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An Improvement Method for
Swell Problem in Sulfate Soilsthat Stabilized by Lime
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Abstract: In this research low plasticity clay (CL) has ®ixed by varying percents of gypsum and
after that this mixture would be treated with diffiet amounts of lime, in two methods: regular
application and Double application. The swell exsatipns would be done on these samples; and the
influence of sulfates and mixing method on différequantities of swell will be taken into
consideration. The results show that the presehsalfates causes an incredible increase in thdl.swe
This increasing also is at times much more tharthimg that is revealed in unimproved samples; but
in improved samples from Double process mixing méttihe quantity of the swell would be decreased
in large volume in comparison with regular method.

Key words: Stabilization, lime, gypsum, swell, soil improverhedouble lime application, sulfate,
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INTRODUCTION because the calcium sulfate in soil would be chyzstal
by absorbing of water and usually have two molezule
The add of lime to clay cause severalin a permanent situation. It's possible that innléural
phenomenon's in soil like; plasticity index, ragiof  process for establishing calcium sulfates, many
efficiency, resistance on survival in soil. Limellwi expanding chemical processes come to happen. The
show some chemical reaction with clay that causesxide of same sulfates like: pyrite and their
some cemented minerals like: calcium silicate anctombinations with the exist carbonates in soil :like
calcium aluminates came to existence. The quaatity calcite cause calcium sulfate. This reaction is-sel
ratio of those minerals increases during the tiamd  expanding because of absorbing two molecules of
also the resistance of the soil rises. o water; and if a kind of soil like that has beerbtzed
~ Although lime has important affections in clay with lime because of making Ettringite; the rate of
improvement, but in special conditions, like thd 8@t gye|| will arise. Therefore the improvement of adiof
comprise soluble sulfates, or when the soil ishe t g4 that comprise sulfate or the possibility offste
presence .Of Sulfates that other d|ffere_nt resouhkes attack is usual in those kinds of soil, by limeviry
the water in lt,? an enV|ron,ment comprise them_;dﬁs dangerous and needs much more investigation tadhe
the use of lime doesnt have any affection, theof those kinds of soil in a long time. For instamgany

secondary minerals come into existence; like: Egite : oo
and Thaumasite. Because of chemical reactions thac\)tf pavements can be seen that have high qualiysin

would happen between clay, lime and sulfates; tha?!x'mon;[h ortwo years,llbglt Wthhen thﬁ m.ﬁntloneltlj
those minerals intensively expand because of alvaprb crreumstances were - avarable, the soit will swe

water and these special circumstances cause diﬁere'nteﬂs'vely' ISokfclzr |mphr0ven:em of tgese I;lnk(]js;:.,s
problems like distractions in surface building o&ds; we have to look for other solutions. One of thdaale

that the weight of the structure is light . solutions in this field is the effect of Double km

Recently many unsuccessful experiments hav@Pplication that is under survey in this projecheT
been observed about improvement of some kindsibf soBase of this method is established on this reality
by lime in America and EnglaHd. In researching the idea, that soil has to be mixed with lime into fiecess
experts recognized the attendance of So]ving wgdfat and dUring this examination in the short interValttis
specially calcium sulfate in the soil of those cegiand  between add of lime in the first and second pracass
also the presence of minerals likes Ettringite andatio of swell reaction and making Ettringite mialer
Thaumasite in improved soil was important. Althoughwould be done, that in this period of time becawse
the calcium sulfate is the least solvable sulfateibis  don’t have any affection of loading or structureigi
the most common sulfate in the soil and make Eyiten on the surface of soil, the swell problem won't be
mineral at the attendance of lime and clay. Shown. Then to add of lime on second level, the

The calcium sulfate merely doesn’t have anycompaction process of soil would be done and tlie so
serious danger about expanding or swell in the soimprovement will begin.
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In this project the affection of mixing method to California and Colorado, the results show that the
optimize a variety of properties that concern althet Double process method caused an incredible inciease
kinds of soil that comprise sulfates which is imped  resistance of improved soil and also caused swell
by lime has been considered. In this research thpotential improvement in improved soil by lime.
results that are taken from the Double lime applca The achieved results from electronic microscope
method and relate to the swell of samples will beshow that in improved samples by Double process
compared with results that are reached by the aggul method a little quantity of Ettringite can be seen.
method. The changes in the volume of lime and The scrutinizing in the process of chemical
sulfate from zero to nine percent prepare thereactions between clay minerals, lime and sulfgtas
possibility to recognize the optimum quantity ahé  at last cause to make expandable minerals like
and sulfates in different cases. Ettringite and Thaumasite consist of different mss;

The double lime application is based on thisthat you can see the details in the referBhce
supposition that the adding of the first part ofdito a
sulfated soil prepares a special situation for maki | ahoratory study: From the previous discussions we
expandable minerals like Ettringite and Thaumasitezgme to this conclusion that the use of lime is ohe
and cause complete swell in soil. But the add ef th ihe cheapest suitable solutions toward the impravem
second part of lime and doing the compaction p®cesyt cjay. But if the soil comprises sulfates, thee
due to perfect pozzolanic reactions, cementingg89C |ine in direct or regular method, increase the ik
and at last increase in resistance soil; so angydet of swell and destruction in comparison with imprdve

interval between those two MIXiNg Process Is Ingutrt soil. In this project, this action is attended ars® of
In Double process method it is important to have

information about the rate of sulfate in the soitlalso doyple lime Application, introduced by means qf
their sources. Because the examinations relatetieto efﬂmgnt . and u§eful .method for sulfated_ soil
rate of solvable sulfates in the soil, so they ace stabilization. In this section the Iaboratqry exaation
useful to understand the whole quantity of sulfites '€séarches and property of materials would be
the soil. Perhaps sulfates penetrate to the imprpeet ~ Presented.
of the soil because of capillary phenomenon thgtrise
from beneath layer of the soil that is not improwed Materialsand their properties:
another reason that is because of a rate of sslfatg  Clay: Only some kind of the soils, that the quantity of
may be washed from the soil environment and takelay mineral in their structure is in an acceptatlege
apart in several reactions that mentioned. which get a part in pozzolanic reactions, can be
In Double process method beside the default thagffective in stabilization with lime. Approximatelsll
originate from not doing the essential specificatimd  kinds of clay minerals can react with lime in a doo
anticipation of real rate of sulfate, using fromé more  case because of Silica and Alumina that is in their
than the specific limitation may be caused thatsbié  structure. But a kind of soil with higher plasticit
miss the capability of taking a part in pozzolanic property in a much more effective in long time

reactions; and this additional lime is being washgd | o5ctions by lime; and the affection of improvemient
water current and by moving toward the beneathrlayejime in those kinds of soil is higher.

WiII.regct_ by .unimproved layer .and caused to make The ratio of Alumina to Silica in clay minerals is
Ettringite in this layer and transmit the swell jplem to different. Among the several kinds of clay minerals

E)hetin?l?mn elzrjléleerz.t (i?irr:r; i;hlvsermier':]hoodrt;rilectlon of thebecause Kaolinite has a large volume of Alumina in
P P yimp y comparison to the other clay minerals like

By taking consideration of the above several o . . ise §
mentioned problems, double lime application is ukef Montmorllonlte_ and llite beslde if it comprise .
1and has been improved by lime, then we can sayjitthat

when the natural soil comprises a low capacity o o ) L 4
solvable sulfates and also should have the prigilef has much more affection in making Ettringite mihera

lack of sulfide minerald. Anyway, the Double lime in comparison with other _clay_mlnerﬁls _
application is affectionate if there is enough time  In order to better estimation of sulfate affectam
interval between two processes and use for mone thdmproved soil by lime, the selected soil should ehav
optimum quantity of water in the first process dflmg ~ those properties:
and low percent of lime.

If the refereed conditions take into consideration 1. At least the attendance of 10% of clay mineigls
seems that we can stabilize the soil by the rate of necessary. (To do pozzolanic reactions)
solvable sulfates up to 7000 PPM with Double preces2. The swell potential should be in low range (in
method. order to find out the difference between the swell

In laboratory research that Frries and his as#ista that come into existence from clay lonely and the
had done in 1993 on three kinds of expansive soil that swell which originate from the appearance of
comprise sulfates and was picked up from Texas, Ettringite in improved clay).
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Table 1:  Soil property that is used in this researc

Natural moisture W 75
Finer than two microns 30
Density GS 2.75
Shrinkage limit SL 15
Plastic limit PL 17.4
Liquid limit LL 30.4
Plastic index PI 13
Activity A 0.43
Swell index SW (free) 2.85
unified classification UNIFIED CL
AASHTO classification AASHTO A-6(10)

The soil sample that is chosen for this projed is
kind of clay from eastern south of Tehran thatnispdy
available and use of this kind of clay is very coonmin
buildings.

The General properties of this soil that achiewved
ASTM standard are shown in the Table 1.

Lime: Although the quick lime has large capacity of *

(Cao) in comparison with hydrated lime and 1t caose
have much more affection in improvement of soilt bu

because the use of Hydrated lime Contain more

security, the application of that, is more in inays
About chemical Activites we can not find any
difference between those two kinds of lime. Usudly
of hydrated lime weight is equal to 3% of quick &m
The only difference is the volume of water to hydra

that the quick lime needs more water. The disposed

lime in this project is ALBORZ industrial hydratéiche
in 25-kg packs; that it's not vibrated unit weight550
kg ni>.

Calcium sulfate (gypsum): The calcium sulfate in
nature exists in two different typ8s

1.
2.

Hydrate calcium sulfate or gypsum (Ca&tH,0)
Dry calcium sulfate or anhydrite (Capo

The making process of samples and essential
examinations. The examinations in this project
distribute in to three categories:

1. The primitive examinations of disposal materials
(majority soil).

2. Compaction examination with a mixture of
different percents of lime, gypsum and soil.

3. Swell measuring examinations about untreated

samples and treated samples at regular and double
lime application.

From the aspect of lime mixing the samples
distribute in to three major sorts:

Limeless samples

The samples that mix by lime in direct or regular
method

The samples that are produced by a Double lime
application

From a total number of 28 samples, 4 samples are
limeless, twelve samples are made by regular mixing
method and twelve samples are made by Double
process mixing method.

In each Group, 4 cases in taken are in considerati
from the aspect of a gypsum percent in their stingct

Gypsumless soil

Soil with 3% of gypsum
Soil with 6% of gypsum
Soil with 9% of gypsum

*

For each following case, 4 samples with 0, 3, & an
9% of lime from total weight are made.

Swell examinations: The swell examinations are based
on standards of ASTM-698-B and details with a
sampling process in two methods and also moisture

As introduced above it was referred that thecontrolling of samples are delivered in referéc&he

Anhydrite would be crystallized gradually by absogh
of two molecules of water and change into gypsum. |
this process we encounter with a high range oflswel
soil. Sometimes this expanding or swell causesihgav
of ground surface up to 6!th

The calcium sulfate that is used in this project i

the gypsum Saveh region that could be found in @0-k

packs in the bazaar.

Water: If water comprises a large volume of soluble

regular method samples after preparing in mold and
Double process method samples after one week from
the time that primary mixing have been done andecom
to an ideal mood for 28 days, would be put in water
which its temperature is about 14-16°C, then the o
swell has been read during the time.

In limeless samples but specific percent of gypsum
the measurement of the swell would be done juS6at
h, because after this period of time the swell stitip.

RESULTS

salts, the progression process of reactions woeld b
affected. So it's better to use distillate water inp | imeess samples: The samples in this research

examinations. We use for drinking water of Tehran i
this examination because the rate of soluble salts
very low in this water and it won't be expectedttha

would be prepared in optimum moister limitation hwit
approximate fault of 1.5% to minimize the rate wef
that originate from compaction and internal struetof

the examination results get affected from this lowsgil® and the role of Ettringite and Thaumasite

guantity.

minerals in swelling flourish better.
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f one physical action. And the total rate of swelkach
. moment is added of clays swell and gypsum swell.
I >*A</ B. Improved samples by lime in regular mixing
4 / method: It's a long time that the experts have
= | / understood the role of lime in reduction of clayseB.
= 3 " This reduction in expansion is basically because of
& x/ /’J‘_‘//_Jk_,_u% Cypsum urgent reactions under affection of unit capaciy i
2 = B 3% Cypsum || replacement like: (sodium, potassium) that existlay
. and Double capacity calcium ions that exist in liamsl
1 —h— 6% Gypsum || . . . .
9% G something long time Pozzolanic reactions. As we are
. . . TR TR familiar with clay minerals the existence of sodiim
A L L B A clay mineral of Montmorilonite cause higher swell i
0 20 40 60 80 100

Time (hours) comparison with lllite that comprise potassium. o
lime into the soil cause momentary reactions (@atio
exchanging) to happen in the first moments. Theatdd
lime cause some changes in the soil propertiesitand
swell will reduce intensively. In this research the
0g interval between the mixing of soil and lime ane th
05 compaction time is one hour to give enough oppdstun

to the soil to have momentary reactions.
04 M‘/—‘_‘ The momentary reactions between soil and lime

Fig. 1: Swell-time curve for limeless samples

Lo il cause reduction in plastic index of the soil, se th

& Efficiency of soil will arise. The attendance ortribe
@ 03 e = = == presence of gypsum doesn’t have any affection in
w 02 | momentary relations. So if the target of sall

' —e— 3% Lire improvement is just being increase of soil Efficdgn
01 —8—G % Lime | | we can improve the soils that comprise gypsum by

' —a— 9 % Lirre lime, but if the swell has to be taken into considien
D! : : we should be alert of swell reaction between gypsum

0 10 Tisme (dagy 20 0 lime and soil.

B-1. Gypsumless. According to the Fig. 2 the add of
lime to the gypsumless soil cause a large redudtion
It's swell and the swell will decrease from 3% in
limeless soil to 0.5%. It can be realized that ridie of
) ~ . swell came to maximum range in first 4 days and fhe
Figure 1 shows the results of swell changing inremains constant. Because of laboratory faults tike
front of the period of time for limeless samples injmpalance of the CBR mold in order to create adtaa
different percents of gypsum this measurement ke for placement of gage in each measurement of swell,
days. We can see from this curve that the ratevefls \ye can see same defaults and changes in quarntities
changes, after 24 h from beginning of saturatioh wi gell. |t's also important to know if plastic indeft a
decrease the intensity and after 96 h that theepef  \ing of soil is higher than other kinds, the quantf
saturation in a samples increase from 86 to 95_%, thiime that is necessary for decreasing swelling land
rate of swell changes come to zero. Also we carirsee affection shows itself better. So because thetbat is
this curve that any increase in the percent of gyps sed has low plasticity (P1=13), the increase ofeli
cause increase in the swell. The major reasonhiier t guantity doesnt have major affection in swell
conclusion is the absorption of anhydrite minefials eduction. As it can be seen in Fig. 2 the limeéase

gypsum that they can complete their crystallizattyn  from 3 to 6% cause an approximate decrease of 0.2%.
this action, besides this process comprises swedbil

structure. It's a reality that the quantity of thes B-2. The samples that comprise gypsum: The
minerals will rise with higher percents of gypsum. improved samples that comprise gypsum with regular
It's clear that the clay minerals can't lonely reak  mixing method have fantastic swell even too much
new chemical reaction by gypsum minerals that causgiore than unimproved samples. Swell-time curves for
of more absorption of water. So the attendance o&dding these samples with different percents ok lim
gypsum doesn't have any affection in the rate of daand gypsum have been shown in Fig. 3-5. All of ¢hes
minerals and clay minerals do the necessary swelht e curves approximately follow a same process and show
in the presence or absence of gypsum and any of thethat during a period of time the of swell will ieerse,
has a private swell that is independent from theeot but gradually the change rate of swell decrease.

112¢
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—e— 3%Lime
—&— 9% Lirme ]

/ —m B%Lire
4
Df } } } } }

0 g 10 15 20 25 a0

Time (day)

results of the swell are shown in Fig. 6 that is an
improvement of lime and gypsum percent. All of the
samples are prepared by regular mixing method; and
major affection, of this method; and gypsum affacti
in return in order to increase swell can be aclddwe
comparing of limeless samples and samples which
comprise lime. Also from the aspect of gypsum
affection it seems that any reductions in gypsum
quantity cause a fellable decrease to swell. (Bxtep
sample No. 16 with 9% of lime and 9% of gypsum that
it's swell is more than other samples; that it'sgbly
because of examinations defaults.)

The Fig. 6 also show that the gypsum attendance
even if it's percent be low or high, cause inteaswell
in samples; it means that even a low percent ofgyp

Fig. 3: Swell-time curve for the samples with 3% of@lso can make a high range of swell under affeasion

gypsum in regular method

16- r”j“

£ 12 W
= i —e— J%Lirre
& g —a— %Lirel]
—&— H%Line
4
C'f } } } } |
0o 5 10 15 0 25 W

Time (day)

reaction with lime and clay. It also can be seeat th
increase of lime percent cause increase in san@h; s
and also in lower percents of lime the rate of swel
increase will raise; and by the increase in itcget the
rate of these changes will decrease. It seemstlieat
reason of swell growing, because of lime increase,
depends on lime role in making Ettringite mineral.
Although gypsum samples have swell percent less tha
0.5% in attendance of lime, the gypsum presenceecau
extreme swelling increase approximately 14 or 20%.
These swells increases; show that the regular gixin
method by lime is extremely not an efficient metfiod
swell reduction of samples that comprise gypsum.
According to the Fig. 6 it's not possible to intrme
any specific boundary by means of dangerous sulfate
limitation in order to improve the soil by lime;eh
existence of sulfate in any quantities is dangertwse
want to introduce a limitation for sulfates we slibu

Fig. 4: Swell-time curve for the samples with 6% of take into consideration the quantity of clay miternd

gypsum in regular method

20

Swell (%)

—e— 3%Lime —
—a—G%Lime
—&—H9%Lirme

0 5 10 15 20 25 3C
Titne (day)

lime minerals. But according to the results the
maximum limitation of gypsum in 3% and can cause a
high range of swell in attendance of 3% of limet tisa
common rate in soil improvement by lime. Although
the soil that is used in this research has lowtigis
property but extreme swell that can be observed
because of swell minerals like Ettringite and
Thaumasite.

C. The samples that are improved by double lime
application: The interval between mixing and
compaction has a basic role in swell reduction. Of
course this halt cause reduction in dry unit weigjnat
it can affect the decrease of soil swell potertiat in
comparison with the swell that originate from cheahi
reactions between clay, lime and gypsum this dtfact
is low.

A double mixing process method like regular

Fig. 5: Swell-time curve for the samples with 9% of mixing method to some extent, but double mixing

gypsum in regular method

process method has a delay in its blending time Th
only difference return to the suddenly add of entf

Also results show that after 28 days the sampléls st lime to the soil in one process method and the umixt

have the capability of more inflation. The examioat
112¢
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B 0% Gypsum
B 3% Gypsum
B 5% Gypsum
8 9% Gypsum

Fig. 6: Change of swell rate inverse of different
guantities of lime and gypsum in regular

method
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Fig. 7: The Swell-time curve for the gypsumless
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sample in double process method
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In the double process method, because the area
condition is suitable in the interval between mgind
compaction for making Ettringite and a percent lafyc
with lime and sulfates that exist in the sample tese
make this mineral and Its issue is the swell ttzgapen
in soil structure. So after compaction the sampleas
little trend to swell.

C-1. Gypsumless samples: In Fig. 7 there is a curve
about the swell change in front of time for gypsessl
soil in the Double lime Application. According tds|
results we can see that the Double process method
causes more swell reduction in comparison with legu
method; as we can see that the swell for all peésceih
lime is between 0.1 to 0.2% that can ignore thaie T
reason for this reduction is majority under affect of
cementing and also pozzolanic reaction (in compacti
interval) at a reduction of sample dry unit weigl's
also possible that the cementing process of granule
after compaction also has a role in swell reductbort
distinguishes of this affection not possible iniagng
results. The major affection of Double process meth
is clear in the samples that comprise gypsum thiht w
be mentioned later. Similar to the common method
results, It seems that an optimum percent existinf@
that in this range the samples swell come to minimu
quantity.

C-2. The samples that comprise gypsum: In Fig. 8-10
the curves show the swell for samples that comprise
gypsum in front of time. The results show that by
passing time the quantity of swell increase butate
decrease gradually and in 28 days major part opkssn
swell are done and approximately all of curvesofgll
the same process.

In Fig. 11 we can see a summary of final swell
results for different cases that increase of linmre o
gypsum in different samples doesn’t have considerab
affection in swell changing. But the attendance of
gypsum in improved gypsums samples by lime in
comparison with gypsumless samples case swell
increase that reveal this reality that still we dnaome
swell minerals in Double process method. But the
measured swell are too much lowers that quantiy th
relates to the regular method and also those reddte
unimproved soil.

Comparison between Fig. 6 and 10 show the
important role of mixing process method in improved
sulfate soils with lime. It's also important to kmdhat
in sample No. 28 (9% lime & 9% gypsum) after 28
days that the samples is in protection under water,
layer of salt that Its approximate thickness is 4amd

Fig. 8: The Swell-time curve for the samples with 3 cover 70% of surface sample, have appeared it was
gypsum in double process method

concluded that the reason of major swell in thinga
and lack of specific rhythm with other results echuse

But in double process method half of lime add ia th of this layer. The personality of this layer andgen of
first and half of lime will add after one week, the its existence is not clear for writers. And the ortant
compaction will be done.

thing is the results of this examination.
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Fig. 10: The Swell-time curve for the samples vétlh
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Fig. 12: Changes of swell rate inverse of different
quantities of lime and gypsum - mixing
method

Comparison of swell results in regular mixing
method and double mixing process method: The Fig.

12 shows considerable affection of Double mixing
process method in comparing with regular method in
swell reduction. Also from result comparison we can
see that regular method for gypsum soils besideepite
swelling reduction in comparison with unimproved,so
but increase that up to 14 or 20%, As in Doubleess
method sample swell up to 3%.

In regular method after 28 days still swell
permanently has continued but in Double process
Method the rate of swell in later days decrease and
swell came to maximum quantity of it. So we can
conclude that the Double process method is in Times
better than the regular method from swell aspead A
faster come with a permanent case. The Fig. 12 show
that in a same percent of gypsum Double lime
Application cause a reduction in swell approximatel
12 to 15% in comparison with regular method.

CONCLUSION

The lime roles instead of granule soils have been
realized from ancient times. Chemical reactionsarn
exchange between lime, Alumina and silica thattéris
a clay cause increase in efficiency, reduction tigas
index of soil and also pozzolanic reactions cause a
cemented mass come into existence That its resestan
is approximately high.

But in attendance of sulfates like calcium sulfate
(gypsum) in soil beside pozzolanic reactions betwee
clay and lime that cause silicate and calcium ahanio
be made, but chemical reactions between clay, éinte
sulfates cause to product expandable minerals like
Ettringite and Thaumasite. These minerals at theewa

Fig. 11: Changes of swell rate inverse of differentadjacent swell intensively and cause many damaiges |
quantities of lime and gypsum in double at the surface of the roads that the weight of the

process method

structure is light.
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According to the researches by use of a kind f so

with low plasticity and It's mixed with different

percents of gypsum and then its improvement by limel.

in two methods that already mentioned and Doindlswe

examination of them,
achieved: 2.

*

the following results are

The attendance of sulfate in soil doesn’t havg an
affection on momentary reactions between clay and

lime. 3.

Gypsum or watery calcium sulfate doesn't have
any affection on soil swell lonely, but dry calcium

sulfate (Anhydrite) causes swelling by absorbing ofz.

water.
Quantities of Ettringite and Thaumasite depend on
the quantity of three parts that those mineralehav

made up of them; a means (clay, lime and sulfate,

and also temperature; and it's not possible tongefi
specific limitation by means of dangerous

limitation of sulfate. 6.

The presence of calcium sulfate even it’s in low

high percent cause extreme rising in swell at they

improved soil by lime in common method
compares with unimproved soil.

Improving of sulfated soils (gypsums) by Double
lime application cause reduction of swell compare
with unimproved clay.

The swell in improved sulfated soils in regular
method can continue until a long period of time. As
in double process method soil come to a steady or
permanent case sooner.

112¢
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