WOSSAC: 257 46
631.432.2
@ (676.2)

NOT FOR PUBLICATION LABORATORY NOTE NO. LN/663/KR.MD.
September, 1964.

BOR.119.
BS.632.

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH

Road Research Laboratory

THE EFFECT OF VERGE SLOPE AND COVER ON SOIL MOISTURE

DISTRIBUTION UNDER A ROAD IN KENYA

by

K. Russam and M. Dagg

Division: Materials and Construction

Section: Tropical (R.S. Millard)
Soils (D.J. Maclean)

Research Team: M. Dagg and
S. Konyali, (E.A.A.F.R.0.)
K. Russam, T.E. Jones and
K.P. Lees, (R.R.L.)




S——

THE EFFECT OF VERGE SLOFE AND COVER ON SOIL MOISTURE
DISTRIBUTION UNDER A KOAD IN KENYA

Introduction

The moisture condition of the soil beneath a road influences
the bearing strength of the soil and hence the performance of the road
under traffic. Pavement design research at the Road Research Laboratory
has therefore necessitated studies of the distribution of moistur? %n
subgrades beneath roads and airfields in many parts of the world. 1
Similarly, soil moisture distribution as it affects agriculture has been
gtudied for m?ng years at the East African Agriculture and ‘Forestry Research
Organization, 2) whilst the Materials Laboratory of the Ministry of Works
and Communications, Kenya has used road pavengt designs based on the probable
ultimate moisture condition of the subgrade. It is not known to what
extent this condition will be affected by moisture exchange between the verge
and the soil beneath the road.

In a co-operative investigation, the effect of variation in the
slope and cover of the road verge on the moisture distribution is being
studied on a length of experimental road constructed within the estate of
the East African Agriculture and Forestry Research Organization by the
Ministry of Works and Communications.

Details of the road constructi?n and instrumentation phases have
been given in a previous Laboratory Note 4) and this paper deals with the
changes in moisture distribution which have taken place in the two years
following the construction of the road. It is intended that the experiment
will be continued until only seasonal variations in moisture distribution
occur beneath the road structure.

The site

The climatic and soil conditions at Muguga, the East African
Agriculture and Forestry Research Organization headquarteérs, are fairly
typical of a %arge and %mportant area of the Kenya Highlands. Muguga is
situated at 1~ 14'S, 36 38'E at an altitude of 6,800 ft with an annual
rainfall of 39 ins (12 years) and an annual evaporation from a U.S. Weather
Bureau Class A pan of 77.6 ins (5 years). The bulk of the rain falls in
two seasons, the "long" or main rains in March, April and May and the "short"
or secondary rains in October, November and December. The monthly mean
climatic data given in Table I were obtained from the Muguga meteorological
site some 800 yds from the experimental road.

The goil is the so called Kikuyu Red Loam which, is an important
agricultural soil in Kenya. Believed to have been formed from massive flows
of lava and tuff by leaching in situ, it is characteristically deep and
highly permeable with a large proportion of halloysite type clay in its
composition. Some physical characteristics of the soil were included in the
previous Laboratory Note and further properties, determined from core samples
of undisturbed soil from a pit alongside the road, are given in Table II.
Despite a slightly denser layer at a depth of 6 ft the soil is remarkably
uniform and the very high permeabilities are noteworthy. From observations
of the water level in a nearby borehole, the permanent water table is almost
certainly more than 150 ft below the road surface.

Layout and instrumentation of the experiment

The carriageway is 15 ft wide and the verges are each 7 ft wide.
The method of construction is typical of pavements now being laid in East
Africa. It consists of a base of nominal thickness 6 ins made of lime
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stabilised gravel, with a surfacing in which priming of the base was
followed by a double surface dressing. There was no sub-base. The soil
subgrade, which in the natural state occurs at very low densities, was
compacted to a density equivalent to 96 per cent of B.S. optimum density
immediately under the base reducing to 90 per cent in the lower layers of
the shallow embankment on which the road is constructed.

The road is divided into 3 sections each 60 ft in length, with a
verge slope of 1 in 35 on one side of the road and of 1 in 14 on the other.
Three verge treatments are being investigated:-

(1) Deep rooted Kikuyu grass. (Pennisetum clandestinum) Section B and

(2) A two inch thick layer of gravel. Section C and
(3) A polythene membrane laid across the verge at the

level of the road bagze. Section A and D

The layout of the experimental section is shown in Fig. 1. Kikuyu
grass is the normal vegetation on verges of roads in the area and its pre senci
assists drying of the verge by the process of transpiration. This grass

has a very deep rooting habit and it was thought possible that roots
penetrating under the road pavement would remove any water infiltrating into
the road sub-grade during the rainy season. Excessive drying of the soil
near and under the road is often accompanied by shrinkage with the consequent
risk of cracks appearing in the pavement., The gravel treatment wasg designed |
to allow the maximum infiltration of water into the verge with a very low
rate of extraction during the dry season. To this end vegetation was
eliminated from the gravel by the use of a proprietary hormone herbicide.
The polythene sheeting was installed in an attempt to reduce to a minimum

the seasonal changes in moisture content of the verge. Teff grass (Eragrostif

abysinica) was seeded heavily on the soil above the membrane as a protection |
against erosion. '

|
i
i
|

|

|
On one side of the road (section A, C and E) the cover beyond the
ditch consists of a 15 yd strip of blue gum trees (Eucalyptus saligna)
planted in 1959. Beyond the trees is a field of planted star grass
(Cynodon dactylon). The other side of the road was initially cleared to a
distance of 10 yds during road construction but weed growth and black

wattle trees (hybrid of Acacia decurrens and Acacia mollissima) rapidly
covered the area.

Plaster of Paris electrical moisture gauges formed the main
instrumentation installed to follow the moisture changes. Road tensiometers
were also installed in case the wetting process was such that the soil
water tension became less than pF 2.8 over comparatively long periods of
time. This did not in fact occur, the soil moisture tension being outside
the range of the tensiometers except for very short periods of time and at
isolated positions near the edge of the pavement. Thermistors were
installed under the road and under the grass covered verge, but the
temperature measurements showed that the temperature variations under the
road were comparatively small and were not likely to have any short term
effects on the soil moisture distribution. The temperature data will be the

subject of a later report., The layout of the instruments in the immediate
vicinity of the road is shown in Mg, 2,

Characteristics of the electrical moisture gauge

The electrical moisture gauges installed under the road are ongyaed
of two concentric electrodes sealed in plaster of Paris, (Pereira 1951),
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e principle of operation is that the resistance.of the pla§t?r
is a measugz o?rits ioisture condition, and'hegce of the mo1stur§t;ozﬁlt10n
of the surrounding soil. When the plaster is 1n_close contact_gl 2 ti 3
soil, the water films in both the plaster an@ soil can be conslt?re e
at the same level of stress. The suction/m01stu?e content relation o
the plaster can be determined as well as the r651?tance/moist?re con eg =
relation, and combination gives the resultan? re91stance/suct10n curv
the electrical moisture gauges as shown in Fig. 3.

Some difficulty arises in the interpretation of the rgslztancg ;
recadings. The configuration of the water f?lmg in the plas?er is ep?nfziée/
on its history of wetting and drying and this is reflected in the rigls .in
gsuction curves. Further difficulties arise because of.random varia 1025
gauge construction and, since it is imprgctical to cal1bratezlargih:u§Fers
of the gauges, the accuracy of readings is of the order + 0.2 on
scale over the range pF 2.8 to pF 5.0,

Pregentation of results

The large mass of data comprising app?ox?mate}y 590 readingstyer
week carried out over a 2 year period, raises difficulties in present: ion.
Under a uniform vegetative cover, such as agriculturgl Crop, the mo%s ure
distribution with depth and time can be shown on a single diagram. "

The record is obtained by plotting the readings of t?e electrical m01; ure .
gauges with time for various depths in the soi} profile. -Tbe ran%e 0 gg:{d

of the gauges approximately covers the soil moisture c9n§1?1on between 0; e
capacity and wilting point, hence, the resistance reading is a measuril g
amount of water available to plants at that depth.. The amounF ?f availa

water can be shown by shading and the change in m?lstu?e condltlo? oftz

soil profile conveniently represented on a composite diagram SPDWInfhodehaB
change in the amount of available water at several'dspths. .Thls m; i

been used in Fig. 4 to show the seasonal distribution of moisture benea
typical types of vegetation at Muguga.

In order to show the variation in soil moisture in ?oth space agd
time in the vicinity of the road structure, however, a 9hange in the ?ﬁth:he
of presentation is necessitated. Over periodg of duration of one ?on ’ticu
variation of the twice-weekly resistance readings was ugually small, par ; -
larly under the road pavement. The monthly average resistance measuregent
for each electrical moisture gauge was therefore calculat?d and plotte da
the abpropriate point on a diagram showing the cross section of thefrzi .
Lines of constant gauge resistance were then drawn.over the whole o ethl
cross section as shown in Fig. 5. The series of diagrams of average monthly
conditions prepared in this way are given in ?ig. 6. and ?epresent :Ez
changing moisture distribution of the 6 experimental sections over
period April 1961 to March 1963.

Experimental environment

The measurements considered here were made over ti_le pex.'iod Apriln
1961 to March 1963: the monthly mean rainfall totals are given in Table i .
The initial conditions were influenced by the failure of th% short ra?nsthn
1960: only 6.08 ins were recorded at the Muguga.Meteorolog1cal Site in ofe
months October, 1960 to January, 1961 compared with the 12 yearf:veragihere—
13.76 ins (See Tables I and IIIS. The soil at depths beyond 2. : ?asth
fore uniformly dry. This state was modified by the water applie 12 i_
s0il stabilisation process which wetted the upper layers 9f the road su -
grade. The long rains of April, May and June 1961 were lighter than usuﬁt
and penetrated no more than 2 ft under natural vegetation. Severe droug
conditions were apparent under natural vegetaticn as soon as July. This
state continued until the exceptionally heavy short rains of 1961 began in
October. Some 48 ins of rain fell in the period October, 1961 to January,
1962 to give easily the wettest conditions ever recorded at Muguga (See
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Table III). Based on the Muguga records over 12 years, the rainfall over
this 4 month period exceeded the 50 year expectation for rainfall in any

4 month rainy period. After a very brief dry spell in February, the long
rains of 1962 were slightly heavier than average with more rain in May than
would normally be expected. The short rains of 1962 were distinctive only
in that the rain continued late into January and as the long rains in 1963
began late they do not enter into the 2 year period under consideration.

Whilst the main purpose of the experiment is to determine the
effect of verge treatment on the subgrade moisture condition in the environ—
ment of the Highlands of Kenya, the soil moisture regime under normal
vegetative cover is also being studied. The results, Fig. 4, provide a
general assessment of the environment and will be useful when comparing

road experiments in other énvironments such as the tropical monsoon climate
of Malaysia.

The replicate profiles under 2 to 4 year old blue gums are similar
and show that water was removed steadily down to 10 f% following the cessation
of the rain both in March, April and in September1962, The star grass was
almost equally efficient in using the stored water except that no water loss
from the 10 ft depths was shown in the brief dry period of March and April,
1962, The profile under weeds and regenerating wattle trees showed that the
incomplete cover used less water in March and April 1962, Faulty resistance
units confused the picture later in the year but the soil at a depth of 2 ft
remained wet about 6 weeks longer than that under grass suggesting that the

transpiration rate was still lagging behind that of the complete vegetation
cover.

A comperison of the water regimes under the grass covered ditch
and in the field, shows that the light rains in April and May 1961 were
insufficient to wet the soil beyond 2 ft under the level surface, but the
run-off into the ditch filled all the available storage to 10 ft. The sub-
sequent moisture patterns until November were therefore markedly different.
However, the extremely heavy rains of late 1961 were sufficient to fill
both profiles to 10 ft, any excess run-off into the ditch merely draining
beyond this depth. The soil moisture patterns in the following dry spell
were therefore very similar., Differences arose again in late 1962 when run-
off again caused a concentration of water into the ditch while no penetration
even to 2 ft was observed under grass or the trees. These observations
demonstrate that in freely draining soils the effect of run-off from the
road causes significantly wetter conditions at the edge of the road relative
to the surrounding soil only in times of light rain, Under the normal long
rains at Muguga, soil moisture conditions could be expected to be similar
over a depth of 6 ft in the verge, ditch, and surroundings.

The effect of the road construction on the local so0il moisture
environment will now be discussed in relation to the imposed verge treatments.

Discussion of results given in Fig., 6

Slope of shoulder 1In view of the permeable nature of the soil, it was
thought that the effect of the slope of the verge on the rate of
ingress of water into the verge would be small; however, such an
effect was evident, particularly in the early part of each rainy
period, when water penetrated more deeply under the gently sloping
shoulder than under the other., This can be seen readily on all 3
treatments, A, C and E, with a shoulder slope of 1 in 35, compared
with the corresponding cover treatments Dy F and B with a verge slope
of 1 in 14, especially in the months of October and November, 1961,

As a corollary, it would be expected that more water would reach the
ditch beyond the steeper verge in each treatment. However, the
longitudinal flow of water along the ditch, disposing of excess water
from each section, confuses the picture., The lowest part of the
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experimental section might be expected to show some cumulative effect
and, in fact, the ditch below treatment E is con?lstently_much drier
than that below treatment F which is in accord with the higher rate
of infiltration of water on the gentler slope. It.shou}d be stressed
that the vegetation (Kikuyu grass) in the ditches is uniform through-
out the experimental section.

Kikuyu grass verge

Sections B and E Initially under section B the top two feet of the sub=-
grade was wet from water applied in the construction of the road, ?ogether
with the water which entered the unsealed trench from a spower during thefr
installation of the instruments. Below this depth the soil was vergldry om
thd preceding drought. This relatively small a@ount of water proba yl 3
diffused downward into the large mass of dry soil, and by July the whole
the subgrade was very dry.

The rain in April and May wetted the verge only to a de?th of
2 ft, but the concentrated run-off wetted ?he p;oflle undgr.theldlt?h E;oight
depth of more than 10 ft. High transpiration with no addlt%ona rain :
about a rapid drying of the verge by August, although the ditch remaine
moist at depths beyond 3 ft.

The heavy rain of October, November and December_filled allbproggles
outside the road and the wetting front advanced laterally into the su gri 3
resulting in wet conditions as much as 3 ft from the edge of the piﬁeminlow
near the surface. Penetration was only between 1% and 3 ft at dep sd e
1 ft. Rapid drying of the verge and ditch t? a depth ?f 3 f?loccur?eedlqust
February, March and early April 1962 but a ridge of moist soil remained j
inside the edge of the road pavement beyond a depth of 1 ft.

The rains in late April and May wetted the verge again to gbo:z
4 £t but the lateral penetration under the road was.not as.greattastlndile
previous rainy period. Thereafter, the verge'and ditch dried oub s ead y
except for the small contribution of rain during §ovembe?, Decem eﬁ ag 4
January but the soil just under the pavement remained moist Fhrguﬁ ou e
drying period. The ditch did not drifogt as tg;§03iiiilagfmigg tez:eaection
expected and may have received run-o Tom ar g o

ad., The moisture status of the centrg o? the road change
thZ:ergy, 1962, except for some evidence of infiltration of 2 ;ialieaﬁsggz
of water from the opposite side of the road at depths of 4 to s beg g

in June, 1962.

The soil moisture pattern under the road segtion with thg 9§rres-
ponding treatment on the other side of the road (Section E), was siml ai
to that under B except for the difference 1mpo§ed by the gentler s gpe ?
the verge. As a result of this, the accumulation of watgr at the e gi o
the road is more marked in E than in B, and the penetra?lon of the.wa er
front under the road in December, 1961, was more extensive, spre:ilng mgie
than 3 ft under the pavement from the surface t? depths of more than 4 ‘.in
These wetter conditions under the pavement p?rS}sted throughou: e zzga;n g
15 months, and the ridge of moist soil just inside the pavement w;sand ; -
fore more marked. One significant difference hetween.treatmen 8 gy A
perhaps arose from this. A lateral advance of a wet?lng front unteg er
at depths beyond 6 ft was observed in treatment E which was6absen rom
treatment B. This was particularly apparent after June, 1962.

The effects of cracks in the road syrface in Section B weyz ezident
as early as August 1961, when the surface re91§tance gauge 3 gt i:al e the
pavement edge was wetted. Evidence of cracks in Section E di ng apgezzmber
until February 1962, although any effect would have been masked r;m i .
It is of interest to note that cracks in the road pavement occurre -gn y <
on those sections with Kikuyu grass planted on the verges. The visible cracks
were sealed in April, 1963.
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Fig.6.(@). CHANGE IN MOISTURE CONDITION OF ROAD CROSS-SECTION WITH TIME AT SITE ‘A, MUGUGA KENYA.
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Fig.6.(b). CHANGE IN MOISTURE CONDITION OF ROAD CROSS - SECTION WITH TIME% ;.'T SITE ‘B MUGUGA KENYA.
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i : ~ 'C January 1962
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“C* March 1963

*C" Dec 1962

Fig. 6.(c) CHANGE IN MOISTURE CONDITION OF ROAD CROSS SECTION WITH TIME AT SITE 'C’ MUGUGA KENYA.
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*D" Nov 1961

*D" January 1962

"D Dec 1961

*D* July 1962

“D" April 1962 ; - = = ——— g
- . g = = : June 1962

Fig. 6 (d) CHANGE IN MOISTURE CONDITION OF ROAD CROSS-SECTION WITH TIM AT SITE ‘D' MUGUGA KENYA.
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Fig. 6.(¢) CHANGE IN MOISTURE CONDITION OF ROAD CROSS-SECTION WITH TIME F#
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i TION WITH T
Fig.- 6 (f) CHANGE IN MOISTURE CONDITION OF ROAD CROSS -SEC
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