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INTRODUCTION. - OBJECTIVES

The two goals of this project stated in the Proposal were: (1) study
- lime diffusion in clayey soeils, and (2) find the role of Mg0 in soil-
dolomitic lime stabilizatien.,

Because of the practipalt;igp}ficangeaof these goals we temborarily
overstaffed this project,'giQingfsomeQHéf‘a "crash" program. As a
result, proposed work was finished up early (as were the funds)g»and more
important, some of the findings were early enough and éf sufficient merit‘
te put inte field trials in the Fall of 1964.

The work now being completed and the funds all being expended, this
Final Report is therefore submitted before the anticipateé,project

termination date.

MECHANISM OF DOLOMITIC LIME STABILIZATICN

_A.  Previous work.

Identity of Ca(OH)Q—clay reaction products were achieved and reported
- under a previeus IHRB project (HR—48),‘ Products of the Ca(OH)é-clay
reéction include haﬁ? of the same compounds that result frem hydratien
bg‘poftland cement.

B. Results from presenf studies.

‘Exhaustive X-ray studies of,thg MgO—Ca(OH)Q—clay—water-éystem failed
to reveal any differences in identity or rate of formation of the
reaction products from these of the Ca(OH),-clay system efceptiat high
curing temperaturesT Itvwas therefo;e concluded on the basis of X-ray

\

and compressive strength tests that hydration of MgO in mbhohydrate

’




dolomitic lime [MgO + Ca(OH)Q] is a cementitious reactien, increasing

early strengths over these obtainable witb Cé(OH)2-seil alone. Details

of the study are in a Progress Report, "Rele of MgO in Soil Lime Stabiliza-
tion" by J. W. H. Wang and R. L. Handy, submitted under geparété cover.

C. Towards a dolomitic lime specificatioen.

1. Properties to be tested° Ihe conclusions fromAtﬁis stﬁdyvsuggest
that monohydrate'dolomitiéiiime‘éhOuld be looked on as a special kind of
hydrauliq lime, really part lime and part MgO cement,

For the moétdﬁenefit from the MgO'hyd¢ation: |

(a) The lime must not.be overburned such that the MgO won't hydrate. -

_(b) Spreaaing, mixing, and compaction should follow in fairly close
..order s0 the hydratlon will net be premature, although this is net nearly
50 crltlcal as w1th 5011 -cement,

(¢) The lime must not be théfdiﬁydrate; Ca(OH), + Mg(dH)2,

A dolomit;c lime‘specificatiom‘could be written either on the basis
of X-ray analysis or strength tests—chemical data are no£~enough since
"they do not indicéte (a) and (c¢) above.. X=féy tests would tell more
what's wrong with a particular 11me and how te correct it, but strength
tests are much more readilyvrun. Perhaps best " would be a.strength test,

with use of the X-ray facility freely offered in case of broblems°

20 Outlipe of strength test:
(1) *Mi¥ limé:with a set amount of at least waterzsufficient
to.hydra£e the MgO. (Appendix A).
(2) Use Static compaction to mold ;amples to a specified density,

(3) Wrap and meist cure 1 or 2 or more days.

(4) Measure uncéhfined'compressive strength.




We may note that this test is desiéned to measure strength from
hydration of MgO, and gives no indication of pozzolanic reaction. If
the lime is either overburned or overhyd%ated, MgO in theusampies won't ' !
hydrate and strength will be: low. Similarly if the magnesium content
‘of the lime is down, low strehgth should result.

Details of standardizing;pbpidjbéprrkéd out and speﬁiﬁications
could be drawn only after tesfiné éfnﬁﬁbér of commercial limesoi

D. Choice of dolomitic vs, calcitic lime.

Towa is preé@ntly the only state spepifyihg dolemitic lime, the
National Lime Association maintaining that lime is all good, and
after all the high-calcium variety is plenty all right for. Texas-.

1. For cementation. X-ray studies confirm that there.is as much

difference in lime reactions as between Iowa and Texas9 and monohydrate
dolomitic lime is still to be preferred in cooler climates or late in
the construction season., The data show that in a cool temperature,
pozzolanic reactions are very slow but MgO hydration proceedswto give

quick early strength.

. .-2s For-modification of clay. An exception is low‘pe;cent lime
treatmenté,vintendéd oenly to alter soil plasticity, in which'éasé high-calcium
lime i§ pr;ferredo This is discussed in more détail in a. Progress Report
entitled,v"Comparison of varieus commercial hydrated lime for reducing

soil blastioity", by J. W. H. Wang and R. L. Handy.
LIME MIGRATION IN CLAY

Soil pulverization specifications for soil-lime stabilization of

clays are often difficult or impoééible to meet, ahd have discouraged




contractors from bidding jobs. However, observatioens of unmixed lumps in
core samples of old soil-lime or soil¥cement (approximately .25% of
portland cement after hydration is lime) indicated the lumps were
stabilized, i.e., they had st;ength\and would not disintegrate in water.
 The goal of fhis study was to study this apparent phenomenen:. .the
reactions occurring, and th?,?§$9”at-which5they proceed, the eventual

aim being a poessible reviéioﬁ éf specifibétions° X-ray, chemical,

and physical tests were relied on in the analysis.

A, Labbratory results,

Results of this study are reported undef separate cover in "Soil
Pﬁlverizatidh and Lime Migration in Soil-Lime Stabilization",vﬁy
L. K. Davidsbn, T. Demirel, and R. L. Handy. Conclusionslére as
follows: | |

1. -Although so0il lumps lower the strength of a compacted
soil-hydrated calcific lime-water mixture, the effect diminishes
with time as fhe lumps are stabilized as a result of lime move-

- ment in the system. The degree of lump stabilization depends

on time and the size of the lumps. ’

-2. The. rate of hydrated calcitic limé penetration-by!-
diffusion into the particular soil-water system investigated
is given by the expression 1= 0.08 t1/29 where 1 is the
1ime penetration distance iniinches and't is the timelinrdays.
The'expression;reﬂatingyliméaﬁenetration»ahﬁ‘mime willfho&d
se,lqnéiéézsoiidflime i@wayailabdeytohtherspidbwaterféystem.
Althpﬁghnaniadjustment*mayibe?neédedfip thé;cohstant,"this
expression should be applicable to any similar s;il—water-

lime systems,




3. Water movement may assist the movement of lime wifhin
a soil-water system, but is essential only because it providesv
a medium for lime diffusioen,

4, Lime diffusion can eccur in Qufficieht ameunts‘fo cause
beth flocculation and pozzelanic reactions in the soil-water
system. The amount of.reaptign;depends upon time and‘thé '
Aavailability of 1ime;.'A~miﬁ{5ﬁﬁ”bﬁvof approximate1y~ioa§ ie
necessary for pozzolanic reaction, |

5. Calcium—aluminate-hydrates.crystaL;ize in a }oom;».

"o rtemperature cured montmorillenitic soil;iiﬁe;water system  ;
after less than 20 days curing. Calcium—silicgte—hyd;ates.
probably are formed at the same-time as the calcium aluminate
hydrates, but poor crystallinity prevents absolute detection
by X-ray diffréction after such a short curing time.

6. Providing no carbonate is present, pozzolanic N
reactions may be detectea from a change in the calcium ion
content of the hydrochloric acid leachate from soil-lime-
water previously leached free of dissociable calcium ions .

~with a potassium chloride solution.

B, "Revision of pulverization specifications.
anclusion 2 above points to a re;ision of spec‘if’ications9 although
' the equation is specific only for the one soil investigated, an A-7-6(12)
loessial thofizbn (Sharpsburg Series). Conélusioﬁ 7 of-this-réport
states: | .
Some soils whiph pese a pulVerized problém:may béfmore
effectiyely and economically.sfabilized with lime if pulvefiza-

tion requirements are relaxed. Rather than to specify a minimum




percent passing any given siéve, a spec¢ification might ‘dictate a '

maximum lump size, which could relate to time allowable for complete
stabilization.

C. Field trials.

An unusual opportunity for a field test presented itself in the Fall
of 1964, through consulting activities of Prof. Robert Nady of ISU,
On our recommendation Prof,vNady fah somé ﬁheck tésts using the C.B.R.,
and suggested lime base course stabilization for an airfield to be
conétructed at Mt. Pleasant, Iowa, on plastic loess. The pulverization
specification stated only that the maximum lump size should be. 1 1/2
inches, the compacted density requirements remaining the same as indi-
cated by compaction tests of the pulverized soil.

According to the equation (Conclusion 2 above) the time for lime

migration through a 1 1/2 inch lump would be:

1 = 0.081 Jt = 0.75"
JE = 9.25
t = 85 days

The FAA approved of the project, construction was started and
cohpieted in record time, and the airfield is in service. Field tests
are planned.

Particularly reassuring is that the migrating lime not oniy'
alters plasticity, it‘reaéﬁsrwith.the clay to give crystalline pozzolanic
reagtion producfs similar to compounds reéulting from hyaration of
portlahd’cémento |

An unofficial test of lime migration was to stabilize a landslide

in Des Moines. Lime was "seeded" into the shear zone in Fall '63 when



the factor of safety was visibly 1.03 test driliing one year later
revealed the factor of safefy was 1.8. The treated houses have stopped
sliding, whereas others have continued., Care mugt be exercised in use
of the process because of the dependenpe on proper so0il clay minerals
for the reaétion to proceed.

Lime migration in clays wés also discq?efed by the Cklahoma
highway maintenance depaftméﬁt; énd used to stabilize some shakey
embankments, waever9 a similar trial by the Santé‘Fe Raiiroad.Was a
failure, because\of insufficient attention (or knowledge) df>soil

factors involved.

OTHER STUDIES

Other studies completed under this project and not stated in
the Proposal include é detailed clay mineralogy of a gumbotil to
find out what kind of montmorillonite, and a study of effects of
low-temperature heat treatment on clays, with a view towards possible
highway uses. Results are summarized in two Progress Repqrts9 numbers

4 and 5 in Appendix B.

A. Clay mineralogy of a_gumbotil.
The gumbotil clay is mainly calcium-saturated dioctahedral (i.e.,
aluminum) montmorillonite, plus kaolinite and mica. -

B. Low-temperature heat-treatment of clay.

The heat-treatment study indicated that heating to 2OOOC.déhydréted
the,montmorillonite and immobilized exchangeable catt ions,.reducing the
liquid limit and the P.I. Unfortunately prolonged soaking in water

resulted in partial recovery, so practical usage appears nil.



APPENDIX A

CALCULATION OF WATER TO HYDRATE MgO

'.Reaction: HO + Mg0 + Ca(OH)p = Mg(OH)p -+ Ca(OH),

Molecular wts: 18.0 + 40.3 + 76 = 58,3  +76 -
water = 18.0 © lime = 116.3

water/lime ratio = 0.154, or 15.4 gm water to 100 gm lime.,

N

APPENDIX B
LIST CF SUBMITTED_PROGRESS REPORTS

1. Wang, J. W. H. and Handy, R. L. Role of Mg0 in soil limé‘stabilization. 64-8,%
241 Wang, J. W. H. and Handy, R. L. Cémpérisonlpf Various commercial

Hyd;ated lime for reducing soil pié;ﬁiciﬁyo 64-4.*
3. Davidson, L. K;, Demirel, T., and Handy, R. L. Soil puiverization and

limé mibration in soil-lime stabilization. 64-11.%
4. Kelley, W. A. and Ho,‘Clara, Clay mineralogy of a gumbotil., 64-7.%
5. He, Clara, and Handy9‘R; L. Médification of ga—montmorillonite by

low temperature heat treatment. 64-6,%

APPENDIX C

SUGGESTIONS FOR FUTURE RESE ARCH

~A. Lime migration - lab studies.
The field projects were initiated mainly on faith and-a small amount
~of data, Fortunately the dice rolled a seven, but in order to extend the

results and minimize poséibilities'for error, -the following must be -examined:

¥S0il Research Lab. Contribution Nos.




1. Relation of migration rate to clay content and clay mineral.

" t " 1] 1" " no
20

to moisture content. .
3. " " " memooo " to density.
4. Comparable migration rates of lime liberated from hydrating
portland cement.
These problems can best be studied in the lab by means of X-ray,
chemical, and surface free energyvstudieso

B. Lime migration - field studies.

As already mentioned, one field test utilizing the new outlook on
soil pulverization is already under way. We therefore strongly urge.
that this and future projects be followed up by periodic coering and
testing to measure lime migration and property changes in unmixed soil
lumps and in the métrix.

Another vital area is soil-cement: cement liberagtes about 25%
of its weight as free lime when it hydrates. Presumably this lime is
available for migration into the c{ay, and if so, pulverization require-
ments for soil-cement might also be reduced. It is therefore urged
that cores be taken from vafious existing soil-cement roads, and efforts
be made to detect unmixed lumps and measure their extent of pozzolanic
reaction by X-ray diffraction, X-ray fluorescence, and chemical tests
for silica and alumina removable by mild acid leaching.

C. Dolomitic lime test and specification.

Every recent lime stabilization job in Iowa has re-introduced the
problem of what and how to specify the lime. It is therefore urged that-
a laboratory test be devised and tried with various commercial limes,
relative merits of which are already known, so a specification may be
suggested. It appears that this could be done with a relatively small

amount of laboratory testing which could be included in another project.
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