
process; as new observational data become available, 
they should be used to update the mathematical model. 
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Predictions of Pore-Water Pressure and Soil Suction 

Conditions 1n Road Cut Slopes 1n St. Lucia, West Indies: 
A Methodology to Aid Cut Slope Design 

M. G. ANDERSON and P. E. KNEALE 

ABSTRACT 

There is evidence in the tropics that soil 
suction may play a most significant role in 
slope stability. In many developing areas 
of the tropics, relatively rapid assess­
ments of both road alignment and road 
maintenance frequently have to be made. A 
prediction capability is sought for soil 
suction in selected residual soils of rele­
vance to road cut slopes in St. Lucia, West 
Indies, and the topographic, material, and 
precipitation controls on the soil suction 
are established. It is shown that a dummy 
variable regression model employing mate­
rial permeability, precipitation, and 
qualitative site factors provides good 
estimat@s of the recorded soil Buction. In 
addition, the variable importance of three­
dimensional slope topography on soil suc­
tion is identified. Failures logqed durinq 
the study period conform to the high-risk 

sites estimated by the soil suction predic­
tion model. The low site investigation re­
quirement combined with the accuracy of 
soil suction prediction render such a 
procedure of potential use to road desiqn 
and maintenance in tropical areas where 
only limited geotechnical investigations 
are possible. 

There is mounting evidence within the tropics that 
soil suction might make a significant contribution 
to slope stability. Sweeney and Robertson (!) , for 
example, stated that although the influence of soil 
suction on soil strength has not yet been quanti­
fied, there is the likelihood that soil suction con­
tributes to soil strength, especially in the finer­
grained soils. More recently, Ho and Fredlund (1, 
pp. 263-295) were able to demonstrate with a sinqle 
triaxial test the increase in strength due to soil 
suction. In addition, they remark that there is no 
reason to expect a reduction in suction during rain-
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fall where there is extensive surface protection 
against infiltration and the groundwater is below 
the toe of the slope. Adequate surface protection 
in this context may be either vegetation or nchunamn 
protection as used in Honq Kong, for example. The 
need for studying soil suction in tropical latitudes 
has been reaffirmed by Brand (3,pp.89-143), who re­
ported that theoretical factors-of safety for stable 
slopes in residual soils are not infrequently less 
than unity. However, this error in analysis does 
not have a unanimously agreed-on interpretation. 
Certain workers argue that the error is due to the 
neglect of the contribution of soil suction to shear 
strength, whereas others arque tl1at minimum values 
of soil suction cannot be realistically or readily 
assessed in the field and subsequently used for de­
sign purposes. Studies undertaken in Hong Kong have, 
however, shown that suction pressures act as modi­
fied effective stresses in that a matrix suction of 
(Ua - Uw) increases the shear strength by (Ua - Uw) 
tan ,b, where ,bis the angle of internal friction 
with respect to matrix suction (],_i), Ua is the 
pore-air pressure, and Uw is the pore-water pressure. 

Parallel to the preceding investigations concern­
ing the relationship between suction and soil 
strength, there have been a small number of studies 
determining field suction values in tropical or sub­
tropical latitudes. Sweeney (j, pp.12-23), for ex­
ample, reports the results of a study in which soil 
suction determinations were made to a depth of 38 m 
through a concrete-lined pit wall (caisson) within 
decomposed granite in Hong Kong in an attempt to es­
tablish whether suction could be maintained at such 
depths during the wet season. In Hong Kong, as else­
where in the tropics, there is the strong possibil­
ity that suction provides a significant contribution 
to slope stability. In the Hong Kong study, it is 
of note that the residual volcanic soils with a per­
meability greater than 5 x 10- 5 m s· 1 always ex­
hibited suction during the reported period at depths 
rnmmonan,-:=i .. o ~;.-n prou-lnu.c: c::h~11nw f!;:1ilnr,::..ct_ 

In the overall contribution of soil suction to 
the hydrological and strength behavior of slopes, 
there are four important aspects (.§.): 

1. The possibility of a significant and sus­
tained stabilizing effect on hill slopes, this con­
tribution will likely vary according to grain size 
as has been noted earlier: 

2. Establishment of whether minimum suction oc­
curs simultaneously over significant areas: the ef­
fect of likely field variability in the controlling 
factors of soil water-retention curves and perme­
ability makes this a most important aspect, espe­
cially in the context of strength mobilization 
[Nielsen et al. (7) review spatial variability of 
soil water propert:Les): 

3. The water infiltration pattern, both verti­
cally and laterally, and 

4. The timing and magnitude of groundwater re­
charge by the infiltration process under conditions 
of either maintained soil suction or partial satura­
tion. 

Soil water conditions are not especially well docu­
mented in areas of the world experiencing a tropical 
climate and yet some of the more acute problems of 
slope stability are known to occur in such areas. In 
addition, even less attention has been paid to the 
prediction of soil suction and pore pressures, de­
spite the potential utility in the calibration of 
shear strength models for slope design, as has been 
noted previously. The impact of control variables 
on soil suction has received even less attention. 

In this paper it is recognized that there is a 
need in many developing areas in the tropics to be 
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able to make relatively rapid assessments of either 
road alignment (8) or road maintenance proposals. 
Initial coarse gr°ouping of slide behavior and en­
vironmental factors can be made with some success, 
using Landsat and other remote-sensing methods 
[e.g., a joint project between the Indonesian Road 
Research Institute and the Transport and Road Re­
search Laboratory in Indonesia and Brand (l) have 
illustrated slide mechanics and geotechnical risk 
can be assessed by terrain classification methods]. 

However, it is evident that relatively little at­
tention has as yet been focused on methods for pre­
dicting slope soil-water conditions with the same 
prerequisite of ease of estimation and an establish­
ment of response categories for topography, soil 
type, and rainfall. Rectification of this situation 
is sought by the construction of a methodology for 
examining soil-water conditions that will facilitate 
the enhancement of the existing methods for predict­
ing landslide risk for road alignments in the trop­
ics. The assessments in this paper, although based 
on empirical work in St. Lucia, west Indies, may 
well be appropriate for other regions, as least as 
far as the methodology and techniques are concerned. 

EQUIPMENT FOR MONITORING SOIL SUCTION AND 
PORE PRESSURE 

It has already been stressed that in many residual 
soils substantial negative pore-water pressures can 
develop. Any method of monitoring pressures must 
therefore take account of this condition, and it is 
desirable to be able to record both negative and 
positive pressures. Accordingly a portable hand-held 
transducer unit was designed that could be carried 
to each site: the transducer read line was coupled 
to a zero-volume change tap that terminated the hy­
draulic read line from a 1-bar ceramic pot buried at 
the selected depth. The transducer used was differ-
--L.!-, , ,nn .__ ''"'"'"' •~"-' t::ULJ.Q.L ,-J..uU LU TLUV r-..ra.1 • 

In addition, an automatic and continuously re­
cording unit has been designed (Figure 1) • In this 
configuration, 22 sensors can be scanned by a scani­
valve fluid switch, the output from which qoes to a 
single transducer and a microprocessor-based data 
logger. Such a system was used by the senior author 
for part of the extensive midlevels study in Hong 
Kong, where monitoring of soil suction and pore 
pressure was undertaken in 1980-1982 (!!) • The in-

FIGURE 1 Automatically and continuously recording tensiometer 
system (scanivalve enclosure on the right), microprocessor control, 
and recording unit. 
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strumentation has thus been well tested in tropical 
conditions. [The authors have published a full re­
view of instrumentation for monitoring of soil suc­
tion and pore pressure in the tropics (..!..Q) .J 

DEVELOPMENT OF PREDICTION MODELS FOR SOIL 
SUCTION AND PORE PRESSURE 

Data Acquisition 

The empirical work was undertaken on the Caribbean 
island of St. Lucia, West Indies. Within St. Lucia, 
nine sites were selected for the monitoring of soil 
water pressures (Figures 2 and 3 and Table 1) • A 
daily monitoring program was undertaken for much of 
the wet season in 1978 and 1979. In Figure 4 the 
nature of soil water potentials that typically occur 
in response to precipitation is shown. The monitor­
ing depth at all sites was 60 cm, corresponding to 
the depth of failures occurring on the road cut 
slopes (e.g., Figure 5, site 2 in Figure 3). 

Plotting the results of the worst soil water 
potentials for 40 storms for the sites grouped by 
permeability results in the clear associations shown 
in Figure 6. These preliminary findings strongly 
suggested that a parsimonious statistical model 
could be established for soil water potential ('I') 

at 60-cm depth at the slope base as a function of 

SAINT LUCIA 

N 

1 
T 

Km 

FIGURE 2 Study site location. 
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rainfall and site characteristics (topography and 
permeability) • 

Dummy Variable Regression Methods 

Of course, standard multiple regression techniques 
could be calibrated to predict pore pressure from 
permeability, topography, rainfall, and other vari­
ables thought appropriate. However, in terms of the 
relatively short time available for site investiga­
tions in the tropics and the sparsity of laboratory 
testing facilities, it may be more relevant to con­
template the additional inclusion of qualitative 
site descriptions. Such a possibility is afforded by 
dummy variable multiple regression. 

This procedure involves the assignment of each 
site to a group, the characteristics of which are 
defined by the investigator and may be both qualita­
tive and quantitative. Table 2 shows the basis of 
the grouping of the nine sites on the grounds of 
permeability and topography. Formally, then, dummy 
variables D1,i = l,q (q groups) are defined such that 
that Di is 1 for group i and O for all other groups. 

The general regression model then has the form of 
the following equation in the relationship between 
storm precipitation and soil-water potential (assum­
ing n observations): 

g g 

"'601 =a1 + ~ (a1-a1)D; +~1X1 + ~ ~1-~1)D;X1 
i=2 i=2 

where 

1, n, 
soil water potential at 60-cm depth, and 
intercept of the base group. 

(!) 

The g - 1 remaining (ai - a1) values are inter­
preted as differences from this base group. The gra­
dient values (ff1) are similarly interpreted. 

When calibrated from the available 82 observa­
tions, the equation had the following form: 

"'60 = -36.36 -9.99D1 -180.21D2 -109.69D3 + 57.53D4 + 0.56p 

r2 = 90.6 percent (2) 

which is significant at the P = 0.001 level, where p 
is the storm precipitation. 

Thus to predict '1'60 for sites 6, 8, and 9 (base 
group), o1 to D4 = 0 (Table 2), the equation reduces 
to 

"'60= -36.36 + 0 .56 p 

To predict , 60 for sites 4 and 5 (D 3 
the equation reduces to 

"'60 = -36.36 -109.69 + 0.56p + 0.65p 

(3) 

0) 

(4) 

In Figure 6 measured and predicted values for this 
model (Equation 2) are plotted. This formulation 
uses the relatively easily determined site param­
eters of storm precipitation and site topography in­
spection to predict pore-water pressures. Further, 
such a model is capable of including more groups 
with characteristics differinq from those defined in 
Table 2. Thus, in general terms, prediction for a 
specific site relies solely on deciding in which 
group it should be placed. This simple procedure 
then is sufficient to define the form of the pre­
diction model and provide the estimated pore-water 
pressures for the selected storm precipitation. 
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TABLE 1 Site Material Properties 

Angle of 
Site Cut Slope 
No. Material (degrees) 

I Weathered andesite 54 
2 Strongly weathered andesite 48 
3 Strongly weathered andesite 60 
4 Strongly weathered andesite 60 
5 Strongly weathered andesite 41 
6 Strongly weathered andcsite 35 
7 Weathered andesitic breccia 55 
8 Weathered andesitic breccia 23 
9 Massive flow deposit 28 

Testing of Dummy Variable Model 

The dummy variable model (Equation 1) was calibrated 
from data obtained in the period October 1978 
through October 1979 (Equation 2, Figure 7). With 
the additional data obtained in the following 12-
month period to September 1980, it was possible to 
test the model independently. Estimates for the· 
1980 storm data made in this manner are shown in 
Figure B, and the associated distribution of errors 
(o = 32.02 cm water) is shown in Figure 9. 

CONTROLS ON SOIL SUCTION 

Relative Importance of Topography 

The dummy variable regression procedure provides a 
relatively parsimonious method of estimating basal 
soil water conditions for a range of materials. How­
ever, it is especially useful to attempt a dissec­
t ion of that model to ascertain the exact control 
that topographic slope characteristics exert on soil 
water potential. To this end, three permeability 
groups were established (10-•, 5 x 10-• to 5 x 10-•: 
10-•, 5 x 10-• to 5 x 10-•: and 10-•, 9 x 10- 7 to 5 x 
10- 5 ) • 

For each permeability group, with 'I' as the de­
pendent variable, multiple regressions were run for 
precipitation and each of the three topographic in­
dices [slope plan curvature (C) positive concave, 

0 Field sites 

* Tropical autographic raingauge 

Liquid Plastic 
Purmcability Limit Limit Plasticity 
(cm s- 1) (%) (%) Index 

J.77 X J0-3 33 
J.80 X 10-3 40 
2.21 X J0-3 40 
J.25 X 10-4 52 44 8 
9.03 X JO-S 52 44 8 
5.0 X 10-4 56 48 8 
2.00 X 10-7 68 52 16 
2.5 X 10-S 68 52 16 
3.29 X JO-G 47 35 12 

downslope length (L), and slope angle (All as 
independent variables. Although prediction relation­
ships for each of the three topographic indices are 
significant, C has the highest overall explained 
variance in the three permeability groups. The re­
spective prediction equations for each saturated 
permeability group are as follows: 

'1'=-165.78+0.75P+3.08C r2 =87 percent, n=47 (5) 

'II= -136.15 + 0.72P + l.69C r2 = 70 percent, n = 36 (6) 

'II= -31.83 + 0.45P + 0.54C r2 = 62 percent, n = 51 (7) 

It is clear that the effect of c on 'I' increases in 
the more permeable materials. By contrast, for ma­
terial with permeability of 10-• cm s-• there 
are relatively smaller changes in 'I' for given 
changes in C. 

For a 150-mm storm in material of permeability 
l x 10- • cm s- 1 , C of +30 degrees (strongly con­
cave) gives 'I'= +39 cm, whereas C of 30 degrees 
(convex) gives 'I'= -146 cm. Corresponding condi­
tions for material of permeability l x 10-• cm 
s-• predict 'I'= +52 and +19 cm, respectively. 
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FIGURE 5 Site 2. 
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FIGURE 4 Soil water potential responses to precipitation. 

By the use of beta weights, it is possible to 
assess the relative importance of topography in re­
lation, say, to precipitation, as affecting pore 
pressures in a range of different materials. Thus 
more substantive comparisons than those made by the 
multiple regression methods described previously are 
possible. Beta weights indicate how much chanqe in 
the dependent variable is produced by a standardized 
change in one of the independent variables when the 
others are controlled. In the standard notation 
Bij•k, variable i is beinq predicted from vari­
able j with the effect of variable k controlled. The 
direct utility of this procedure is that it is pos­
sible to assess the effect of chanqes in slope topo­
graphic elements (A and C) on soil water potential 
separately from similar changes in precipitation. 
Moreover, this analysis can be undertaken for each 
of the permeability groups to ascertain whether 
there is any change in the relative effects of A, c, 
and P (the independent variables) on~. 

Figure 10 shows the generalized relationships of 
beta weights for different controlled variables (A, 
C, and P) for each permeability group. The two main 
points from this analysis are as follows: 

1. For high permeability 110-• cm s- 1 1 slope 
plan curvature exerts as great an effect on soil 
water potential (tC•P at 10- • cm s- 1 = 0.68) as pre­
cipitation does (~P·C at 10-• om s- 1 ~ 0,63) and 

2. For less permeable material (1 x 10-• cm s- 1 ) 

the relative effect of slope plan curvature on soil 
water potential diminishes, whereas that of slope 
angle and p recipitation increases. 



--

26 Transportation Research Record 965 

100--1 o- 140 
Precipitation , 

E mm 
0 

"' 

1-· 1

~~,

0
~ ~ ,~ 

-160 

10-7 permeabili t y, cm se c-1 

- 240 

FIGURE 6 Relationship of permeability, precipitation, and soil water 
potential based on 40 storm events. 

TABLE 2 Group Characteristics and Dummy Variable Status for 
Equation 1 

Permeability Dummy Variable 
Group (cm s- 1) Topography Site Status 

1 1 X 10-3 Hollow I D1 =J;D2D3D4=0 
2 Ix 10-3 Straight 2,3 D2 = 2; D 1 D3 D4 = 0 
3 I X IO-~ Straight 4,5 D3 = J;D1D2D4 =O 
4 ] X I0-7 Straight 7 D4 = 1 ; D 1 D2 D3 = 0 
Base I x 10-4 Straight 6,8,9 D1 to D4 = 0 

Predicting Mean Annual F requency o f: 
Por.e-Wate r Pressure 

Having predicted the values of v 60 at the base 
of the nine cut slope s ites (Figures Band 9), it is 
desirable to attempt an estimate of the mean annual 
frequency with which given pore-water pressures will 
occur in the different materials monitored. 

Of course, an overriding restriction here is that 
val ues of 'I' 60 cannot practically be obtained on 
a daily baah at all sites fnr 11 l 11rgP. number of 
years. It therefore becomes necessary to seek a sur­
rogate mean frequency distribution to which such 
data can be tied. For the Windward Islands there are 
available precipitation records at a large number 
of stations, the data from which have been analyzed 
in the specific context of mean annual frequency 
(days ) of the occu r rence of specific precipitation 
totals (e.g., 25, 50, 75, 125 mm). Figure 11 shows 
just such a relationship for the Barre de l'Isle 
site together with that for Marquis, a site of much 
lower elevation to the north (Figures 2 and 3). If 
it can be assumed that there is an invariant rela­
tionship be tween da ily storm precipitation (Po) and 
v 60, then o f course the v 60 p rec ip i tat ion data can be 
routed th roug h the re lations hip in Fig ur e 10 to 
yiel d the mean a nnu a l frequency (F) of qiven '!' 60 
values . It has been shown that for total storm 
precipitation (P) and '!' 60 significant linear re­
lationships exist for all sites (11), 

The estimation procedure 
and K is there·fore subject 
straints: 

for relating F, 
to two opposing 

'1' 60• 
con-

1. Only F values for daily and not total storm 
precipitation are available, and 

2. It may be unrealistic to expect too close an 
associatioo u~c.wt:t:11 all 1.¥60 and d~ily (rather 
than total) storm precipitation values. 

With the currently available data, however, it is 
necessary to circumvent the second constraint rather 
than modify the precipitation data to obtain an F-P 
relationship, even if that proved possible (bearing 
in mind the nonuniform time base of storms from 
which P is derived). A realistic way of determining 
the trend o f the '1'6o-Po relat i ons h ip for each 
site is to take va lues o f 'V 60 at, or c l ose to, 
the max i mum a nd min imum r ecorde d in a ssociat i on with 
24-hr antecedent precipitation (Po). Intermediate 
values of v60 may be e xpected to show greater 
fluctuation, depend i ng on s i g nificantly larqer a nte­
cedent conditions. Qualitative examination of the 
time series of '1'6o-Po by Anderson (11) tor all 
sites suggests this to be a reasonable strategy; 
that is, highest and lowest o/60 and P0 are in 
close association and the expectation is that this 
association will hold irrespective of the conditions 
in excess of 24 hr before the '!' 60 reading. If 
this is accepted, extreme values of , 60 and P0 
can be used for each site and routed through the re­
lationship of Figure 10 to provide an F-'I' 60 re­
lationship for each site. 

A further point has to be noted here, which is 
that because the known F-Po relationship is for 
the Barre de l' Isle rain gauge (Fiqures 5 and 3) , 
individual site Po- va lues must be converted to the 
precipitation at t hat g auge and these two precipita­
tion values must be assumed to have a common fre­
quency. That is, the general relationship shown in 
Figure 10 holds for all nine sites in the Barre de 
l' Isle area; the site precipitation Po on the or-



Anderson and Kneale 27 

•60 

./ 
Aegrnaion equetion /• 

\II,,• -38.38-9.990,- 180.210,- t09.6I0,+57.530.+0.56P-0.120,P 
+-0.600,P+0.650,P-0.300,P 

••O ,,.,. 

o• ~· 
•Ji /0 0 r• =90.&ll. 

Actual ¥-... cm 
0 0 

-- -240 -2 -200 ·IIO •l60 - i.O - 120 - 100 • to -00 ,c -..o Q<o..0 •60 

Sites: • 
6 

• 
+ 
)( 

0 

• 
0 

• 

6 

/ 

I 

1 

) 

• 
5 

6 

1 

I 

9 

. v' 
/ 

X 

6 6 /. 

/ 
/" 

/: 
• • 

X 

• 

FIGURE 7 Measured and predicted values of V'60· 

dinate is determined by the individual site calibra­
tions to the main Barre de l'Isle rain qauge. 

With these constraints, data were obtained for 
sites 2-8 taking extreme values of "'60 toqether 
with the corresponding P0-value converted to the 
equivalent precipitation at the Barre de l'Isle 
site. This precipitation value was then routed 
through the followinq relationship (Figure 11) to 
provide a frequency value (Table 3, column 4): 

Log F = 1.699 -0.015Po (8) 

All 14 values were then subjected to a linear mul­
tiple regression analysis employing "'60 and K to 
predict F. For the Barre de l'Isle sites, the rela­
tionship was significant at the p = 0.01 level: 

F = -32.20 - 0.221¥ 60 - 8.79 Log K r = 0.98 (9) 

This relationship is graphed in Figure 12. Table 3 
(column 6) shows the errors from this relationship 
to be tolerably small with o • 6.46 days. Thus, Fig­
ure 12 can be used to predict the mean annual fre­
quency F (days per year) with which a given material 
(of permeability K) will experience a pore pressure 
'I' (at 60-cm depth at the slope base). 

It is stressed that despite the obvious qoodness 
of fit of Equation 4, this provides a guide to F­
values only within the constraints of the adopted 
methods as outlined. Nevertheless, with the inevi­
table lack of long-term daily 'l',;o-records at all 
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sites, such a method is seen as the only practical 
means of making an estimation of F for pore-pressure 
values. 

In addition to the Barre de l 'Isle site, the 
F-Po relationship can also be determined for Mar­
quis (Figures 2 and 3). From available data esti­
mates can be derived of F based on K and '1'60 
under conditions of the F-P0 relationships per­
taining at Marqu is : 

Log F = 1.721 - 0.02Pn (10) 

Thus, Figure 12 shows the estimates of F that result 
when the Marquis F-P0 relationship is applied to 
the '!' 60-P0 data found at Barre de l'Isle. Thus 
because for a given p0 , F is less at the Marquis 
site than at the Barre de l'ISle site, Fiqu:re 12 
shows that for given 'P 6o- and K-values, the mean 
frequency of occurrence of that 'I' 60-value is 
s ignificantly l ess at the Marquis s i te than at the 
Barre de l'Isle site; it is given as follows: 

F = -34.75 -0.231¥60 -8 .73 Log K (11) 

Thus, if we assume a spatial commonality of pore­
water pressure response at the 11lope base to daily 
precipitation (extreme values only as already out­
lined) in the different materials monitored, it is 
possible to derive the mean frequency of occurrence 
of a given '!'60 by establishing the spatial var­
iation in F-Po relationships (Figure 10) only. 
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FIGURE 8 Predictions from Equation 2 for independent data on soil water potential. 
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The procedure described and applied here is sum­
marized diagrammatically in Figure 13. 

given storm precipitations. Figure 14 shows the re­
sult of plotting such data by permeability group, 
distinguishing between slopes stable throughout the 
study period and those subject to failure. Envelopes 
are provided discriminating between stable and 
failed slopes for given penetrometer values at 50 or 
more sites. 

CONTROLS ON FAILURE CHARACTERISTICS 

Throughout the duration of the project, a schedule 
of slope failures was kept. Because the importance 
of the topographic slope elements has been clearly 
demonstrated in the context of soil water potential 
control, it is possible to plot failed and stable 
sites by permeability group, noting for each site 
the prefailure slope angle, slope plan curvature, 
and material strength. Permeability group, slope 
angle, and curvature are sufficient to specify soil 
water potential conditions [Equation 2 (11) J for 

These tentative failure-topography relationships 
are consistent with the results of the previous dis­
cussion (Equations 5-7). For decreasing permeability 
the principal discrimination is on slope angle, 
whereas for more permeable material slope plan cur­
vature provides significant discrimination (Figure 
14). In addition, for a given slope plan curvature, 
decreasing material permeability is shown to neces­
sitate increased strength to ensure stability at a 
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TABLE 3 Predicting Mean Annual Frequency of Occurrence of 
Pore-Water Pressure: Barre de l'Isle 

Equivalent Site 
Precipitation at 

Site Barre de ! 'Isle Predicted 

29 

"'60 Frequency 
No. (cm water) Gauge (mm)" (days/ycar)b Frequency0 Errorsd 

2 - 17 100 1.5 13.4 - 11.1 
-275 3 45 .0 52.9 - 7.9 

3 - 45 55 7.4 1.1 + 6.3 
- 205 3 45.0 36.7 + 8.3 

4 - 2 100 1.5 2.7 - 1.2 
- 80 30 18.0 20.0 - 2.0 

5 + 5 45 10.0 2.3 + 7 .7 
- 166 3 45.0 40.2 + 4.8 

6 + 22 JOO 1.5 8.8 - 7.3 
- 77 13 32.0 30.8 + 1.2 

7 + 52 52 8.0 15.1 - 7.1 
+ 13 15 29.0 23 .8 + 5.2 

8 + 35 52 8.0 9.3 - 1.3 
- 30 15 29 .0 23 .8 + 5.2 

8 Figures 2 and 3, 
bEq uation 3, Figure 11, 
CEq uation 9 . 
dN = 14; x = 0 .06; a = 6.46. 

given angle. Strength values shown in Figure 14 are 
in terms of the field-determined Michigan penetrom­
eter values. These values have a direct relationship 
to unconfined strength and material consistency 
(12). Mi ch i gan val ues i n e xcess o f 1 0 correspond to 
strengths greate r tha n 4. 0 kq c m- 1 (hard cons is­
tency) 1 thos e of 5 t o 10 cor res pond t o strengths in 
t he range 2-4 l<q c m· 1 (stif f consis tency) • 

The failure-monitoring program therefore has pro­
vided direct evidence (Figure 14) of the empirically 
determined soil water potential relationships out­
lined in the foregoing and illustrated in Figures 
8-10. Controls on the precise nature of the failed 
zones (e.g., depth/length ratio of the slip) were 
much more difficult to ascertain. A mineralogical 
examination was made of the material at all the 
failed sites. A qualitative assessment of these re­
sults in association with failure form revealed the 
absence of any mineralogical control. Prior and Ho 
(13) were able to sugqest broad clay mineralogy con­
trols on a range of l a ndslide forms in St. Lucia and 
Barbados. However, this study suggests that such an 
association may well not be an association that is 
robust against the degree of spatial variation in 
mineralogy as well as slide form that has been ob­
served. In any event, there is no evidence to em­
ploy mineralogy in the context of slope failure pre­
dictions, it being evident that the major controls 
useful in a design context are those of slope topog­
raphy and material permeability, as already outlined. 

DISCUSSION 

In many underdeveloped tropical areas of the world, 
there is a substantial degree of activity in road 
maintenance as well as new construction. Despite 
this, there are relatively few available methods to 
a id the engineer in terms of route planninq and 
maintenance. One such method, that of terrain clas­
sification, has proved successful to a limited 
degree (3,8). This study sought to examine the pos­
sibility- of enhancing preexistinq methods by at­
tempting to develop parsimonious models for the pre­
diction of soil water conditions and to identify the 
dominant controls on such conditions. Such informa­
tion, even in the absence of strength determina­
tions, which are often an enforced condition in 
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underdeveloped tropical areas, offers the prospect 
of improved cut slope desiqn. This study based on 
the residual volcanic material in St. Lucia (Table 
1) has shown 

1. That a prediction model can be calibrated for 
soil water conditions (Equation 2) and has accept­
able predictive success tested against independent 
data (Fiqure 8); 

2. That topographic slope parameters have a 
variable influence on soil water status dependent on 
material permeability, slope plan curvature being 
relatively unimportant for low-permeability material 
(Equations 5-7, Figure 10); 

3. That there is a requirement to predict not 
only absolute soil water conditions but also their 
recurrence interval [in this regard a methodology is 
suggested and, within the assumptions set by the 
procedure, it is shown to provide a useful adjunct 
to the soil water pre<llction models (Figures 12 and 
13) ; unquestionably, this area is one deserving of 
much greater attention, especially in the context of 
deeply weathered residual soils); and 

I (Fi gure 11) I ( Fi g ure 11 ) -1 

4. That failures loqqed during the study period 
could be isolated and grouped according to the domi­
nant criteria identified by the statistical analysis 
of controls on soil water status. Such a pattern of 
response (Fiqure 14) therefore adds additional cre­
dence to the likely success of the work reported 
here as related to aiding road cut slope design 
under conditions of sparse qeotechnical information. 

@ Spatial contour ing al mean frequency F for given pore 

What is generally clear is that there are cir­
cumstances, such as those described in this paper, 
in which soil suction and pore-water pressure can be 
predicted with acceptable accuracy. In a design con­
text the implication is that such equations (5-7) 
can then be used as a more dynamic forecasting input 
to the pore-water term in effective stress equations 

wate r pre s sure 'f)&o and mater i al permeability K 

FIGURE 13 Summary of method for estimation of mean annual 
frequency of soil water potential occurrence. 
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FIGURE 14 Stability envelopes for failures logged on the study section for the three permeability groups. 

for slope stability analysis. At a site-specific 
level, the envelopes shown in Figure 13 represent a 
general guide to cut slope design in the residual 
soils of st. Lucia, which may serve to reduce land­
slide risk associated with planned road development. 
In particular, they illustrate to the designer the 
significant impact slope plan curvature can have on 
stability in the higher-permeability materials. 
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