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The objective of this paper is to highlight the a wide range of maps and informative engineering-geological reports
importance of taking engineering geological on the subject (for instance Wiillerich et al., 2009; Marschalko et

h teristi d stict int tin land al., 2012; Marschalko and Juris, 2009; Souza et al., 2008; Brankman
characteristics an ures Into account in land use and Baise, 200&ly et al., 2005; Kiersch, 2001; Belanger and Moore,

planning. Thee have been a number of studies world- 1999: croukamp and Rog}998; Feres and Lorandi, 1998; Morfeldt
wide dealing with this issue. However maxtensive and Persson, 1997; Kleb, 1997; Dai et al., 1994; Slosson, 1969).
implementation into land use planning practice still Much of this information has been used for various other purposes,
remains a task for the fuiin many place# case study including reference material, archival information prior to engineering-

. . . . . geological studies and in geotechnical surveys. However more
analyzing the geological eneinment in elation to the  ¢iensive implementation into land use planning practice often

sites assigned for futerdevelopment acading to an remains a task for the future. Itis clear that the geological environment
existing land use plan was conducted in the Doubravashould influence a range of activities, such as decision-making
Region (noth-east of the Czech Republic). Hethe processes, economic costs and land use conditions, as part of land

logical diti h b ty infl db use planning. Land use planning is a tool for people to control the
geological conditions have been mostly influence ydevelopment of the landscape for their own benefit and for

anthropogenic pocesses connected with black coal environmental protection. Geographic information systems can be
mining. The engineering-geological zones, the-pr used for overlay analysis to incorporate geological environmental

Quaternay basement andock workability classes in  information into land use planning. _ -
the localities whe futue development is pposed on In the present studgngineering-geological zones with similar

. . . engineering-geological characteristics, and thus have similar
land use plans werevaluated using overlay analysis in conditions for foundation engineering, were defingédis step

a Geographic Information System (GIS). Landscapeconsidered earthworks, estimation of potential problems with bearing
factors wee also taken into account. Significant capacities, relative settlement of structures in areas subject to slope
variability was identified in the investigated geological movements and flood hazards in land which may contain radon

factors that hav bearin n f t effectiv hazardsThe term geological environment is generalized here and
actors that have a bearing on sale cost etrec efindingscannotbeasubstituteforspecializedengineering-geological

development. Use of thesults in futue land use  syneys of developmentsites required for specific structures. However
planning would have considerable financial benefits in the information has a direct bearing on guiding future land uses and

implementation of futer built development and these site investigations, appropriate and codfeefive design of

important conditions should be used byhitects and foundatlons gnd in securing building permissions. It.|s unwise for
investors, builders and designers to discover foundation constraints,

designers, builders, land use planners, developers an@uch as unsuitable geological structures, during implementation stage

scientists. resulting in higher costs and delays to developrésu.scientifically
valuable information concerning the quantitative and qualitative
| ntroduction characteristics of the geological environment can be obtained from
the overlay analysis.
Currently information related to the geological environment is This paper presents a case study which analyzes information on

rarely used for land use planning purposes despite the availability othe geological environment in relation to the sites assigned for future
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Figure 1. Location map of study area.

development according to an existing land use plan. It also particularly
highlights the importance of the identification of the shallow
geological deposits and structures in land use plans.

therefore have more built development (Marschalko et al.,
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These functional zones were then studied to identify engineering-
geological zones that would influence individual building
projects.The results illustrate how the geological environment
is utilized in these zones and also whether there are likely to be
increased costs due to the suitabjlipartial suitability or
unsuitability of these zones for future development.

The distribution of rock workability classes was also studied
with respect to the overall area, current built-up area and, more
importantly areas for future development since this will widely
influence the implementation methods, costs and technology of
earthworks in future developmenthe assessment of rock
breaking characteristics and workability forms a part of
engineering-geological study and it is classified in 7 rock
workability classes @ble 1) based on the fidulty of their
loosening and extraction under the norm of CSN 73 3050
Earthwork (Motlik and Hofmanové, 1987)he results were
instructive and practical, and the workability of classes 1 to 4
was recognized as especially important because these are easy
and relatively inexpensive, to dig and handlee second most
important workability classes, a more expensive group from the
financial point of viewwas 5 to 7This evaluation then focused
on the relationship of workability classes to the specific
engineering-geological zones.

The final part of the study examined the extent and
characteristics of pre-Quaternary strata at various depths in
relation to the overall area, the current built-up area and areas
planned for future developmenthis was done because:
(1) understanding of the pre-Quaternary strata is vital for
identifying appropriate foundation engineering technology
especially in towns which have increased population density and
2008.c);

The study area lies within the municipalities of Doubrava and (2) Various undeground transport routes or engineered services to

Karvina in the north-east of the Czech Republic (FigThis region

conduct diferent media are constructed within these strata and, due

is close to the Polish border approximately 13 km north-north-westto spatial restrictions and ease of serviceailigse cannot be located

of CeskyTesin and 15 km east of OstraVé&e administrative centre

at or near the surface; (3) It is important to distinguish situations

of Doubrava is the town of Orlov@he Karvina quarter in the study  where the Quaternary strata are thin and therefore structures must

area includes DolyFrystat, Darkov Spa, Nove Mesto ardr€ Mesto,
as shown on map sheet 15-44-03 at a 1:10 000 sbadze are

automatically have their foundations in the pre-Quaternary strata; and
(4) Some Quaternary strata may havédalift geotechnical properties

prominent mining impacts in this region caused by deep black coalcausing problems with bearing capacity or structural settlement.

mining activities in the Ostrava-Karvina Coal District (Mikulenka,

2007; Dopita and Kumpera, 1993). Mining has influenced the En

engineering-geological conditions, slope stability (Marschalko et al.,
2008.a, b; Marschalko antreslin, 2009) and other geodynamic
processes (Kalisz, 2009).

gineering-geological zones

The principles of engineering-geological mapping are widely
known and the most important output is the identification of

The first part of this study focused on the engineering-geologicalengineering-geological zonesilf¥iaz and Bagci, 2006fabatabaei
zonesThese are quasi-homogeneous land units classified accordingt al., 2010; Marke2010; Saied et al., 2008iimaz, 2009; Bednarik

to outcropping lithologies. Initiallythe overall engineering-geological

et al.,

2010)The present study identifies eightfdifent types of

conditions and characteristics were evaluated so that zones could bengineering-geological zone in the study area which should influence

defined.This evaluation included the identification of the total

appropriate types and designs of structural foundations. It was found

distribution of areas in each zone in relation to the current built-upthat the current built-up area covers 18.8% (3.4)kafithe area and
area and, most importanttne proportion of each zone allocated for the planned development, if implemented, will bring the total to 38.5%

future development in the existing land use pléuese were, identified
quantitatively as well as qualitativelyy comparing the geometrical
distribution of the zones using overlay$ie landscape elements in

(7.0 kn?). It is thus apparent that the built-up area is intended to be
doubled in the future (Fig.2a).
The most extensive engineering-geological zone in the study area

individual engineering-geological zones were then assessed in relatiois that ofalluvium of lowland and mountain sams~n-Fh (57.7%)

to existing development and future land use plans.

(Fig.2b).This zone is composed of fine and silty-sandy fluvial clays

Subsequentlya study of the functional land use zones contained of Holocene ageThey belong to the F4 and F6 classes and, at the
in the existing plan was carried out including a hierarchical base, consist of sandy and sandy-clayey gravels of water courses and
examination of the distribution of the individual functional zones. valley terracesThe soils are heterogeneous and have low bearing
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sand with fine-grained soil admixture, clayey

0
Lt = § sand and clayey gravel (Eurda et al, 1998).
°e eEaf Zof]e The second most extensive zone iszibiee
1000,00 1 WChITet biit-up el of polygenetic loess sediments [(32.0%)
o s i s which is concentrated in the western and north
800,00 - eastern parts of the region in the form og&ar
_ s scale loess complexes (Fig. 2b). Loess soils are
= = S observed mainly in the humid climate areas
E 600,00 1 = § — (Ostrava, Opava), or at the altitudes above 300-
] 3 < N 8 3 350 m.They contain dust particles, but do not
400,00 §,\§ §§ i 5 contain CaCQ Wind-blown sands having the
8 §§ B o m < o g _ grain size between 0.1 and 0.5 mm, mainly from
—— Sg & S§ 3 (\‘:‘,_Sg §S§ §§§ < E the end of the last glaciation, are also preserved
' ; é‘;g 8= é‘gg S<s 3 rarely as relics on the surfaces of the youngest
I8¢ $8% g8d 888 < terraces of major riversThese soils have
0,00 A —= T T generally medium bearing capacity and
An-Ao D Fn-Fh  Gf-GI Gm J Lp Nk compressibilityrigid to solid consistengyand
enginesring gevlogleal zones (a) they can be classified as clays with low to
medium plasticity (CL, Cl)Their consistency

-455000 -452000

is partly rigid and partly solidlthough genuine

(b) loess has a tendency for subsidence, it can also
be completely free of ground wat&he sandy
clay is a relatively good foundation soil and has
a rock workability classification of 3 (Eurda et
al., 1998).

Thezone of spoil banks, dumps and settling
basins zonén-Ao,at 14.3% is situated in the
Karvina-Doly quarter which has been
prominently afected by mining activities (Fig.
2b) in the Ostrava-Karvina Coal Distridthe
anthropogenic deposits in this zone consist of
dumps and spoil banks varying in thickness from
5 to more than 10 rithe characteristics of these
" deposits negatively influence the chemistry of
ground water (Eurda et al., 1998).

The other 5 zones are significantly less
extensive.The glaciofluvial and glacio-
lacustrine sediments zor@ef-Gl (2.2%) is
situated in the north western part of the region
near Doubrava (Fig. 3a)lhese soils are
A generally cohesionless and composed of sandy

clay, clays having low to medium plastigity
well-grained sands and gravel, clayey sands,

TTo0S00"
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u Border of study area D Gf-Gl - Glaciofluvial and glaciolacustrine sediments zone

["] Current built-up area [0 Gm - Predominantly cohesive drift zone graVel W|th fine SO||SVVOrkab|||ty Classes Of the

11 Planned built-up area in land-use planning D Jf- Lacustrine and fluviolacustrine sediments zone . .

[ An-Ao- Zone of spoil banks, dumps and settling basins [ Lp - Zone of polygenetic loess sediments I'OCkS are 2'4 |n thEOne Of de|UV|aI Sedlments
[ D- Slope sediments zone [ Nk- Zone of alternating fine-grained sandy and gravelly sediments D (13%)’ Observed near Doubrava, (Flg 2b)

[ Fn-Fh - Zone of alluviums lowland streams and mountain streams

the soils are generally clays having low to

Figure 2. () Comparison of the tatl zone area with the current built-up area andnedium, high or extremely high plasticity
future development in the studied are) An overlay of the engineering-geologicalVorkability class of the rocks is 4he

zones and the current built-up area and future development within the studied arefedominantly cohesive drift zone Gin3%)
outcrops in the north western part of the region

capacitymedium to high compressibiljitgnd relatively high porosity in the form of layer with a width of up to 100 m. It consists of sandy
Here, the ground water level is very shallow with a depth from the clays, clays having low to medium plasticity and gravelly clais.
surface of about 0.2 m. During determination of the total shearworkability class of rocks is 3-Fhezone of alternating (combined)
parameters, it was discovered that these soils are stronger if they hadme-grained sandy and gravelly sediments (Rl©%) borders the
relatively higher proportions of silt and sand particlése cohesion valley sides of water courséihe soils consist of sandy clays, clays
(c,) ranges from 30 to 40 kPa and the total internal friction angle (6 with low to medium plasticity and gravelly clayEhe workability
varies from 4° to 7°The workability classes are 2/8high proportion class is 3-4The lacustrine and fluviolacustrine sediments zone Jf
of these soils include sandy clalay having low to medium plasticity ~ (0.4%) is observed in the Olse River alluvial plain in the north-eastern
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Therate of the ock workabilityis expressed in

rock workability classes

32 sevenclasses of workabilityThese reflect the
1200,00 + & 9 W area .
gg m current built-up area amount of workiecessary for the most functional
—_— 1 planned built-up area methods of extraction of the rock in question, i.e.
for its loosening, loading onto a vehicle and
- transport of the dislodged materials to the edge of
' q the foundation pit, or to another building site
) 75 2 . H
% 60000 3 g ) (Marschalko e.t.al., 2. Durlng the evaluatlon.
o o =, 2 of the workability of rocks in the study area, it
© Y = 2 a2 .
000 B e a 0 'u} = was observed that, in terms of area, the most
f B ) oot S 8 . .
g § o o & S E 2 : = ~ dominant class was 2-3 which covers more than a
R 5 NS 45 SgdR e :
20000 | [l g g S 3\15 o B S2a3 3% & half of the study.area at 5.1% (Fig. 3@hese
© aes g 8SX  8Tq materials can typically be dug by spade or loader
Ll = F S . .
0.00 - - A3 or by pickaxe and excavator (Fig. 3b). Class 2
' 15 23 2-4 3 3-4 4, (5) includes fine-grained soils of soft consistency such

as loam, sandy loam and sand or medium-grained

-455000

gravel. Class 3 has fine-grained soils in the form

%
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[ D - Slope sediments zone

[/] Workability of rocks 1-5
] Workability of rocks 2-3
[Z] Workability of rocks 2-4
] Workability of rocks 3

[ Workability of rocks 3-4
[l Workability of rocks 4, (5)

[ Gm - Predominantly cohesive drift zone
[ Jf- Lacustrine and fluviolacustrine sediments zone
[ Lp - Zone of polygenetic loess sediments

[J An-Ao - Zone of spoil banks, dumps and settling basins

[l Planned built-up area in land-use planning [] Fn-Fh - Zone of alluviums lowland streams and mountain streams
[ Gf-Gl- Glaciofluvial and glaciolacustrine sediments zone

[ Nk- Zone of alternating fine-grained sandy and gravelly sediments

of loam, loess, sandy clagandy and gravelly
loams. Severely disrupted solid rocks, eluvia and
reclaimed ground are also included in this class
(Motlik and Hofmanovéa, 1987).These
characteristics are also found in the zone of
alluvium of lowland and mountain streams (Fn-
Fh) (99.4%) which is almost wholly within this
workability range, while the zone of lacustrine and
fluviolacustrine sediments makes up the remaining
0.6%. The latter especially predominates in the
alluvial plains of the Olse anddavka Rivers
(Fig. 3b) A high percentage (49.3 %) of the current
built up area is situated on these soils and the land
use plan has also reserved thgést part for future
development (45.8%A\s mentioned in the section
dealing with engineering-geological zones, the Fn-
Fh zone is potentially endangered by floddso,
the physical-technical characteristics of these soils
cause some foundation fiiulties therefore they
are less suitable of more costly for development.
Class 3with 22.0% is the second most frequent
rock workability class and it is represented by rocks
of the polygenetic loess sediment zone (Lp).
Although it is only conditionally suitable for
development, an extensive proportion of the
current built-up area is located (25.1%), and future
development of 24.4% is also planned in this zone.
This class prevails in the area surrounding

-1100500

Doubrava and Karvina (Fig. 3a, b).

Figure 3. a. Spatial and perceage abundance of rock workability classes in The nextmostimportant rock workability class
relationship to the spatial extent of the studied area, the current built-up area d@gd-5 with 4.3%This is characteristic of the zone

planned development. [An overlay of the engineering-geolog
workability classes in relation to the current and future built-up

ical zones and ro& spoil banks, dumps and settling basins (An-Ao)
where sub-zones are filiult to define. However
this zone contains the widest range of workability

area.

part of the Karvina region (Fig. 2b) and is composed of loose andclasses from loose to solid rocks and therefore detailed high quality

cohesive soils with frequent intbeds of oganic sediments.

Workability of rocks

Theworkability of iocksincludes not only their breaking potential
but also factors connected with loosening, loading and transport

engineering-geological study is of utmost importaftes territory

is connected with the spoils of mining in the form of made ground

and frequent tailings ponds, and its character is often variBide.

technical characteristics of this zone are not favourable for foundations

and its deposits are not suitable for development. Nevertheless, it
oftontains the third lgest proportion of the current built-up area at

soil, thus it is not simply determined from a laboratory or field test. 22.9% and it also has a planned development of 23.5%. It is quite

Episodes ®. 36, no. 2
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Table 1. The land use plan categorization appropriate structural foundations and in allocating land for future
development.

The remaining workability classes are generally rare in this area.
o ) These are: (1) rock workability class 2-4 at 2.2% which is characteristic
zone of individual e.s.'der.]ce.s. ) in the glaciofluvial and glaciolacustrine sediments zone (Gf-Gl); (2)

zone of unspecified individuatsidences - . ] )

zone of continuous individuabsidences workability class 3-4 at 2.1%, typically in the zone of predominantly

zone of scatted individual esidences cohesive drifts (Gm); and (3) the zone of alternating (combined) fine-

zone of scatted individual esidence & gaten grained sandy and gravelly sediments (Nk). Rock workability class
zone of mixed individuaksidences 4-5 has a low abundance of 1.3% and it is associated with the zone
of deluvial sediments (D). Because these three workability ranges
are not extensive these classes are negligible in the present study
(Fig. 3a, b).

Functional zones Codes

zone for land eclamation UF

@

@

I
@ ®
I

o

CcC Cccccc
-} o]
[ -
waNHO

mines inteest aea

production zone

unspecified prduction zone Uuvo

small-scale pwduction zone u_v_1

business mduction zone Uuv.z?2 .

industrial production zone Uu\Vvas Depth tO pre—Quaternary deOSltS/

agricultural production zone uvi4 thlckne$ Of pog Quater nary deposts

mixed poduction zone U V.5
zone of spds and ecreation U_SR Marschalko et al. (2008c) reported only one type pre-Quaternary
central zone _ _ u_.c deposit characterized by alternating cohesive and non-cohesive soils
zone of collective housing U_BH at various depths below the ground surface (Fig. P} variably
zone of urban lawn and planting u_uz underlies engineering-geological zones (Fig. 4b). Pre-Quaternary
zone of scatted lawn and planting uz bedrock with alternating solid and poorly consolidated rock units is
zone of civic amenities uUo not observedlhe pre-Quaternary strata have been considered at four
mixed zone us depth intervals: >10 m, 5-10 m, >56 m and <5 m.

At a depth > 10 m most of the region is characterizedtbsnating
apparent from the map overlaying the workability and development,cohesive and non-cohesive si&l.8%).The most dominant of
that almost the entire area will be covered by development if the landbccurrences at those depths are in the zones of alluvium of lowland
use plan is fully implemented (Fig. 3a, Bhis emphasizes the and mountain streams (Fn-Fh) (46.1%); spoil banks, dumps and
necessity of adequate knowledge of these engineering-geologicadettling basins (An-Ao) (12.9%); and lacustrine and fluviolacustrine
zones and the character of local deposits both when consideringediments (Jf) (0.4%).hese three zones are generally unsuitable as

455000 -452000
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aemation oconesive andicohesionkess;sol [ Alternation of cohesive and non-cohesive soil at a depth > 10m [ Nk - Zone of alternating fine-grained sandy and gravelly sediments
pre-Quaternary bedrock rock (b) [0 An-Ao-Zone of spoil banks, dumps and settling basins

Figure 4. a. Spatial and perceage extent of the pre-Quaternary base, the current built-up area and planned development, b. Spatial
and percenage extent of the pre-Quaternary base in relationship to the engineering-geological zones (for engineering-geological
zone abbreviations, see Figure 4 oaffle 3), c.An overlay of the engineering-geological zones and the pre-Quaternary bedrock in
relationship to the current and planned built-up area.
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foundation soils thus foundations for more demanding structureswith the possible implementation of the land use plan, it is apparent
should be set in the pre-Quaternary strata. However the polygenetithat the built-up area would extend across fields and meadows, where
loess sediments (Lp) (22.0%) and the predominantly cohesive driftthe existing surface area at 71.4% would fall to only 33.6% (Fig. 5b).
zone (Gm) (0.4%) are conditionally suitable for foundation It was interesting to note that, despite the rivers and water areas
engineering so the pre-Quaternary strata are there of less significanciandscape element a small area in the municipality of Doubrava, it
The majority of the built-up area (88.2%) is found on those two zoneshad been completely absorbed by built-up areas. Here, construction
and the land use plan has itsgest area allocated for future and foundations must take account of factors characteristic of water
development (79.9%) on them. areas.
The occurrence of pre-Quaternary strata at an intervalSram The distribution of landscape elements in the zoi@pofl banks,
m (12.5%) is associated with zones Fn-Fh.§%), Gm (0.7%) and  dumps and settling basing\n-Ao) is very interesting (Fig. 5cThe
An-Ao (0.2%).The current built-up area covers 8.4% of this and most extensive rivers and water areas within these (32.0%) are tailings
planned development would account for 13.8%s is concentrated  ponds, not natural water bodieBhe current built-up area is
in the vicinity of Doubrava (Fig. 4c). widespread (30.2%), and it is located in the vicinity of these ponds.
Pre-Quaternary soils with a depth5>mhave a limited extent ~ Various anthropogenic features, predominantly from mining in the
of only 4.6%.They occur beneath the zones of glaciofluvial and Ostrava-Karvina Coal District, have a wide distribution (16.6%).
glaciolacustrine sediments (Gf-Gl) (2.2%) and deluvial sediments (D)However the fields and meadow zone is rather rare (13.8%) and forests
(1.3%).These areas, located near Doubrava, are conditionally suitabldave the smallest representation (7.4%). In this zone, the replacement
for construction (Fig. 4c). Spoil banks, dumps and settling basinsof landscape elements by built-up areas is quite apparent (Fig. 5c).
(An-Ao) (1.1%) are quite unsuitable for development but only a small Implementation of the current land use plan would ensure that the
proportion of the current built-up area is situated there (3.0%) andbuilt-up area would extend over almost the entire zone (93.6%). It is
planned future development (4.3%) is not prominent. of utmost importance to consider whether development is suitable in
Pre-Quaternary soils at a base depth < 5 Mo)lare least such terrains with extensive tailings pond water areas, especially when
extensive and are associated with the zones of alternating (combinedombined with adverse anthropogenic impacts.
fine-grained sandy and gravelly sediments (Nk) (0.9%) and the  As mentioned earliethe engineering geological of the zones of
predominantly cohesive drift zone (Gm) (0.2%fis small surface Gf-Gl (glaciofluvial and glaciolacustrine sediments, D (deluvial
area provides little space for building with only 0.4% of the developed sediments), Gm (predominantly cohesive drift zone), Nk (alternation
area and 21% of the area planned for development. of fine-grained sandy and gravely sediments) and Jf (lacustrine and
fluviolacustrine sediments) are minor landscape elements of
: ; engineering geological zones in the study area, covering only 6%.
L andscape elements Of engl neeri ng The respective values of cover area of the zones Gf-Gl, D, Gm, Nk
geological zonesin the study area and Jf are 2.2%, 1.3%, 1.3%, 0.9% and 0 erefore examination
of the landscape elements of each of these zonegdsltidind would
The three main engineering geological zones in the study areanot be very useful.
are those of: alluvium of lowland and mountain streams (Fn-Fh);
polygenetic loess sediments (Lp); and spoil banks, dumps and settling~nctional zone structure (| and use
basins (An-Ao).These cover 94% of whole study area and can be .
compared with landscape elements while other zones, totalling onlypI anni ng)
6% of the area, could not be compared in this.way A total of 11 basic types of functional zonesve been defined in
The most extensive landscape elements in the zoalkugium land use plans in the studied areal(€ 2, Fig. 6a, b). Only a few
of lowland and mounain streams(Fn-Fh)are fields and meadows zones are extensiv&he majority of land is defined aszane for
(63.5%) which are situated in the central part of the zone (Figs. 5aland reclamation(U_F) (29.6%) for specified subsequent uSéss
d). The built-up area (15.8%) and forests (12.7%) are next mostzone is located in the southern part of the study area forming a
extensiveThese cover land especially near the Olse River and thecontinuous zone in the quarters of Karvina - Doly and Darkov (Fig.
municipality of Doubrava. Rivers and water areas (8.0%) have the6b). Itis predominantly associated with the zone of spoil banks, dumps
lowest spatial distribution and are mainly formed by the courses ofand settling basins (An-Ao) and the zone of alluvium of lowland and
the Olse andt®navka rivers and water areas in the northern sectionmountain streams (Fn-Fi.smaller area is situated in the zones of
of the region. It became evident that if the land use plan was fullypolygenetic loess sediments (Lp) and glaciofluvial and glaciolacustrine
implemented, the surface area of field and meadow landscape elemensgdiments (Gf-Gl).
would be significantly reduced from an initial 63.5% to 36.6% of the
area.The built-up area would occupy a muclgkararea than it does

Table 2. The norm for stndard of CSN 73 3050

at present. Class  Explanations
Fields and meadows again dominate the landscape elements in 4 Use of shovel and/or loader
the zone oPolygenetic loess sedimer(Lp) with 71.4%, and these 2 Use of disconnect spade and/or loader
are concentrated in rather extensive complexes predominantly in the 3 Use of disconnect axe and/or excavator
north eastern and north western parts of the regtombuilt-up area 4 Use of disconnect wedge and/or excavator
is also quite extensive (21.4%), followed by forests at 7.2% inthe 5 Use of disconnect ripper and/or heavy excavator (over 40 t)
west, while rivers and water areas form the least extensive land- and/or explosives
scape element, so small that it cannot be expressed as a percentage 6 Use of disconnect heavy ripper and/or explosives
(Fig. 5b). Comparing the current distribution of landscape elements 7 Use of very heavily disconnect explosives
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Figure 5. a. Spatial and perceage abundance of selected landscape elermmatfpresent and in the case of implementing the land use
plan in the zone of a. alluviums lowland streams and moaimt streamsp. polygenetic loess sedimant.spoil banks, dumps and settling
basins, d. An overlay of the engineering-geological zones and selected landscape eleméhin the studied area.

The second lgest area is designated as toae of individual (U_V_1 (0.2%) and théusiness mrduction zongU_V_2 (0.1%).
residencesThis covers about 20.5% of the study area and is divided =~ Themixed zon€U_S occupies a relatively lge area at 12.3%.
into 4 sub-zonedA percentage of 9.2% is attributed to #one of It occurs mainly in the north-western part of the region above
scatteed individual esidence§U_BI_2), located in Doubravainthe  Doubrava (Fig. 6b). Housing, business activities, sports facilities,
western part of the area, and is mainly associated with the zones dafivic amenities and lawns and planting are mixed in this zone which
Fn-Fh, Lp and in the zone of predominantly cohesive drifts (Gon).  is mainly associated with the Lp and Fn-Fh zones.

a lesser extent, this land use zone falls within the zones of alternating  The mines zorie limited to a specifimining inteest aea(U_DL)
(combined) fine-grained sandy and gravelly sediments (Nk), and ofwith 4.9%. It forms one block of compact development in the south
deluvial sediments (D) and the zone Gf-Ghezone of unspecified  west Karvina — Doly quarter and is predominantly associated with

individual residencegU_BI_0) (5.9%) is limited to four quite lge the spoil banks, dumps and settling basins zone and partly that of the
blocks in the eastern part of the Karvina - Mesto quarter and extendalluvium of lowland and mountain streams.
into the Fn-Fh and Lp zoneA. zone of continuous individual The zone of spds and ecreation(U_SR at 4% forms smaller

residencegU_BI_1) (3.2%) consists of three blocks mainly in the polygons in various parts of the region, for example in the
Lp, Fn-Fh zones and to a lesser extent in the Gm zone in thesurroundings of Dobrava (Fig. 6b). It is mainly associated with the

surroundings of Doubrava (Fig. 6Bhezone of scatted individual zone of polygenetic loess sediments but partly with the zone of
residences and gdens(U_BI_3) takes up 2.2%, and this is also alluvium of lowland and mountain streams.

situated near the municipality of Doubrava overlying the D, Gm, Fn- Other zones also occupy small areas, such asethteal zone

Fh and Nk zones. (U_O) (2.2%), which is in the centre of Doubrava #ochted in the

The third lagest area is thproduction zon€19.7%), which is zones of D, Lp, and Fn-Fh. Next, there iszbae of urban lawn and
divided into four sub-zoneSheunspecified pduction zonéU_V_0 planting (U_U2) (2.1%), which is in Karvina and Doubrava (Fig.
(17.8%) forms lage blocks in the southern quarter of Karvina - Doly 6b). Thezone of civic amenitigt)_0O) (1.9%) is again concentrated
and in the eastern part of the region of Karvina - Méstubstantial in the western part of Karvina and it is related to the Lp zZongere
proportion of the zone coincides with the zones of spoil banks, dumpsdl.6% forms theones of scatted lawn and plantingU_2), within
and settling basins (An-Ao) and of alluvium of lowland and mountain the northern part of Karvina, and is associated with the zones of
streams (Fn-Fh). Much smaller areas constituteatécultural lacustrine and fluviolacustrine sediments (Jf); alluvium of lowland
production zongU_V_4 (1.5%), small-scale poduction zone and mountain streams (Fn-Fh); and polygenetic loess sediments (Lp).
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soils. This currently constitutes very small
percentage or the area (0.5%), but the land use
plan for future utilization of this zone would
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Figure 6. (a) Spatial distribution of the future development into zone types accordinéet
the land use plan within the studied area (land use plan — Regiondid@f 2009), (b)
An overlay of the engineering-geological zones and the future development zone P
according to the land use plan within the studied area (land use plan — Regionfi¢©f

2009).

The last and smallest land use zone is that reserved faorieeof
collective housingU_BH) (1.2%) which is situated in the northern
part of Karvina and is limited to the zone of polygenetic loess
sediments (Lp)

Land suitability in relation to existing
and planned development

According to its physical-technical characteristi€s-Fh
(alluvium of lowland and mountain exms) zonés conditionally
suitable for structural foundations, but flooding risk cannot be
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or development because of their physical-
Chnical characteristics. In this zone, the
roportion of built-up area is 1.2%, but the land
0dE Slan proposes further development of 1.6%.

TheGm (pedominantly cohesive drift zone)

zoneis conditionally suitable for foundation

engineeringThere is a minimal current built-up area here, at 0.8%,
but a more substantial area of this zone (1.8%) is reserved for
development.

However theNk (alternating (combined) fine-grained sandy and
gravely sedimentgpneis not quite suitable for foundations although
less demanding structures can be perhaps constructed there. Gurrently
a negligible proportion of built-up area (0.2%) is observed in this
zone, but the land use plan proposes more extensive utilization (1.7%)
and this will incur higher costs for implementation of foundations
appropriate to conditions in the zone.

TheJf (lacustrine and fluviolacustrine sedimergshehas a low
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suitability for foundations but the current built-up area covers 1.0%
of the whole area of this zone, and the planned development area is
only 0.2% in the land use plan.

Di

scussions and conclusions

The results and conclusions of the present paper are as follows:

1 Upon evaluation of the engineering-geological conditions in

the study area, it was discovered that the most extensive zone is
that of alluvium of lowland and mountain streams (57.7% -
10.5 knf), which is generally unsuitable for development due
to its flood risks and dffcult foundation conditions.
Nevertheless, the majority of the current built-up area is situated
there (48.4%) and the majority of planned development is also
intended for this zone (45.6%). It is therefore clear that the land
use plan did not take into account the natural conditions of this
region, and did not consider flood potential or foundation
problems.

2 Examination of workability of soils demonstrated that easy-to-

dig materials (up to class 4) dominate the study area which is a
rather positive result from the point of view of future earthwork
costs.The most abundant rock workability classes in the study
area are classes 2-Bhe extensive spread of rather low rock
workability classes demonstrate the relative ease of removing
such material during earthwork&lthough, in some areas,

builders may be exposed to relatively high costs to work classes
5 and 6, they will benefit from the cheaper costs associated
with rock workability classes 6 and 7 elsewhere in the study
area.

The pre-Quaternary bedrock contains the alternation of cohesive
and cohesionless soilBhe most extensive occur at depths > 10
m and these are covered with Quaternary deposits, the
composition of which determines the engineering-geological
zonation.These especially include the zones of alluvium of
lowland and mountain streams and of the spoil banks, dumps
and settling basind’he majority of the current built-up area
has its foundations on the soils with this pre-Quaternary >10 m
depth, and the land use plan also allocates most future
development there (79.9%)he least extensive areas have pre-
Quaternary soils at shallow depth.

Landscape elements are predominated by fields and meadows
(58.1%), the built-up area (18.8%) and forests concentrated
along the Olse River {15%).The latter consist of the landscape
element of rivers and water areas (9.2%) in the form of the Olse
and Sonavka rivers and also tailings ponddditionally there

are 2.4% of anthropogenic features in the spoil banks, dumps
and settling basin zone. Consequeritiyras been established
that if the existing land use plan is fully implemented a significant
portion of landscape elements would be displaced by the growing
built-up area. Important)ythis growth would cover 96.3% of

Table 3. Engineering geological zones in the study area, and their descriptions

Zone Description % Development| Comments

Fn-Fh | Itis composed of fine and silty-sandy fluvial clays | 57.7 E.D.: 48.4% | Conditionally suitable for structural foundation, but
and they are heterogeneous and low bearing capadity PD.: 45.6% flooding risk cannot be excluded, therefore it is
medium to high compressibility and relatively high appropriate to re-assess the land use plan which
porosity The values of cohesion range from 30 to allocates the lgest portion of future development
40 kPa, and internal friction angle varies between within the studied area to this zone.

4 - 7°.The workability class of rocks is 2-3.

Lp It has medium bearing capacitpedium 22.0 E.D.: 25.1% | Conditionally suitable for foundation engineering,
compressibility low to medium plasticityThe sandy PD.: 24.4% but it should be supported by deeper foundations
clay is able to form the foundation soil and the rock for more demanding structures.
workability class here is 3.

An-Ao | Itis composed of anthropogenic deposits, and these 14.3 E.D.: 22.9% | This zone is not suitable for development, if structures
deposits are found in the form of spoil banks. PD.: 23.5% are to be constructed, detailed geological survey is

vital and high costs must be expected.

Gf-Gl It is generally cohesionless and composed of sandy, 2.2 E.D.: 0.5% It can be classified as conditionally suitable.
clay, clays having low to medium plasticityell- PD.: 1.2%
grained sands and gravel, clayey sands, gravel with
fine soils.Workability classes of the rocks are 2-4.

D Soils are generally clays having low to medium, high 1.3 E.D.: 1.2% The slope sediments in this zone are only conditionally
and extremely high plasticityVorkability class of the PD.: 1.8% suitable for development.
rocks is 4.

Gm It consists of sandy clays, clays having low to mediym1.3 E.D.: 0.8% This zone is conditionally suitable for foundation
plasticity gravelly claysThe workability class of PD. 1.8% engineering.
rocks is 3-4.

Nk Soils are composed of sandy clays, clays having low t6.9 E.D.: 0.2% This zone is not very suitable for development, or perhaps
medium plasticitygravelly claysThe workability PD.: 1.7% less demanding structures can be constructed there.
class of rocks is 3-4.

Jf It consists of sandy clays, and the workability class pf0.4 E.D.: 1.0% This zone is classified as foundation soils in the form of
rocks is 2-3. PD.: 0.2% sandy clay and they have low suitability for foundation

structures.

Fn-Fh: alluviums lowland sams and mountain s@ms; Lp: polygenetic loess sedimerta:Ao: spoil banks, dumps and settling basins; Gf-Gl: glacio-
fluvial and glaciolacustrine sediments; D: deluvial sediments; Gred@minantly cohesive drift zone; Nk: alternating (combined) fine-grained sandy and
gravely sediments; Jf: lacustrine and fluviolacustrine sediments. E.D.: existing developezeri.Bx.: poposed developementear.
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