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THE FACTORS_INFLUENCING MOISTURE CONDITIONS IN
2 S /DES_..T SEVEN SITES IN KENY/

Introduction

During the period Lpril 1958 to July 1959 an investigation was
carried out in Kenya to determine what changes took place during that
period in the strength of the base and subgrade under bituminous surfaced
roads. The main engineering conclusions reach?d i? this investigation
have been reported in previous research notes. 1),(2) The distribution of
b3 moisture under the roads was one of the main subjects studied and this
e note is concerned with the moisture properties of the soils themselves
= and the factors influencing the moisture conditvions of the subgrades
2 "in situ".

Location of sites

The sites investigated were situated in the Kenya Highlands at
elevations between 4,900 and 6,900 £t above sea level, Five were within
a 30 mile radius of Nairobi and the remaining two in the Rif't Valley.

o Sites Nos. 1 and 2 were selected on the Limuru "A" Route, near

' Kiamba village, and on the Thika-Sagana Road 33% miles from Nairobi, the
soil in each case being a red clay. Three subsites* giving conditions
of cut, fill and level ground were investigated at each site.

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 ft of black clay overlay decomposing rock. Later another site,
No. 7, was selected on the Ngong Road, at Dagoretti Corner, Nairobi,
where the black clay was about 8 ft deep. Site No. 3 contained two sub=
sites both on level ground while Site No. 7 had only one subsite also on
level ground.

Site No. 4 was at Mile 27 on the Nairobi-Mombasa Road where the
soil was a sandy clay, Two subsites were investigated, both on slight
fill, one being near the top of an incline ond the othcr near the bottom.

The remaining two sites, Nos. 5 and 6, were single locations on
level roads in the vicinity of Naivasha and Nakuru the positions being on
the Nairobi-Nakuru Road, Mile 50%, and on the Nokuru-Eldoret Road, Mile 8,
respectively, In both cases the soil was composed of volcanic ash and
pumices,

rield measurements and samgling procedure

The selected roads had bituminous surfacing varying in width
between 19 and 23 ft. Lt approximately monthly intervals three boreholes,
located (i) on the centreline of the road, (ii) 3 ft inwards from the road
pavement edge and (iii) in the verge a few inches from the road pavement,
were sunk to a depth of 6 ft or to rock if this was encountered closer to
the surface. Moisture content determinations were carried out by oven-
drying soil samples taken at 1 ft intervals of depth. The measurements
showed(13 that seasonal fluctuations in moisture content were largely
confined to the edges of the roads. With the exception of the Thika Sagena
site where significant wetting of the subgrade was teking place under the
centreline of the road, the moisture distribution in the central part of
the subgrade, i.c. at distances of 3 ft or more from the edge of the pavement,
was relatively stable during the period of investigation. Lverage values
of soil moisture content for the period of the observations are summarised
in Table I,
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*The annotation of the subsites (a, b, ¢) was arranged so that the "a"
subsite was always nearcft N%%SObi' The site numbering follows that used
in the previous reports. )




In August/September 1958 lined boreholes to record any water-
table levels were sunk to a depth of 12 ft or to a depth where a hard
layer was encountered where this was less than 12 ft. \later was found in
these boreholes only at the Ngong Road site and this was subsequently
found to be due to seepage from the surface down the side of the lining
following heavy rainfall, At the Thika Sagana subsite (c), on fill, a

permanent stream flowed at the foot of the embankment i.e. at a depth of
10 to 11 ft below the road surface.

4t the end of the period covered by the field investigation a
further trench was cut across half the width of the road at each subsite
and undisturbed samples of the subgrade obtained at various positions.
These samples were immedintely sealed in airtight aluminium containers

and sent by air to the Road Research Laboratory for detailed laboratory
testing,

Tests carried out at the Road Research Laboratory

(a) Classification tests. The results of classification tests
carried out according to B.S. 1377 (1961) on a sample of soil from each
subsite is given in Table II. In order to achieve consistant results
in the plastiocity tests it was necessary for the soils to be thoroughly
mixed with a spatula over a period of 45 minutes before the test was
actually carried out. The resulting values for the index tests therefore
reflect the clay contents of the soils but in the case of the samples from
Limuru and Thika Sagana do not give any indication of the friable free
draining nature of the red clays of Kenya., The sites were originally
selected along lengths of road where the soil profile appeared from
preliminary observations to be uniform so that comparisons could be nmade
of moisture measurements made at similar depths but in different positions
along the roads. The classification tests gave results which, with the
exception of those for the subsite on fill at Thika sagana, were within
the range of values obtained during the field measurements, The sample

from the fill subsite (c¢) at Thika Sagana had a slightly higher value for
the plastic limit than those previously recorded.

(b) Soil moisture condition. The undisturbed soil samples, which
were roughly 27 in, in diameter and 3 in. in height, were cut into smaller
specimens each containing about 10 gms of soil. One specimen was used to
obtain the soil moisture content while several of ?h others were weighed
and placed on suction plates or pressure membranes 33 operating at various
suctions both above and below the estimated suction of the soil.
few hours the samples were removed from the apparatus and again weighed.,
At applied suctions higher than the initial suction of the specimen sone
water was removed from the soil whereas at applied suctions lower than
the initial suction, water was absorbed,
of the soil was obtained by deducing the applied suction at which water
did not enter or leave the specimen, This suction was assumed to be the
same as the suction of the soil immediately following the excavation of
the road in Kenya. Justification for this assumption follows from the
fact that the measurements of moisture content taken at the
were in close agreement with those

Laboratory and little or no moisture appears to have been lost from the
soil sample during transit.

Lfter a

time of sampling

/TABLE I
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An estimate of the initial suction

of the samples tested at the Road Research
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TABLE I

LAverage of nonthly moisture content measurenents

cnrried out over a period of a year
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! Road, | Road,
I Verge 3£t from edge centre-line
Depth ‘ : 1 : :
(£t) | m/c n/c m/c n/c . nfo t n/c
j (per cent) | Pale (per cent) | PeLa ( per cent) | P.Le
Lipuru "A" Route (a) Fill 8
3 L.e0O 0.87
1 3845 1.01 3647 0.94 3
2 l 40,0 1425 40.5 E 0,99 33.7 g.g%
3 }—{-1 05 009? ‘LFOlg § 0195 55'? 08
L 40,2 0.98 4043 | 0,96 3742 0,85
5 41 o2 0.98 39,6 049L 3645 0491
6 f 4245 1.01 40.9 0,97 %81 0.93
Limuru "A" Route (b) Cut i
Sy 0.90 42,3 0494 39,8 .
; tﬁ.% 0.91 L2.1 0,96 .7 8.93
i 4145 0,97 L2.5 0,92 L2.3 'gh
1+ 14-1.7 Ol91 }-|-1‘9 0.95 11-'108 1.
5 41,8 0.91 42 .1 0.94 40.8 0.91
6 | 4242 0.96 11.8 0.91 44 01 0.91
Liruru "A" ROL}.‘It‘G, ( G) LOVE‘]. e
Eai 0.86 A 0.88 A0 3 >
; 28.5 | 0,82 29.8 0.84 27.8 O.?g
3 29.4 0.82 2441 0.72 27«7 0.7
J-}- 51 'R l O|85 29.6 0085 26.0 Olgs
5 i -9k 0.92 3857 0.87 28,8 g. g
6 H 5?-11- 0.93 56-5 0.95 . ,__—?,3::_& _.*;L
Thika-S&gana (a) Level
0.6 02 —- - - P
> ?4.0 | 0,97 32,5 0.98 29.8 0.90
3 35 ek 1,04 3o 1,00 32,0 <Ol
4 36,1 l 0.95 34,08 i 099 32.8 0.91
& +F = 268 1.0k 3.8 | 0.9 3341 8.95
6 il B8 0. 349 0.97 3346 .93
Thika Sagana (b) Cut
i 29, 0195 o Ea 3 - e
; ' 52.% 1401 36,1 1.03 33,9 o 0,92
3 3646 1+.05 3644 0.98 Bl 0.97
L 57l 1.06 %645 1% 343 0.93
5 40,0 1,08 39,0 1405 34,0 0.9
6 14—3}03 H 1-1'{4- 1!*301 1;16 55.? Oa99
Thika Sagana (c) Fill
2 06 0.98 74 - - -
; 3%.7 1,02 2%5e7] 0,97 éO.3 8.2;
G 37e 1 1,06 3heb 1.01 3245 O. :
L 3646 1,08 3.6 1405 3344 .22
5 2648 1.08 3,2 1.04 | 33,8 15 :
6 3749 1415 3740 \ 1'09.' ‘36.2 Luiii___
e /TABLE I (Contd)
==




T A1 Mo t
TABLE I (foutd) TABLE TT
— —— e e e e e Results of classification tests¥®
Verge ROt st
L i - e | 5
Depth 3 £+ from edge centre-line =1 |
(£t) n/c n/c m/c m/c n/c m/c : Specific|Liquid limit|Plastic limit CApEEIando
_ e Location : classifi—
(per cont) | PeL. | (per cent) | P.L. | (per cent) | P.L. gravity | (per cent) (per cent) e tion
¢ Mile a) Level ; ; |
Mombasa Road Mile 12 (a) Leve | Lisigen (a) P02 2.80 100 L3 o2
1 14e7 o - - - - Limuru (b) Cut 2.80 85 49 MH
2 3he 1,00 32,1 0.97 27.0 0.82 Limuru (¢) Level ZuTh 78 1A MH
3 2443 0.66 29,2 0,83 27.7 0.79
LAl z s Thika Sagana (a) Level 2485 62 32 MH
Monbasa Road Mile 12 (b) Level Thikh A4pdns (b} but 5. 86 - L0 e
1 1947 - - - - - Thika Sagana (c¢) Fill 2.83 77 L3 MH
2 37 okt 1613 354 1404 2245 0.73
3 29.7 | o.90| 36 |d.02| 253 | 077 ‘ Nombasa R4 M12 (a) Levell . 2.57 7 2 =
Mombasa Rd M12 (b) Level| 2.64 79 3l CH
Ngong Road Level
1 29.9 0.81 " 3 & 2 Ngong RA Level 2.61 104 41 CH
< 3746 2 e 2630 3645 0,96 Mombasa Rd M27 (a) Fill | 2,63 Lk 19 cI
3 36,8 0.99 3648 1.05 372 0.98 Mombasa R4 M27 (b) Fill 2.59 46 19 CI
+ 38-% 1.03 37.0 1.03 575 1.07
5 57. Ol99 38.1 1.09 _58.1 1006 g 4
6 37.1 0.98 | 37.8 1.0 37.0 £-00 Naivasha Level 2.56 L6 29 MI
| Mombasa Rood Mile 27 (a) Fill Nakuru Level | 2.46 62 47 MI
; 13'3 g'gh 14f O_ 2" O_ ¢ *Note: The sample of soil used for the specific gravity test was
: 12'9 o°93 14'? 1‘%? 10-3 0.37 oven—dried prior to the test while the soil in the liquid
L 19.3 0.97 18.3 1,02 11l 0.76 zgitgii?tlc tests was adjusted from the natural moisture
5 2547 0.92 2942 1.08 2245 0.87
| 6 - | % ! o 1 26-2 0.85
. Mombasa Road Mile 27 (b) Fill The suction (s) measured in the laboratory was that of the soil
| free from the influence of external stresses. In order to estimate the
. 1 176 - g - = o - i 2 e F i
2 1 0.99 20 pore water pressure or tension (u) of the soil "in situ" it was necessary
3 1?'2 1'0? 17‘; 1‘1; 12‘; é'gé to allow for the effect of the overburden pressure (P) due to the weight
y ' ? s . ’ th il nent a the sample, i th ati
i dhiE 0.95 12.7 115 2.6 oL EF of the soil and pavement above the sample, using the equation
Z 23-3 1-31 ;6.3 1.22 6e7 0.61 u=*P+s where « is the fraction of the normal pressure that
30, 1e i Te 0.9 - - is effective in changing the suction of the soil. The fraction « was obtained
ol 1 e from the slope of the volume/moisture relation referred to later in this
Naivasha Leve note while P was obtained from the measured bu%k density and thickness of
1 1943 0.85 50.2 1421 2748 1.07 : the various layers of overburden and pavement. 3) The results are given
! 2 20.9 0.87 3241 1421 3049 1e14 , in Table ITI.
3 20.9 0.87 2542 1.01 2642 1.09
L 2041 0,80 2743 1,05 2749 1.2 The results show that the subgrade samples from all the sites
5 2351 0,92 277 1.07 2549 1413 ] investigated were capable of absorbing additional moisture if this was
6 24,7 0.95 28.9 1.16 28,2 1413 made available at atmospheric pressure. The samples thus were deficient
& i in soil moisture. The extent of this moisture deficiency can be associated
Nakuru Level ‘ with soil type, local environment, type of road pavement etc. and this
will be discussed later.
1 387 0.91 4641 0.98 4.8 0.85
2 41.8 0.93 4.3 0.91 42,8 0.83 r
5 4 o1 1406 3849 0495 38.8 0497 /TABLE IIT
IR 49.6 1.18 L3.6 1404 42,5 0.99
5 49.2 1412 46.9 1.00 bhe3 1.01
6 5748 1.20 56.3 123 She7 1412 -
/TABLE II
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TABLE III . . The moisture content of the subgrades veried across the width
of the roads investigated being a maximum near the edge of the pavement
Subgrade moisture condition at time of sampling, June-July, 1959 and decreasing towards the centre-line of the pavement, The undisturbed

soll samples were taken during June-July 1959 about one month after the
énd of the main rainy season. The suction measurements on these samples

o _— . D e L .

Limuru "A" Route (quggga ] however showed that the pore water tension at the majority of sites was
relatively uniform across the road section., There would be little or no
* - 1
wzgaﬁgon ;/%7 ;/é ;/g ;/E l/? 1/92 g/o L2 h/? 4/§ tendency therefore for moisture to move from the zone of high moisture
q/f 56.5 35'5 3.58 32'9 36‘6 2‘9 'g 2¢9 2’% _2'? content near the edge of the pavement towards the subgrade with a lower
. . . . T 2;:“-h??°9 376 57?1_“ moisture content under the central part of the road. The gradient of
Limuru "A" Route (b) Cut moisture content across the subgrade was thus probably due to the hysteresis

o - between the wetting and drying characteristics of soil, In the case of
5031t10n 1/21 ;/1 1/3| 1/5 1/7 1/10 3/0| 3/3 3/5| 6/10 the site at Mombasa Road mile 12 and to a less extent on the 111 subsites
m?@ u g-s 1-9 2.2 2el 1L 26T 246 3461 3.1 27| 345 at Limuru and Thika Sagana, the pore water tension near the edge of the

c 38, 4‘:9 596 403 41.6] 11,2 39401 34.8 | 41.7]| 40.0 pavement was loiwer than near the centre of the road. In the ciroumstances
Limuru "A" Route (c¢) Level e s M= further movement of moisture towards the centre of the road subgrade would
T probably take place and the central part of the subgrade at Mombasa Road
Eozltlon ;/E }/g ;/g l/a ;/éf 3/2 3/§ 5/6 3/91 6/9 mile 12 and the fill subsites at Limuru and Thika Sagana may become wetter.
CE u . . . o . 305 3. 3- 3-14- ;1-2
m/c 28.8 1 27.7| 28.8] 29,0( 28,5 2843 29.8| 2445 | 22.7] 39.5 ‘ (c) Relation between suction and moisture content.s Small specimens
" | Thika Sagana (&) Level = of the u@distrubed soil were allowed ?o reach moisture equilibrium on.

i : : ; i ; ; g - 2 the suction plate apparatus at a suction of about 15 cms of water, The
Position| 13/-1 | 1%/1| 1%/3 12/5| 1%/7| 1%/10 32/0| 33/2 | 32/8] €/10 . suction was then progressively increased using the suction plate, pressure
Log u 2.5 2e4) 2.5 2.5] 2,6 247 25| 244 2.51 2,5 membrane and vacuum desiccator apparatus, the equilibrium wet weight
m/c 32,6 | 31.2| 31.5| 29.5| 28,0 27.9 3601 3647 | 35.4| 34.7 being obtained at each suction and the corresponding moisture content

calculated from the oven-dry weight determined at the conclusion of the

Thika Sagana (b) Cut -
= (b) i test. The procedure was then reversed and the soil progressively allowed

Position| 13/0 | 13/2| 14/4 12/6] 1%/8| 14/10% 33/1] 33/3 | 33/5| 33/9 to wet. The suction/moisture content curves obtained for the soils are
Log u 245 2¢31 2.0] 2.3 2,2| 2,3 2¢1{ 2.1 2l 2.1 g given in Figs. 1 to 7, the suction being expressed on the pF scale (the
m/c 35.6 55-3| 36e1| 36.9]| 35.3| 34.3 36e2]| 37.2 | 36.3| 36.3 common logarithm of the suction expressed in om of water),
Thl%a.Sagaﬁg (e) Fill & : ¢ < ; ; ’ The relations between suction and moisture content for the
Position| 13/1 13/3) 15/5] 13/7| 1¥/9 13/11 | 33/0] 33/2 | 33/6 6/10 red clays, Figs, 1 and 2, show a comparatively large change in moisture
Log u 2.5 2,6 2,6| 2.8] 2.7 2¢7 2421 2.3 245F 2.5 content of the order of 7-11 per cent, between suctions pF 1 and pF 2.4,
m/c 33.8 1 33.41 32.9] 31.2] 30.8] 32.0 36.3] 33.0 | 37.2| 39,0 4 large change in moisture content of this type, associated with a bend
Mombasa Road Mile 12 (a) Le;;I in the suction'curvo at about pF 2,4 is unusua} for a clay; experi§ncg

R B 3 3 3 y 5 : suggests that it would be related to the emptying of large pores wlthlp
Position| 13/-1 | 13/1| 13/2| 1¥/3 12/ | 13/6 13/9] 13/12 the crumb structure of the soils and it would be indicative of a relatively
Log u 249 Je1l 37| 3.8] 3.91 4.2 Le21 42 high permeability. On increasing the suction of pF 5 a further loss of
m/c 2he3 | 3641| 3546 32.2| 29.5 28.5 23.8] 28,4 about zg per cent of moisture occurred in a manner more typical of British
I : TR clays. The vacuum desiccator tests at high suctions showed a marked
tom?&?q Road Mile 12 (b) Level decrease in moisture content as the red clays dried from pF 5 to pF 5.5
Position| 2/0 2/2 2/k 2/6] 2/ This latter moisture change is apparently characteristic of friable red
Log u 2e9 2e7| 249| 40| 3,5 clays and is thought to be due to very finely divided iron oxide coating
m/c 42.8 | W1.1] 32.9 26.7] 31.4 the soil particles.&f

Ngong Road Level
Position| 1a/~1) 13/1 13/3| 13/5| 13/7| 13/108| 33/2| 33 | 337| 6104
4ol

The heavy black clays from Mombasa Road mile 12 and the Ngong
Road, Figs. 3 and 4, had similar suction properties to a British Gault

Log u 3e9 bot| Lol ] Lol| Lel]| 4ot Lot R e : . . : : i 4
: : * 5 . . clay. The moisture loss with increasing suction took place in a uniform
/o Jnee 50} 34.8] 37.5] 37.5 3745 37+7] 37.8 | 38.0] 38,7 | and continuous manner up to oven-dryness. Similarly the suction/moisture
Mombasa Road Mile 27 (a) Fill content characteristics for the sandy clay from Mombasa Road mile 2l
Position| 2/-1 2/1| 2/3 2/5| 2/8 2/11% ol u L/8 1 Fig. 5, was typical for this class of soil.
i;g 2 2i.g 15.2 12'§ 2'2 i e 2o} 246 2e7 The pumice soils had very variable porous structures, particularly
% 3 e 17 A1 Hlpeb 1571 1743 | 1342 ! the soil from Nakuru, and the relations between suction and moisture content

for these soils, Figs. 6 and 7, can be taken only as indicative of their

Mombasa Road Mile 27 (b) Fill |
general characteristics, The amount of void space in the soils was very

i +4 1
E:Zlilon g/g g/g g/g' g/g g/g 2é1g§- 3/5 ' dependent on the level of compaction and this affected the amount of water
m/c 17.4 20.7 22‘5 20-4 21.2 17.9 7.2 retained at suctions up to pF 3. At suctions greater than this level a

- - - . . . . high proportion of the held water was retained in the small pores of the

Naivasha Level pumices The porous structure of these soils results in a large.hysteresis
Position| 1/-1 1/1 1/3| 1/5 1/7 1/9% 2/0 2/l 2/8| 6/91 effect which may be present between the wetting and drying conditions,
Log u 341 2:9] 249] 2.7] 2.8} 2.5 249127 271247 /(d)
m/c 2142 | 21,5 22,0 29.4] 25,0] 27.5 197] 22.9 | 24,6| 25.2

Nakuru Level
Position) 1/=1 | 1/11 /3| 1/5] 1/7] 1/10% | 38/3| 38/6 | 349 6/103
5 2
5

Log u 2.1 2.5 2.3 2.3 2.3 2.5 2.) 2.3 2.L|- 2
n/c 23,0 52.7) 54.5 57'21 38451 51,2 37.8}) 36.6 33,8} 60,

*Position is given by Depth/Distance from edge of road pavement.,
**Tension in the pore(ﬁiter given as the common logarithm of u cms of water 55

=6~ /The

as in the pF scale,
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The greater the variation of permeability with the soil suction
the lower the ultimate pore water tension under the centre part of the road.
The permeability of heavy consolidated clays does not vary much whereas the
permeability of sands can vary inversely as the 3rd or 4th power of the
suction. In a given environment, therefore, clay subgrades will tend to
reach equilibrium with a higher soil moisture tension than sand subgrades.
Climate and other environmental factors will, however, affect the moisture
distribution and in certain cases may dominate the effect due to the soil
permeability.

(b) Local climate and topography. The overall availability of moisture
during the year can be assessed from the balance between rainfall and
evaporation but within a given climatic area local topographic variations
cause differing amounts of run-off and concentration of water. Undulating
or hilly terrain contains a wider range of soil moisture conditions than a
comparatively flat area with the same climate. The monthly rainfall and
potential evapo-transpiration at the seven sites are shown in Fig. 10,
and it is apparent that there was a considerable surplus of rainfall over
the potential evapo-transpiration during the wet season which would have
caused high moisture contents in the verges of the roads at that time.

The sites at Naivasha and Nakuru were in relatively flat areas,
the ground at Naivasha having a sidelong slope of about 1 in 20 but a
longitudinal slope of less than 1 in 100, while at Nakuru the slopes were
less than 1 %n SOO. The wetter climate at Nakuru, (Thornthwaite Moisture
Index + 20), 17 is probably responsible for the lower tension in the pore
water of the subgrade as compared with Naivasha, (Thornthwaite Myisture
Index - 14), both subgrades being of pumice soil,

At Mombasa Road, Mile 27, where the subgrade is a sandy clay,
the climate is dry sub~humid, (Thornthwaite Moisture Index - 20). The
low value of the pore water tension is primarily due to the very permeable
nature of the loose sandy clay. Sub-site (a), situated on a longitudinal
slope of 1 in 50, is better drained than sub-site (b), which is at the
?g;tom of the slope, hence the slightly wetter condition found at sub-site

Both sites on friable red clay have a wet climate and the
subgrade moisture condition may have been expected to be slightly drier
than the field capacit{ g?ere the soil moisture tension is about pF 2.5
for this type of soil,\! Lt Thika Sagana, sub-site (a), near the top
of a hill, and sub-site (c), on a 10 ft high embankment at the bottom of
the slope, the subgrades appear to be approaching this ultimate moisture
condition, A ground water-table may affect the wetting process at sub-
site (¢) and an incipient water-table is responsible for the wetter
condition at the cut sub-site (b). The effect of the water-table is
discussed later. At Limuru, the site with the wettest climate (Thornthwaite
Moisture Index + 37), the road runs across and down the face of a steep
slopes Sub-sites (bs and (c¢) are thus well drained longitudinally and
culverts also enable side-long drainage to take place. The moisture
condition at sub-site (b) which is in a side cutting is wetter than
sub-site (c) wherc the road is raiscd on a 2-4 £t high cmbankment. Sub-
site (a) is near the bottom of the slope on an embankment approximately
8 £t high and here the central part of the road subgrade has a high pore
water tension while the edges and the deeper soil under the centre of the
road are wetter with a pore water tension of pF 2.9 or below., The variations
in the moisture distributions at the latter sites are an indication of the
influence that topography has on subgrade conditions,

The sites at Mombasa Road, Mile 12, and the Ngong Road are
situated on relatively impervious heavy black clays and since the potential
evapo-transpiration is greater than rainfall over approximately half of
the annual cycle the subgrade moisture condition, as would be expected,
is of the order of pF 4. The drainage at the Mombasa Road, Mile 12, is
slightly better than at the Ngong Road since there is a longitudinal
slope of 1 in 4O whereas the latter site has a slope of 1 in 100. Of
the two sub-sites at Mombasa Road, Mile 12, the subgrade under the centre
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