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Abstract                                                                                                                           Engineering geological maps produce a representation of different features of geological and geotechnical environmental significance in land use and design, construction, development of civil and mining works. Engineering geological maps have been for many years in the storage of geological, geotechnical and engineering information. There are different types of engineering geological maps for  foundation areas and excavations, rock Slopes, Major Outcrops and water tables, expansive soils, transported or deposited soils, residual soils, hazard maps, tunnel maps, mine maps, nature Cavities, etc. The aspects in the engineering geological gives detailed and useful information in engineering geology.
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Introduction

Engineering geological maps are very useful tools for information storage about terrains, development planning of civil and mining works, presenting spatial distribution and mechanical properties. Engineering geological maps can be defined as a type of geological map that gives a representation of all components of geological and geotechnical environmental significance in land use and design, construction, development of civil and mining works. The main focus of the report is to elaborate on the purpose of engineering geological mapping and their aspects on the map, the map scales and mapping techniques are thus important in engineering geological mapping.

Engineering geological mapping objectives and techniques or methodology

Objective 

High resolution, commonly of 1:10 000 scale mapping is the main objectives in engineering geological mapping to portray all constraints or geohazards that can affect human race and their properties (Richards 2006).

Methodology and techniques of mapping

The methodology of engineering geological mapping of this report will be base on techniques done during the compilation of Pietermaritzburg engineering geological map in South African by Richards (2006). The compilation of data into a 1:50 000 engineering geological map  involved three different stage processes, namely gathering and review of data, mapping into details using aerial photographs and 1:10 000 orthophoto maps (Richards 2006). There were different underlying assumptions that were made, like, landform type should relate the geotechnical properties and these properties are influenced by bedrock type together with the nature of the weathering products (Richards 2006). The regolith can occur as in situ soils or transported sediments on a range of slope gradient along with the bedrock due to the weathering processes (Richards 2006). The relation of landform type with geotechnical properties was characterized by analysis of representation samples from each landform and then presented on the map sheet (Richards 2006). There were six geotechnical factors in which all the landforms were assessed and these factors are tabulated below in Table 1 and other sub-critical factors not tabulated but used during mapping were, collapsing or settling, permeability of soil, poorly consolidated soil, dispersive soil and acidic soil and these factors does not impose major constraints to development in the mapping area (Richards 2006). The soil profile which were geotchnically and pedologically described and checked, and the laboratory analyses were gathered from presently existing geotechnical database (Richards 2006). The samples taken from different landforms in the map sheet area were analyzed in the laboratory where different tests such as the Atterberg limits and linear shrinkage were performed (Richards 2006). In the laboratory, other parameters were measured including the percentage clay fraction of a sample, grading modulus, degree of potential expansiveness, and the soil was classified (Richards 2006). The interpretation of regolith profiles, laboratory results, geological, hydrological, hydrogeological, slope and topocadastral data to produce a 1:50 000 engineering geological map was a final stage of mapping (Richards 2006).
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Table 1 Listing of critical geotechnical factors mapped in engineering geology (Richards 2006)



Engineering geological maps

An engineering geological map production requires different systematic searches for sources of information such as literature survey, aerial photographs and imagery, fieldwork, etc (Bell 1998). Useful information from site investigation reports, records of present and past mining activity and topographical maps are also required to prepare an engineering geological map (Bell 1998). The amount of data present and the way in which the data is presented in the engineering geological map defines its scale (Bell 1998). There are different scales in which engineering maps are produced, the most common scale is 1:10 000 or smaller (Bell 1998). An engineering geological map is a simplified model of geological facts and aspects that cannot be portrayed to its entirety because of the complexity of various geological factors (Bell 1998). The simplification of portraying various geological factors requires larger scale of the map and relationship of these geological factors, the accuracy of the data and presentation techniques (Bell 1998). Portrayed information should be necessary to evaluate the engineering geological features such as the engineering properties of the soil, engineering geological characteristics of the underlying bedrock (Maharaja 1995). Underlying bedrock characteristics that should be mapped include the geologic structure, lithology and composition, mineralogy, texture, colour, degree of weathering, alteration, etc (Maharaja 1995). All the information that has been collected during a survey, cross section, explanatory text should be represented in the engineering geological maps (Bell 1998). 

Engineering geological mapping production  

[image: ]
Figure 1 Simplified scheme for the production of engineering geological maps. (De Mulder and Hillen 1990).
In the Netherlands, engineering geological maps are produced by the Geological Survey and Delft Geotechnics. These maps produced are large scale maps which provide data on the borehole logging systems, cone penetration test result of different landforms, geophysical as well as geotechnical studies (De Mulder and Hillen 1990). Engineering geological map production requires a compilation of different maps and cross-sections with special engineering geological features, these maps include the location maps, geotechnical cross-section, multipurpose comprehensive maps, and special-purpose maps as illustrated in figure 1 above (De Mulder and Hillen 1990). Figure 1 portray a simplified scheme for engineering geological map production with different steps of production, namely:

1. Location map. The results to be presented on the location maps are all geological, geophysical, geotechnical, geohydrological, geochemical data that are currently present (De Mulder and Hillen 1990).
2. Engineering geological cross-section. To produce a detailed engineering geological map, preparation of various cross-sections of propose geology or landform and soil profile will be significant (De Mulder and Hillen 1990).
3. Single value maps. Single value maps are types of maps indicating and preparing standardized interpretation of data about the depth and thickness of layers in a soil profile (De Mulder and Hillen 1990).
4. Multipurpose comprehensive maps. These maps only portray the soil profile, thickness, depth of individual layers (De Mulder and Hillen 1990)
5. Soil mechanical properties. The geotechnical, hydrogeological and geochemical properties of different soil layers are characterized here (De Mulder and Hillen 1990).
6. Foundation depth and settlement maps. This is a final step in map production for preparation of special-purpose maps such as settlement- depth maps, industrial aggregate maps, hydrological maps and environmental geological maps, etc (De Mulder and Hillen 1990).

Aspects on an engineering geological map

The main purpose engineering geological maps is to provide detailed information on different engineering geological aspect such as the grade of weathering, joint patterns, mass permeability, foundation conditions as shown in an engineering geological map figure 2 below (Bell 1998). Engineering purposes information as well as various other aspects of engineering geology are covered on the multipurpose maps (Bell 1998). Bell (1998) noted that engineering geological maps can either be analytical or comprehensive. Analytical maps gives detailed information on individual components of particular geological environment, for example, detailed maps of seismic hazard or map showing the degree of weathering (Bell 1998). Comprehensive maps are maps of engineering geological zoning which provide all principal components of engineering geological environment (Bell 1998).






[image: ]
Figure 2 Engineering geological map of Turnov (Bell 1998).

Figure 2 provides simplified geological environment, range and types of engineering geological conditions, individual components and their relationships (Bell 1998). Engineering geological map shown in figure 2 above also helps in land-use planning and location, construction and maintenance of engineering structure (Bell 1998). Engineering geological map can be derived from a geological map that has been add engineering geological data and if the data is extensive, it can be represented in tabular form as show in figure 3 and table 2(a) and (b) (Bell 1998). Figure 3 illustrate on different aspects that should appear on an engineering geological map. Different aspects such as superficial deposits and bedrock presented on the map should be described into details and rocks together with soil should be classified in terms of their engineering geological behavior (Bell 1998). Other aspects are geological structures that has been recorded, for example, faults and shear zones, or any type of discontinuities and grade of weathering (Bell 1998). Unit boundaries and stratigraphical boundaries should be drawn for the change in the engineering geological properties (Bell 1998). The only disadvantage of engineering geological map is the properties of rocks and soil change through time, therefore regular visit of the site and in situ testing of the sample from the site will be needful for the production of map based on engineering geological properties (Bell 1998).




[image: ]Figure 3 Segment of the engineering geological map for the Hijaz railway in Jordan (Bell 1998).[image: ]
[image: ]
Table 2(a) Illustrate the variety of materials in the study area for the Hijaz railway (Bell 1998)


[image: ]Table 2(b) Key to the engineering characteristics column of the engineering geology table (Table 2(a)) (Bell 1998).
Most engineering geological aspects that appears on an engineering geological maps can be presented either small scale maps or large scale maps depending on the complexity and mapped areas.

Mapping at a small scale

Engineering geological mapping on a scale greater than 1:5 000 may be considered small scale mapping (Price 2009). Mapping at a small scale are commonly useful for roads and tunnel locations, location of construction materials, small scale hazards, description of geological condition of areas (Price 2009).

Mapping at a large scale

Large scale maps provide detailed information of different aspects of relatively small surface area, with scale range of about 1:1 000 (for engineering geological dam sites) to 1:50 (for a rock slope or tunnel) (Price 2009). Different aspects and large scale engineering geological maps illustrating aspects that are represented on a large scale engineering geological maps are provided below.

1. Foundation Areas and Excavations

Largest map scaling is that of a proposed dam site in foundation areas and excavations (Price 2009). Here accurately mapped details of engineering geological boundaries and discontinuities are required to establish boundary and outcrop location with the use of standard survey techniques (Price 2009). A good maps should information about borehole and outcrops, preferably in three-dimension and they should contain a grid reference system and elevation of stable site benchmark (Price 2009). In terms of foundation data portrayed should fulfill the rock mass classification system requirement and the location of major discontinuities should be accurately plotted as show in the figure 4 below (Price 2009).
[image: ]
Figure 4 Map showing the distribution of joints in the Cappadocian tuff (Topal and Doyuran 1997).
2. Rock Slopes, Major Outcrops and water tables

[image: ]

Figure 5 Engineering geological map for the urban area of Salamanca.  Numbers represent the position of the water table from the surface. (Nespereira et al. 2006)

Units represented on the engineering geological map (figure 5) are:
U-1 Aldeatejada and unweathered Ordovician slates
U-2: Quartzites
U-3: Weathered Ordovician slates
U-4: Salamanca and Cabrerizos sandstones
U-5: Teso Grande Arkosic Unit
U-6: Rock materials from the Serie Roja (carbonated and not carbonated)
U-7: Serie Roja, soils.
U-8: Viso
U-9: Plastic Quaternary deposits
U-10: No plastic Quaternary deposits
U-11: Artificial and manmade ground.

3. Expansive soils

[image: ]
Figure 6 Distribution of potentially expansive materials in the United States: FHWA Regions 9 and 10. (Unknown Authors 1988)

Expansive soil is one of the important aspects that are present in the engineering geological maps which gives a detailed information of types of expansive soils e.g. highly expansive, low expansive or non-expansive soils as illustrated on the figure above.

4. Transported or deposited soils

[image: ]
Figure 7 The engineering geological map of Patras city metropolitan area (Rozos et al. 2006)

There are different types of deposited soils that can be illustrated in an engineering geological map and these soils include alluvial deposits, fan deposits, Holocene deposits, river bed deposits, marshy deposits, etc. The figure above, provided other engineering geological features such as ground settlement, landslides, main landslides and these features gives useful information on the engineering behavior of soil and types of foundation to be constructed.



5. Residual soils

[image: ]
Figure 8 Idealized example of engineering geological mapping of residual soils. (Malomo et al. 1983)

Engineering geological map of residual soils commonly gives information on the structure of the soil, engineering properties of residual soils as illustrated in figure 8 above.

Other engineering geological maps with more aspects are:
6. Hazard maps
[image: ]
Figure 9 shows a hazard map (Institution of public health of Belgrade 2002).

7. Tunnel maps
8. Mine maps
9. Nature Cavities


Conclusion

The purpose of engineering geological mapping is to provide detailed information on different engineering geological conditions and features such as the grade of weathering, joint patterns, mass permeability, foundation conditions, soil types, tunnels, mines, excavation. Engineering geological maps are type of geological map that gives a representation of all components of geological and geotechnical characteristics of rocks, soil, water and other feature for significance land use and design, construction, development of civil and mining works. To produce detailed and reliable engineering geological map, different aspects such as expansive soils, measured joints, faults, residual soils, transported soils, geology of the location, rock slopes, outcrops, underlying bedrock, foundations, excavations, geologic structure, lithology and composition, mineralogy, texture, colour, degree of weathering, alteration, etc.
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case the flood waters move out and onto the
floodplain that is usually present on both
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as unconfined flow.

A critical environmental factor. Floods are
natural events that have to be taken into
account where development encroaches on
or close to stream channels. Residential
development cannot be erected in_arcas
below the 1 in 50 year flood line. Certain
developments may have significant affects
on the flood behaviour of the river. Factors
such as changed hydrology, sediment loads
and river diversions can have significant
impacts to the extent that arcas before
development with a low risk of flooding can
become high risk areas after development.

Inu2 Area at risk from inundation

2. Slope Instability

Arcas where slopes in excess of 18° arc a
major constraint to development. Areas that
are recognised palacolandslides or arcas of
latent mass movement. Arcas comprising
unstable geological materials that could
move cither gradually (creep) or suddenly as
a slump or a slide. Risk of movement
determined by factors such as the nature of
the slope, gradient of slope, role of water,
type and nature of vegetation cover,
Scismicity and impact of human activitics
such as undermining of a slope.

Can be a significant cost factor for certain
types of development, particularly low cost
housing. Detailed slope  stability analysis
may be required. Steep slopes, many of
which are mantled by old landslide debris or
thick in-situ soils, are likely to exhibit
instability problems. Many of the slope
movements in Pictermaritzburg result from
anthropogenic  environmental  changes
related directly to development.

Slo2 Unstable slopes (gradient
undifferentiated)

Slo3 Slopes 12 - 18°, some constraints to
development

Slod Slopes > 18°, major constraint to
development, potentially unstable slopes
SloS Unstable slopes & active mass
‘movement, evidence of palaco- or active
landslides

3. Excavatibility of Ground

The case with which ground can be dug to a
depth of 1.5m. This is the depth most
significant in terms of excavations for
foundations and services.

A high cost factor in development when
installing foundations and underground
services such as water pipes and sewers.
Many areas are affected by shallow (Mispah
Form) soils where bedrock lies at depths of
<0.5m. The use of mechanical excavation
methods, or even blasting techniques arc
required throughout much of the arca.

Exc2 Excavatibility problems arc anti
(unspecified)

Exc3 Slight excavatibility problems (can be
hand dug)

Excd4 Moderate excavatibility problems
(backactor is required)

Exc5 Severe excavatibility problems
(blasting and/or power tools are required)

4. Active, Expansive or Swel
The amount of expansion in millimetres
(expressed as total soil heave) that can be
expected when the moisture in the soil
changes. Moisture changes can be due to
scasonal changes in rainfall or changes in the
level of groundwater duc to abstraction,
drainage changes or river modification.

The degree to which a soil expands or
contracts is a critical cost factor in
foundation design especially of single storey
residential buildings. Expansive clays arc
probably one of the most widespread
problem soils in South Africa and can result
in significant damage to buildings and
pipelines. Many of the soils in the mapping
arca are of moderate to high expansive
potential and show evidence of heaving.
Problems are mitigated by ensuring adequate
depth of founding below the active soil zone
and by cnsuring adequate flexibility of
structures to accommodate heave movement.

"Act2 Active or expansive soil is present
(amount of expected heave is unknown)
Act3 Low expansion (heave is expected to
be 0 - Smm)

Act4 Moderate expansion (heave is expected
to be 5 - 30mm)

Act5 High expansion (heave is expected to
be greater than 30mm)

5. Erodible Soil

The extent to which a soil can be croded by
water flow and wind. The crosion featurc
may be local such as crosion channels,
dongas, gullies and piping affects or it may
be of a more regional extent.

A critical environmental factor. Certain
types of development on erosion-prone soil
can result in dramatic increases in sediment
load entering water bodics and watercourses.
This would have negative impacts on the
biotic and abiotic clements of wetland and
river environments. Erosion is exacerbated
with development on erosion prone soils for
example by storm water discharge from
roads, and the use of erodible soils as fill
material around culverts.

Ero2 Erodible soil is present
Ero3 Sheet or rill erosion is the dominant
process

Erod Active growth of decp dongas by
sidewall collapse or head-cut erosion

6. Shallow Water Table

A shallow water table is where the top of the
permanently saturated zone occurs close to
the ground surface. This definition also
includes a perched water table where
geological conditions results in a local zone
of saturation that is far above the regional
water table.

A shallow water table is liable fo
contamination by incorrectly  sited
developments such as waste sites, pit latrines
and cemeterics. Knowledge of a shallow
water table can be critical information when
planning certain developments. Fluctuating
water tables in areas of active soils is also
critical in terms of development.

Sha2 Shallow water table is present

* Severity classes based on nomenclature adopted from Leith & Johnson (1998)





image2.png




