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An engineering geological GIS data base for mountainous terrain
Une base de données SIG de géologie de 'ingénieur pour des terrains montagneux

C.Jvan Westen, N.Rengers, R.Soeters & M.T. L Terlien
International Institute for Aerospace Survey and Earth Sciences (ITC), Enschede, Netherlands

ABSTRACT: Within the framework of two international research projects a method was designed
for the application of geographic information systems in the construction of an engineering tEeological
data base at a scale of 1:10.000. The method was applied to a mountainous area: the city of
Manizales, in central Colombia. The major problem encountered in heterogeneous, mountainous,
areas is the extrapolation of point information. Emphasis was given to the use of geomorphological,
topographical and geclogical information which allowed, in combination with boreholes and outcrop.
data, to model the layer sequences spatially. Different maps were made for the spatial distribution
of each material . The depth of these materials was obtained by modelling material thicknesses

as a function of other parameters. The resulting Engincering Geological data base was used as the

main input in hydrological models and slope stability calculations.

RESUME: Dans le cadre de deux projets internationaux de recherche, une méthode a été develo
ur coustruer une base de données de géologie de U'ingénieur 3 ’échelle de 1/10000, utilisant SIG.
ette méthode a 16 appliquée en terrain montagneux, a Manizales, en Colombie centrale. Dans les
terrains montagneux hétérogenes, le probléme majeur serait ’extrapolation de Pinformation de point.

L’accent a ét¢ mis sur Pusage de 1'information at%’l

combinaison avec les données de sondages et
séquences du sous-sol. Différentes cartes ont &t

ographique, topographique et géologique qui en
eurements a

permus de modeler spatisiement les

oduites pour la distribution

sgaciale de chaque type
de matériel. La profondeur de ces matériaux a été obtenue en utilisant un modele de profondeur de
matériel définie en fonction de tegueﬁques autres parametres. Le resultat, est une base de données de

géologie de Vingénieur qui a é
que le calcul de stabilité de la pente.

1 INTRODUCTION

In the framework of two international research
gajects, financed by EEC, UNESCO and the

etherlands government, a methodology was
developed for the use of GIS in landslide hazard
zonation {Van Westen et al, 1993). An important
aspect in landslide hazard analysis is the scale
on which the data are collected and on which
the final map will be presented.

The scale required for hazard maps is deter-
mined by the use which is made of the maps in
the process of planning and decision making at
site investigation, municipal, departmental or
national level. In accordance with the scales
used in engineering projects (IAEG, 1976} the
following scales have n differentiated for
landslide hazard zonation:

. Regional scale ( 1 : 100,000}
° Medium scale (1 : 25,000 10 1 : 50,000)
* Large scale (> 1:10,000)

utilisée comme entrée principale des modéles hydrologiques, ainsi

Basicatly four different ggpreaches in landslide
hazard analysis can be differentiated: inventory,
heuristic oach, statistical and deterministic
approach a@gnsen, 1984). Not all methods are
equally applicable at each scale of analysis.
Some require very detziled input data, which can
only be collected for small areas. This paper
describes the methodology developed at the
1:10,000 scale.

The objective of a large scale landslide hazard
analysis 15 to produce a hazard according to
Varnes’ definition (Varnes, 15%%: a map dis-
plilzgzing the probability of occurrence of land-
stides within a given time period, and for a
specific area, which can be used to make risk
maps for cities. Such an absolute hazard
can be made using so-called deterministic
models. Such models aim to calculate the slope
stability and express it as a Safety Factor, which
is the ratio of the forces which contribute o
instability and those that prevent it.
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The GIS based stability model, which has been
developed, aliows for the calculation of slope
stabihgvusin‘g different scenarios, with respectto
%{;un ater levels and seismic accelerations,

most important factors for stability
calculation are slope angle, material sequence,
material strength, groundwater depth and seismic
acceleration,

In the method for deterministic slope stability
analysis the following steps are taken:

. Groundwater modelling, ‘

° Calculation of maximum horizontal
seismic accelerations,

e Slope stability calculations using different
scemarios for groundwater levels and
seistnic accelerations,

° Calculations of maximom failure
probability within a 20 vyear period.

In mearly all of these steps the engineering
%%aingic data base is playing a crucial role.

erefore, much emphasis was put on the
development of a method for the construction of
such a datx base.

2 STUDY AREA

The study area which was selected for the deve-
lopment of the methodology is located in the

- department of Caldas, central Colembia, sur-

rounding the city of Manizales (figure 1). Mani-
zales (1500.000 inhabitants) is located at an
altitude of 2000 m on the steep siopes of the
western flank of the Cordillera Central, near the
Nevado del Ruiz volcano. Due to its unfavou-
rabi;}i?ograﬁﬁc location, large parts of the city
are built over steep slopes, which are mostly
modified by cuts and (hydraulic) fills to provide
adequate terrain for housing.

Manizales has suffered strongly from landslide

oblems. In the period 1960 - 1992 approx-
maately 250 ns were killed by landslides,
and around 1600 houses were damaged. The

landslides’ are a result of the geological and
geomorphological settmé of the area and the wet
ciim?m {more than mum precipitation peér
year).

Calonbia

MANIZALES

Figure 1: The study area’




The area is located in 2 seismically active
region, in one of the major fault zones of
Colombia (Romeral fault zone). The geology of
the area consists of metasedimentary rocks from
the Quebradagrande formation of Cretaceous age
and igneous rocks from the Quaternary. The city
is located on Quaternary fluvio-volcanic sedi-
ments from the Manizales and Casabianca For-
mations. Most of the area is covered by recent
% oclastic fall deposits (Naranjo and Rios,

89). The thickness of the ashes varies from 15
meters on the flat hilltops to I meter or less on
very steep slopes. The ash deposits contain
layers with textures ranging from very fine

{<63pm) to very coarse (>5000 pm) (Van
Westen et al, 1993). These changes in texture
cause perched watertables in the ashes, which
can frigger soilslips, soil avalanches and
translational slides. The deepseated slides and
flowslides which are also found in the area are
caused by high groundwater levels on top of the
impermeable schists of the Quebradagrande
Formation. Since the residual soil has a Jower
strength than the ashes the failure surfaces of the
deep landslides are located often on the contact
between residual soils and ashes.

3 INPUT DATA

The following data were used in the construction
of the engineering geological data base:

¢ a detailed dgeemorphoiagical map,

° landslide distribution maps,

* a geological map,

» digital elevation models,

» slope maps,

» soil and rock descriptions,

» laboratory data

3.1 Maps

The geomorphological map of the study area
was made by aerial photo interpretation using
recent 1:10,000-scale aerial photos, followed by
a detailed fieldwork. During photo-interpretation,
a legend structure for the geomorphological maF
was defined, using various levels of detail.
Geomorphological  subunits (GSs) are the
smallest sections of the terrain that can be
presented on a 1:10,000-scale map. A GS
consists of one landform, for which the genesis,
together with mor})hographical characteristics is
given, for example a short fanlt related siope
with convex form. Much emphasis is placed on
the delineation of subunits caused by human
activity (see table 1). Digitizin the
geomorphological map, with approximately 8000
segmenis and 2800 polygons, took three weeks.

ree detailed landslide maps were made on
the basis of photo-imerpretaﬁon and fieldwork:
for the 1940’s, 1960’s and 1980°s.

Table 1: Anthropogeneous units distinguished in
the geomorphological map

Code | Description .

90 Levelled hilltop

91 Levelled stope

92 Levelled ridge

93 Levelled niche

94 In-filled valley

93 Hydraulic fill

96 Material dump on slope
97 Cut slope

98 Stabilized slope

99 Quarry

During the photo-interpretation use was made
of a photo checklist. Each landslide was mapped
as a polygon, with a unique identifier, which
was linked with a daia base containing infor-
mation on the landslide type, subtype, activity,
vegetation, depth and presence of scarp and
accumulation area. During fieldwork most of the
landslides were checked and described with
more detailed field checklists.

The geolo‘ii:ai map was digitized after careful
revision of the existing geological map (Naranjo
and Rios, 1989).

For the construction of digital terrain models
for the Manizales area, maps sheets at
1:2,000 scale from 1990, with 10-m contowr in-
terval, were digitized. In order to obtain the
terrain situation before the ma{’or earth displace-
ments, 12 map shess at scale 1:2,000 from 1949
were also digitized. The various topo sheets
were merged together and two DTM’s were
rbrzagle: oglg,d from1 1949 and one gon; 2%90. 1:}?

periods a slope map was calculated on the
basis of the DTMP:. P

3.2 Material descriptions

During fieldwork, dafa were collecied to charac-

terize various soil and rock materials. Material

descriptions focused on the following aspects:

. Collection of data on material sequences
via profile descriptions,

° Description of the diffevent material types
with a number of simple variables.

The method for soil description is based on the
procedures developed at for large-scale
engineering geological magpm {Rengers et al.
1990). Prior to the fieldwork, a list of all
materials occurring in the Manizales area was
prepared. This list was based on geomorpholo-
gical photo-interpretation, existing geological
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maps and reports, and the general overview of
the arca obtained during & first walk-over field
survey. The list is given in table 2. The list
contamns all material types, including rocks and
soils. The different rock types are grouped
according to their origin (sedimentary, metamor-
phic, etc.) and classified as residual soil,
weathered rock, and frésh rock. The base of
weathering grade IV (above which more than
50% of the rock is decomposed andfor disin-
tegrated into soil) is taken as the limit between
soil and rock, The transgomed soils were divided
into volcanic ashes, alluvial materials, slg
deposits, urban land fill and hydraulic Jand fill.

or the soil observations, a checklist was
designed in accordance with the data base struc-
ture (figare 2). The variables for ficld descrip-
tion of soils are described in Cooke and Doom-
kamp (1990), Dackombe and Gardiner (1983),
and Selby (1982). Most of these data are
obtained by direct measurement or observation.
Othess, such as permeability or grain size per-
centage were obtained by estimation. These field
estimations proved to be very difficult, and
differed greatly from the values measured in the
laboratory. Some of the parameters, such as bulk
density, soil strength, plasticity, porosity, grain-
size distribution, and mineralogy, were tested in
the laboratory on a limited number of samples.
For each soil ouicrop {with a unigue code for
0P, obscrvatiorﬁz_lﬁoim), a separate soil observa-
tion sheet was filled in ‘

The first step in soil description is to divide
the soil outcrop into a number of different
layers. Hach ia{‘er is assigned.a unique identi-
fier, entered as LN (layer number) in the check-
tist, starting from the op of the profile. For each
layer, the aépth {in cm) below the terrain surface
of the top and the bottom of the layer were
entered into the columns TOP and B M,
and the descriptive parameters were filled in.
Pocket penetrometer and shear vane test results
were made if the soil material allowed it. In
outcrops with coarse materials, grain-size
estimations of the coarser fraction were per-
formed by line counting.

4 MODELLING MATERIAL THICKNESSES

Due to the very heterogencous nature of the
surficial materials in I%Iamzales, its m&ged
ot S bl o o e
ormation, the engineering geological data

could not be obtained frgbgﬂ interpolation of
material depths derived from driitholes and
outcrops. Therefore, another method was
developed, based on the use of logic reasoning
in GIS. Combining the different maps using
conditional statements in GIS made it possible to
produce the engineering geological data base.

Table 2: Material codes for the Manizales area
Mat | MATERIAL
10 . | Volcanic ash (undifferentiated)
i1 + Silty ash
12 » Sandy/silty ash
13 « Coarse sandy ash

Altuvial material

21 « From local source
22 « From main rivers
Slope deposits

31 » Predominantly fines & sand
32 ° With boulders & gravel

Urban land fill

41 « from sedimentary rock

42 o from meta-sedimentary rocks
43 » from igneous rocks
Hydraulic land fill

45 » from sedimentary rocks

46 » from meta-sedimentary rocks
47 « from igneous rocks

Manizales Formation
51 » Residual soil

52 » Weathered rock

53 » Fresh rock
Casabianca Formation
54 « Residual soil

55 » Weathered rock

56 » Fresh rock

Black shales, schists
61 » Residual soil

62 + Weathered rock
63 « Fresh rock

Cherts, granwackes
64 » Residual soil

65 » Weathered rock
66 s Fresh rock

-| Andesitic lavas
71 + Residual soil
72 » Weathered rock
73 = Fresh rock
Gabbros

T4 + Residual soil
75 « Weathered rock
76 = Fresh rock
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ERVATION POINTS- GENERAL INFORMATION ON LOCATION
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KEY TO MAPS: MAT1-MAT4

MAT1-MAT4

Figure 2: The engineering geological atixibute data base
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This data base describes the materials in three
dimensions, showing both the spatial distribution
of 4 basic material fayers, and their thicknesses.
As we are working with a 2-D GIS system this
was done by separating the spatial information
from the thickness information {see figure 3). In
this way 8 different maps were used which

ovide the en%;tlmering geological information
or any pixel if the maps are read simultanecusly
using a pixel-information program.

3

|

Combining datain QIS
Reading profiles and properties for each pixel

Figure 3: Schematic representation of the GIS
data base

To derive at such a data base, distribution and
thickness information should be available on the
following aspects:

s \S’E)Icanég ash cover

= Slo its

° Lan%éﬁﬂgos

Furthermore we should know the depth of cuts
in order to establish the material which is now
ouicropping.

4.1 Ash thickness modelling

A model was established for the calculation of
maximum volcanic ash cover by means of multi-
variate statistical analysis, in which the ash
thickness, derived from drillholes and outcrops,
was used as the independent variable, and
factors such as slope angle, slope direction,
stope length, and distance to the volcanoes were
used as dependent variables. From this analysis,
only the slope angle turned out to be significant.
A %eneral function was derived relating ash
thickness with slope angles.

Based on the information from the other maps,
a series of conditional statements were used to
construct the ash thickness map, first by
excluding those areas where no ash cover conld
be expected, based . on geomorphological,
%%ologncal, landslide ‘and slope information.

en for the remaining areas the basic relation
between ash thickness and slope angles was
applied (see figure 4).

Figure 4: GIS based method for the creation of
an ash-thickness map

4.2 Slope deposits modelling

For the modeiling of the distribution and thick-
nesses of slope deposits, use was made of the
three landslide distribution maps, made for diffe-
rent periods. From the accompanyiné attribute
data base it was possible to find out those land-
slide types which do not lead to a deposition of
slope material (such as debris avalanches). Also
a good estimation of the thickness of slope
deposits could be cobtained from the information
on landslide depth in the atiribute tables.

4.3 Modelling cut-and-fill

Manizales is constructed over very rugged
terrain, and construction of most parts of the city
required large volumes of material to be moved
to create smooth topggmphy on which housing
construction could take place. Evaluating the
volume of earth moved is important in preparing
the engineering geological map. In areas from
which material has been removed, it is important
to know the total thickness of soil material
excavated, in order to %%:ﬁct which material is
exposed after cutting. When the total thickness
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of moved material was low, ash may still be
present. Otherwise, residual soil underlying the
ash will be exposed. For the areas where mate-
rial was deposited it is important to know the
thickness of fill. In this evaluation, DTMSs from
different years.can gplay an important role: Two
DTMs (one of 1949 and one of 1989) were sub-
tracted yieldiz? the change in topography for
each pixel, Differences smaller than 1 m were
not taken into account, as they are within the
accuracy of the procedure followed, The amount
of cut or fill for those parts of the. city which
already existed in 1949 could not be calculated.

5 MAP COMBINATION

For the construction of the engineering geolo-
gical data base, the maps that have been gg'e»
sented earlier will have to be combined. The
first step in the analysis is the determination of
the main material s that can be found, either
at or below the surtace. On the basis of borehole
and field information eight possible materials
were differentiated (table 3).

Table 3: Main material types in the study area

=3

MATERIAL

Volcanic ash
Residual soil
Weathered rock
Fresh rock
Slope deposits
Alluvial deposits
Urban land fill
Hydraulic fill

OO0 «3 O W DL DD e §

At this stage of the analysis, no distinction was
made between materials from different geolo-
gical formations. For each of the material ma%)s
presented in figure 3 (which are named: MAT1
to MAT4) the legend of table 3 was used. The
medure for creating the matgs MAT1 to

T4 is given schematically in figure 5.

The maps displa}fing the distribution and
thickness of ash, slope deposits and fill are used,
as well as the slope map and the geomorpho-
iogical map. The surface material map (MAT1)
is made uvsing the following steps:

+ The geomorphaloigical map is renumbered
using an attribute called MATNR, indicating the
most probable material é?rpe (table 3) on the
basis of geomorphological information.

» Those pixels which have fill material (FILL>0)
are classified as urban land fill (7} or hydraulic
fill (8), depending on the geomorphological
information.

. classifi

o Those pixels which have slope de?esits
{COL>0) are classified as slope deposits, if they
were not yet classified in the first step.

» Thesigixeis which have alluvial deposits are
as such.

 Those pixels that have volcanic ash (ASH>0)
are classified as ash if they had not been
classified as such earlier.

« The remaining unclassified pixels are classified
as residual soil {2) when the siope angle is less
than 60°, and as weathered rock if the slope is
steeper. ,

Based on the information from the surface
fayer (MAT1) and the vazious maps, also the
second layer cam be modelled, using the
following steps: ,

+ Those pixels classified in MAT! as urban fill
or hydraulic fill and which have underlying
slope deposits (COL>0) are classified as siope
deposits {5). If this is ot the case, but they have
ashes undemneath (ASH>0) they are classified as
ashes, and otherwise as residual soil.

» Those pixels classified as slope deposits in
MATI1 are classified as residual soil in MAT2,
taking into account that most landslides remove
the ash cover.

» Pixels classified as alluvial material in MAT1
are classified as weathered rock in MATZ,

« Ash in MAT! is assumed to be underlain by
residual soil in MAT2.

« Residual soil in MAT! is assumed to be
underiain by weathered rock in MAT2.

o Weathered rock in MAT!L is assumed (o be
underlain fresh rock in MATZ.

Analogous steps are followed for the construc-
tion of maps T3 and MAT4. The last map
consists almost completely of fresh rock,

The maps that have been created sofar can
now be read simultaneously using a pixel-
information program in the GIS, resulting in a
sequence for each pixels, consisting of the
values of the maps T1 to MAT4, and the
thickness information from the maps ASH, FILL
and COL (see figure 6).

The engineering geological maps presented
sofar cannot be directly connected to the geo-
technical attribute data base. In order to make
this possible, the 8§ material types should be sub-
divided on the basis of geology, so that the
material codes of table 2 can be used. In order
t¢ do so the maps MAPI to MAP4 are com-
bined with the geol‘ogical mag using a so-called
two-dimensional table in GIS (table 4). Using
this table the residual soils, weathered rocks,
fresh rocks, slope degosits, urban fills and
hydraulic fills can be subdivided in units related
to lithology. The numbers in table 4 relate to the
material codes used in table 2, which are also
the keys used in the engineering algcologicai data
base. All relevant geotechnical data can be
retrieved from the tables containing the
recalculated point observations.
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IF MAT1=7 OR B AND  [LEGEND:
— i COL>G THEN 6 IF , ,
IF FiLL>0 AND GE ASH>OTHEN1EL2 | |1.VOLCANICASH  5.8LOPE DEPOSITS
7 THEN 7 ELSE 8 . 2. RESIDUAL SOIL 7. ALLUVIAL MATERIAL
¥ —-i F MATI=5 THEN 2 ‘% 3. WEATHERED ROCKS. URBAN LAND FILL
!gpcgbgmgﬂg i — 4. FRESH ROCK -8, HYDRAULIC FiLL
| = ——— I~ IF MAT1=8 THEN 3 |
iF . THEN® 1
: : | 1 IF MAT1=1 THEN 2 g
[FASHOTHEN 1 | i | IF MAT2=5 THEN 2 |
. 1 IF MATI=2 THEN3 | 3 '
IF MAT1~0 AND ; ' Ll IF MAT2<4 THEN IF MAT3<4 THEN
IFMATI=3 THENA || |MAT2+3 MAT3+1
SLOPE<S0 THEN4 | 1 . ! ; 5 .
ELSE3 ~HIF MAT1=4 THEN 4 | [~IF MAT2=4 THEN 4 | || IF MAT3~4 THEN 4
MATY MAT2 MAT3 MAT4
FIRST LAYER SECOND LAYER THIRD LAYER FOURTH LAYER

Figure 5; Flow-chart for the construction of the engineering geological data base

Table 4: Combination of geological map with
material types from maps MATI-MATS

Units from maps

MAT! - MAT4
Units from Material types (table 2}
geologicalmap 1 2 3 4 567 8
Manizales F. 10 51 52 53 31 21 41 45
Casabianca F. 1054555631214145
Black shales 1061 6263 32214246
Grauwackes 10 64 65 66 32 22 42 46
Lavas 1071 727332224347
Gabbros 107475763222 43 47

6 CONCLUSIONS

This study resulted in 2 method for generating
an engineering geological data base with GIS for
mountainous areas, where only a limited number
of drillhole data is available.

The method, however, also has a series of
drawbacks, which should be studied more in

detail in the future:

» The data base which was constructed gives a
general overview of the most important material
types which can be found in the area. For very
heterogenecus terrain conditions, which is the
case in most cities located in mountainous ter-
rain, the detail of such a data base should be
increased, to achieve reliable results in sub-
sq%uem siope instability analysis. Many land-
slides in Manizales cccurred in small paiches of
slope defmsits or rubble, which were too small
to model.

+ The most difficult part in the study was the
modelling of volcanic ash thicknesses. Although
there was a general relationship between slope
angles and ash thicknesses, many exceptions to
the rule remained. More research should be un-
dertaken to be able to model ash-thicknesses in
more detail,

« Due to the heterogeneity of the volcanic ashes,
the spatial variability of the ash material could
not be included in this study. Therefore, no sub-
division was made between the different types of
ashes given in table 2.

The data base presented here resulied to be
very useful in the use of groundwater models,
the  calculation of seismic accelerations and
safety factors (Van Westen et al, 1993).
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Figure 6: Reading the engineering geological maps in GIS
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Mathematics for geologists (Geotwechnika 10 - Selected ransla-
gons of Russian geotechnical literature)
1993, 25 cm, 210 pp., FHLOS/$55.00/£38
Stare-of-the-art review, classification &an ondarly structure of pre-
sensation of the methodology & privnary directions in mathematics
for geclogy. Each group of methods is described in terms of it
specific features of applicability to geologic tasks, the available geo-
logic daia & peculiarities of translation of geslogic problems into the
B of mathemasics, Primary attention is drawn 1o construction
of rathematical modsls and their interpretation; etc.
Giani, Gian Pacloe
Rock slope stahility analysic
1992, 25 cm, 374 pp., HBL135/875.00/ £50
Up-to-date information in anew form dealing with the geomechani-
cal probierss of rock enginesring design. Starting from geological
surveys and discontinuity deea colections it describes anumber of
procedures to assess the shear behaviour of joints and rock masses
mmm@mmmm&aw The input dats, re-
quired for astope anslysis, are completed by the description of the
methods used to build & geomechanical model, Methodsused io
assess the stability degree of a rock stope are described as well as pro-
visional technigues for the movement of unstable rocks. Rockfall
miodels, toppling and buckling analysis: stc. Awthor: Politech. Torino.
Peck, W.A., J.LNellson, RJ.Olds & K.D.Seddon (eds.)
Engineering geology of Melbourne ~ Proceedings of the seminar,
Metbourne, Victoria, Ausiralia, 16 Septeraber 1997 9054100834
1992, 25 om, 418 pp., HEL150/585.00/ £55
Proceedings: %Wmﬁmwm!ﬁiem&wﬂm
tion of Engineering Geology / Comptesrendus: 4éme congris
International Association Internations! de Géologie de Pin-
génicur, Inde, 1952 906191 2660
1982-8€, 28 cm, 3188 pp., 10 vole., HAL1220/$695/£430

Mariaes, PG, & GLC. Koulds (eds.) 6191793 X
Fhe enginecering geology of sncient works, monuments and
istoriead altes - Preservation and protection ! La gédlegie de
Pimgénieur appliquée aux travaux ancles, momzments ot sites
historigques— Préservation et protection - Proceedings of an inter-
national symposium, Athens, 1923 September 1988

1988-90, 25 cm, 2388 pp.. 4 vols., HEL595/$340.00/£220

90354101229

Cripps, J.C., I M.Coulthard, MLG Culshaw, A Forster, S.R Hencher
& C.FMoon (eds)) 9061911672
The engineering geology of weak rock Proceedings of the 26th an-
nual conference of the Engineering Group of the Geological Sociery,
Leeds, UK, 9-13 Seprember 1950

1993, 23 em, 520 pp. HAL195/3115.00/£72

32 vefereed & edited papers: Case historfes, theoretical concepts &
laboratory studies; Rock behaviour; Classification of sock masses &
the enginesring behaviour of very complex rock masses,

Bell, DHed) 905410032
Landslides [ Glissements de terrain - Proceedings of the 6th inter-
national symposium, Christchurch, 10-14.02.1992

19972-94, 25 cm, ¢.1800 pp.. 3 vols, FELS10/3200.00/£189

5 gereral and § specislisttbemes. The general themes include land-
slide investigations, stability anslysis techniques, stabilisation meas-
ures, hazard assessment, and monitoring and instumensiation. The
specialist themes s seismicity and landslides, landslides and reserv-
oirs, open-pit mine slopes, slope sizability inropicsl areas, and land-
slides in Australasia. Bditor: Univ. Canterbury, Chrswchurch, New
Zeaiand.

Plomikov, LM, 9054102209
Shearstructures i layered geological bodies
(Russian translations series, 104) (Norights Indiay

1594, 24 cm, 178 pp., HAL95/355.00/£35

A transtation of Strukmuri sdviga v sleistykh geologicheskikh relakh,
Moscow 1991, Simple shear & itsdifferent types; Major deforma-
ton forces & reactions of siressed bodies; Manifestations of shear
deformation mechanism in structures of geological bodies; Distritu-
tion of displacements in structures of simple shear; Simple shear in-
terference structures; Laws goveming changes in tickness; Some
problems of dynarnics of seuctural formation; Conclusion.

Watters, Robert . (ed.} 90619187872
Engineering geology and geotechuical engineering - Proceed-
ings of the 25th symposium, Reno, 20-22 March 1989

1989,25cm, 432 pp., HfL245/ $140.00/£91

Beck, Bany F (ed) 906191 9878
Engineering and environments! bnpacts of sinkholes and
barst ~ Proceedings of the third multidisciplinary conference, 5t.
Petersburg-Beach, Florida, 2-4.10 1989

1989, Z8cm, 392 pp., HIL205/8120.00/£76

Price, D.G. (e} 906191 1303
: 6tk international congress International Associa-

tion of Engineering Geology | Comptes-rendus 6éme congris

international, Assoclation Internationale de Géologie de in-

wénkeus, Ansterdam, Netherlonds, 6-10 August 1990

1990-94, 25 cm, 3000 pp., 6 vols, HILST0/ $555.00/ £360

Proceedings: 5th international congress International Associa-
tion of Enginecring Geology / Comptes-rendus: Séme congris
international Association Internationale de Géologle de Pin-
génlenr, Buenos Aires, 20-25 October 1986 906191 6637
1986-9G, 28 cm, 2831 pp., 4 vols., HIL1220/$693.00/ £450

Beck, F. Barry & William L. Wilson (eds)) 9061916925
Earst hydrogeology: Engineering and environmental applica-
tions— Proceedings of the second mudtidisciplinary conference on
sinkholes and the environmenial impacss karss, Orlando, Florida,
9-11 February 1987

1987, 28 cm, 475 pp., HIL205/ $120.00/£76

All books available from your bookselier or direcily from the publisher:
A A Balkema Publishers, F.O Bax 1675, Rotterdam, Netherlands
For USA & Canada: A A Balkema Publishers, Old Posi Rd, Brookfield, VT, USA



	
	
	
	
	
	
	
	
	
	
	
	

