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Lime Columns as Foundation for Light Structures

Les Piliers en Chaux comme Fondations des Structures Légéres

G. HOLM Civ. Eng., Swedish Geotechnical Institute, Linképing, Sweden

H. BREDENBERG  Civ. Eng., Royal Institute of Technology, Stockholm

B.B. BROMS Professor, Royal Institute of Technology, Stockholm

SYNOPSIS The design of a lime column foundation is normally based on the results from

unconfined compression tests on soil samples stabilized in the laboratory. The results from
the laboratory investigations have been correlated with different in-situ tests in the field.
A specially designed penetrometer has been designed which has been calibrated with the Menard
pressuremeter.

The settlements of a single storey family house placed on lime columns located at Gldmsta in
the central part of Sweden have been measured during a three year period. The maximum observed
total and differential settlements were 50 mm and 10 mm, respectively.

INTRODUCTION increases normally with time and with increasing
shear strength. The largest increase occurs
Lime columns have been used extensively in often within three or four months after the
Sweden during the last few years for fills, manufacture. The total final settlement is
road embankments, excavations and deep trenches generally calculated assuming that the stiff-
(for sewer and water lines) to increase the ness of the foundation corresponds to the sum
bearing capacity and to reduce the settlements of the stiffnesses of the lime columns and of
of areas with soft or very soft soils. Lime the unstabilized soil between the columns. It
columns are manufactured by mixing in-situ is thus assumed that the deformations of the
unslaked lime {(quick lime) with soft clay. The lime columns will be the same as those of the
diameter and the length of the lime columns are unstabilized soil between the columns.

0.5 m and 10 m, respectively. The method has
been described by Broms and Boman (1979). The
lime column machine is shown in Fig. 1.

The design of lime columns as foundation for
light structures is normally based on the
results from laboratory tests. There is, how-
ever, some uncertainty about the relation- i
ship between the shear strength as determined H
from unconfined compression tests in the [
laboratory and the shear strength and the
bearing capacity of the lime columns in-situ
in the field. In order to improve this rela-
tionship the in-situ shear strength of the
lime columns has been determined with the
Menard pressuremeter with a specially designed
penetrometer and with pull-out tests using a
specially designed helical auger.

When lime columns are used as foundation for
light structures the deformation properties
are normally more important than the shear
strength. The deformation properties of the
stabilized soil in the lime columns are nor-
mally determined in the laboratory with oedo-
meter tests or in the field with plate load
tests.

For design purposes the compression modulus of
clay stabilized with lime is often assumed to

be 500 cy to 3 000 cy, where c,, is the undrained
shear strength of the unstabilized soil. The
specific value in a certain case depends mainly
on the type of clay, the amount of lime and

the time after mixing. The compression modulus
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The calculation of the time-settlement relation-

ship is usually based on the assumption that
the lime columns function as vertical drains in
the soil and that drainage takes place hori-
zontally (Barron, 1948). The coefficient of
consolidation (chy) with respect to vertical
compression and horizontal flow is normally

3 to 5 times the coefficient of consolidation
(cy) with respect to vertical flow determined
by standard oedometer tests in the laboratory.
Horizontal sand and silt seams in the clay
may, however, increase the consolidation rate
considerably. The loss of hvdraulic head

in the lime columns is normally neglected.

SHEAR STRENGTH DETERMINED BY LABORATORY AND
FIELD TESTS

Laboratory tests

The design of a lime column foundation is nor-
mally based on the results from unconfined
compression tests on samples prepared in the
laboratory. The soil is usually mixed with

the unslaked lime in the laboratory using an
ordinary dow mixer. The lime content is
normally 5 to 10% with respect to the dry
weight of the soil. The stabilized soil is
stored in a moist room at the existing ground
temperature (7°C). The shear strength of the
soil is determined with fall-cone tests and
unconfined compression tests at different
times (1, 3, 7, 30, 90 and 360 days) after the
mixing. With the fall-cone test the shear
strength of the clay aggregates that are formed
during the mixing of the soil with the lime are
determined while the unconfined compression
test indicates the shear strength of the clay
mass when the relatively weak bonds between
the aggregates normally govern. Holm (1979)
have published results from several relatively
large test series of samples prepared in the
laboratory.

Tests on lime columns in-situ

A large number of lime columns have been in-
vestigated in-situ with weight soundings and
cone penetrometers. Also specially designed
lime column penetrometers have been used. The
results from the weight and cone penetration
tests have been about the same. However, the
scatter of the results has been large (Boman,
1979). The weight and the static cone pene-
trometers have a tendency to follow the rela-
tively weak hole at the center of the lime
columns after the kelly. The shear strength
indicated by these two penetrometers is there-
fore often too low. In a few cases the pene-
trometers have also deviated from the columns
into the surrounding weak unstabilized soil. It
has been difficult to penetrate the full
length. Two special lime column penetrometers
have therefore been developed which are pro-
vided with 400 mm wings or bars and an enlarged
50 mm point. The point is located 450 or 200 mm
below the wings or bars. The penetrometers are
pushed down at a constant rate (20 mm/s). The
shear strength is taken as 10% of the measured
unit penetration resistance. These two pene-
trometers will give a better indication of the
average shear strength of the whole cross-
section than the weight or cone penetrometers.
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A lime column penetrometer is shown in Fig. 2.
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Fig. 2 Lime Column Penetrometer

The bearing capacity and the shear strength of
lime célumns have also been investigated with
the Menard pressuremeter by drilling holes at
the center of the columns. The shear strength
has been taken as 0.18 (1/5.5) times the
measured limit pressure. The shear strength of
the lime columns in-situ has also been deter-
mined by pull-out tests using a helical auger.
The auger, with 150 mm diameter, was first
screwed down into the columns and then pulled
at a constant rate.

Test sites

Lime columns have been investiaged in Sweden
at Stenungsund, Stordngsleden, Torrekulla and
Vagnhdrad.

Lime columns were used in 1978 at Stenungsungd
in a very soft silty quick clay with a natural
water content of 60%. The undrained shear
strength of the clay is about 10 kPa. The lime
columns were investigated with the lime column
penetrometers and with the Menard pressuremeter
one year after the manufacture as reported by
Holm (1979). At both the laboratory and the
field tests 14 kg lime/m column was used.



At §§9E§gg§;§§gg where lime columns also were
used the soil consists from the surface of very
soft organic clayey mud (gyttja) with a water
content of 100% down to a depth of 3 to 4 m of
clay with thin silt seams, water content 50%,
down to a depth of 5 to 6 m and of varved clay
with a water content of 70% down to a depth of

7 to 10 m. The undrained shear strength was very
low, 8 to 12 kPa. The lime columns were inves-
tigated in the field with the pressuremeter, the
lime column penetrometer and the helical auger
three years after the manufacture. The lime
content was 24 to 30 kg lime/m column at the
field tests while it was 14 kg lime/m column

in the laboratory samples.

At Torrekulla lime columns were installed in a
very soft guick clay with an undrained shear
strength of 8 to 10 kPa. The natural water
content was 90% at a depth of 3.5 to 6 m depth
and about 70% at a depth of 6 to 9 m. At the
laboratory tests the lime content correspond
to 14 kg lime/m column. The same lime content
was used in the field. The in-situ tests in
the field with the pressuremeter and the lime
column penetrometer were carried out six months
after the manufacture of the lime columns.

At Vagnhdrad the soil consists of very soft
varved clay. The water content, which decreases
with depth, was 120% just below the surface
crust. At a depth of 9 m the water content was
45%, The shear strength of the clay was very
low, 6 to 12 kPa. The lime content correspond
to 16 kg lime/m column at both the field and
the laboratory tests. The lime columns were
investigated about 10 months after the manu-
facture with the lime column penetrometer,

the Menard pressuremeter and with pull-out
tests using a helical auger.

Test results

The results from both the laboratory and the
field tests are shown in Figs. 1 through 4.

strength is shown in Fig. 3 as a function of
time after the mixing. The shear strength
determined by the Menard pressuremeter varied
between 208 to 238 kPa. The average shear
strength was 219 kPa. The lime column penetro-
meter indicated a shear strength of 190 to 320
kPa with an average at 255 kPa. Unconfined
compression tests on samples prepared in the
laboratory indicated an undrained shear strength
of 275 kPa one year after the mixing in lime.
The shear strength of the lime columns deter-
mined in-situ was thus 80% (Menard pressure-
meter) and 93% (lime column penetrometer) of
the shear strength from the unconfined com-
pression tests on samples prepared in the
laboratory. The shear strength determined by
pressometer tests was thus 86% of the shear
strength determined by the lime column penetro-
meter.

At Stordngsleden (Fig. 4) the average shear
strength three years after the mixing as de-
termined by the Menard pressuremeter and by
the lime column penetrometer in the field and
with unconfined compression tests on labora-
tory prepared samples was 95 kPa, 110 kPa and
42 kPa, respectively for the organic clayey
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Shear Strength in Lime Stabil-
ized Clay at Stenungsund

Fig. 3

mud, 148 kPa, 148 kPa and 70 kPa, respectively,
for the clay with thin silt seams 181 kPa, -
and 220 kPa, respectively, for the varved clay
down at a depth of 7 to 10 m.

The shear strength of the samples prepared in
the laboratory was determined by extrapolating
the results obtained three months after the
mixing. These results are therefore somewhat
uncertain. The average shear strength from

the pull-out tests with the helical auger was
84 kPa for the organic clayey mud and 127 kPa
for the clay with the silt seams. The shear
strength was thus about 87% of that determined
by the pressuremeter tests. The ratio of the
shear strengths determined by the Menard
pressometer and the lime column penetrometer
was 0.86 and 1.00, respectively, for the same
layers.

At Torrekulla (Fig. 5) the average shear
strength six months after the mixing as de-
termined by Menard pressuremeter, the lime
column penetrometer and by unconfined com-
pression tests on samples prepared in the
laboratory was 165 kPa, 175 kPa and 105 kPa,
respectively, for the very soft quick clay at
a depth of 3.5 to 6 m and 195 kPa, 230 kPa anc
110 kPa, respectively at a depth of 6 to 9 m.
The shear strength determined by the Menard
pressuremeter and the lime column penetrometer
for the surface layer was thus 1.6 to 1.7
times larger than the shear strength of the
samples prepared in the laboratory. For the
bottom layer (6 to 9 m) this ratio was 1.75 to
2.1. The shear strength from the pressuremeter
tests was 85-94% of the values from the lime
column penetrometer.
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Shear Strength in Lime Stabil-
ized clay at Torrekulla.
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At G’ayjnharaB $Fidp. 6) the undrained shear
strengyth deterjtdned by the Menard pressuremeter,
the lime column penetrometer and unconfined
compression testy on Taboratory prepared
sampl&s wBk 0343 KPap3128 KPd3and 50 kPa, re-
specively, at a deptl® of 2 to/73 a8, 135 kPa,
140 OlBPa ar@7953kPa, !respeckively dt"a depth
of 3 tdB4 m@N DB kPa97 225 kPad dand3215 kPa at

a depth df 5 Ao 7 ®:@dD2099RPaP3225 kPa and
1E00RPa, respéctiwely at & depth @ 8 to 9 m.
The "shear sttength as d)%betrmined by pressure-
meter tes@s was $h@s 0.95tb 2.86 'times the
shear stréngth det¢¥mined by urconfined com-
pression tests!on samples prepared in the
laboraté6ty." Theé aveRagetwd$ 1.62. The ratio of
the Shear strength def¥rmined by pressuremeter
and lime codlumn penetrofeter thus varied
betweer A@79 and 9.1Q, 'with&an aver$ge@96f 0.92.

Por all the test sités &he average shear
strenyth as determined )?h-situ by pressure-
meter tes@s was 1.6 times the uUndrained shear
strength deterj¥ined by unconfined compression
tests on! samplles prepdred)in t¥#é& laboratory.
This rati® varjed)bet®een ®$B@&$nd"2.9. The
Obsé&rveld variatidns deperid among other factors
on the different techniqués that were used
@hen the &l ay was mdxed with $he lime. Also
differences in the stress conditions and the
test methdbds have )corftributed.
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Thelaverage ratid of the shear strengths de-
terminé® by the Menard pressy¥%emeter and by
the lime column penetrometer (10% of the unit
penetration res®st@nce)) @wéis 0.91. This ratio
garied) b@twedrA@.79 ahd®$1.712. These results
indicate' that the shear'strength as determined
Py the lime column penetromere®@Xhould be 9%
¢1F1?) of the unit penetration resistance
instead of$10%.

POUNDATION* @F LIGHT STRUCTURES

Lime colinfns)have bé&efi used e.g. at Glomsta in
Sweden as foundation fbr a light &ingle storey
house asQshowd ih R$g. 7. LimeQcolumns were
placed in # sqghare p@ttérn with a concentration
of columns Qelow theQloaded"walls. The load
from"the strucfure was)distribtited to the lime
columj$ by 'a thin conc}®te' slab. The concrete
s1lab cou)ld be made&rehatively;thin (80 mm)
since "the number ofQcolumns was large.
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