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Preface

The idea to write this volume came from publications that are very useful in
practice containing equations, tables and graphs for various engineering disciplines
(e.g. Gieck and Gieck 1997, Young and Budynas 2002, Simons and Menzies 1977,
Carter and Bentley 1991). Only bulky and lengthy manuals and reference books
exist for geotechnics/ground engineering. This volume can be used both by
established professionals as a handy reminder and by non-geotechnical engineers
or beginners in geotechnics as a starting point. Those readers who find that the lists,
equations, tables and graphs provided in this volume are not sufficient for their
needs are referred to the existing manuals and reference books in geo-engineering
(e.g. Burland et al. 2012).

This volume is intended to cover all the major topics in geo-engineering
although rather briefly and focuses on engineering practice rather than research.
Guidance given in relevant codes and standards are favoured when codes and
standards provide recommendations concerning different topics. When such rec-
ommendations are not given or they are very brief, then the simple methods that are
suggested in this volume can be used for rough estimates in initial stages and
comparisons with the results of more sophisticated methods in detailed stages of
engineering considerations. A modern and concise style of presentation is favoured
using bullet points. The equations that are presented are suitable for hand calcula-
tions or at most a spread sheet as are the formulas given in codes and standards.

It should be acknowledged that geo-engineering is both a science (when
analysing natural phenomena) and an art (when approximating actual reality) as
initially pointed by Terzaghi, and that it is of multi-disciplinary nature involving
engineering geology, engineering seismology, structures, physics and chemistry but
also economical, legal, political, environmental and social issues.

Isleworth, UK Milutin Srbulov
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Chapter 1
Geo-investigations

Abstract This chapter contains basic information for the site investigations
performed for construction purposes. Site investigation needs to provide informa-
tion on:

Geological origin (igneous, sedimentary, metamorphic for rock, transported by
wind, streams, glaciers for soil) and global formations (tectonic folds and faults,
sediment basins, landslides)

Past use concerning presence of contamination and existing buried structures
(of archaeological or industrial significance — foundations, underground cham-
bers) including unexploded ordnance (UXO)

Current condition (baseline state) in terms of topography, layering, state of
strata (density of coarse soil, consolidation state, plasticity and consistency of
fine soil, rock type and rock weathering extent), ground water and gas regime
Engineering properties for prediction of ground response to intended develop-
ment over its useful life.

1.1 Methodology and Stages of Site Investigations

The following stages should be followed in sequence:

Desk study based on existing documents (technical and non-technical such as
newspapers and memoirs), geological and topographic maps including historical
survey maps

Site reconnaissance (walkover) onshore for checking of the latest condition,
details and access

Program for site investigations in stages if possible (initial and detail)
Geophysical non-intrusive from ground surface or remote sensing from air on
regional scale

Boring and digging of pits and trenches (shafts and galleries for dams), coring
in rock and soil and sampling. Minimum recommended rock core diameter for

M. Srbulov, Practical Guide to Geo-Engineering: With Equations, Tables, 1
Graphs and Check Lists, Geotechnical, Geological and Earthquake Engineering 29,
DOI 10.1007/978-94-017-8638-6_1, © Springer Science+Business Media Dordrecht 2014



2 1 Geo-investigations

a b
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g — |
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J.‘; fault zone

, 4
& = |

: abandoned mine gallery
- borehole 2

Fig. 1.1 Examples of serious consequences of non-integral site investigations: (a) use of bore-
holes without geophysical profiling resulted in non-detection of a tectonic fault zone that contrib-
uted to instability of an excavation later, (b) with no prior desk study, the use of compressed air for
drilling through an abundant mine gallery caused displacement of carbon monoxide into an
adjacent house and death of its occupants

testing is 50 mm and the length to width ratio of at least 3. Least disturbed soil
samples are of cubical shape with about 0.3 m long side and obtained from pits,
trenches, shafts and galleries, slightly disturbed soil cylindrical samples of
100 mm diameter preferably and with the length to width ratio of more than
2 are obtained by pushing into soil steel cylinders with the wall thickness up to
1.5 mm, more or less disturbed cylindrical samples are obtained by hammering
and rotating of thick wall cylindrical samplers into soil and completely disturbed
samples are obtained from excavation hips and tips of coarse grained
non-cohesive soil and rock.

« In situ and laboratory testing are described in Chap. 2

* Reporting (field offshore only), factual and interpretative

Illustrative examples when non-integral site investigation caused serious conse-
quences are shown in Fig. 1.1.

1.2 Non-intrusive Geophysical and Remote
Sensing Methods

For long (roads, railways, tunnels, canals, dikes, pipelines) and large (dams, power
plants) structures in order to detect caverns (in soluble rock: halite —salt, gypsum,
chalk, limestone), abandoned tunnels, natural and mining cavities, tectonic and
landslide discontinuities, natural gas and oil concentrations, metal objects within
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Fig. 1.2 Examples of
results of geophysical
survey: (a) side scan sonar
image of a wooden ship
wreck at sea bottom in total
darkness, (b) ground profile
obtained by an acoustic
sparker offshore compared
to a borehole log

ground (including UXO) and on water bottom (ship wrecks, pipelines, anchors,
fishing gear), bathymetry over water and areal sensing for regional investigations:

Wave refraction to a depth of about 20 m (e.g. ASTM D5777-00) for ground
profiling and tectonic structure, wave velocity measurements and shallow gas
detection

Wave reflection for depths greater than about 20 m (e.g. ASTM D7128-05) and
purposes as above

Electrical conductivity/resistivity for assessment of corrosivity to metals,
earthhening purposes and electro osmotic drainage (e.g. ASTM G57)
Electro-magnetic for detection of metal objects (e.g. ASTM D6639-01)
Interferometric synthetic aperture radar (InSAR) from satellites for detec-
tion of topographic changes on regional scale

Light detection and ranging (LIDAR) from aeroplanes for ground topography
mapping

Thermal infra red (TIR) from aeroplanes for detection of heat sources

Multi beam echo sounding (Swathe) from water surfaces for water bed profiling
Side scan sonar from water surfaces for water bed topography

Mlustrative examples of results of implementation of a side scan sonar and of a
geophysical ground profiling offshore are shown in Fig. 1.2.
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1.3 Intrusive by Boring and Digging

For calibration of non-intrusive methods, taking ground samples for laboratory
testing, in-situ testing described in Chap. 2 and logging of ground profile and
ground water and gas conditions.

* Rotary boring with coring most revealing and expensive

* Augering in soil when heavy drill rig access is limited for standard penetration
testing and soil sampling

* Rotary percussive drilling in rock for testing of water permeability and mass
stiffness

* Mechanised digging in soil for soil classification, testing and sampling

¢ Blasting in rock for assessment of its excavability, vibration and noise during
exploitation

Ilustrative sketches of different types of boring and drilling bits are shown in
Fig. 1.3. Sizes of rock core sizes are given in Table 1.1.

Examples of unsafe practice are: cross contamination by drilling at contaminated
sites containing asbestos, heavy metals and volatile hydrocarbons, drilling offshore
through strata reach in hydrogen sulfide gas that is highly poisonous, digging into or
drilling through buried high voltage cables, buried gas mains, entering unsupported
excavations, handling polluted ground without protective equipment etc.

1.4 Extent of Site Investigations

Depends on available information initially and type, extent and development stage
of structures for which the investigation is required. EN 1997-2 (2007) recommends
the spacing and depth of site investigations. In general, an investigation depth

Fig. 1.3 Details of
intrusive equipment: (a)
cross section through a
rotary boring tube with

a core barrel inside, (b) side
view of a solid stem auger
and cross section through
a hollow stem auger for
taking soil samples and
performing filed tests, (c)
toe view of a drill bit for
rotary percussion drilling
in rock

WU T Uvuvuvuu

ML A A A8 AR
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Table 1.1 Rock core sizes

Casing

Borehole  Standard  Core size for Casing  outside Casing inside
Core diameter  core size  rigid plastic liner size or  diameter diameter
barrel type (mm) (mm) (mm) type (mm) (mm)
According to BS 4019 (1996) standard sizes
HWM 75.7 54.7 51 NX 88.9 76.2
HWF 98.8 76.2 72 HX 114.3 100.0
HWAF 99.5 70.9 - HX 114.3 100.0
PWF 120.0 92.1 87 PX 139.7 122.3
SWF 145.4 112.8 107 SX 168.3 14.7
UWF 173.7 139.8 132 UX 193.7 176.2
Wireline sizes
BQ 59.9 36.4 35
NQ 75.7 47.6 45
HQ 96.1 63.5 61
PQ 122.7 85.0 82
Geobore S 146.0 102.0 102 SX 168.3 147.7
Thinwall sizes
TNX 75.7 60.8 - NX 88.9 76.2
T2 66 66.1 51.9 - 74 74.3 67.3
T2 76 76.1 51.9 - 84 84.3 71.3
T2 86 86.1 71.9 68 98 98.0 89.0
T2 101 101.1 83.9 80 113 113.0 104.0
T6 116 116.1 92.9 89 128 128.0 118.0
T6 131 131.1 107.9 104 143 143.0 1333

should extend into rock, stiff clay or dense sand if they are not located at great
depths and to the longest distance and greatest depth where a structure can influence
or be influenced by adjacent ground, water and gas conditions and by existing
structures. In particular, the spacing of intrusive works is:

in the range from about 15 to 50 m and extending to the top of a soil slope
adjacent to investigated site and for a distance of 2 depths of an excavation in a
level ground

for high rise structures and civil engineering projects greater of 6 m and 3 times
the smaller side length of the foundation measuring from the foundation lowest
level

for raft foundations and structures with several foundation elements greater than 1.5
times the smaller side of the structures measuring from the foundation lowest level
for embankments and natural soil slopes greater of 6 m and 1.2 times the
maximum embankment/ slope height measuring from the embankment/ slope
lowest toe level

for cuttings greater of 2 m and 0.4 times the cutting depth measuring from the
cutting lowest level

for roads and airfields greater than 2 m measuring from the sub-base lowest level
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for trenches and pipelines greater of 2 m and 1.5 times the width of excavation
measuring from the excavation lowest level

for tunnels and caverns greater than 2 times the width of cavern measuring from
the toe lowest level

for cut-off walls greater than 2 m measuring from the surface of the stratum
impermeable to ground water

for piles greater of pile group width, 5 m and 3 times the pile base diameter
measuring from the pile toe levels

1.5 Reporting of Results

EN 1997-2:2007 specifies contents for factual reports. A factual report should
contain information on:

The purpose and scope of the investigations with a description of investigated
site and its topography including water streams and vegetation, the planned
structure and the stage of design

Limitations to the original program of site investigations, if any

Past use of the site particularly mining and industrial activities, if any

Site reconnaissance findings

Adjacent structures, if any, behaviour

Local relevant experience in the area (e.g. depth of shallow foundations)
Geology, tectonic setting and ground water aquifers

Land movements (landslides, subsidence, heave)

Non-destructive and remote sensing investigation results, if any

Ground water and gas (particularly radon) data

Borehole/ test pit/ trenches/ galleries logs with in situ test results and sampling
locations including sample type and size as well as sampling dates
Laboratory test results as individual sheets with dates of testing and as
summary tables containing the results of all tests performed for every sample
tested

Description of the standards/ methods used for field works and laboratory
testing

Survey data of locations of site investigations on a topographic map with plan
of the local structures (present and future)

Aerial photographs if any

Seismic hazard severity

Short descriptions of the equipment, methods and standards used

Valid calibration certificates of sensors and transducers used

An illustrative example of seismic hazard severity rating is shown in Fig. 1.4.

EN 1997-1:2004 specifies contents of interpretative reports. An interpretative

report should contain:

Summary of finding from the factual report
Ground profiles with ground and ground water levels
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Fig. 1.4 An example of classification of severity of seismic hazard (Extracted from the European-
Mediterranean Seismic Hazard Map, 2003, http://wija.ija.csic.es/gt/earthquakes/)

* Summary graphs of test results versus levels in nearly horizontally layered soil
or for each individual layer for slopping layers

* Graphs of correlations between classification and engineering properties with
added available published data for checking and comparison. The classification
properties are: density for coarse soil, over consolidation ratio, plasticity and
consistency indices for fine soil, rock mass rating (RMR) and/or quality (Q)

¢ Tables of recommended engineering ground properties (as a minimum: soil/
rock type, unit density, shear strength parameters — undrained and drained for
fine grained soil, modulus of compressibility: maximum value and its decrease
with strain increase, coefficient of water permeability, rock unconfined com-
pressive strength)

« Ultimate and allowable bearing capacity and settlement/horizontal displace-
ment of shallow and deep foundations and retaining structures, safe slope
inclination, etc. when required

* Recommendations for additional investigation and testing if necessary

Ilustrative example plots of soil classification properties versus elevation and of
engineering properties versus classification properties are shown in Fig. 1.5.


http://wija.ija.csic.es/gt/earthquakes/

Fig. 1.5 Example plots of
(a) soil classification
properties versus elevation,
(b) engineering versus
classification property

for a compaction trial

1.6 Summary
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» Methodology and stages of site investigations listed in Sect. 1.1 should always

be followed.

Types and extent of site investigations are highly dependent on a particular
case. An example of the bill of quantities for a small size site investigation
for piled foundation is given in Table 1.2 for field works and Table 1.3 for
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Table 1.2 An example of the bill of quantities for a small size field investigation

Max. Unit Max.
No Description Unit quantity price cost

1 Rotary drilling to 10 m depth, with core minimum diameter of m’
100 mm in soil and 50 mm in rock
The unit price to include:
Determinations of the coordinates and levels
for ___ boreholes
Reporting on the ground water levels in the borehole
Digital colour photographs of the cores in boxes with
clear labelling
Borehole logs with visual in situ classification of soil
and rock
Keeping and securing of the cores for duration of 3 months
Infill of the borehole by grout
Equipment transport (mobilisation/demobilisation)
and stand by
Health and safety measures for the personnel as well as
security of the working place and equipment
2 Rotary drilling to depth of 20 m, with core minimum diameter m'
of 100 mm in soil and 50 mm in rock. Number of bore-
holes ____. The unit price to include all costs as men-
tioned for depths to 10 m
3 Rotary drilling to depth of 30 m, with core minimum diameter m
of 100 mm in soil and 50 mm in rock. Number of bore-
holes ____. The unit price to include all costs as men-
tioned for depths to 10 m
4 Taking, packing in plastic transparent bags, labelling, No
securing and transporting of disturbed samples from
non-cohesive soil to the local laboratory of the contractor.
The minimum sample mass 5 kg each
5  Taking, packing in steel air tight containers or clinging film, No
aluminium foil and cardboard cylinders with vexed ends,
labelling, securing and transporting of thin wall tube
non-disturbed samples with the minimum diameter of
100 mm from cohesive soil to the local laboratory of the
contractor. The minimum sample height to diameter ratio
of 2.5
6  Taking, packing, labelling, securing and transporting of rock No
core samples to the local laboratory of the contractor.
The minimum sample length to diameter ratio of 3
7  Taking, packing in 1 1 bottle, labelling, securing and No
transporting of ground water samples to the local labora-
tory of the contractor
8  Standard penetration test in non-cohesive soil at depth dif- No
ferences not exceeding 1.0 m with reporting of the results

Notes: The national, ISO, BS, EN or ASTM relevant standards are applicable to all site investi-
gations and testing. The actual standards used to be stated in the factual report. The calibration
certificates of the SPT equipment used to be included with the factual report. Short description/
type of the equipment and procedures used to be included in the factual report. All the personnel
involved to be appropriately qualified and sufficiently experienced. Non-disturbed samples of
cohesive soil and rock cores to be packed immediately after the extraction to preserve their natural
moisture content. Geophysical and contamination tests (Sect. 4.9.2) not included here



http://dx.doi.org/10.1007/978-94-017-8638-6_4
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Table 1.3 An example of the bill of quantities for a small size laboratory testing

Max. Unit Max.
No Description Unit quantity price cost

1 Grain size distribution (sieve only) of samples from each soil No
layer encountered

2 Unit density and moisture content of all samples taken from No
cohesive soil

3 Liquid and plastic limit of samples taken from cohesive soil

4 pH, sulphate and chloride content on water samples No
5  pH, sulphate and chloride content on soil samples No
6

Unconsolidated undrained triaxial tests on the samples taken No
from cohesive soil
Cell pressure used ~0.5 overburden total stress at the sample
depth
7  Consolidated undrained triaxial test with pore water pressure No
measurement on the samples taken from cohesive soil.
Cell pressures 50, 100, 200 kPa
8  Unconfined compressive strength of rock core samples No
9  Factual report (paper and one electronic version) with the No
final borehole logs, summary tables and graphs for the
laboratory test results

Notes: The national, ISO, BS, EN or ASTM relevant standards are applicable to all laboratory
testing. The actual standards used to be stated in the factual report. The calibration certificates of
laboratory stress/strain/pressure/displacement gages used to be included with the factual report.
Short description/type of the equipment and procedures used to be included in the factual report.
All the personnel involved to be appropriately qualified and sufficiently experienced. Contamina-
tion tests not included

laboratory testing. An example of ground investigation health and safety risk
assessment is given in Table 1.4.
« Contents of factual and interpretative reports are listed in Sect. 1.5
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