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Abstract

This paper reports the preliminary investigation on the possible use of potters’ clay for moulding in foundry Samples of
the Ipetumodu Clay were dried, ground, sieved and mixed thoroughly with 5% water content based on trial test results. This
percentage water content was kept constant for all the mix proportions. AFS cylindrical specimens were then prepared and
were tested for grecen compression, dry compression, green shear and dry shear strength and permeability Mixes of the
prepared sample and silica were made and some of the moulding properties were determined. Moulding sand in use at the
Federal Institute of Industrial Research, Oshodi (FIIRO) was also tested for the same properties, Clay was proportioned
with silica from 0 1o 100% at the interval of 10%. The results obtained showed that the 100% as-mined Ipetumodu potters’
clay, and the prepared silica sand mixes up to 49% clay, showed inferior moulding properties. However, mixes containing
50 - 60% potters' clay had moulding properties that were relatively close to those exhibited by the FIIRO's and the

reference values, and could be a potential for further studies.

INTRODUCTION

Sand used in casting remains one of the major mould-
ing materials upon which soundness and surface quality
of casting depend. Its three major components, the
refractory-based material (e.g. silica, zircon), the
binder (e.g. clay, water glass) and special additives
(e.g. cereals) in balanced quantity determined its suit-
ability as moulding sand (Girshovich, 1978).

Popularity of quartz (SiO,) as base sand is
attributed to its high refractoriness (1713°C). high
strength and hardness, low chemical reactivity,
availability, low cost and ease of dressing
(Mikhailov, 1989). It is occasionally used also in
combination with other base sand for special
castings. Moulding sand for complex-shaped steel
castings was developed by fusing magnesite
(MgCO,), and quartz with phosphate (Turkina
and Shumov, 1986). The presence of magnesite
in the right proportion prevents reaction of the sand
with manganese oxide produced during the casting
of high-manganese steel (Asquo and Bobo-Jama,
1992). The absence of oxides and other impurities
ensure that the fluidity of the flowing liquid steel
is not lowered thereby ensuring proper filling of
the mould (Titov and Stepanov, 1981).

There are few known binders used to bind foundry
mould sands. The favourable bonding characteristics
of bentonite has been attributed to the principal min-
eral constituent montmorillonite (Al,0,.48i0,.H,0).
which enhances strenght properties of sand upon 3%
- 5% water addition (Beeley, 1982). Though Kaolinite
(ALO,.2810,. 2H,0) is highly refractory due to its
high alumina content, it however, has inferior bond-
ing properties to those of bentonite (Winninger and
Green, 1970). Illite, which is the principal source of
bond in the natural moulding sand undergoes irre-
versible dehydration in the temperature range of
500°C - 550°C which limits its use to casting of low-
temperature alloys (Beeley, 1982).

Additives are employed in moulding sand to
impact special moulding properties such as
collapsibility to the sand. For example, ground
wood flour, cereal, hulls and carbonized cellulose
in amount of 0.5 to 2 percent, control sand
expansion at elevated temperature, prevent defects
due to the deterioration of mould cavities,
facilitate the free contraction (Rochier et al, 1970)
and knockout of castings (Ibitoye and Afonja,
1996). Synthetic moulding sand in dry state is
strengthened when a little fine-grained bituminous
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sand is added while the addition of about 3% as-
phalt improves the hot strength and surface finish of
ferrous casting (Heine et al, 1967).

Even though all major constituents of sand may
be present, the moulding sand may still not
perform well if the preparation method is bad.
By varying the mulling time, moulding sands of
different characteristics may be prepared. For
instance, increasing the mulling time gives rise
to sands of high shatter index, increased green
and dry strength (Matthew and Waniko, 1983).
The size and shape of sand grains have been
reported to affect cast products. Balogun et al
(1983) reported that sand with finer grains
produced smoother casting surface with improved
tensile and impact strength. Round-grained sands
however produced castings of higher ductility and
impact strength than sands with angular and sub-
angular grains, while sand with sub-angular
produced castings of greater hardness than round-
grained sands.

Sand casting is the most wide-spread method of
casting and the availability of moulding sand
becomes an important factor for the smooth
running of moulding operation. The cheapest of
the moulding sand is the one containing all
components in correct proportions in the natural
State.

However, this is rarely obtained and attempts to
adapt existing clay deposits to foundry use can
be a significant contribution to the development
of the industry. Such deposits is the Ipetumodu
potters’ clay. Ipetumodu potters’ clay deposit is
located in the North-West of Ipetumodu, a small
town in Osun State in Nigeria. The deposit consist
of two sorts; light coloured and grayish potters’
clay. The former consists of 62.24% - 64.84%
silica and 26.14% - 26.34% alumina while the
later consists of 53.12% - 56.44% silicate and
18.45 - 18.95% alumina (Durotoye et al, 1988).
In the past, the deposit was used in the building
of houses, market stalls, oven and pottery work.

[ts use as a building material has been replaced
by cement (Ibigbami, 1978 and Durotoye et al,
1988). The use of this deposit for engineering
purposes has not been reported. Osun River
sand also has not been reported to enjoy any
engineering application. Its use to blend this

potter’s clay therefore could be of interest. The
desire to emploit this massive Ipetumodu potter’s
clay deposit for foundry industry is the object of
this investigation.

EXPERIMENTAL PROCEDURE

The raw materials used were silica sand (from

Osun River Bank), Ipetumodu potters’ clay and
water.

To facilitate milling, the as-mined potters’ clay
was dried in the sand drier for about 8hrs milled
using an electric Milling Machine. It was then
crushed, ground and later sieved through 300
microns sieve. The clay content of the Osun sand
was removed using AFS standard procedure
(AFS Foundry Sand Handbook, 1963) and sieved
through same sieve size.

The ground potters’ clay and the treated sand
were thoroughly mixed for ten minutes (AFS
Foundry Sand Hand Book, 1963) and tempered
with water to produce experimental
compositions in which silica sand progressively
replaced the clay. Five percent water was added
and maintained in each case based on the trial
test-run, which indicated that green properties
were not significantly affected when the moisture
content was about 5% (Ibitoye, 1995).
Thereafter, AFS cylindrical specimens (5cm
diameter and Scm high) were prepared from each
of the mixes and were subjected to green
compression, dry compression, green shear, dry
shear and hot strength tests using Universal Sand
Strength Tester according to the AFS standard
procedure (AFS Foundry Sand Handbook,
1963). The permeability of each was also
determined using electrically operated
permeability tester. Moulding sand currently in
use at the Federal Institute of Industrial Research,
Oshodi, Lagos was equally subjected to the same
tests for comparison.

RESULTS AND DISCUSSIONS

RESULTS

The chemical analyses of Ipetumodu potters’
clay and the Osun River Sand used in this study
are presented in Table I. The clay deposit consists
among others, silica (approx. 62.24%). CaO
(approx. 0.06%), and alumina (approx. 26.34%).




Moulding Properties of As-mined and Silica-enriched Potters’ Clay

The Osun River sand consists of about 98.84% silica, 1.06% alumina and approximately 0.10%

cannot be unaccounted or.

TABLE I: Data of the Chemical Analyses of Ipctumodu Potters' clay

(Durotcye et al, 1988) and Osun River Sand (Ibitoye, 1995).

Chemical Composition (%)
Compound
Ipetumodu Clay | Osun River Sand
Si0, 62.24 98.84
MgO 0.03 |
Fe,0s 0.86
A1,0; 26.34 1.06
TiO, 0.07
CaO 0.06
K;O 2.89
Na,O 1.02
Loss on Ignition 4.33
Others 135 0.10
Total 100.00 100.00

Table II: Silica Content of the Experimental Mixes

Potters' Clay Added Silica Silica Content Total Silica
(%) (%) (%) Content (%)
100 00 62.24 62.24
90 10 56.02 66.02
80 20 49.79 69.79
70 30 43.57 73.57

6 40 37.34 77.34
50 50 3112 81.12
40 60 24.9 84.
30 70 18.67 88.67
20 80 245 92.45
10 2 6.22 96.22
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Table II shows the experimental mixes and the silica
content of each mix. Silica content of the clay in-
creased with decreasing potters’ clay portion. The
effect of the addition of potters clay on the mould-
ing properties of the prepared sand is presented in
Fig 1. Permeability of 375ml/min was attained by
pure silica sand (0% potters’ clay) and falls sharply
to 130ml/min upon 20% potters’ clay addition.
Thereafter, it decreases gradually to about 4 Iml/
min at 80% potters’ clay, before decreasing sharply
again to a value very close to zero at 100% clay
content (Fig. 1). The green compression strength

of the mixture is 30KN/m’ 3120% pottérs’ clay and
rises gradually to 129KN/m” at 90% potters’ clay
at which it remains almost constant with further in-
crease in the clay content. The green shear strength
rises s]owly from 7KN/m2 at 20% clay content to
25KN/m’ at 80% clay. Between 60% and 87% clay
content, the rise was gradual. Thereafter, it rises rap-
idly from 35KN/m’at 100% clay (Fig. 1), while dry
shear strength increases gradually from about 25KN/
m at 20% clay to 100KN/m’ at 90% and thereaf-
ter, rapidly rises to about 320KN/m’ at about 100%
clay content.
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Table 111 shows some measured properties of FIIRO sand and Table [V was obtained mainly from
Fig. 1. Table IV compares he properties of some experimental mixes at specified clay content with
those of FITRO sand and e perimental reference values.
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Table il: Data of sone measured moulding properties of moulding sand used
at Federal 'nstitute of Industrial Research, Oshodi (FITRO).

Properties Measured Value
Gre 2n compression strength | 78 KN/m’
Green shear strength 17 "
Dr compression strength 350 "
Dry shear strength 75 !
Permeability 79 mVmin

Table IV: Data of the moulding properties of the experimental mixes at specified clay
content comparing them with the reference(Abramov, 1983) values and the
FIIRO's sand(FIIRO Manual, 1993).

Type of Clay Green Dry Green Dry shear | Permea-
Sand Content Strength Compr. shear (KN/m;) bility
(%) (KN/m;) | Strength | (KN/my) (KN/my)
(KN/m;)
Prepared 37 47 192 10 37 79
Sand
58 78 295 15 57 50
59 82 290 17 60 50
67 105 350 30 65 45
75 120 395 27 75 40
FIIRO'S 6 78 3350 17 75 79
Reference 5-20 40-120 | 120 - 660 10 - 40 45 -90 50 - 100
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DISCUSSION

The high silica and alumina contents of the potters’
clay deposit (Table I) are favourable for its use as
moulding sand because of their high refractoriness.
Although CaO can give an expansion and other sand
defects due to its fluxing nature, its relatively small
content in the deposit renders its effect negligible
(Krivandin and Markov, 1980).

The relatively high permeability observed when
no potters’ clay was added to the mix (100% silica)
was probably because individual silica grains are
free of bond to neighbouring sand particles which
implies greater interparticle voids. However, upon
the addition of potters’ clay, the free particles are
now bonded together thereby reducing the number
of voids between neighbouring particles. This
results in the reduction in volume of evolved gas
that is permitted to pass through the specimen in
a unit time. Consequently, a decrease in
permeability with increasing clay content is
observed. At 100% clay content the permeability
is about zero (Fig. 1).

Initially, the sand mix is unsaturated with clay,
the clay (which is the binder) coating, forms lens
shaped masses at the point of contacts of the
grains. The strength of the bond is a function of
the number and area of these contacts (Grim and
Cuthbert, 1945). As the clay content increases, it
is expected that the number and the area of grain
contact also increases (Heine et al, 1967) hence,
possibly accounting for the observed gradual rise in
the green compression strength. The sand mix re-
mained unsaturated with clay up to 85% clay con-
tent. In excess of this, the clay film around the grains
becomes thicker and the number and area of grain to
grain contact relatively remained the same. Conse-
quently no observable further rise in the green strength
with further increases in the clay content (Fig. 1).

The effect of the clay content on the green and
dry shear strength followed the same trend except
that the dry shear strength increased gradually
from about "SKNIm at 2% clay content up to
about 87KN/m’ at 85% clay when the sand
became saturated with clay. Thereafter, the dry
shear strength rose rapidly to 320KN/m” at 100%
clay due to the fact that the sand is clay saturated.
As earlier explained with green strength, the sand
became clay saturated at 85% potters’ clay. The rise
in dry shear strength for every one percent clay addi-

tion before and after the sg:lnd becomes saturated
was 1.02 and 21.33KN/m respectively. This im-
plies that dry shear strength increased by approxi-
mately 21 times after it became clay saturated.

The sand use in FIIRO has been found to be
suitable as moulding and core sand because sound
castings have been produced from it over the
years. For this reason, FIIRO sand is taken as
standard and the properties of the prepared sand
are compared with it. Careful look at Fig | shows
that the measured properties for FIIRO sand are
obtainable but at various clay content for a given
property. The permeability of FITRO sand is for
instance, 79ml/min and this corresponds to the
permeability of the prepared mix when the
potters’ clay content is 37% (Table 1V).
Considering all the moulding properties of FIIRO
sand (Table IV) no mix gives quite the same
properties. Since properties are considered
simultaneously at a given sand content, a look at
Fig 1 shows that this may not be achieved for
any of the prepared mix (Table I'V). That is, no
tested mix gives overall comparable properties.
However, in the range of 50% - 60% potters’ clay,
the overall properties shows values that are
relatively close to the FITRO’s (Fig 1), and all
values fall within the range of the reference
values. This interval (50% - 60% potters’ clay)
would therefore look attractive for further study.

CONCLUSION

Ipetumodu potters’ clay has favourable chemical
composition for foundry use but it is characterised
by extremely low permeability, excessively high
green compression, green shear, dry compression,
and dry shear strength. These make its direct use
as moulding sand unsuitable up to about 49%.

It is however noted that silica sand bonded by
50% - 60% potters’” clay exhibits moulding
properties that are relatively close to the FIIRO
sand which has exhibited good foundry properties
and thereby making it suitable for further
treatment.
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Abstract

Several statistical models based on the well-known Angstrom Page equation have been widely used for the estimation of average
global solar radiation on horizontal surfaces using daily hours of sunshine. Three of such models due to Rietveld, Igbal and
Ogelman et al., have been extensively applied to the four different climatclogical zones of Nigeria and a comparative study
carried out on their zonal performances._ The root mean square error statistical indicator revealed the poor performance of

Igbal’s model in two climatic zones of Nigeria.

However, results from the t - statistical indicator show that the three models

indeed performed creditably across the various climatic zones of Nigeria with Rietveld’s model providing the best overall zonal
performance.  Appropriate recommendations have been suggested for the various climatic zones

INTRODUCTION:

The solar radiation incident on the earth’s surface is
either direct or diffuse in form, the latter reaching
the earth’s surface after being reflected off the
particles of the atmosphere. The amount of radiation
reaching the earth’s surface varies with a number
of parameters including the nature and extent of water
vapour, aerosol, cloud condition, time of the day,
period of the year, local latitude, altitude, zenith angle
of the sun, declination angle, regional albedo, relative
humidity, daily hours of sunshine, and so on. Al-
though some of these parameters may have negli-
gible effect in the determination of solar radiation
and could therefore be ignored, it is very difficult to
predict the actual value of irradiance for any given
location taking all the major parameters into consid-
eration. However, it is feasible to establish from
long-term meteorological data, the most probable
value of irradiance at any location.

Solar energy data are basic necessities for the design
of solar energy conversion devices and as design in-
put for energy efficient buildings.

Most buildings designed today depend on non-re-
newable energy sources to provide thermal comfort
instead of making use of the energy from the sun
and the natural capacity of the climate. This devel-

opment poses a big challenge to building designers and
scientists. A reliable method for the estimation of glo-
bal solar radiation will thus be of tremendous assistance
to the development of energy efficient buildings and in
other applications such as weather forecasting, agricul-
tural potential studies, and economic and efficient solar
devices.

The objective of this paper is to determine which of the
most widely tested forms of models could be reliably
adopted to the different climatological zones of Nige-
ria. The models chosen are those due to Rietveld (1978),
Igbal (1979), and Ogelman et al. (1984), all of which
depend on daily hours of sunshine for the estimation of
global solar radiation on horizontal surfaces.

2. REVIEW OF SELECTED SOLAR
RADIATION CORRELATIONS

All available statistical models for the prediction of so-
lar radiation seem to be based on the well-known Ang-
strom-Page correlation equation, which relates the av-
erage daily global solar radiation H to the fractional
possible sunshine hours K, by the equation:

H/H =a+b. K (1)

where K=n/N_ H_ isthe monthly daily extraterres-
trial radiation, N_ is the monthly average of the maxi-
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" mum possible daily hours of sunshine i.e. the day length
of the average day of a month, n is the mean daily hours
of sunshine, a and b are empirical coefficients depend-
ing on the location under consideration and may vary
considerably from one location to another. In general,
they are to be determined for each climatic zone.
Though, there are several statistical correlations avail-
able in the literature for the computation of global solar
radiation on horizontal surfaces, it is very difficult to
obtain a general formula incorporating all the parameters.

Daily hours of sunshine perhaps easily stands out as the
most dominant parameter in the estimation of global solar
radiation. In addition, recording of daily hours of sup-
shine has been very consistent at the Nigerian Meteoro-
logical Office, and a large stock of data for research and
other purposes has been generated. Based on these rea-
sons and for better and easier estimation of global solar
radiation on horizontal surfaces, hours of daily sunshine
have been chosen as a reliable parameter for solar radia-
tion estimation in Nigeria. The three models consid-
ered in this study are all developed using data on sun-
shine hours. The first is that due to Rietveld (1978),
using measured data collected from 42 stations located
in different countries in Europe and America. Due to its
wide data base, Rietveld’s model is expected to have
validity across the globe . Hence it has been chosen for
this study, to test its applicability in Nigeria over a wide
latitudinal range. Rietveld’s correlation is of the form;

H/H, =018+ 0.62K (2)

where H is the monthly average value of global solar
radiation, H_ is the monthly average daily extraterres-
trial radiation and K is the local fraction of possible sun-
shine hours.

The second model is that due to Igbal (1979). Igbal’s
model, according to Halouani et al . (1993), was devel-
oped using data collected from three Canadian stations.
He proposed statistical correlations that allow the com-
putation of the monthly average diffuse and beam solar
radiation on a horizontal surface from the local fraction
of sunshine hours. Iqbal’s correlation for the calculation
of global solar radiation H is given by the followmg equa-
tions:

H/H, =-0.176+ 1.45K + 1.12K (for K > 0)

H/H =0163+0.478K + 0.655K*

(3)
#

where H, is the monthly average daily value of beam
radiation, H, is the monthly average daily value of dif-
fuse solar radiation, and H, the global solar radiation is
given by the relationship:

H= H+ H, (5)

The third model for consideration is that due to
Ogelman et al. (1984). Using a maximum-likelihood
quadratic fit, Ogelman et al. (1984), showed that the
monthly averages of relative sunshine hours (n/N))
and its standard deviation o /N_ can be used to esti-
mate the monthly average global solar radiation for
two locations in Turkey.

The correlation is of the form:

HH, = 0204 +0.758 (W/N ) + 0.250 [ (WN )+ o’ /N] (6)

Models developed here used multiple regression tech-
niques in correlating the measured solar radiation
with meteorological data (Ojosu, 1990). It will cer-
tainly be of interest to use calculated results based
on Rietveld’s (1978) model, Igbal’s (1979) model and
Ogelman et al’s (1984) model to make some com-
parison with Nigerian Building and Road Research
Institute (NBRRI) measured data to test their appli-
cability to different locations within Nigeria and to
recommend the models, if found suitable to the cli-
matologically different zones of Nigeria.

3. COMPARISON OF STUDIED MODELS
WITH MEASURED DATA

Some numerical estimates have been computed us-
ing the three models and the results are compared
with the corresponding measured data across the lati:
tudinal range.

Table 1 shows the measured values with the corre-
sponding estimates from the studied models. The
statistical chi-square test of significance is applied
to the data to evaluate the measure of discrepancy
existing between the measured values and the corre-
sponding estimates for the 12 locations.

The statistic y? is defined as:

e Z--.(h; -EY

(7)

where MJ is the jth value of the measured data, E is
the jth value of the estimated data.
If the total number of observations is N, then

2M=ZE =N (8)

The number of degree of freedom v=N - .

For N=12, v=11, X3 s~ 25, X2 0s = 20

The calculated #° values for Rietveld, Igbal and
Ogelman etal. are, respectively, 0.22, 1.39, and 0.33.
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Table 1: COMPARISON OF MEASURED VALUES WITH LOCAL
ESTIMATION OF STUDIED MODELS

— . Mea-  Rietveld Igbal  Ogelman
. dtitude = > sured H

STATION ¢ °N n/N, & H (Kl;i:;n"') (KWhm?) (Kigfm'f)
Owerri 5.48 0.359 0129 4146 4019 4494 4429
Enugu 6.47 0.457 0.209 4.539 4619 4956 4.963
Lagos 6.58 0.467 0218 4256 4.678 4985  5.011
Ibadan 7.43 0.408 0.166 4616 4313 4.771 4.690
Makurdi 7.73 0.563 0317 5.077 5.258 5067 5474
lorin 8.48 0.503 0.253 4.979 4.900 5.046  5.196
Yola 9.23 0.634 0.402 5.774 5.670 4906  5.784
Jos 9.87 0.606 0.367 5.653 5.490 4.978 5.639
Bauchi 10.37 0.750 0.563 5.714 6.372 4314 6224
Kaduna 10.60 0.660 0.436 5.672 5.815 4.793 5.866
Maiduguri ~ 11.85 0.661 0.437 5.176 5.781 4.761 5.833
Sokoto 13.02 0.672 0.452 5.920 5.836 4.699 5.878

Since y for the three models are less than the critical
2 - = %

X, valuesat 0.01 and 0.05 levels of significance, we

conclude that the measured values and the correspond-

ing estimates from the three models are in good agree-

-3 - ;
3.05and X, =4.58; both

are greater than either % values obtained for the mod-

els.

ment. However, x2

This final result confirms not just the established good
agreement between the measured and estimated val-
ues but that the models may not be subject to any
serious statistical errors. In other words, the chi-
square test of significance on the measured and esti-
mated values for the 12 stations has given the first
indication that the three models may be appropriate
for the estimation of average global solar radiation in
Nigeria.

Despite this statistical proof of the performance of
the models, a cursory inspection of Table 1 seem to
suggest that some models overestimated in some sta-
tions while others seem to suggest underestimation.
For instance, in Owerri (lat. 5.5° N), the measured
value is 4 1 KWhm?, while the estimated values are
4.0 KWhm?, 4.5 KWhm? and 4.4 KWhm? for
Rietveld, Igbal and Ogelman et al., respectively. These
results show that Rietveld’s model provides the best
performance, Qgelman et al. model is rated next best,

followed by Igbal’s model.

The results are somehow identical at Sokoto
(1at.13.0°N) where the measured value is 5.9 KWhm™
against 5.8 KWhm~, 4.7 KWhm* and 5.9 KWhm*
observed using Rietveld’s model. Igbal’s model and
Ogelman et al.’s model, respectively. In this case the
results obtained using Rietveld’s model and the model
due to Ogelman et al., agree with the corresponding
measured value while Igbal’s model seems to have
grossly underestimated the calculated value.

Another set of results that merit attention is that of
llorin (lat. 8.5°N) where the performances by all the

models are quite satisfactory and encouraging. At

this station, the measured value i1s 5.0 KWhm*
whereas the estimated values are 4.9 KWhm~, 5.0
KWhm?, and 5.2 KWhm for Rietveld’s , Igbal’s and
Ogelman et al.’s models, respectively.

With such varied and contrasting performances across
the various stations, it is appropriate to evaluate the
models’ performances as expressed by other statisti-
cal parameters.

4. METHOD OF EVALUATION

A total of 12 stations, located in climatologically dif-
ferent zones of Nigeria where global radiation data
are available were selected for the present compara-

12
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TABLE 2; LOCAL PERFORMANCES OF STUDIED MODELS

Rietveld Igbal Ogelmanet al,
Station Lattude MBE RMSE MPE MBE RMSE MPEMBE RMSEMPE
4N () () (%) (%) (%)  (%)(%) (%) (%)
WarmHumid
Lagos 66 07 s4 08 12 93 14 12 96 15
HotHumid
Ibadan 74 05 39 835 03 20 03 01 09 0.1
Liorin 83 41 10 01 o1 08 o1 03 88 04
Owerri 55 02 16 03 06 44 01 05 36 06
£nugu 65 ol 10 01 07 53 08 01 54 08
Temperate Dry
Joe 29 23 21 02 12 886 10 002 02 002
Bauchi 104 11 84 10 23 179 20 08 65 07
Kaduna 10.6 02 13 02 A4 112 13 03 24 03
Makurdi 13 03 23 03 002 01 002 06 .1 07
_Hot Dry
Yola 92 92 13 02 a4 1 13 0@ 01 00l
Maiduguri 1.9 0 17 10 07 53 07 LI 84 L1
Sokoto 30 01 16 01 20 15 17 o1 05 O

tive study. Three different methods have been used ~ culated values and vice versa. A low MBE value is

to evaluate the accuracy of the correlations described
in section 3. These are: the mean bias error (MBE);
the root mean square error (RMSE) and the mean
relative percentage error (MPL).

The  MBE is defined as:

MBE = 100{(1/hm)[ZH -H
The RMSE is defined as:
RMBE = 100{(1/Am)[Z(H -H )Y)n} (10)
The MPE is defined as:
2. H.. x IOO]/n

H

)in}

meas

(9)

MPE =[ (1

s

where H_ is the calculated value of solar radiation,
H__ is the locally measured value and n is the total
number of observations.

According to Halouani et al. (1993), the test of MBE
provides information on the long-term performance
of the studied models. A positive MBE value indi-
cates an average amount of overestimation in the cal-

generally desirable.

The test on RMSE provides information on short-term
performance of models, as it conveniently assesses a
term-by-term comparison of the actual deviations be-
tween the estimated or calculated value and the mea-
sured value. As indicated by most workers, the test
on RMSE is considered a major factor in the assess-
ment of the performance of models provided that the
MBE values remain within acceptable limits (e.g
MBE < 10%). The MPL also gives an overall evalu-
ation of models and values within 5% error bounds
may be considered acceptable. Generally, deviations
varying between —10 and + 10% are considered ac-
ceptable, while those lower than - 20% or higher than
+20% ore not.

3 ZONAL PERFORMANCE OF STUDIED

MODELS.

The Nigerian climatic zones may be described as
equatorial and semi- equatoriai in nature. It is char-
acterized by high humidity and substantial rainfall.
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For building design purposes however, Nigeria is di-
vided into four climatic zones, (Agarwal and Komolafe,
1983). The average of the daily mean temperature and
the average relative humidity for a month are taken as
indicative of the climatic zone surrounding any given
station.

The zonal performances of the models are summa-
rized in Table 2. It is observed that the performances
of the models vary appreciably from one climatic zone
to another. While the MPE values are < 2% across the
different climatic zones and the MBE values are also
all within acceptable limits, the RMSE values at some
of'the zones call for special attention and scrutiny. This
will be better appreciated if zone-by-zone analysis is
carried out by considering the models’ performances
in terms of both MBE and RMSE parameters only.

5.1 Warm Humid Climatic Zone

This climatic zone is represented by Lagos (lat. 6.6°N).
It is observed that Rietveld’s model provides the best
overall performance (MBE = 0.7%, RMSE = 5.4%)
while Igbal’s model and that due to Ogelman et al
would arguably be described as having identical per-
formances (MBE = 1.2% RMSE =9.3%) and (MBE =
1.2%, RMSE =9.6%), respectively. All the three mod-

Is under this climatic zone meet the set standard with
PMSE values < 10%.

5.2 Hot Humid Climatic Zone

In the evaluation gf this climatic zone, it is worthwhile
to consider the results at the various stations to serve
as a guide in rating their performances, since the re-
sults in this zone are generally satisfactory. In this
respect, it is observed that Rietveld’s model worst per-
formance (MBE =-0.5%, RMSE = 3.9%) recorded at
Ibadan (lat.7.4°N) is better that that of either Iqbal’s
model (MBE = 0.7%, RMSE = 5.3%) observed at
Enugu (lat. 5.3°N) or Ogelman et al’s model perfor-
mance (MBE = 0.3%, RMSE = 8.8%) observed at
llorin (lat.8.5°N). It can be concluded from Table 2
that Rietveld’s model performance is rated the best in
two stations, whereas Igbal and Ogelman et al.’s per-
formances are rated best in one station each.

5.3 Temperate Dry Climatic Zone

The performances of the three models in this zone are
strikingly contrasting and quite interesting. For in-
stance, while Igbal’s model gives one of the best perfor-
mances (MBE =-0.02%, RMSE = 0.1%) observed at
Makurdil(lat. 7.3°N), the same model provides the worst
performance in the same climatic zone (MBE =-2.3%,
RMSE = 17.9%) observed at Bauchi (lat 10.4°N).

Rietveld’s model and the model proposed by Ogelman
et al. give respectable performances in all the sta-
tions with Rietveld model’s best performance (MBE
= 0.2%, RMSE = 1.8%) coming from Kaduna (lat.
10.6°N) while Ogelman et al. model’s best perfor-
mance (MBE = -0.02%, RMSE = 0.2%)is observed
at Jos (lat. 9.9°N). The very high RMSE values ob-
served in this zone with Igbal’s models (RMSE =
17.9% at Bauchi and RMSE = 11.2% at Kaduna)
are rather discouraging.

The model proposed by Ogelman et al. is observed to
have the best rated performances in two stations,
MBE =-0.02%, RMSE = 0.2% at Jos (lat. 9.9°N) and
MBE = 0.8%, RMSE = 6.5% at Bauchi (lat. 10.4°N),
while Rietveld and Igbal’s models share the best per-
formance rating in one station each in this climatic
zone.

5.4 Hot Dry Climatic Zone

Large RMSE values attributable to poor model per-
formances are again observed in this climatic zone
with respect to Iqbal’s model. For example, at Yola
(lat. 9.2°N) and Sokoto (lat. 13.0°N), Igbal’s model
gives MBE — 1.4%, RMSE = 11.1% and MBE = -
2.0%, RMSE = 15.6%, respectively. The accuracy
of Igbal’s model in the estimation of global solar ra-
diation in this zone is quite suspect.

Generally, aside from the high levels of RMSE val-
ues observed with Igbal’s model at some stations
within the temperate dry and hot dry climatic zones,
the overall performances of the models seem quite
good. However, one has to be cautious in using
Igbal’s model at locations where high levels of RMSE
values imply tendency to underestimate global solar
radiation. Under this circumstance, the best option
would be the complete avoidance of Igbal’s model,
since it seems not to be appropriate for some climatic
zones such as the temperate dry and hot dry climatic
zones of Nigeria. Meanwhile, the models due to
Ogelman et al. and Rietveld give high level perfor-
mances even in the-hot dry climatic zone. For in-
stance, Ogelman ct al.’s model gives incredible per-
formances in two stations, namely, Yola (lat. 9.2°N)
with MBE = 0.02%, RMSE = 0.1% and  Sokoto
(lat. 13.0°N) with MBE =- 0.1% and RMSE = 0.5%.

Characteristically, Igbal’s model gives one of the
best-rated performances (MBE =-0.7%, RMSE =
5.3%) in a climatic zone where the worst perfor-
mances at two stations (see Table 2) are also cred-
ited to the model.
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In view of the contrasting performances observed in
the different climatic zones, it has become impera-
tive to assess the zonal and overall performances of
the models using an impro» ed statistical model per-
formance indicator propose d by Stone (1993). Inter-
estingly, Stone’s t-statistic model indicator is com-
puted using both MBE and RMSE velues and is de-

mances of the three models using their MBE and
RMSE values while Table 4 gives the zonal and over-
all performances of the models computed using equa-
tion (12).

The results shown on Table 4 indicate that the model
due to Ogelman et al. has the best performance rat-
1g in two climatic zones, namely the warm humid

fined as: and hot humid climatic zones while Rietveld’s model
in- DMBE 117 is rated hesil als.'n in two zones: the temperate_: dry and
= ~—'-—-E——-+—_ (12) hot dry climatic zones. The overall (combined) re-
RMSE" - MBE sult gives the best performance rating to Rietveld’s
where n is the number of data points used.
TABLE 3: ASSESSMENT OF THE PERFORMANCE OF
STUDIED MODELS
Rietveld Igbal Ogelmanetal.
MBE RMSE MBE RMSE MBE RMSE
Zone (o) (%) (%) (%) (%) (%)
Warm Humid 0.7 554 12 9.3 1.2 9.6
Hot Humid -02 19 0.4 32 04 4.7
Temperate Dry 0.3 3.7 -1.2 9.5 04 36
il;lot Dry 0.2 3.5 -1.4 10.7 0.3 3.0
Overral 02 32 -0.5 7.6 0.5 43

TABLE4: ZONAL AND OVERALL PERFORMANCE
OF STUDIED MODELS USING STONE’S T-STATISTIC

s Rietveld Igbal Ogelmanetal. Critical -t
Warm Humid 0.43 0.43 0.42 -

Hot Humid 0.35 0.42 0.28 10.21
Temperate Dry 0.27 0.42 0.37 10.21
Hot Dry 0.19 0.44 0.33 22.33
Overral 0.21 0.22 0.39 4.03

The t-statistical indicator, according to Stone (1993)
allows miodels to be compared and also indicates
whether or not model estimates are statistically sig-
nificant at a particular confidence level. For most
practical purposes, the confidence level P is chosen
as P=10.999 (or 99.9%).

Table 3 summarizes the assessment of the perfor-

model and Igbal’s model closely follows as the next bes:

performed model.

The t-statistic indicator shows that all the estimates pro-
duced by the three models are statistically significant as
the calcul ated t-values are all less than the critical t-val-

ues acros: the various zones,
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From the analysis above, the superior performance of
Rietveld’s model in the estimation of average global
solar radiation on horizontal surfaces over the perfor-
mance by Igbal’s model (and by implication, Ogelman
etal.’s model) based on the overall results using Stone’s
(1993) t-statistic indicator has bgen established and
goes to confirm the widely-held view that the validity
of the model cuts across international boundaries.

6. CONCLUSION

Three statistical models for the estimation of aver-
age global solar radiation on horizontal surfaces us-
ing daily hours of sunshine have been examined at
four climatologically different zones of Nigeria in an
extensive comparative study. It is observed with re-
spect to performance ratings using RMSE and MBE
values that the performance variation for Igbal’s
model from one climatic zone to another is by far,
more significant than that found with either Rietvelds
model or the model due to Ogelman et al.

It would have been easy to conclude with these s.a-
tistical indicators that Igbal’s model should be avoided
completely in the temperate dry and hot dry climatic
zones of Nigeria, particularly at Bauchi and Sokoto
where high levels of RMSE values were observed.
But the t-statistical indicator has shown that the three
models, indeed, performed extremely well across the
various climatic zones of Nigeria.

Based on Stone’s t-statistical indicator, the model due
to Ogelman et al. is especially recommended for use
in the warm humid and hot humid climatic zones while
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Rietveld’s model is recommended for use in the tem-
perate dry and hot dry climate zones of Nigeria.

However, the outstanding overall performance by
Rietveld’s model clearly confirms the widely held
view that the model is applicable -anywhere in the
world. The model’s flexibility and adaptability to
the different climatic zones of Nigeria is remark-
able and suggests that the model is very reliable and
accurate enough for the estimation of average glo-
bal solar radiation on horizontal surfaces in Nigeria
and for various theoretical applications.
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USE OF SOIL INFORMATION FOR
ROAD ROUTE LOCATION:
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Abstract

This paper discussed the use of soil information for road route location in Sokoto area of Nigeria. The application example
analyzed and interpreted soil information in Sokoto area for road route location with the aid of soil survey. Soil survey of
Sokoto area was conducted using aerial photographs (1: 25,000) and United State Department of Agriculture (USDA)
classification. This was correlated with Unified Soils (USCS) and American Association of States Highways and Transportation
Officials (AASHTO) classifications in order to formulate the rating tables which were used for interpreting the engineering
properties of road route atiributes. The interpretation of the engineering properties of the attributes were used to prepare the
final current land evaluation classes giving rise to attribute maps which were overlayed 1o locate the final road routes. Soil
information provides a rational basis for rapid location of problem areas and construction materials and the eventual road

alignments.

INTRODUCTION

Interpretation of soil information is usually obtained
from soil surveys, and the information on the soils
could be used either for agricultural or engineering
purposes. For the purpose of this study, the
interpretation of soil information was used for
engineering purposes, particularly in the road route
location.

Soil information is generally transferred to users via
soil interpretation and land evaluation (Zinck and
Valenzuela, 1990). Though land is a broader concept
than soil. land evaluation and soil interpretation are
frequently used interchangeably.

Considerable benefits can be achieved through
increased engineering interpretations of soil. For too
long, engineering aspects of uses of soils defined as
pedological units have been neglected, chiefly
because soil data were lacking and because more
immediate pressures appeared to be evident to
concentrate on uses of soils for increasing food
production. Presently, enough data are available,
hence applications are being made of the soil profile
descriptions, soil laboratory data and soil maps toward
solution of soil engineering problems. Pedological
soil maps and data are being increasingly recognised
as being valuable for engineering purposes and are
being increasingly improved for engineering uses.
Several authors (e.g., Olson, 1964; Orvedal, 1963)
have pointed out relationships between pedology and

engineering. Criteria for the comprehensive soil tax-
onomy (Soil Survey Staff, 1970) are based to a consid-
crable extent upon characteristics of soils important
for engineering as well as agricultural uses.

Observations from soil maps and descriptions valuable
for engineering interpretations include those relating
to slope, drainage, geology, stoniness, depth to
bedrock, texture, consistence, soil reaction and
structure. Laboratory analyses commonly run on
pedological soil samples which are especially valuable
to engineers include percentage sand, silt, clay, percent
and size of coarse fragments, mineralogy, percent
water at 15 bars tension, percent sodium, and others.

PURPOSE OF SOIL
GATHERING

The purpose of investigation and exploration of soils
in the field, and in the laboratory, are to obtain
information about the behaviour of soils under various
loading conditions. Excluding work done for research
purposes, each soil investigation has as its goal, the
amassing of sufficient data to permit adequate
foundation or earth structure design for a particular
set of loading conditions. The scope and extent of
investigation must be thoroughly considered in order
to avoid waste of money, either by inadequate
procedures for obtaining required data, or by use of
methods not applicable to the particular conditions.

INFORMATION
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