
It 15 essennal that the chemically modified sols we
bl toachiove serviceahility and will retwin thei

vood  smhbiliny. on dam slope  throoghoul  their
sorvice life  Therefore, adequate consideration of
the comprehensive specifications  concerming

chenucal as well as engwesring properties 15 a very
wnportant step o the overall construction process,

Typical seetion of carth-filled dam is shown in Fig,

In order o increase safety of tho dam, the
prarzction lavers on dam slope must be provided
wsood functons. Slope protection ncludes material
such ws oabive soil, sand and gravel bedding, and
rock nprap When dispersive soils are imavoidably
vsed to il up the dam, stabilizaten of the outter
laver aoust be made for the elimination  of
dispersive  defects before ather  slope-protection
materials are lad  down.  Eecommendation  for
specificanon of lune meamnent 15 summanzed in
lable |, accompanying  with the followinp
concepls

Depree of disperston lower than 20% miicares 5
satisfactory non-dispersion with  high  reliabilicy
snce under uonmal condition, the hardened so:l has
Tnehier dewsity and less sarface-water inlilteatoon,
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Fig 1. Typical scclion wl dstam (Sae Ton Project, Karal, Thailand)

Requirements for plasticity index and permicalihity
of the souls are made in order to provide a fleaable
workability and pood wterfhces, Le. ncrease
materials' compatbility  between unteated  and
weated soils. This associated with  compactaon
conttol w the feld will significonty wereese the
wlole stalility of the dwn

4, Labeoratory Study and Field Test for Limne
Trewlenenl of Dsprersive Sols

Lxpenmental studies are performed i accordance
with the standard tests w Table 20 The properies of
miterials wsed in this sty ars given in Table 3(a)
and (L) In the bepinning stape, expenments were
nainly concerned on the determunation of optumal
mixes for the convertion of the soils 1o be non

dispersive matenal. Following the reconunendation
of RIDY { 1989 ), it was decided to cowmpacted the
soils wluch are teated with certain bypes of
addilives alter mixing for 4 days

Tuble 1, Specificativns for Hme-treated soil in this stedy.
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Fip. 2 Unconflined compressive strength of

Hoetreated Soil {Compucted allcr 4 days)
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Tahle © laheratory and Field Test Slandurd

Teat Stkocacd

Sweve and Flydrometer Aaalyais ALTN D 422

Condiyency Test ASTHO D 4ZN - 24

Standarnd Procter Test ASTRA [ /XD

Lipcaalinsd l_orr'.pr-'up:n Teat ANTEN I 7oA

Enseed Shear Tes

ASTRL 1Y Ao

ASTM T 4221

Beprer of Disperalon

Permeabilicy Tedt ASTHM D 2474

Field dendaty Test ASTM LY La5h

Table % {a) Froperlics ol suils

Rl Pecpenty Tea

I Gecrow | | Dosruw 2

[a] il Sere Aty

Fine Coeavel [1474 478 mem (40 | o, LK)

Sand [476 . 0074 mem 2] .00 0.0

St et Clay [l o 0074 s (%] | 800 4700
b)) Creabnssmry Tem

Lt ok (=1 .:-i'_-]_ LEEN] JLon

Plamic [ |wyy ()] 1150 120

Flunlslsy fides (7l 150 15.70

12) Stsdard Compadtion

azTrarn dry density {irmd) 181 LEG
Onimrian cradas senlsal () ] La80 1451
) Dsaperaive Charsterinis
Diperdive [dentilicalion Hapldy Fledizn
{ & e

Table % (b)) Chemical compaositions af Tly ash

Toype | Campatinan (L) [pmitine

Sithy | Adgy | Car | Feglly | Mp0| 50| dost%

LegrateiTy ash | 9.0 143 | 322|144 40 | 49 9.2
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{rompocted ofter 4 days cuving)

Fesults on the uncontined compressive swenpih
and shear strength of the lune-teated soils (Figs 2
anel 3) revealed that the soils (Borrow 1) became
less cohesion and more bnttle as lune  contents
uerease. In order to maimtain the plasne behaviors,
the appropriate lime contents should be less than
2%, For all samples, the unconfined compressive
sirenpths were lower than the compacted namal
501l

Based on reduction of dispersion, the aptmal
contents for each addiive to moedify the soils are
1.8% by wi for lime, 3.6% for fly ash, and 1% for
lime containing fly ash with a weight rang of 50:50
(Fig, 4.). Compressive strengths of the soils at the
prodetermined mixing ratio show an inciease of
stength with tiwe. Improvement on the carly
strength due o the addition of fly ash can be
ohserved. The benefit of lime in terms of strenpgth
is markedly obvious at a prolonged cunng tme, a3
tllusrated in Fig. 5. Coetlicients of permeability of
all mixes, as shewn wn Fig. 6, windicate that lime
additive and a combination of lime and fy ash have
potential to decrease the permealnlity of the soil
However,the coefficient of permeability of hme-
frzated soils which were compacted after 1 days
curing  was  relanvely  higher  than  that

n

Tl

K lemizech

Mix proportion (%)
Fig. 4 Depree of dispersion of soll belore and

altler mixing with various lype ol stabilizor

and s proportions (ul 4 days)

; I 1 14 3
Curing thne (days)

4 |.E
Fip, & Cocllicient of permeabititg ut (e
predetecmimed wxing ratle.

o pucted atter 4 days curing)

recinended i the  specification. Tos  lugh
permeability: may  lead 1w erosion  of e
unstabibized sodl Lelow. The resolts light wp the
idea that compaction should be done soon after
mixing rather than to watt (for the continmation on
a decreasz of disprosiun ratin) and then compacted
after n specified period of 4 days.

I arder to elucidate the effects of prolonged
compastion tune un the engineering propertics, the
preluninery lests were performed and resules are
sununasized in Tahle 4 Lligher smength could be
attained for the sails that were compacted just after

Table 4 Tompressive strength of unercated soil and suils

miixed with lime at a curing period of 4 days

M Compressiee % peak strain? Bemarks i
srzaph? ! ke
srmabetl 3l 74 | 5.3
msil e wigh ime ent 1.u [ T T B T YO 1]
e e afig i
sl maed ol e i et i on e g e
[11%] pariea o 2 days
Mie 1} Compaouon. il purfiets e saing Beewd Souanwe e

IF Coenpesanive woengte and and hpe sk ea e the Gewmnics enaet el b osasipl-)
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Fip. 7 Corrclation between DHT and (14

mixing The pesk sirain, however, was rather small
compared to the untreated =oil It 15 therefore
recommended that lower hme contents and / or soil
having less dispersive property should be used.

Asoa resuli of reaction, additives added into the sml
affect the engineering and physico-chemical
properties of the soil. The hardening effect will
establish cementitious bonds connecting sotl flocs
together, resulting in an increase of resistance to an
exlermally applicd load and an increase of pamcle
size. Table 5 shows the percentape of particles size
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¢maller thay 5 wm which containg n the soils. It
15 evident that the teated smls have a smalle
pereentape of 5 o soil fraction than the untreated
soil

Investgation on the particle sizes; 1.¢. the degree of
dispersion, using the applicadon of double hydro-
meter test (DHT), 15 sumple. Similar results to DT
could he obtained when the centmfuyal particle size
analyzer (CPA) was used, Correlation bebween
DHT and CPA is consistent to a linear regression
line, the equation of which Is expressed n Fig. 7.
The result thus confirms the use of CPA as equally
reliable as DHT. The benefits of using CPA 15
promunent as it takes a shorter time and requires a
smaller amount of soil when compared o e
classical test.

The typical X-ray diffraction pattern (XRD) of the
dispersive soil, as shown in Fig, 3(a), indicates that
the soil is composed of large amounts of silica (in
the form of quartz) and montmorillunite as major
minerals. and small amounts of kaolinite and



amorphous materials. Fig, 2(b) and (c) illustrate the
XRD patterns of the untreated lignitecoal fly ash
and hydrated fly ash blended lime mixture,
respectively. Obviously, the peaks comesponding to
quartz (5i07) and alumino  silicate are well
reflected. The XRD pattern of fly ash also extubits
peaks of silica (Si02), diopside (MgO.Ca0.25107)
ud - Cqy5 compmmds. When lime is added wnto
fly ash and in the presence of water, the changes in
nuneral compositions could be observed, As shown
on Fig. 8(c), the hme fly ash mixtues cured for 28
duys show sipnificant aftenuation of alumino
silicale compound, diopside and fi- C 5 peaks and
increase in etrinpite, calciwm  stheate  hydrate
(CSH) and hydrate gehlenite (CASH) peaks, which,
it is believed, contnbute to particle unpuug
meehanisms,

Obscrvation by scanning  electron  microscope
{S1:M) supports the resalts by XRD, Photo 2(c) and
{d) show markedly chanpes in the nuneralogical
phases of fly ash in the presence of lime and water.
It can be noted that the surface of the sphencal fly
ush particles are abundantly covered by reacton
products, sgglomerating fine prams mio clusters.
The mechanisms explain the contribution of fly ash
to the particle cementation; pe., resulnng in an
wncrease  of  compressive  swength  and  less
permeability as curing periods increase

The electron micrographs [Photo 3 (a)-(c) | reveal
thot fly ash particles in lime-stabilized dispersive
soil act @5 sphedcal eores where upon 1€action
products are formed extensively The modified
flerpctions of microstmictures,  howewver, e
seemingly  less  prominent for the  lune-soil
treatment and fly ash-soul reatment, respectively.

Although ligmite-coal fy ash shows potennal tor
use as A roplacement matenal for lune. The effects
of fly ash on lime-treated soils need (urther
clucidation. Thus, for practical and economical
reasons, it was deeided Lo use only lune (o0 modily
the dispersive soil in a large-scale 251 secnon

The praperties of the soil used m Geld test section
i5 prven o Table 3(a); desygmated as "Bomow2”
The s0il 15 moderately dispersive 'reliminany test
on ‘trial mixes indicated that 1he practical lime
adimixtures ranged from 0.5-1 5% by woight of
soal. [ was decided to use 1% of hme mexing with
the so1l i the field. Photo 4 shows test secnons for
litne reatment. Two test secuons of 20 m o in wadih
# &l moin length and 30 cmo oo Uochaess wers
prepared, In order to elucidate the compaction-time
lap efiects, one test section was subyects 1o the

compaction by sheep fuot roller just after mixing
The other was compacied afler being mixed and
cured for 4 days. Sample were randomly taken and
laboratory tests were performed.

Hesults obtained recently, as shown in Iigs. ¥ and
10, confirm that the dispersive soils from both test
sections could be modificd o produce non-
dispersive materials having chemical properties
consistent to the specifications recomunended in
Table, 1, However, enpinecnng property sucl s
permeability was markedly improved for the soils
that weore compacted soon  after mixing. The
resultant propeities of the soils in this case show
promise for use as material for dam constriction

b “onclusions

Based on the test results, it 1s concluded that lioe,
fly ash, and theu combinations, in  cerain
proportion can be wsed as a stabilizer for a
dispersive soil. Stabilized soils appear satisfaclary
as materal for dam construction. In conclusion,
depree of dispersion af the sail, type of stabilizer,
stubilizer content, muxing efficiency, metod of
compaction and tme for cuning are underlying
factors that conliol the degree of stabilization.

The guality of tus wodified sol can be controlled
by  precedently  deternuning the dispersive
characteristics und thelr appropriate mixes, usng
the recommended specifications as quideline. It s
necessary that a larpe-scale fost seetion should be
carmed out, pror to actual constructions.

Improvement on  dispersivity  and  engingering
properties of smls elated to chemucal treatment 13
armibuted  ta carly  hydrabion and  pozzelams
reaction. Calomm silicate hydrate (CSH), hydraled
gehlenite  (CASH) and  etwingite arc  mujor
reaction products which contribute to the parucle
imparnng effects  and  strempth developung
mechanisin. The reactions are prominent when
some pozzelana such as lignile-coal fly ash s
added into lime,

Fesearch on chemical treatment of disporsive soil
has peen carmying on to search for practicaliry
and / or economucs as well as data for lonpg-term
durabiliry
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