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THE LABORATORY TESTING OF SOILS FROM
SIX SITES IN KENYA

To obtain a better understanding of results obtained in a field
igation into the moisture conditions in Kenya, samples of the
> soils from six of the sites investigated, and two nodular gravel-
. ases at two of the sites) have been examined at the Road
wrch Laboratory.

The principal objects of the present investigation were:-—

(1) to record labaratory test data for the soils encountered
in the field investigation, and where applicable to
compare these with results cbtained in the field,

to provide laboratcry C.B.R. data which could be campared
with the in situ data obtained fram the fiield investigation.

In addition to the present investigation, soil moisture suction
b wrried out on undisturbed samples taken from the field
will be reported in a later note.

Location of samples

The samples were obtained during the investigation of the
moisture conditions under roads in Kenya and were taken during June and
July 1959. The location of the samples is given in Table I, The samples
were sent to the Laboratary in sealed 40 gallon drums at their in situ
moisture contents., Care was taken to prevent the samples drying out prior
to test,

TABLE I

Labarator Baiita
Limuru 'A' Route Red clay
Thika-Sagana Road Red clay

Mambasa Road

Black sandy clay
Mile 27

Naivasha Ash and pumice
Nakuru Ash and pumice
Ngong Road s Black clay

Thika—Sagana Road Nodular gravel
sand clay (base)

Ngong Road Nodular gravel
g sand clay (base)

On arrival at the Labaratcry, the large samples were riffled
into a mmber of smaller semples, approximately 5 Kg each, to reduce to
a minimun the variation between the samples used in any one of a
series of tests,
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Labaratory tests carried out
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(a) Particle-size distribution. The particle size distribution for all
the samples was carried out in two parts, using tests 6A and C of

B.S.1377 (1960)(2)

838
Ngong Road

The results of the coarse and fine analyses are given in Figs. 1-3
and Table II,
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Notes on particle size distribution:-
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(1) Apart from the pumice soils, the percentage of silt and &
clay estimated from the coarse analysis was in very close '
agreement with that found from the pipette analysis.

With the pumice soils, the percentage of silt and clay l o
was same 7 per cent higher in the case of the pipette ' g =
analysis. This may have been due to break-down of

particles in the mechanical stirer but, since the

particles would be likely to be broken down to at least
as great an extent in the plasticity tests, the higher =
figure is taken for the silt and clay contents,
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(11) The two red clays had very similar gradings and
contained scme 20 per cent more clay-sized particles 0
than the black clay.
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(b) Atterberg limits, The liquid and plastic limit tests were
determined according to tests 2(A) and 3 of B.S.1377 (1960) except that X
the soils were not dried at all prior to test. In the case of samples
No., 830 and 837, it was not possible to pass them through a No. 36 mesh
sieve at their natural moisture content, and the whole sample was used,
coarse grains being remored by hand, This procedure was adopted because
it is known that drying soils can cause changes in the test values, and
it was required to obtain values comparable with the scils as they
existed in the field, The results are given in Table III and Fig. k4.
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Notes on Atterberg limits:-

(i) The atterberg limits obtained from the field investipation
are given in Fig. 5, and apart from sample 830, the remain-
ing samples are within the range of values obtained during
the field investigation. Sample No, 830 had a higher
liquid limit and plasticity index than was obtained in
the field, but the point plots in broadly the same
relationship to the A line on the Casagrande chart as the
points obtained in the field,
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Figures in ( ) were obtained from the pipette analysis
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(ii) When comparing the plasticity tests of soils, it is useful
to consider the clay content in relation to the fraction
passing the 36 mesh sieve, and consider the activity of
the clay, i.e. the plasticity index divided by the clay
content of the fraction on which the test is carried out.
These figures are given in Table III., There is not much
difference in the activities between the soils apart fram
the pumice soil from Nakuru (No, 836). In general, the
red soils give a value of 0,6, while the black soils give
a value of 0,8. The high value obtained with the Nakuru
soil of 1,1 is probably due to the fact that the working
given to the material in the plasticity tests, broke it
up considerably more than occurred in the mechanical
analysis,
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(i4i) The high values of the liquid and plastic limits for the da
Nakuru soil would indicate a porous particle which acts

as a water reservolir, -
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Q g CHE TN DOCR RS | L S Y S (c) Specific gravity., The specific gravity w.s determined by test 5 (&)
® g’s dg 1312 |S ~N of B.S.1377 (1960) except duplicate determinations were made on both
gﬂ ; 35 oven-dried material and material at its natural moisture content. In the
= latter case, the dry weights of material used were found by oven drying
. at the conclusion of the tests. This was done because it was known that,
g = 4 with certain soils, oven drying causes a difference in specific gravity is
L W g;’ it Ao 2 for use in determining the zero air voids line, it is necessary to use
& 1 2 o= 3 b & i - .. material at or as near its natural condition as possible, The clay soils,
pa v L g‘::cﬁ 53'8 ol (gl € o B o o o ~ samples 830, 831 and 837, were passed through a No, 7 mesh sieve, sample
g% P 1a s 836 was ground to pass a No, 72 mesh sieve, while the remainder were ground
o i3 g to pass through No. 36 mesh sieve, In addition, duplicate pycnometer
. = bottle determinations (Test 5B of B.S.1377) were made on the pumice soils,
7 i Nos, 835 and 836, after being compacted once at the optimum moisture
e 4 s content for the modified AASHO compaction level, The results are given in
r;_.\. o~ g ? o u:: ) ; N".\ cx:: Table ITI.
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) Qo ~ o o g i . .
- 2 M Notes on specific gravity determinations
K (i) 7ith 6 out of the 8 soils tested there were small but
Ao gt (e P significant differences between the specific gravities
A . & i i =8 b 5 measured on samples at their natural moisture content
CE B L2 1512 oo S KV ) ~ and samples which had been oven dried. The largest
b b 2l . .
)~ g difference occurred in the case of the black clay from
L P Ngong road and was 0. 1.
- J
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~§= Sk . (ii) One of the red clays, sample 831, showed a difference
P 90 B 4 X b Sl o : in sPecifi.?. gravity between soil oven-dried‘ and 2t its
00 LR * loilailartiodil s alad - 3 4 natural moisture content, while the other did not.
8 242 n NN ! It also had a higher specific gravity, probably
2 2 indicating a higher iron content.
H [V] -
'Y
a 2 s 8 (iii) The Nakuru soil has a lower specific gravity when
Bl S 2 e o measured by a pycnometer after compaction than when
j ¥ Gl P S ol 30 ground up and measured in a specific gravity bottle,
Bl © X 18 o5 E bl B g " o © This would indicate that the soil contains a number
] R I S - 2] o of porous particles which are not broken up even
@ .5 — r% § during compaction,
g A =
O m ks (iv) The specific gravities of the red soils obtained in
g 3 the laboratory are about 0.04 higher than those
i Y obtained in the field investigation, This is probably
nin '§ 28 { o i T ad a function of the thoroughness in removing the final
O ém - s S Koy o 8 ) 0 traces of air in obtaining the weight of the sample
g 'C;’ E S g o3 | 0RO Y o -y o in water,
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0 = e (d) Orgenic matter., Organic matter determinations were carried out by
g F B Test 7 of B.S5.1377 (1960). The results are given in Table III.
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el - 5 o 8§ |28%= 6 in, diameter by 5 in., high moulds were used., Care was taken to
819 o Y~|0 |4 0w ensure that the amount struck off did not exceed ; in, In addition
o > . .
4| o - E b Qb to the two levels of compaction given in the standard, an intermediate
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(1) B.S. compaction = 56 blows of 5 1b hammer dropping o L
through 12 in., on each of 3 equal layers, - = F;U,f;“ olon|lvnlel=|a
A ~ L pod b aad o
(ii) Intermediate compaction - 30 blows of a 10 1b hammer - g 3 E
dropping through 18 in., on each of 5 equal layers, A
L o
=
(iii) Modified A.A.S.H.O. compaction = 56 blows of a 10 1b
hammer dropping through 18 in, » on each of 5 equal = |
layers, § 2 1%
o o |
The compaction Wwas carried out in an automatic compaction ol O R u RIS 2SSk
machine, the hammer head being 2 in,, in diameter, o B L S i e
ol 2 159 d
=1 3 |0 m
Separate samples were taken from the bulk sample for each point, A O B
and wetted up or dried out to the desired moisture content from the as
received moisture content, ihen the desired moisture content was reached, i o
the sample was sealed for 24 hours to allow the distribution of moisture ! ata s bl & ™
to become uniform throughout the sample, i Eé ?’é ey = \D
m
: S | o o e - o o Pree i § Y
The maximum dry densities and optimum moisture contents for the lr 5“ B I e Bt B B
different compactive efforts are given in Table IV and the results are : ity
plotted in Figs, 6-13, Also given in Table IV are the results of the 2.8 &) "
compaction tests carried in the field investigation, =3 E'é_m T 2 s o
@ < o 5 o | | V| I
Notes on compaction tests:- ik o a8 L B 8
5! ~
% o
(i) Apart from the red clay from the Limuru site, sample 830, the 82 8| . —~ 2
results of the B.S. compaction tests are in very close sor e & B
agreement with those obtained in the field investigation, g | Nl aASs $Y; o b &
Sample 830 has a significantly lower maximum dry density 8 wre e SleldisdS s 45;
and higher optimum moisture content, which would be T % >
expected from the differences which have already been Al o b -
noted in the plasticity tests, = » o :
= 0 a —~ 3
S 3 e e v
(ii) Except for the two pumice soils, the peaks of the 5 - PG00 @y e ) “
compaction curves lie approximately on the 5 per cent IRl 2181s S 2
air voids lines, For the Nakuru soil, sample 836, the By - SR PO s = &
compaction curves are very flat, and the compacted soil 'E o 4 M R:* - el S 8 S &
on the wet side of the curves only approaches the S al| 3 ] gt
| 10 per cent air voids line. This suggests that with r'_:qq 5
! this soil there is air trapped within the soil particles e e
: when the material is wet, The samples compacted on the 8 3 f:
wet side of the optimum moisture content were spongy, o ° — ~ A
The high optimum moisture contents would also indicate ~| 533 A & 5
porous particles which just hold water, as already S a8t L= x4 S
. . Gkt O
mentioned in the plasticity tests, ﬁ ,é > RIR|A|S |8 |& 2
H
(f) california bearing ratio tests, C.B.R. tests were carried out on the MBS L -l il
top and bottom of each of the compacted samples, In the case of samples . S i
compacted at moisture contents greater than Just below the optimum for the i g e — o
particular compactive effort, the moulds were sealed for 24 hours to allow ol B ?',,E-’: = d
positive porewater pressures, which may have been produced during -2 gf’: s l s e S
- . 3 . b e P
| compaction of the soil, to dissipate, ' g ,é J/ F|3|RA|E|2]o v
B &)
T{le C.B.R. values used were the highest given at penetrations of o', pebal f
0.1l or 0,2 in,, after any necessary correction had been made, S 8 .
o o 5] O S
i o -~
In order to build up a picture of the (,B.R. density moisture % § B tg )
content relationship for each of the soils, the C.B.R. values have been g 3 a
plotted on a log scale against moisture content, below the compaction 53 5 olon|S]|d|wa|L] a’
ourves in Figs., 6-13, and these have been used to draw in iso~C,B,R, o3 'fi? O P T I P - s
lineson the compaction curves. ¥rom these it is possible to interpolate o 'g & |- ' ®
the C.B.R. value which the sample can be expected to have at any given . @A 8 + =y
moisture content and density, A similar approach has been used by a §§ 5E g e
number of other workers in Australia(3), America, South Africa, Kenya and b b B - Do QE a5
¢lsewhere, some workers using unsoaked samples, and others using a SRS g AC
soaking proccdure, 2 =
/TABLE IV fHoken
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.Notes on the results of the C.B.R. tests

(1)

(i)

(1ii)

With the black clay from the Ngong road, the C.B.R. V.
moisture content curves tend to run together as the clay
approaches saturaturation regardless of the level of
compaction used,

fith the red clay from the Thika-Sagana road and the
black sandy clay from the Mombasa road, there is a
tendency for the curves to cross, though since the
tendency is not very pronounced, the curves have in
fact been run together,

The tendency for the C.B.R. v. moisture content curves
to cross as the soils approach saturation becomes more
marked with the red clay from Limuru and the Naivasha
soil, and is most pronounced with the Nakuru soil. The
reason for this is not fully understood. When specimens
are compacted to near saturation, positive pore
pressurcs are sometimes induced during compaction,

If the specimen is tested before these pressures have
had a chance to be dissipated, a low strength value

is likely to result, Increasing compactive cffort
would be likely to develop increasing positive
préssures and hence lower C.B.R. values, This effcct
is likely to be most marked in clay soils in which

the pressures would take longer to be dissipated
because of the low porosity., In this work, keeping

the samples sealed for 24 hours before testing
probably allowed most of such excess pressures, which
may have been developed during compaction, to be
dissipated, Also the effect was most marked in the

(iv)

Remoulded specimens, such as C.B.R. samples,
are not in general composed of homogenous saturated
clay, but of aggregations of saturated lumps. Such
samples approach the homogenous state on the wet side
of the compaction curve when they become effectively
saturated, In the unsaturated state, the strength
of the lump is the ultimate strength of the clay, and
it is greater than the strength of aggregations of
lumps secparated by air voids, At a given moisture
content inereasing compactive efforts will give
increasing densities by reducing the major voids
between lumps of clay until effective saturation is
reached, As these voids are reduced, the strength
of the specimen will increase approaching the strength
of the saturated lump, This is illustrated by the
Ngong Road soil Fig. 11, The Limuru red clay and the
Thika-Sagana Road soil, Figs., 6 and 7, have .
characteristics of a granular soil which is a further
indication of the aggregated nature of the clay.

The curves for the two nodular gravel-sand-clays are
interesting in that the iso~C,B.R. lines are much
closer together than those of the soils, and they
suggest that, unless both densities and air voids are
high, strength will drop very rapidly. They also
indicate how sensitive the strengths of these gravels
are to small changes in moisture contents,

More detailed comments on the C.B.R. tests
and the shape of the load penetration curves are
given in Appendix 1,

granular soils, and the cause may well be related to Discussion of results
the differing soil suction v moisture content
characteristics of the soils at the different levels

of compaction.,

The classification tests indicate that the samples tested in
the laboratory were in general representative of the sites sampled in the
field investigation, with the possible exception that the sample f?om
Limuru was probably rather finer than the general run of the material
eéncountered in the field,

As a soil is compacted, there is an
increasing componeng of strength due to inter-
granular friction(h'. There is a further component
of strength due to the suction forces, but this
decreascs as the particles become closer together
and with increasing moisture content. The first
component of strength is predominent in granular
soils provided they are unsaturated, i.e, air voids
greater than 10 per cent, As the air voids are
decreased below this level either by increasing
moisture content at a given density, or by increasing
density at a given moisture content, the loss of
strength due to reduced soil suction forces far
exceeds any gain that can be produced by increased
intergranular friction, and owing to the steepness
of suction curves in this region, a very small
reduction in voids results in a large loss of strength,
This is illustrated by the Nakuru soil Fig. 10, With
an homogenous saturated clay, soil moisture suction
forces are the main component of strength and, since
density does not affect the soil moisture suction
curve, it would be expected that once the air voids
are reduced to a level at which the soil is effectively
saturated, the soil suction will be the same for a
given moisturc content regardless of the compactive (ii) The Naivasha road site. Here two. results of 9 per cent
effort. (Assuming that the samples are on the same C.B.R. and one of 6 were measured, The level of
wetting or drying cycles), compaction at this site was of the order of 90 per cent

B.S.
/Remoulded ' /(1i1)

In the discussion of the results of the field investigation(l),
it was suggested that under the climatic and drainage conditions
prevailing at the sites investigated, the C.B.R. value obtained a? the
maximum dry density and optimum moisture content for B.S. compaction could
be used for the purposes of design,

In Figs, 14 to 19, the in situ C.B.R. results have been plotted
against the moisture contents obtained in the field, Also on the figures
is shown the interpclated C.B.R. value at B.S. optimum moisture content
and maximum dry density, In each case this figure was 10 per cent C.B.R.

The figure of 10 was in general conservative when compared with
the in situ figures obtained except at -

(i) The Mombasa road mile 27 site. Here a number of the results
obtained at depths between 22 and 24 in were between
5 and 10 per cent C.B.R., and the level of compaction was
only 95 per cent B,S. Three of the remaining results were
below 10, but here again the compaction was only
95 per cent B.S.




(iii) The Ngong road site. Here a number of results at
depths of over 20 in. lay betwecen 6 and 10 per cent
C.B.R., but all the results at depths between 13
end 20 in, were over 10 per cent C.B.R.

An attempt has been made to compare the values of C.B.R.
inferred from Figs, 6-11 at the measured moisture contents, for the

averaie level of compaction found at the sites with the measured in situ
C.B.R. values, e

The average levels of compaction found in the field are given in
Table V and the interpolated or extrapolated C.B.R. v moisture content
lines for these levels of compaction have been drawn in on Figs. 14 to 19,

TABLE V

Average levels of compaction found during the field investigation

Site Relative compaction 4 B.S.®
Limuru A Route Subsite A 97
" B 88
n C 90
Thika Sagana Road i A 91
" B 93
" C 98
Mombasa Road Mile 27 " A g
o B 95
Naivasha 90
Nakuru e
Ngong Road 98

ERelative Compaction is defined in Soil Mechanies for Road
Engineers as "The percentage ratio of the dry density of the
s0il in situ to the maximum dry density of that soil as
determined by the standard compaction test",

4s would be expected, there is a considerable scatter in the
in situ C.B.R. values plotted against moisture content, The general
shape of the relation between the results obtained in situ, and the
inferred value from the laboratory tests is similar, though the laboratory
tests sugpest somewhat higher results for the clay soils than were found
in situ,

The reasons for the differences between the inferred values
from the laboratory work, and the results from the field were not
investigated but the following will all be contributory,

(1) The inferred values from the laboratory tests depend on
considerable extrapolation,

(2) Field densities were not obtained at the site of each in situ
C.B.R. test, or at exactly the same time as the C.B.R. tests
were taken, Also while the C.B.R. tests are probably more
influenced by the density in the surface, the field densities
were measured over an average depth of 5 in,

/(3)

(3) The restraining effect of the mould woull be expected to give
a difference between laboratory in situ results, particularly
with the gravelly soils.

Similar figures have been prepared for the two gravel sand clay
materials in Figs. 20 and 21 and the in situ C.B.R. values measured agree
very well with those inferred from the laboratory tests.

Conclusions = see Summary.
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APPENDIX 1

During the investigation, somc 30 to 40 C.B.R. tcsts were made
on each of the soils at a range of moisturc contents and densities, An
examination has becn made of the load penctration curves, and the following
trends were obscrved.

(1) Corrections, With the clays in gencral, origin corrections werc
not required to the load penctration curves, the few exceptions occurring
with the Thika-Sagana red clay at low moisture contents and low compactive
efforts when they behaved more like granular materials. (Corrections were
rcquired in the case of tests on the bottoms of two samples of black clay
at high moisturc contents and compactive efforts: in both these cases
there was evidence that shear had taken place in the base of the spccimen
when removing thc base plate).

#ith granuler soils, corrections werc frequently necessary due
to the disturbance in thc surface laycer when striking off surplus matcrial,
or a poorly compacted surfacc at the base of the specimen, In the case of
the Nakuru pumicc, corrections were frequently ncccssary, particularly for
speeimens at the higher moisture contents, and these are most likely
associatcd with difficulties in scating the plunger on the spongy surface
which thesc speeimens frequently had,

(2) Dpiffercnce in C.B.R. between 0.1 and 0.2 in penctration. The
sencral trend of the load penetration curves for the clays showed a slight
increase in C.B.R. from O to 0.1 in, penetration and thereafter a fall.
In the case of the red clays, about a quarter of the samples tested had
C.B.R's at 0.2 in, pcnetration cqual or slightly greater than thosc at
s L in,

In the case of the granular soils (the gravel sand clays and the
pumice soils), the majority of test specimens gave a C.B.R. value at
0.2 in, penetration, which was equal to or greater than that of 0.1 in.
The increasc between 0.1 and 0.2 in. penctration was greater for the
pumice soils than for the gravel sand clays, and was more pronounced at
moisture contcnts near to and above the optimum for the level of
compaction used. With both these types of soils, there is a tendency
for samples compacted on the wet side of the optimum to be "spongy" duc to
entrapped air, This tendency is most marked with the pumice soil where air
is probably also compressed within the porous soil particles during
compaction. The tendency for the C.B.R. value to rise between 0.1 and
0.2 in, penetration, may well be due to gradual relecase of air in the
portion of the specimen immediatcly under the plunger, Further, in view
of the fact that the majority of these risecs occur in the tops of the
specimens, they may also be associated with the recompaction of the layer
disturbed during the striking off of excess material,

(3) Effect of increasing moisture content on the shape of the load
penetration curve, In the case of the pumicc and gravel-sand-clay soils,
at moisture contents up to ncar the optimum for the method of compaction
used, the curves tended to follow the standard curtes and origin correcctions
were seldom necessary, At higher moisturc contents, origin corrections
were frequently necessary, and there was an increasing tendency for there
to be an increase in C.B.R. between 0.1 and 0.2 in., penetration,

With the black clay and to a lesser degree with the black sandy
clay, the fall-off in C.B.R. between 0.1 and 0.2 in, penetration became
very marked at moisture contents abcve the optimum for the compactive
effort used,

The moisture content appeared to have little effect on the
shape of the curves for the red clays,

(&)

=

(4) REffect of compactive effort on the shape of the load
penetration ocurve, when considered in relation to the optimum moisture

content for the compactive effort used, the diffecrent compactive efforts
did not appear to alter the general shape of the load penetratlon curves,
except that increasing compactive effort generally resulted in increasing

C.B.R.'s,.

Table 1 gives a summary of the C.B.R. tests donc on the tops
and bottoms of the samples and shows where corrections were necessary, and
whether the value at 0.1 in, penetration was less, equal to or greate? than
the value at 0.2 in, penetration, Typical shepes of the curves are given

in Fig. 1.

/TABLE 1
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Appendix i
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