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- SUMMARY

The present investigation forms part of the
programme of research into moisture conditions, states of
compaction and strengths of subgrades under bitumen-
surfaced road pavements in trovical areas and was carried
out in co-operation with the Road Authority and the Ministry
of Works, Kenya. Measurements have been taken over a
fifteen-month period at seven sites on roads situated on
red clay, black clay, cendy clay and ash and pumice soils.

Moisture conditions

The main rains in 1958 were unusually heavy and
were preceded by a wet 1957 so that the investigation commenced
in conditions which could be expected to be much wetter
than normal. Under the centre of the roads, i.e. about
10 feet from the edge of the pavement, the moisture contents
were generally stable. Variations which were found in
moisture conditions under the edges of the roads were
related to surface run off and drainage conditions over
the verge. In general, moisture contents under the road
were at or below the plastic limit of the soils and at
subgrade level the average was generally less than the
optimum moisture content in the B.S. Compaction Test.

Densities of subgrades

The field density measurements indicate that the
relative compaction of subgrades was often low. Even at
a low state of compaction the subgrades had a high in situ
strength. The in situ strength did not appear to be
directly related to density. However, the obtaining of
higher field densities in the base and sub-base would help
to minimize after-construction troubles caused by compaction
by traffic.

Strength of subgrades

Despite the low states of compaction achieved the
measured in situ values of the California Bearing Ratio
(C+BeR.) in general exceeded 10 per cent indicating good
or excellent subgrade strengths. The few exceptions were
found near the edges of the roads particularly where there
were poor drainage conditions and permeable shoulders. The
reduction in strength was usually only serious in the outer
2=3 't of road. With dense well-drained shoulders, advantage
can be taken of the general good subgrade strengths.

Design considerations

Although only seven sites were investigated in
detail, spot tests were made subsequently on a very large
number of other sites in East Africa which supported the
results of the detailed investigations and will form the
subject of a further note. While there may be exceptional
s0il conditions which were not covered by either the detailed
investigation or the spot tests, the results obtained indicate
that wnder climatic conditions such as occur in Kenya (marked
wet and dry seasons) and with no definite water table within
ten feet of the surface, the main influence on the strength
of the subgrade soils is moisture available from the sides
of the road. They further suggest that, given dense and
well graded shoulders so that water is shed rapidly away
from the road edges, and a road base and surfacing which in
combination are sensibly impervious, design thicknesses may
safely be based on C.B.R. values obtained from specimens
of the subgrade soil, tested at the maximum dry density and
at optimum moisture content in the British standard compaction
test.




INVESTIGATION TO STUDY MOISTURE
CONDITIONS UNDER ROADS IN KENYA

Introduction

The bearing capacity of a road subgrade depends on the soil type,
dry density and moisture conditions occurring under the pavement. Soil
type is usually predetermined, while the dry density can be measured and in
the upper layers of the formation controlled, 4 knowledge of the most
adverse moisture conditions which occur under a pavement is necessary to
design an adequate but not excessive road structure.

The present investigation forms part of the programme of research
into moisture conditions and the associated strengths under bitumen-surfaced
road pavements in tropical areas and was carried out in co-operation with
the Road Authority and Ministry of Works, Kenya, Seven sites, covering a
range of soil types and rainfall areas were investigeted over a complete
climatic cyele, Measurements commenced in aApril 1958 and continued until
July 1959, this period including the 1958 and 1959 main rains ("long rains"),
and the 1958 secondary rains ("short rains").

Location of sites

The sites investigated were situated in the Kenya Highlands at ,
elevations between 4,900 and 6,900 feet above sea level, Five were within !
o thirty mile radius of Nairobi and the remaining two in the Rift Valley, !
(Pig., 1) and Appendix 1. |

Sites Nos 1 and 2 on the Limuru "A" Route and Thika-Sagana Road
respectively were located on red clay soil in the Kikuyu Reserve, Site
No, 1 was on the rising ground which culminates in the Kikuyu Escarpment
to the west of Nairobi and Site No, 2 was situated in the rolling country
north-east of Thika, Three subsites®™ giving conditions of cut, fill and
level ground were investigated at each site, At Site No, 2 the subsite on
fill was sited in a valley where a permanent stream maintained a watertable
at a depth of 10 to 11 feet below the road surface,

Site No, 3 was in a typical black clay area on the Embakasi

Plains and was on the Nairobi-Mombasa Road near the 12 mile post, Here

2 to 4 feet of black clay overlay decomposing rock and this shallow depth
of soil made interpretation of the moisture profiles difficult. A4 further
site was therefore selected on the Ngong Road (Site No, 7) where the black
clay was ?% to 8 feet deep and measurements commenced there in September
1958, Site No, 3 contained two subsites both on level ground while Site
No, 7 had one subsite also on level ground,

Site No, 4, the remaining site in the vicinity of Nairobi, was
on the Naircbi-Mombasa road at Mile 27 where the road traverses the Kapiti
Plains south-east of Athi River. The soil was a sandy clay in the transition
between the bleck clay soils which occur on the plains south of Nairobi and
Athi River and the sandy soils below the Mua Hills,

The two sites in the Rift Valley were located in the vioinity of
Naivasha and Nakuru on volcanic ash and pumice soils, Site No. 5 was south
of Naivasha on the Nairobi-Nakuru Road with Lake Naivasha to the west and
Mount Longonot to the south, Site No, 6 was on the Nakuru-Eldoret Road
near Mile 8 and was on the high ground to the north-west of the town and the
Menengai Crater,

/A
o] o

®Mhe annotation of the subsites (a, b, ¢) was arranged so that the "a"
subsite was always nearest Nairobi,




A plan, longitudinal and cross sections of eaeh site are given
in Appendices 2 to 8 and Figs. 2 to 8 are general views of the sites and
the surrounding countryside,

In selecting the sites care was taken as far as possible to select
lengths on deep typical soil profiles so that the results would not be
influenced by extraneous drainage conditions, As far as possible lengths
were selected with no apparent failures in the surfacing,

Field measurements, General

At each subsite a short length of road was selected and measure—
ments were taken within this area moving progressively away from the initial
sampling point, The openings for moisture content measurements were made
at monthly intervals and extended as required for C.B.R., dry density
determinations and samples for soil suction measurements, (See 4ppendices 2 tc

Moisture content measurements

On the occasion of the monthly samplings three boreholes, located
on the verge, 3 feet inwards from the pavement edge and on the road centre-
line were sunk to a depth of 6 feet, or to rock, using a L=inch diameter
Jarrett auger, In addition, a trench to subgrade level and extending
L feet inwards from the pavement edge was excavated, Samples were obtained
from the subgrade and road construction layers f'or moisture content and
plasticity determir . tions, The moisture content data cbtainedare shown
in Fig. 9,

In August/September 1958 lined boreholes to record watertable
levels were sunk at each subsite to a depth of 12 feet or until a hard
layer was encountered at a lesser depths, With the exception of the Thika-
Sagana site on fill, (20) already referred to, no watertable was located
in any of these. On the Ngong road site, water was found to stand in the
borehole after rain, but this was subsequently proved to be due to seepage
from the surface down the side of the lining.

Density measurements

Two sets of in situ density measurements were made at all sites
and subsites, The sand replacement method was used on subgrades and the
water displacement method on "murram"® base and sub-base materials using
the procedures in B.S. 1377 : 1948, 1) The results of the tests on the
subgrades are summarized in Table T and those on the "murram" bases and
sub-bases in Table II where they are compared with the results of the
laboratory compaction tests,

California Bearing Ratio (C.B,R, ) measurements

Three sets of in situ C.B.Rs measurements were made at all sub-
sites, two sets being carried out during the 1958 and 1959 main rains and
the remaining set in October/November 1958 after three months of very dry
weather,

Testing was carried out in a trench and for convenience no
surcharge weights were used, Individual tests were spaced at1 ft intervals
across the half width of road, commencing 6 in, from the pavement edge,
CeBeR. measurements were made on all subgrades and on bases and sub=bases
consisting of "murram", "mumrram" and s tone and stone and sand mixtures,
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"Murram" a local name in East Afrieca used to denote a nodular gravel sand
Claya




Tests were not carried out on pitched or "gquarry run" stone bases, The
general set-up and apparatus used are shovm in Fig., 10, To eliminate
the large travel of the rear springs the lorry was supported on chassis
stands during testing., Setting up was facilitated by the use of a rack
and pinion jack with a 12 in. travel (Tanganyika Jack) and a steel plate
to span the trench, The C.B.R. values are shown in Fig. 11 and the
individual C.BsR. results are shown in Appendix 9.

Traffic counts

Traffic counts extending over the 16 hour period from 5 a.m, to
9 peme (E.h. Time) were taken on two occasions at each site, The traffic’
in each half-hourly period was recorded and segregated into light, medium,
heavy and public service vehicles, The first three types were classificd
by their tarc weights which were usually displayed on the driver's side of
medium and heavy vehicles. Light vehicles had tare weights of less than
3,000 1bs, medium vehicles tare weights between, 3,000 and 7,000 1bs and
heavy vehicles tare weights of over 7,000 1bs, The results of the counts
are summarized in Table III.

LABORATORY TESTING

Classification tests, Liquid limit

Liquid 1imit determinations were carried out on air-dry soil or
on soil stored at the field moisture EBTtent. The samples were conditioned
for testing as recommended by,Norman and tested according to the
procedure in B,S, 1377 : 19&8{1 It was found that clay soils needed
very thorough and prolonged mixing to ensure that reproducible results
were obtained.

Plagtic limit

Plastic limit determinations were carried out on soil stored at
the field moisture content or on material conditioned for the liquid limit
tests. At least six of the samples normally obtained from the three borcholes
put down monthly at each subsite were tested, The results were uscd to trace
any variations in soil type as the test was quick and its correlation with
the moisture conditions in(§?° soil has been shown to be as reliable as that
given by the liquid limit, The variation of the plastic limit with
depth and the range of values recorded at each level are shown in Fig. 12,

Plasticity index

The liquid limit and plasticity index of samples tested from the
various sites have been plotted on Casagrande Charts (Fig. 13). These
show that the soil investigated ranged from clays and silts of low
compressibility to similar materials of high compressibility.

Compaction tests

Standard compaction tests(1)'were carried out on subgrade
material from all subsites. With the soil from Nakuru Site (No., 6) a fresh
sample was used for each determination as the large pumiceparticles in it
were casily crushed., This scil was also peculiar for the fact that the
dry density/moisture content curve was extremely flat and that values
within 1 to 1% 1lbs of the maximum dry density could be obtained over a
wide range of moisture contents (sce Fig, 14), The results of the
compaction tests are shown in Table I.
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Specific Gravity

Specific gravity determinations were carrie ?ut on subgrade soil
from all subsites using test No, 7A B.S., 1377 : 1948.\1) The values obtained
are shown in Table I, and have been used to calculate the air content of

the in situ subgrade soil and in the laboratory compaction tests.

Metecorological data

Daily rainfall figures for the period 1st January 1958 to 31st
July 1959 have been supplicd by the Bast African Meteorological Department
for rainfall stations near the sites being investigated. The moathly and
longterm average monthly totals are shown in Fige 9. In addition, relative
humidity, maximum/minimum temperatures, sunshine hours and wind speed data
for Ngong Road Site (No. 7) are given in Table IV and average and monthly
values for Naivasha and Nakuru Sites (Nos, 5 and 6) are given in Table V,

The rainfall from Jamuary to July 1958 varied from 1% to 2 times
the average for these 7 months, This wet period was followed by three
dry menths at all but the Nakuru Site (No, 6). From November 1958 to
July 1959 the rainfall at the sites in the vicinity of Nairobi was below
average, while that for Naivasha and Nakuru Sites (Nos. 5 and 6) in the
Rift Valley was slightly above average. The 1957 rainfall figures were
also in excess of the average anmual values for the various sites., The
rainfall conditions were thus seasonable for the investigation, the
initial measurements being made during and after a wetter than average

period, while subsequent measurements were taken in generally drier than
average conditions,

RED CLAY SOILS

Limuru "A" Route Site (No, 1)

The present road at this site was constructed in 1949-50, The
red clay scil here was at least 12 feet deep and rests on voleanic rock,
probably phone&}te. The soil was typical of the red clays occurring in
humid regions and vmas a residual latosolic soil with a blocky subangular
friable texture, The Casagrande @lassification was MH and the plastic
limit determinations gave lower average values on level ground subsite (e)
than on £ill (a) and cut (b) subsites

The permanent watertable was at a depth of 60 feet below the lower
end of the site, The general drainage of the road
Rainfall data show that the mainfall for 1957 was 140 per cent of the
longterm average, for January/Jjul

y 1958 150 per cent of average, for
August/October 1958 20 per cent average and for November 1958/July 1959
70 per cent average,

and verges was good,

The moistgre content measurements (Fig. 9, 2, b and ¢) showed
a §0a30931 fluctuation in the verge with maximum values coinciding with the
main rains, The values for the profiles 3 feet from the pavement edge

: 14 Ayers there were slightly wetter
than the ?entrelln?, but this difference lessencd as measurements progresseds
A sudden increase in moisture content was recorded on the level ground

subsite (c) in.Jyly 1959 2t depths below 5 feet, This was related to :
;hc 91069 proxlm?ty of tPG.JUIY profiles to a culvert which probably contained
caldng JOlnts‘31ncc_add1t10nal boreholes put down both uphill of the culvert
?nd near sampling points used in upril/ﬁhy 1958, showed méisturu contents

;2 iﬁieizgnsziﬁh ;20 usuil V%lucs, The moisture content measurements
= (o] Se and subgrade showed some 2 o the
pavement edge but its effec Some seasonal wetting up at

t on the str R ;
from the edge (Fig, 1458, Pland o) ength had disappeared at 3 feet
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The. subgrade densities on cut and level ground at 7 to 13 inches
below the road surface were only 90 per cent of B,S. compaction, while on
fill, at similar depths, they were nearly 100 per cent of B.S. compaction,
The average air voids were 11 per cent on the embankment and 24 per cent
on level ground, The moisture contents were usually less than the
optimum moisture contents obtained in the B.S., compaction tests. The (5)(6)(7)
standard deviations indicated that the density conditions were uniform
at each subsite for both the subgrade and base, and the average results
obtained in individual test series were in good agreement,

The results obtained from in situ C.B.R. tests on the soil
5=9 in, ?e%ow the road surface indicated a subgrade which may be classified
as good.\5) The lowest average for a set of in situ C.B.R. tests on the
subgrade across half the width of the road, at a depth of 5=9 in. below
the road surface occurred at subsite (a) (£ill) in October 1958 and was
19 per cent. 1In all the 84 measurements only three values were below
15 per cent and none was below 10 per cent. The C.B.R. measurements on

the "murram" base were somewhat variable, the average values ranging fron
35 per cent to 70 per cent C.B.R.

Site No., 2 Thika=Sagana Road

Construction of this road was completed in February 1957. The
red clay soil here was browner in colour than that at Site( ?. 1¢ The
profile was also shallower and the underlying rock basalt, at the
level ground subsite (2) a hard layer prevented augering below 9 fect.

On the cut subsite (b) yellow brown clay was sometimes found at a depth

of 5 to 6 feet. This soil was damp and plastic and nearby cuttings showed
that it was the transition soil lying on the rock. The rock, however, was
not encountered in a 12 feet deep borehole. At the fill subsite (c) the
brovm soil embankment rests on blue alluvial clay,

The red clay soil(h) was a regldual latosolic soil with a
weak subangular blocky texture such as occurs in sub~humid regions,
Although similar to the soil at the Limuru Site (No, 1) it could be differen-
tiated from it by its browner colour and also on the Cagagrande chart where
it les on the A-line and was classified as MH-CH, Soil conditions as
indicated by plastic limit determinations were similar at all subsites,

Subsite (e) (£ill) was located across a clay-bottomed valley in
which flowed a permanent stream some 10~11 feet Below the road surface,
The drainage of the road and verges was goods, The rainfall at the site was
135 per cent of average in 1957, and 205 per cent of average for the seven
months January/July 1958, In the following three months August/October
1958 the rainfall was 30 per cent of average while from November 1958/July
1959 the figures recorded were just below average.

The moisture profiles obtained in the verge and at 3 feet from the
pavement edge exhibited a similar pattern to those at Site No, 1 (Fig, S dho & £.)
On the centreline some progressive wetting up occurred initially but the
values became more stable in the period September/December 1958 and little
change occurred subsequently., This phenomenon was most probably associated
with the relatively rccent road construction and the attainment of
equilibrium conditions under the road, The moisture content measurcments
on the top of the sub-base and subgrade indicated some seasonal wetting
up but its effect on the strength had again disappeared at 3 feet from the
edge, (Fig. 11, d, e & f) :

The field densities on the subgrade showed similar trends to
those at Site No, 1, the relative compactions on the subsites on cut and
level ground being 90-95 per cent of B,S. maximum dry density at 12-18 in,
below the road surface and the densities on the fill subsite were Just
slightly below the B.S. maximum dry density at 20~26 in., The standard
deviations again indicated uniform density conditions, The average in situ
moisture contents obtained in the field density measurements were less than
the optimum moisture content obtained in the B.S. compaction tests. Densities
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in the "murram" sub-base were more variable than those in the "murram"
base material at Site No, 1. There was an appreciable variation between
the results obtained on the subsites, the highest results being obtained
on the fill subsite,

The in situ C.B.R., values obtained on the subsrade 10-20 in, belov
the road surface were lower than at Site No. 1., Of the 86 determinations
made only 2 were less than 410 per cent C,B.R, but 23 were less than 15 per
cent C,B,R, The average C.B.R, of the "murram" sub-base ranged from
14.4 per cent to 41,3 per cent and decreased with depth below the road
surface, The softer nature of the "murram" sub-base material made seating
easier than at Limuru and the results obtained were not very variable,

Discussion of results

The results indicate that some wetting up of the subgrade was
taking place under the centreline of the road at the Thika=-Sagana road
site for some 22 months after construction was completed, After this period
the moisture content rattern at both sites was similar, At Limuru site
(No, 1) and Thika-Sagana site on level ground (No, 2(a)) the values
recorded were below the plastic limit while at the latter site on cut and
£ill, site No. 2(b) and c), they were generally in the region of the
plastic limit, These higher relative values ma be related to the shallower
depth to the rock surface at the out subsite (b) which would impede the
dovmward movement of water, while at the £ill subsite (¢) they would be
atbributable to the high watertable,

The effect of seasonal wetting on the subgrade strengths at the
road edges was evident but the change in design pavement thickness required
was not great, The comparison of the in situ C,B.R valufs)and pavement
depths with the C.B.,R. design ourves in Road Note No, 20 (Curve D)
shows that the road thickness at the Limuru Site (No, 1) had a slight
margin in excess of that required by the average in situ C.B,R. values,

A few individual results were marginally lower than the required value for
the depth of construction found, At site No, 2 pavement thicknesses on cut
and level ground were some 4=6 in, in excess of those given by the design
curves and on fill it was about 410 in, in excess, A tendency was noticed

at both sites for the average C,B.Re Values to decrease as the depth to
subgrade level increased. The relative compactions in conditions of cut

and level ground werec low at both sites while those on fill were only
slightly less than the B,S. maximum dry density obtained in laboratory tests,

The overall picture was one of fairly dry conditions under the
pavement with moisture contents seldom exceeding the plastic limit or the
optimum moisture content in the B,S, compaction test, Saturated conditions
Were never encountered and subgrade strengths were good,

BLACK CLAY SOILS

Site No. 3. Mombasa Road, Mile 12

The road at this site was completed in 1949~50, The black clay
soil (black cotton soil) was 2~ feet deep and rested on phonolite, the top
layers of which were decomposed, Some carbonate has accumilated in the
region of the boundary bctwecE ?oil and the decomposing rock, The aren
was a typical black clay area™) on a plain with impeded drainage and
the Casagrande classification of the soil was CH,

Pumpable water was permanently available at a depth of 300 feet
at the site. Some water could accumulate and stand in the ditches outside
the road verge, but no perched water table was found in the boreholes,
The level of a seasonal stream was less than 100 ft below the level of
the site. Rainfall data show that the minfall for 1957 was 170 per cent
average, for January/July 1958 175 Per cent average, for August/October
1958 15 per cent average and for November 1958/July 1959 85 per cent average.
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The moisture content measurements were limited by the shallow
depth of soil and were somewhat variable, The vergg profiles show seasonal
fluctuations with peak valucs coinciding with the main rains, The values
on the profiles 3 feet from the pavement edge were normally wetter than
those on the centreline where conditions were reasonably stable but this
difference decreased with depth, (Fig. 9, g and h). The moisture content
determinations on the top of the subgrade showed much wetting up near the
verge (Fig. 11, g and h),

The field densities on the subgrades at 15-24 inches below the
surface were close to the B.S. maximum dry density while the average
associated moisture contents were well below the optimum moisture contents
obtained in the laboratory, The average air voids were about 20 per cent,
but the subgrade densities were rather more variable than in the case of
the red soils, and the minimum value obtained was 6 per cent.,

The in situ C.B.R. test showed variable subgrade strengths. The
edge values with the exception of one set of tests were low while the
strengths between 5 feet from the pavement edge and the centreline were
invariably high, Of the 61 determinations made 8 were below 7 per cent
C.B.R. and 15 were below 10 per cent C,B,R. with 12 of the latter occurring
within 2 feet 6 in, of the verge, The low C.B.R.s and high moisture contents
near the pavement edge appeared to be due largely to the permeable shoulder
of "quarry run" stone which facilitated the percolation of run off from the
road surface to subgrade level. This conclusion was supported by the C.B.R.
tests carried out in April and May 1959, The values recorded at subsite
(2) where the verge was fairly impermeable were extremely high even close
to the verge and were associated wita low subgrade moisture contents,

Those recorded at subsite (b) where the verge was very open and porous
were very low up to 4 ft 6 in, from the pavement edge, The C.B.R. values
recorded immediately under the rcad surface were reasonably good, Weaker
layers were encountered at lower levels, but these were not less than the
value required by the C,B,R. design curve,

Site No., 7 = Ngong Road

The present road at this site was reconstructed in 1950, The
original road, which was in existence before 1947, had a bitumen surface
over approximately 6 in, of "murram"-over the black clay, The construction
laid over this in 1950 consisted of approximately 4 in, of rather clayey
"murram", below 6 in, of "murram" which was surfaced with a multiple
bituminous surface dressing. The soil profile was 7% to 8 feet
deep and rested on tuff, The area was a plain with very little fall,
though at some distance from the site the ground fell sharply to a river,
This is(t ical of the poorly drained areas in which this type of soil
occurs, The soil was again classified as CH but has somewhat higher
plasticity values than the soil at site No. 3.

Pumpable water was permanently available at a depth of 200 feet
below the site. Some standing water sollected in the roadside ditrhes which
were some 8 to 10 feet from the edge of the bitumen surface from March 1959
onwards but no perched water tables were encountered in the boreholes.

The normal rainfall at this site is slightly more than at site 3; during
the measurements the records of rainfall had a similar relationship to the
averages as at site 3,

The moisture content profiles were extremely stable in all locations
below 2 feet (Fig, 9, m)e The verge profiles showed very slight peaks
coinciding with the secondary rains in 1958 and the main rains in 1959 and
there was limtle difference between the moisture content values in the verge
and those under the road, The measurements taken on top of the various
construction layers and the subgrade showed very little wetting up near the
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pavement edge, The verges were covered with a layer of compacted "murram"
which was virtually impermeable,

The field densities 14=20 in, below the road surface indicatedq
relative compactions similar to those at Mombasa road Mile 42 (site No, 3)
while the lower standard deviations indicate more uniform conditions, The
associated moisture contents were below the optimum moisture content obtained
in the British Standard compaction test, The average air voids content
ranged from 16 to 24 per cent, the minimum value recorded being 13 per cent,

The minimum in situ C,B,R, value recorded at subgrade level wa.s
10 per cent (Fig. 11, m). Patches of a greyish, more silty material were
generally encountered in the surface of the subgrade immedintely below the
road structure, Good bearing values were obtained from both the grey ana
the black clay at subgrade level (Appendix 9 ana 10). Slightly lower values
were recorded at a greater depth with the black clay, but these were above

The C.B,R. tcsts carried out on the various construction layers
gave values of 60~70 per cent C.B,R. under the present road surface, A
layer of weak material was encountered above the old road surface in the
tests in November 1958 and was probably due to the localized trapping of
some water which had penetrated the present surfacing, The strength of the
"murram" base beneath the old road surface Was excellent and was in excess
of 150 per cent ¢,B,R, The moisture content ang in situ C,'B.R, measurements
show that the shoulders at this site combined sufficient impermeability
with adequate crossfall to prevent much run-off from percolating to subgrade
level,

Discussion of resultg

The conditions under the central portion of the pavement at site
No. 3 were drier than at site No, 7 and this may reflect the somewhat drier
climate in the former area, Conditions in the verge showed much greater
fluctuation at site No, 3 and the wetting up that Occurred there was probably
due to the permeable hard shoulder, At site No, 7 the moisture content
profiles were extremely stable and the values in the verge and under the
road were similar, Excepting the values caused by the permeable shoulder
conditions at site No, Js the moisture contents at both sites were always
less than the plastic limit,

The wetting up at the road edges on site No, 3 already referred
to, resulted in a large reduction in subgrade strength along the outer
3 £t of the road, However, these conditiong €xcepted, the subgrade strengths
were high, The comparison of the low in situ C,B,R. K% ues at site No, 3
With the C.B.R, design ourve (E) in Road Note No. 20 indicated that
the thickness of construction used generally matched the lowest Ce Bs R,
values found. In situ densities were similar to the B.S. maximum dry
density, while air voids were of the order of 20 per cent,

The overall picture was that the general conditions under the

and the Optimum moisture content of the B. 8. laboratory compaction test,
and that the subgrade strengths associated with these dry conditions were
goods However, ihen wetting up occcurred due to the use of Permeable hard
shoulders great reductions of strengths at the pavement edge resulted,

If the potentially strong subgrade conditions on this type of soil are to
be made use of, then the shoulders need to be reasonably impermeable and
have sufficient crossfall to facilitate run off from the road surface to
the drainage ditches,

/SANDY CLAYS




SANDY CLAYS

Site No, 4 Mombasa Road, Mile 27

Construction of the road at this site was completed late in 1956.
The sandy black clay soil here was a transition soil between the black
clays of the plains and the sandy soils derived from the weathering of
the basement gneissic rocks of the Mua Hills., The soil profile rests
on "kankar" (calerete) deposits which overlie rock and the site was
located on the approximate geologica% b?undary between the Kapiti
phonolite and the basement gneisses. 10)  The Casagrande classification
was generally CL although some more plastic soils were encountered near
rock on subsite (a) at depths below 4 feet.

This area is semi-arid and the permanent watertable in this
area was generally within about 70 feet of the surface, The layer of
clay on top of the rock at subsite (a) was wet and plastic on occasions,
The rainfall in 1957 was 145 per cent of average, January/July 1958 170
per cent of average, in August/October 1958 no rainfall was recorded
and in the concluding period November 1958/July 1959 the rainfall was 70
per cent of average.

The moisture content measurements were somewhat variable due to
changing soil types (Fig. 9, i and j)e The pattern at subsite (a) was
similar to that on the sites on the red and black clays. At depths of 3
to 5 ft there was a progressive wetting up over the period of the measure—
ments, At subsite (b) near the bottom of the incline, conditions were
quite wet in the top layers of the subgrade but below this the soil was
extremely dry on the centreline, This condition could be explained by the
dished transverse profile of the road surface which causes a large propor-
tion of the run—off from the road on the incline to be chamnelled on to the
verge at the bottom of the slope where the more luxuriant roadside vegetation
reflects this added supply of moisture. The moisture content values on the
construction layers and on top of the subgrade show little verge wetting
up on subsite (a)., On subsite (b) verge values were offen lower than
those under the pavement and this probably resulted from roots drying out
the soil in the former regions, (Fig. 11, i and j).

The field density determinations generally indicated a relative
compaction of 95 per cent B,S., miximum in the subgrade at depths 18-24 in,
below the surface, At subsite (b) the densities across the road were
variable giving densities in excess of the B.S. maximum dry d ensity at the
verge and values down to 85 per cent relative compaction on the centreline,
This non-uniform condition was reflected in the high standard deviations
recorded. The average moisture content associated with the field density
determinations was always less than the optimum moisture content in the
laboratory, The air voids contents reflected the wetter conditions at
subsite (b), where the average values were 13 per cent with a minimum
value of 8 per cent. At subsite (a) the corresponding figures were 18
per cent and 13 per cent respectively,

The in situ C,B.R. measurements showed good subgrade strengths
on subsite (&), the lowest average being 12 per cent C,B,R. The wetting
up at subsite (b) has reduced these and values of 6=9 per cent C,B.R. were
very common under the road, The values obtained on the base and sub-=base
layers, while variable due to the proportion of crushed stone in these
materials, indicated adequate average strengths,

Discussion of results

This site was situated in a semi-arid area and subgite (a) was
drier than subsite (b), The soil at subsite (a) was wetter relative to
the plastic limit than that at the Mombasa road Mile 12 (site No. 3) which
was in a wetter area, and this may be a result of the sandier and more
permeable surface soil. At subsite (b) the wet layers immediately under
the road structure were contributed to by pecularities of road surface

/drainage,
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drainage, The higher moisture contents do not occur below 4 £t and this
is probably due to the more plastic layer near the surface preventing down-
ward percolation of water, BEven in the wettest condition under the road
the moisture content of the s0il was only of the order of the plastic limit,

The in situ C.B.R. values indicated fairly good subgrade conditions,
The average relative compactions were low and the density varied appreciably
across the road. This had been a determining factor in designing the thicke-
ness of construction required. Again the average moisture contents at
subgrade level were below the optimum moisture contents of the British
Standard laboratory compaction test,

In general, conditions at subsite (a) were fairly similar to those
at the other sites in the Nairobi area, The moisture contents were below
the plastic limit until the more plastic soil overlying the rock was reached.
This may indicate an incipient perched watertable, At subsite (b), while
subgrade level was wet, conditions became drier with depths, and this might
indicate that the impervious layer is at a higher level,

ASH AND PUMICE SOILS

Site No, 5 = Naivasha

The road at this site was constructed in 1944 and the syil consists
generally of volcanic debris which were deposited under lacustrine conditions
and the soil profile in these conditions is often hundreds of feet deep, L
The soil was fine grained and had a Portland stone colour, the Casagrande
elassification being CL-CI, The plastic limit determinations showed fairly
uniform soil conditions down to a 6 feet depth,

The permanent watertable in this area was similar to the water
level in Lake Naivasha, about 200 feet below the site, The general drainage
condition of the road and verges was good, This area is semi-arid and the
rainfall in 1957 was 140 per cent of average, The following seven months,
January/July 1958, it was 165 per cent of average, The three months August/
October had 50 per cent of average and from November 1958 to July 1959,

110 per cent of average was r ecorded,

The moisture content profiles in the verge exhibit peaks coinciding
Wwith the main rains (Fig, 95 k). Wetting and drying were very rapid and
trends of moisture content change following the pattern of the main rains
Wwere recorded at depths below 4 feet, under the road pavement, Above
this level the values found in the profile 3 feet from the pavement edge
and on the centreline were similar, The moisture content measurements on
the top of the subgrade showed seasonal wetting up at the edge,

The field density determinations gave relative compactions of the
order of 90 per cent maximum dry density in the British Standard compaction
tests, with low values at the edge om both Occasions, whilféfhe higher than
usual standard deviations also revealed uneven conditions, Average air
voids were 18=21 per cent with a minimm value of 14 per cent and the
corresponding moisture contents were below the optimum moisture contents

in the British Standard compaction tests,

The C.B.R. measurements showed generally good subgrade conditions
with the exception of low values where high moisture contents ocourred at
the edge as mentioned above, (Fig. 11k)\ of the 30 tests carried out only
3 values below 10 per cent C.B.R. were recorded and the average strengths
ranged from 15 per cent to 20 per cent C.B.R. The road base here consisted
of hand pitched stone § to 7 in. deep and was well and tightly packed.
There was some deformation of the road surface particularly near the edge
which may be attributed to the pitched stone base and the lack of compaction
of the subgrade. A deformation o€ a longer wavelength is also apparent
along this stretch of road, which may well be associated with the very low
state of compaction in depth of the subgrade soil, The railway line which
runs parallel to the road at this point has a history of a high rate of
line breakages which has been traced to the low state of compaction of
the soil*,

~10~ /Site

*Private communication from the Chief Materials Engineer, Ministry of
Works, Kenya.




Site No. 6 Nakuru

Construction of the road at this site was completed in 1951,
The soil profile several hundreds of feet thick consists of volecanic
debris varying from granular pumice of gravel size to fine dust., The
dust was black in colour in the upper layers but changed to a brown
colour at a depth of about L4} feet, This brown soil was less permeable
than the higher layers and traces of free water were on occasion recorded
there after recent rain, Some traces of obsidian were also noticed in the
profile, 8oil conditions were extremely variable, due no doubt to the
method of deposition of the deposits, At this site the original bituminous
surfacing had given service for 7 years and resealing was becoming necessary,
Severe crazing of the road surface occurred at the site soon after the start
of the measurements and the investigation was continued under an unfailed
section, 100 yds further along the road,

Pumpable water was available at 750 fcet.(12) The drainage of the
road and verges was good, This area is sub-humid and the r ainfall there
in 1957 was 105 per cent average., The following period January/July 4958
it was 160 per cent average, while August/October 1958 and November 1958/
July 1959 had 165 per cent and 115 per cent average respectively.

The moisture content profiles showed considerable fluctuations
in moisture contents, but these are thought to be mainly attributable ¥>
soil type. The pattern in the verge followed the general pattemof the
rains to depths of 6 feet while conditions under the pavement were more
stable, The general conditions in the verge were similar to site No, 5
with regard to the plastic limit of the soil (Fig, 9, 1).

The field densities determinations gave a relative compaction of
25 per cent of the maximum dry density given by the British Standard
compaction test at depths of 8-15 in. below the road surface. The low
standard deviations showed uniform subgrade conditions, The high air
volds, 25 per cent, are due largely to the porous nature of the material,
The specific gravity of the material was low and as already mentioned a
fresh sample was rcquired for each individual point in the moisture/dry
density relationship. A4 typical compaction curve is given in Fig., 1l.
The curve is very flat, and values within 2 per cent of the maximum density
were obtained at moisture contents 10 per cent dry of the optimum.

The in situ C.B.R. tests revealed excellent subgrade strengths,
only two of the 31 values recorded being less than 15 per cent C,B.R,
The values obtained on the green pumice-like sub-base material were variable,
and this is thought to be largely due to difficulties in seating the plunger
accurately in this material, (Fig, 11, 1),

Dilscussion

In general, the moisture conditions under the road at both sites
were broadly similar. At these sites the soil conditions were determined
by their modes of deposition and the moisture content profiles reflected
the variability, During the dry periods conditions in the verge at the
Naivasha site (No, 5) were much drier than under the road as also, to a
lesser extent, were the upper two feet of the verge of the Nakuru site
(No. 6). This did not occur at the sites in the Nairobi area, This
difference is probably due to the highly permeable nature of the soils
at the Naivasha and Nakuru sites,

At both sites the subgrades were found to have high strengths
at soil moisture contents of the order of the plastic limit, The optimum
moisture content in the laboratory compaction tests was g enerally in excess
of the field values and the field densities obtained showed low states of
relative compaction,

/General




General discussion
——————=—15CUSsion

In the ares under investigation the pPermanent watept
generally deep. The only source of moisture available to infl
conditions under the Pavement was rainfa1y whi
two rainy seasons, The bPrecipitation rates were high and the dr
conditions at the sites generally permitteq a
surface andg verges. The remaining watep which

able wags

percolated into or was
« The results show génerally
in this climatic ang topo-

However, the "edge effects® resulted in greatly reduced subgrade
strengths on black clays at the roag edge, particularly when this condition
Was accentuateq by permeable hard shoulders (Momba sa road Mile 12, site
No, 3) or drainage peculiaritics (Mombasa roag Mile 27, site No, 4). 1
shoulders ape made of a compacted gravel clay which is relatively impermeable
these effects should be limited to very tolerable pProportions and the depth
of pavements could be based on the general dry conditions Wwith their accome
bPanying good subgrade strengths,

The in sity CeB.R, valucs recorded reflected the generally dry
conditions and individual values less than 10 Per cent C,B,R, were rarcly
found, The 1ow results were, in general, attributable to edge effects

approximation to the C.B.R. value determined by laboratory testing, thus
the fact that these roads are giving good rerformance at these pointg
Supports the view that these curves are applicable in these conditionsg,
Since the average moisture contents at Subgrade level were less than
that in the B, 8; compaction tests g CeBsR, value which may be used safely
in dewign may be obtained from 1aboratory specimens compaftfd and tested
at the B, s, maximum density anq optﬁ?¥ajnoisture content,(9) , similar
procedure has been used in Nyasalang,

(To permit the attainment of fore uniform moisture conditiong
within the Specimens it ig Suggested that these should pe anlfd inmcdiatcly
on moulding and allowed to remain overnight before testing, (15 )

The field density neasurements indicate that the state of compection
of subgrades was of'ten low except on the black clay. The fact that mean
densities comparable with the B.S. maximum dry density have been achieved
on some of the sites indicates that they could be obtained j

ensure that the

» Particularly on level
8round and in eut, Relative compactions of 95-100 Per cent British Standard

should be obtained in the top 12 in, ang at least 90 Per cent in the secong

foot. The base and sub-bases shoylg be compacteq to 100 per cent Bri
standard 30F¥83tion to minimise after construetion trowbles causeq by traffic
compaction, With the req clays the highest densities Wwere found on the
fill subsites where the soil hag been excavated ang placed in layers. The
accompanying in situ strengths as Measured by the in 8itu C.B.R, test were
not as high as those measured on the eyt and level groung subsites, where

the density was lower. This is Probably due to the fact that at the latter
Subsites the original structure, which occurs in this type of s80il, had

been retained while the soil had compacteg over the years from its natural

. to its present state,

Conclusions
=—X-usions

See Summary,
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TABLE IT

Summ-rv of in sity density tests on nurram
base and sub=base materials

[h_ Tests in August Scptcnmer, : PRI
and I‘.TOVCI:Ibf;I‘ 1958 Tests in March 1959
y
Site Subsite
AVCI‘QSD St J;Vcr&ge St.
dry deviation|No. tests dry deviation| Tests
density density
1 (a) 96,1 2.6 D 97e3 25 3
(b) 95, 3 0.8 6 96,4 35 5
(e) |101,3 3.8 7 101.8 3.8 5
2 (a) [101.4 3¢5 7 102, 8 57 6
(®) | 95.0 541 6 105, 0 3uls 4
(e) |113.8 36 3 7 115: 3 369 5
25 mr e i MY IR
3 (a) - - - 107.9 - 1
(®) l101.9 642 8 - - -
=t =
T (a) 112.7(1) 3.4 8 M4l le3 5
128,6(2) 54 7 ‘128.5 4.5 5

(1) Murram sub-~bage at € in, below existing roaqd surface,

(2) Murran base under old roag surface,
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TABLE IT

Sumnm-ry of in situ density tests on murram

base and sub-base materials

Tests in August, September . "
s Novemb::r 1958 ? Tests in March 1959
]
Site|Subsite
Average St, hLveragef St.
51"3,’ deviation No, tests dry deviation Tests
density density
) 1
]
1 (a) | 96.1 2.6 5 %3 241 3
(®) | 95.3 0.8 6 96, 345 5
(e) |101.3 3.8 7 101.8 3.8 5
2 (Cl) 10'1.)4- 3-5 ? 10208 5-? 6
(b) 95.0 5ol 6 105,0 Bls L
(e) |113.8 33 7 115.3 3.9 5
3 (a) - - - 1079 - 1
(v) |101.9 6.2 8 = L Xy
7 (a) 112.7(1) 3.l 8 M4l Te3 5
128,62 5., 7 128,5 | 4.5 5
(1) Murram sub-base at 6 in, below existing road surface,

(2)

Al

Murram base under old road surface.,

/TABLE III
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TABLE IV

Mcnthly meteorclogical data. Ngong Road site (No. 7)

Relative Wind Mean temp—
Month humidity Sunshine | run eratures Remarks
0600™ { 1200™ | Hrs/day | Mls/day | Max, | Min,
1
1958 0600 GolM, Te
January 82 51 8.8 147 76.2152.,5 | is 9 a.ms
E- Ao tlmeo
Pebruary 73 48 8e7 102 78.2 | 50,6
May 89 66 5¢0 66 73.5 | 55.6 | 1200% GoM.Te
is 5 p.m.

June 89 63 e b3 70.6 | 52. 3 | EsAs time.
July 9l 70 2.6 38 67.2 | 50,7
August 83 56 b7 4 70,7 | 48.8
September | 81 L5 % 61 7645 | 47e1
October 79 | Te3 85 78.0 ] 53.9
November 82 L7 Bels 127 7765 | 55ek
Decenber 86 59 6.8 130 Tholi | Bbe 3
1959
January 81 L6 8.6 143 77.0 | 53.6
February Vil 39 9.5 125 80.5 | 51.6
March i L3 8.9 102 78.0 | 53.6
April 87 59 Te1 83 The2 | 57k
May 88 60 640 70 7365 | 5646
June 8l 52 6e 5 56 71.8156.3




TABLE V(a

Average meteorological data, Naivasha site (No, 5)

' Relative Wind force Mean temp-
Month humidity knots eratures °F Remarks
0600 | 1200 | 0600 | 1200 | Max, Min,
January 66 28 3 6 81.9 | 46,6
February 66 28 3 6 82,9 | 46,8
March 71 24 3 7 81.2 | 49.7
! April 80 51 2 5 tlan ) ST
. June 81 51 3 T 734 | 49.8
August 79 48 3 8 13e > 1490
é September 75 43 3 8 | 761 | 47.9
; October 7 11 3 7 | 78,0 | 48,3
Novenber 75 47 3 6 | 76.5 | 48.7
December 70 40 3 5 78l | 47.6
Mean 75 43 3 7302 ] 45,0
ar
| | TAELE V(b)

average mitearol ogicel data, Nakuru site (No, 6)

; i
i Relative Wind force Mean tompa-
: Month humidity knots eratures “F Remexks
0600 | 1200 | 0600 1200 | Max, Min,
i!
i. January 65 B3 3 12 | 82.8 | 47.7
i| February | 6. | 28 3 1 13 | 8.8 ] 18,3
f Merch 69 33 3 11 | 8.0 50,0
! April 78 L7 3 8 80.0 | 52,6
;' May 80 53 3 8 77.9 | 52,6
! June 81 L9 3 8 76,9 | 50,
August 81 53 3 8 75.6 | 50,0
September 77 45 3 8 785 | 47.9
October 73 45 9 9 79«3 | 48.0
November 75 47 3 9 78.2 | 48,9
December 72 40 3 12 79:5 | 48,7
8 Mean 75 ! 43 ¢ 3 10 | 79.4 | 49.6
[ | ' ! i
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APPENDIX 1 (Contd)

Second provisional soil map of Kenya

G.H, Gethin~Jones and R.M. Scott

Soil descriptions abstracted from Key

WELL~DRAINED SOILS

Humid regions

5.  Dark-red friable clays with deep humic topsoil (latosolic soil).
Dark reddish-brown (5YR 3/3) deep, high humic (3~ per cent carbon) "A"
horizon, overlies a dark red (2,5YR 3/6) subangular blocky friable clay.
Derived from both voleanic and basement complex rocks and occur on the
sumits of broad flat-topped ridges, formed mainly by parallel rivers,
between 5,000~7,000 ft. Rainfall over 40 in,

6.  Dark-red friable clays (latosolic soils), Dusky-red (2,5YR 3/2)

high humic (3-5 per cent carbon) "A" horizon, overlies a dark-red (2,5YR 5{6)
subangular blocky friable clay, These soils are associated with 5 and ocecur
on the more sloping land,

Sub~Humid regions

7.  Red friable clays (latosolic soils), Dark reddish-brown (2. SYR 3/4)
medium humic (1.5 = 3 per cent carbon) "A" horizon overlies a red (2.51R 4/8)
weak subangular blocky friable clay, Derived from both volcanic and base-
ment complex rocks and occur on gently rolling land between 3,000~6,000 ft,
Rainfall 25 in,-45 in,

SOILS WITH IMPEDED DRAINAGE

22, Black clays (grumosolic soil). Consist of a range of "Black Cotton
soils and include the calcareocus and non-calcareocus variants, These are
mainly derived from colluvium and cccur on plains varying in altitude from
sea—level to 7,000 ft, Rainfall 15-45 in.

LITHOSOLS 4ND REGOSOLS

3he 4sh and Pumice soils, These soils show no profile development other
than a more humic surface soil, Dark greyish-brown (10YR 4/2) humic

(2 per cent carbon) silt loam "A" horizon overlies a brown (10YR 5/3)
loose loamy fine sand, Derived from recent unconsolidated volecaniec ash
°n smooth rolling to level land at 2,000~7,000 £+, Rainfall 20-30 in,

App. to RN/3807.
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In situ C.B.R. tests on stone base and sub-base materia W _— o
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Ot m: .M_ m: 21 m: w_ Hm__ b._ m: mq m__ m__ m: ....: m: g gn m. m: 404 m:
L. a. 11/6/58 | C.B.R. / it - = = - 87 89 2100 56 7100 - > 86 on The road structure
MC ¥ - “ - o = 0.7 0,8 0.7 1okt 1.1 e consists of mixtures
of crushed stone
24/10/58 | C.B.R, ¥ | 47 >117 72 62 55 66 65 - - - - > 69 g"—q 0" and sand with the
H.ﬂ.Ot Y, N0.0 \_U.m -nmom._ AWCMY .—NT.N AWth_v AU.NT ;e o = g HUH‘O.._.UOHJ.WU-OHH OM. dwpmw
latter increasing
14 e
29/L4/59 | CeB.R. ; 72 i 63 53 e iy 5 52 63 = 53 593 145"=16" | with depth,
M. C. / 10,1 ey w.w mwoh_. = g - l___w-m IN..ﬂ - .N._N
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M.Co A - P 2.6 2.0 1.8 1.6 La3 15 e 10 i - - As above,
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= o~ jo! [ e me.ﬂ W:I.N:
5/11/59 | C.B.R. 50 26 26 29 |390 35 42 38 3
o, #rantacl sl wilest sl 7.6 et baet =
\ n_cn
8/5/59 |C.B.R. 7| 32 36 32 - 28 27 b 7h 55 33 - 3. L"=5
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L, Mombasa Road. Mile 12,
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Fig,

Mombasa Road. Mile 27.
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Fig. 6. Naivasha.

Fig. 7. Nakuru.
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In almost all cases the RM.S. value coincided with the |
arithmetic mean and in no case was it greater than "
1 per cent different ;
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Fig. 14,

TYPICAL RESULT OF B.S.COMPACTION TEST ON SOIL FROM SITE No. 6
(NAKURU)
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