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Fie. 16. Photographs of part of the rock face in Fig. 15 (a) before, and (b) after treat- 
ment. The location of the photographs is marked on Fig. 15 between stations 11 and 13 
from which details of the geology and the security measures can be ascertained. 

FIo. 15 (l~ft) 

Geotechnical plans made at the construction stage of the Taft's Well road cut, 
Stage I of the Taft Vale Trunk Road, S. Wales. A. Elevation of part of the face 
showing geological conditions, the location and lengths in feet of rock bolts and 
Macalloy anchors, and areas requiring scaling. B. Location of dowels. C. Location 
of monitors, and areas requiring dentition and walling, pointing, guniting, 
grouting and scaling. 
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over an area of some 10 000 acres. It is suggested that there exists a low magnitude trend 
of properties over a large area in this zone and it is therefore possible to deduce that an 
extrapolation of data around, for instance, a borehole in such material might be done with 
a high degree of confidence. 

Similar trend work on the till was carried out on samples from a 30 m long trench on a 
1 metre grid to a depth of 5 m. It was confirmed that the range of values of the properties 
was of a higher magnitude than the Oxford Clay and the trends are over a much smaller 
distance. A summary comparison illustrates that there may be greater variation of engineer- 
ing properties over a few centimetres of till than over several kilometres of Oxford Clay. 

An example of work being carried out by Universities is shown in Fig. 18 (Burnett & 
Fookes 1974). It is a three-dimensional computer trend surface map of liquidity index con- 
tours in the London Clay of the London Basin. It is one of a series of such maps which 
include liquid limit, plastic limit, dry density, undrained shear strength, clay fraction and 
clay mineralogy. These maps form part of a larger study of stratigraphical, mineralogical 
and engineering aspects of the London Clay considered as a major sedimentary facies. 
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FIG. 17. Research mapping of variation in geotechnical parameters within the Upper athleta 
Zone of the Oxford Clay, Milton Keynes. (after Cratchley & Denness 1972, fig. 2). 
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They involved considerable collation of field data from numerous boreholes and sites and 
of laboratory analyses of the mineralogy and geotechnical properties. 

In addition to the three dimensional map shown, other maps and drawings resulting 
from this work include palaeogeographical, stratigraphical, sedimentological and mineralogi- 
cal maps showing changes of properties across and within the London Basin and their 
relation to engineering behaviour. The overall programme of research was aimed towards 
understanding relationships between geological, especially sedimentological, properties of 
sediments and their engineering characteristics; also the development of predictive tech- 
niques, on a regional and local scale, of anticipated engineering behaviour from a limited 
number of geological observations. 

It is considered that there is scope for research into engineering geological mapping on the 
map scale, especially in relating geological and engineering characteristics as illustrated by the 
foregoing examples. But there is, in addition, a very wide field of endeavour related to the 
analysis of site investigation data from many urban areas and its presentation in the form 
of engineering geological maps. (Dearman et al. 1973). The information already available 
needs to be supplemented by field observations on geomorphology, geodynamic processes 
and hydrogeology in order to be able to prepare a full range of engineering geological 
maps (Anon. 1974). 
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Fz~. 18. Three-dimensional computer trend surface for liquidity index of the 
London Clay, South-east England. (after Burnett & Fookes 1974). 
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Research on the plan scale 

Research at the plan scale in engineering geology is developing most rapidly from industrial 
application. 

Organized work on plan scale currently occurring in industry as part of project investiga- 
tion studies is still somewhat rare so that in a sense much of it is being specially developed 
for particular projects. This is not to say that the plan scale work is new or unique; geologi- 
cal mapping has of course been carried out for upwards of a century and a half but only in 
the last decade has any significant engineering geological or geotechnical plan mapping 
been carried out. Some of this work has been given as case history examples earlier and of 
these about half can probably be considered as developments in technique and methodology, 
if not research. These include the example from the Taft Valley in the Prince Llewellyn 
site investigation area (Fig. 6) of engineering geological plan-scale mapping and the example 
of specifically ordered engineering geomorphological mapping (Fig. 7); the work on the 
Edinburgh Ring Road (Figs. 11 and 12) with a stratigraphical evaluation of geomechanical 
properties within routine site investigation; and the Taft Valley Nantgarw plan (Fig. 13) 
specially developed for road drainage design. The Jamaica reconnaissance geotechnical 
plan (Fig. 10) was specially prepared for Physical Planners. 

Ancillary techniques 
For purposes of engineering geological research, without an industrial bias, techniques of 
mapping at plan-scale have been developed which involve simple offset surveying coupled 
with direct annotation of Polaroid photographs. The method has been used to record 
weathering profiles and other geotechnical details of quarry faces (Fookes et al. 1971; 
Dearman 1974a, b; Dearman & Fattohi 1974). A direct application to an engineering 
situation is recorded in Figs. 8 and 9. 

For future development, the use of stereo-pairs of photographs would appear to offer 
advantages for desk and follow-up studies. Photogrammetric techniques have already been 
applied to quarry faces (Ross-Brown 1973, Moore 1974) and to road cuttings. 

Methods are outlined in Anon. 1972 together with an illustrated review of geophysical 
and photogeological techniques. A more recent development (Fig. 7) has been the applica- 
tion of geomorphological mapping (Waters 1958, Savigear 1965) to sites of engineering 
significance (Brunsden & Jones 1972, Brunsden et al. 1975). 

Future trends and developments 
Undoubtedly the biggest development required in the field of engineering geological mapping 
is in bridging the apparent gap between the suppliers of the expertise on the one hand and the 
users of the service on the other. At present it appears that the experience of the engineering 
geology profession in production of maps and plans in Britain is relatively limited. This is 
probably in part due to the history of the use of geologists, often academic geologists, to 
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produce the 'geology for engineers' type of map and in part stems from the lack of awareness 
in the engineering profession of what engineering geological maps and plans can do. It is 
not generally appreciated by engineers that engineering geological maps and plans, especi- 
ally plans, can be produced relatively quickly, simply and cheaply by experienced mappers. 
In certain circumstances, it is also not generally appreciated by engineers, and the same is 
true to a certain extent by engineering geologists, that specifically prepared plans and even 
maps can be extremely valuable as a supplementary technique or even as an alternative 
technique to conventional forms of boring, drilling, pitting and other investigation methods. 
Therefore, it appears possible that the principal future general trend could be an increase 
in the successful preparation and use of engineering geological maps in civil engineering 
projects at the investigation and design stages. 

Other more specific trends appear likely. On the regional mapping scale there is the 
need for planners to evaluate at an early stage the general ground conditions associated 
with a scheme. This does happen to a certain extent but does not yet appear to be the general 
rule, for example Cratchley & Denness (1972) have pointed out the limited use of engineer- 
ing geological evaluation in the general and the detailed siting of existing new towns, and in 
particular they have remarked on the late stage at which it was started at Milton Keynes. 
Fortunately a more favourable trend appears to be on the way in the proposed development 
areas of Severnside and South Essex, and a positive example exists in the Irvine New Town 
where the original designated area lay across extensive old mine workings. This location 
was moved on recommendations of the Institute of Geological Sciences, Scottish Office. 

There is generally little need to develop the Terrain Evaluation approach to define 
morphological units of possibly similar engineering behaviour in Britain as the country is 
so well mapped geologically. The value of the method will probably remain confined to 
developing countries in which little basic mapping has been done. However, the recent 
pilot studies in index property trend-mapping illustrated for the Oxford and London Clays 
(Figs. 17 and 18) may well become more common in the future. Also required is a systematic 
evaluation of regional mapping techniques, what is predicted, and how predictions are borne 
out in practice. There is also a need for further development and improvement of remote 
sensing techniques within, for example, geophysics or photogeology for the rapid assess- 
ment of large areas. A good recent example of this is the combination of the scale-controlled 
photo imagery of orthophoto maps to the production of geological maps (Scott 1972). 
Methods of presentation, use of colours, symbols and legends, overlays and models also 
require development and refinement with use. There is a case for a working party to 
consider the unification of methods of presenting engineering geological information. 

On the localplan scale much of what has just been written for the mapping scale is also 
applicable. This especially applies to development of supplementary field techniques and 
to methods of presentation of results. There is also a very strong need to analyse the as- 
predicted-situation and the as-found-during-construction situation and subsequently the per- 
formance of the works. There are virtually no case histories or serious studies published on 
this aspect and it is essential for the development of engineering geological maps and plans 
that this aspect should be vigorously explored. 

The authors consider the following specific trends should emerge in the next few years: 
(a) The development and significantly increased use of engineering geomorphological 

mapping in the reconnaissance stage of investigation. The advantages of the technique are 
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the speed at which this work can be carried out and the remarkable extent to which experi- 
enced geomorphologists, and to a certain extent experienced engineering geologists, can 
'read' the ground. On ground of average difficulty, depending on the scale of work, up to 
tens of acres can be mapped in a day and recorded directly on existing or enlarged topo- 
graphical sheets. There is no question of this replacing conventional site investigation but 
for detailed planning of both projects and site investigations the technique has enormous 
potential, in practice ancient and modern slope failures, surface groundwater characteris- 
tics, and superficial deposits can usually be readily recognised and delineated. The use of 
this form of mapping appears especially well suited to road planning, dam sites and certain 
inland and coastal stability situations. 

(b) The increased use of site investigation mapping as part of conventional site in- 
vestigations. Again the speed at which this work can be carried out by experienced personnel 
commends itself. It can be particularly useful in helping to correlate between boreholes and 
pits, in delineating features of interest, slips or subsidence; and in materials searches, 
ground and surface water problems and planning further subsurface investigation. It is 
potentially valuable in all types of site investigation. 

(c) The increased use of geotechnical plan mapping for specific investigations and 
designs. 

(d) The increased use of engineering geological maps and plans specifically in urban 
situations for use by planners and others concerned with urban development. In future 
the appropriate government agencies may require mandatory maps and plans to be pro- 
duced for certain types of planning and development. 
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