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7 ENGINEERING GEOLOGICAL INVESTIGATIONS

 
Introduction

Engineering geological investigation is considered as drilling, sampling, mapping and other geological fieldwork pertaining to the suitability of a site for the proposed engineering works. 

The important objectives of the engineering geological investigations are:

i) To assess the general suitability of a site for proposed engineering works.

ii) To enable preparation of an adequate and economic design.

iii) To investigate any subsequent changes in conditions, or any failures during construction. 

iv) To foresee and provide against geotechnical problems after construction

Engineering Geological studies include evaluation of parameters critical to slope stability, seismicity, fault investigations, ground water studies, professional geotechnical opinions and input for Environmental Impact Reports.

We conduct in-situ tests such as cone penetration testing, standard penetration testing, and field density testing (sand cone).  We also conduct suspension logging and seismic piezocone testing to determine the dynamic properties of soil and rock.

Field testing equipments in geotechnical investigations includes:

· A slope inclinometer probe for monitoring lateral land movement 

· Ground water monitoring devices (Piezometers) 

· Thin-walled drive samplers to obtain undisturbed samples in test borings 

· Sand cone equipment to determine the density of the soil in the field 

· Vane shear equipment 

· Field Penetrometer (standard penetration test (SPT))  

· Survey equipment

6.1 Possible Geologic hazards and Adverse Conditions

Adverse conditions can affect:

· the stability of excavated slopes during construction, 

· the stability of permanent slopes, 

· foundation settlement, 

· foundation bearing capacity, 

· sliding stability of structures, and 

· Planned water control measures such as grouting and drainage requirements.

Typical geologic hazards and adverse conditions evaluated by an engineering geologist include:

a. Adverse conditions that occur in soils include

· soft compressible zones of clay or organic materials; 

· lateral compositional changes related to variations in depositional environment; 

· changes in the relative density of granular materials; 

· fill containing trash or other undesirable materials; 

· swelling or slaking in hard, fissured clays; and 

· Changes in permeability.

b. Adverse conditions that can occur in rocks include

· weathering, 

· soft interbeds in sedimentary and volcanic rocks, 

· lateral changes, 

· presence of materials susceptible to volume change (e.g., swelling clay shales, sulfide-rich shales, gypsum, and anhydrite), 

· adversely oriented fractures (e.g., joints, bedding planes, schistosity planes, and shear planes), 

· highly fractured zones, faults, joints, and shear planes filled with soft materials, and 

· Exceptionally hard layers that inhibit excavation or grout/drain hole drilling.

c. Adverse conditions related to ground water include

· unexpectedly high pore pressures which reduce effective stress, 

· swelling materials, 

· slaking, 

· piping, 

· sand runs, and 

· Uplift pressures on partially completed structures.

· shallow ground water/seepage;

· slope stability; 

· erosion; 

· ground subsidence (such as due to ground water withdrawal, sinkhole collapse, cave collapse, and tectonic movement); 

d
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) Seismic and earthquake hazards (ground shaking, liquefaction, lurching, lateral, tsunami and seiche events); 

e) volcanic hazards (volcanic eruptions, hot springs, pyroclastic flows, debris flows, debris avalanche, gas emissions).

6.2 Typical Geotechnical and Geological Problems & Repair Methods

7.2.1 Geotechnical and Geologic Problems

a. Soil Settlement and Expansion
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Differential Settlement of fill materials
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a) Water intrusion beneath foundation cause Expansion / Heave

b) Severely distressed retaining wall
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a) Hydro consolidation

b) Hydro Expansion 
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Landslides and Mudflows
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a) Surficial Failure

b) Landslide
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a) Adverse Bedding

b) Re-activation of Ancient Landslide

c. Problems in retaining Walls
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d. Earthquakes: Ground shaking and Ground failure

7.2.2 Geotechnical Repair Methods

In geological investigations if adverse soil condition is encountered, one uses many soil improvement methods, including; 

· shear pins, 

· dewatering, 

· underpinning, 

· grouting and 

· Stabilization fills designs.
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a) Underpinning



b) Mat Foundation
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a) Compaction Grouting




b) French Drain (Moisture 

Barrier)
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a) Slope Stabilization with Caissons

b) Slope Stabilization with Geogrid

6.3 Methods in Engineering Geological Investigation

The methods used by engineering geologists in their studies include:

· Geologic field mapping of geologic structures, geologic formations, soil units and hazards; 

· The review of geologic literature, geologic maps, geotechnical reports, engineering plans, environmental reports, stereoscopic aerial photographs, remote sensing data, Global Positioning System (GPS) data, topographic maps and satellite imagery; 

· The excavation, sampling and logging of rock materials in drilled borings, backhoe test pits and trenches, fault trenching, and bulldozer pits; 

· Geophysical surveys (such as seismic refraction traverses, resistively surveys, ground penetrating radar (GPR) surveys, magnetometer surveys, electromagnetic surveys, and high-resolution sub-bottom profiling;  and

· Deformation monitoring as the systematic measurement and tracking of the alteration in the shape or dimensions of an object as a result of the application of stress to it manually or with an automatic deformation monitoring system; 

6.4 Engineering Geological Investigation Reporting

An engineering geologic report describes the:

· objectives, 

· methodology, 

· tests performed, 

· findings, geotechnical analysis and design recommendations for development, 

· References cited.

6.5 Phases of Engineering Geological Investigations

Engineering geologic studies are performed during the:

· Planning phases of a project (feasibility studies), 

· Designing phases of a project (compaction testing, and foundation inspection), 

· Construction phases of a project (critique of proposed grading and foundation plans), 

· Post-construction phases of a project and 

· Forensic phases of a project (investigation of causes and repair of earth failure mechanisms).

Engineering Geological site investigation will be conducted phase by phase as follows:

7.5.1 Phase I – Formulating an Investigation

This involves identification of the question to be answered by the investigator. In simple words it is defining the objectives of the investigation. 

7.5.2 Phase II – Data Collection

It involves data collection from different sources i.e., the Secondary data and the primary data collected from the field.

7.5.2.1 Secondary Data Collection

Some common types of secondary data required for engineering geological investigation are;

i) Published Data – it involves published papers, and other related material available for a proposed site under investigation. 

ii) Data collected from aerial photographs or remote sensing – This information may be useful for the projects which are to be planned on regional scale, such as a big dam reservoir project. For localized study it may depend on imagery scale and resolution.

iii) Maps – are useful tool to gather first hand information for a proposed site. Topographical maps provide useful information on general topography of the area, drainage network, important places etc. Geological maps prepared by National Geological Survey Department may provide the details on lithology, structure and other relevant data. 

iv) Land Record Data – Land use land cover informations are useful data for land acquisition or land development etc.

7.5.2.2 Primary Data Collection

Primary data is collected through exploration, sampling and testing. Depending upon need both surface and subsurface exploration method may be employed.

7.5.2.2.1 Primary Data Collection by Explorations

i) Surface Exploration – geological mapping of the area covering lithological and structural details, marking of landslides and springs etc.

ii) Subsurface Explorations – direct examination of sub surface by means of drifts, trenches, pits and boreholes.

iii) Indirect Examination – geophysical methods such as refraction, reflection, electrical resistivity etc.

The data obtained from sub surface may be compiled in the form of geologic profile, logs and 3 dimensional maps etc.

7.5.2.2.2 Primary Data Collection by Sampling

 Sampling and Testing starts simultaneously with surface and sub-surface exploration. Sampling produces qualitative and quantitative results. Identifying the various lithologies while drilling is qualitative result while, measuring the fractures in core recovered from drilling is quantitative result.

7.5.2.2.3 Primary Data Collection by Testing

Testing is done in-situ and in laboratory on representative samples. 

i) Laboratory Tests

A number of laboratory tests can be performed on soil samples to determine their soil properties including the following:

· Maximum Density Determination for Relative Compaction (numerous standards)

· Direct and residual Shear Strength

· Consolidation Tests

· Expansion Index

· Moisture and Density Determination

· Sand Equivalent

· Sieve Analysis

· Atterberg Limits 

· Unconfined compressive strength tests

· Triaxial compression test.

ii) Field or Insitu tests

· Percolation Testing

· Cone Penetration Tests (CPT) 

· Standard Penetration Test

· Permeability Test

7.5.3 Phase III – Interpretation of Data

An engineering geological investigation will be incomplete without proper interpretation of data collected from the field and the test results obtained from the representative samples in the laboratory. The interpretation of data must be carried out keeping in mind the scope of work and requirements. The results thus obtained are used for making conclusions and recommendations.

7.5.4 Phase IV – Communication of Investigations 

The final step in an investigation is communication. It is obvious that without transferring the findings in a useable format to the user the investigation will serve no useful purpose.  The communication process transfers the investigation results to the user for action. 

6.6 Types of Engineering Geological Investigations

There are two basic types of Engineering Geological investigations:

· Regional studies and 

· Site investigation. 

i) Regional studies

Regional studies are usually undertaken to provide information for land-use planning and other resource management. It is useful for broad decision making purposes required in regional planning. Maps or inventories are the typical products of regional studies. However, such studies may lack the details required for the engineering design. 

ii) Site Investigations

These types of studies are done on specific area of interest and involve details for the engineering design.

Stages of Site Investigations

There are three distinct stages of site investigations:

i) preliminary investigation: that supports a feasibility stage of the project, 

ii) detailed investigation: which provides information necessary for project design and construction planning and 

iii) Implementation studies: permit changes in expected conditions that are incorporated in design modifications and evaluation of completed work, thus supporting the actual construction of the project.

i) Preliminary Studies

Most preliminary information required for a site investigation can be obtained from published maps and previous investigation reports. The following preliminary informations are obtained from published maps and reports:

i) Geological setup of the site.

ii) Slope angles.

iii) Ground water level.

iv) Type of soil/ rock underlying the site.

v) Accessibility 

vi) Ancient monuments/ buildings present in and around the site.

ii) Detailed Site Explorations

Detailed Site exploration is the intensive investigation of the proposed site. The results obtained from the detailed site explorations are incorporated into the final design and construction of the project. Site exploration for any engineering works basically involves important objectives as determining and interpreting surface and subsurface conditions that influence design and construction.

iii) Implementation Studies

There is a misconception that once the construction begins the engineering geologist has no further role in the project. According to Terzaghi, the investigations must be continued during the construction stage. It was referred to as “learn as you go method”. The continued investigations may help in determining the geological conditions encountered during project construction, which may differ from what was expected during exploration stage. This is called “changed condition”.  Continued investigation during construction stage will serve as the basis for changing the project design to avoid major problems in project performance. Investigation during construction stage may also provide information for specifications for project, which are important for contract inspections.

6.7 Geological Considerations in Dam and other reservoir Construction

The main geological investigation and considerations involved in Dam and other Reservoir Construction are:

· conduct geo-technical core drilling for several  bore holes at the dam site

· Perform in situ tests, like: 

· Standard penetration test (SPT) in each borehole for an assessment of bearing capacity of the materials at the dam site. 

· Permeability test (packer and falling head test) in each borehole for an assessment of water tightness of the rock and soil materials of the dam site.

· Piezometer installation and records

· Carry out geological and geotechnical core logging.  The basic objectives of core logging are to provide a factual, accurate, and concise record of the important geological and physical characteristics of soil and rock materials 

· Collect undisturbed soil samples using Shelby tube at representative sections for laboratory test

The ultimate goal of any investigation should be to carefully evaluate the safety of the dam with respect to all identifiable and foreseeable failure mechanisms, and to monitor changes that may indicate development of a hazardous condition.

Failure of the dam may result in loss of life or serious damage to small houses, large buildings, utilities, highways, or railroads. “Failure” is defined herein as an occurrence of excessive erosion or deformation of the embankment that may result in an uncontrolled release of reservoir water or damage to appurtenant structures.

7.7.1 Failure mechanisms of a dam

Different potential failure mechanisms of a dam include: slope stability failure, piping failure, overtopping failure, and foundation failures

7.7.1.1 Slope Stability Failures

For a soil mass within an embankment, two forces act upon the soil mass.  

· The driving force, due to the weight of the soil, tends to move the soil mass down slope.  

· The resisting force, due to the strength of the soil along the base of the soil mass, or “slip surface,” tends to hold the soil mass in place.  

If the driving force is greater than the resisting force, the soil mass will slide along the slip surface and a slope stability failure will occur. The potential for failure for a given soil mass is quantified in terms of the Factor of Safety, which is defined as the resisting force divided by the driving force.  If the Factor of Safety is greater than 1.0, the soil mass will not slide.

For earth dams, there are three causes of slope stability failures in dams: 

· steady-state seepage causing Erosion, 

· Seismic hazard causing ground shaking and foundation liquefy.  , and 

· Rapid-drawdown of water level.  

For the steady-state case, failure occurs on the downstream side of the dam under conditions of steady-state seepage.  This type of failure may occur as a result of an increase in pore water pressure in the dam.  For the rapid-drawdown case, failure occurs on the upstream side of the embankment as a result of a sudden lowering of the reservoir level. 

For the seismic case, the driving force on the soil mass increases due to horizontal earthquake force, while the resisting force may be reduced if portions of the embankment or foundation liquefy.

The soil particles become supported by the pore water, which has no shear strength.  As a result, the shear strength of the soil approaches zero.  When performing a seismic slope stability analysis, it may be found that at times during the earthquake when ground shaking is at a maximum, the Factor of Safety falls below 1.0 and some deformation occurs.

7.7.1.2 Piping Failures

Properly designed earth dams are intended not to eliminate seepage completely, but to control seepage so that excessive water pressures within the embankment do not cause a steady-state slope stability failure.  To control seepage, dams are often constructed with a core of fine-grained soil (to minimize seepage) flanked by zones of coarser-grained soil (to control seepage that does occur and prevent water pressure buildup). However, if measures are not taken to prevent the fine-grained soil particles from dislodging and seeping into the pore spaces of the coarse-grained soil, cavities can develop inside the dam.  Cracks can also develop within the dam due to differential settlement within the embankment, especially if the depth to bedrock is highly variable.  The cavities and cracks can act as preferential conduits for water to flow freely through the dam and erode the dam from the inside out.  This phenomenon, referred to as “piping,” can cause a dam to fail suddenly and catastrophically.  Cracks and fissures, high-permeability strata, and Karst features in the foundation and abutments may also act as preferential conduits and contribute to piping. 

7.7.1.3 Overtopping Failures

Dams are designed with principal and emergency spillways to control the maximum reservoir elevation and prevent the reservoir from flowing over the top of the dam, or “overtopping.”  When the spillways are not adequately designed; or if they become obstructed and cease to function, overtopping may occur.  Overtopping can cause large amounts of erosion on the down slope side of the dam, which may compromise the stability of the dam.

7.7.1.4 Foundation Failures

When a new dam is constructed, the underlying foundation materials must bear a significant load due to the weight of the dam and reservoir.  If the foundation consists of weak materials, such as soft clay, a foundation stability failure can occur, leading to significant deformation of the embankment.  Failures may also occur under steady-state conditions in existing dams if a weak or permeable seam exists in the foundation.  If seepage occurs along a seam, the elevated pore pressure and increased water content of the seam material may cause a reduction in strength along the seam.  Piping within the seam may also be a contributing factor. Karst features may affect foundation capacity by allowing preferential flow, causing stress concentrations in the foundation rock, and presenting opportunities for limestone dissolution.  Finally, liquefaction of granular soils during an earthquake may reduce the stability of the foundation.

The scope of the geotechnical investigation for a dam is dependent on the following:

· Hazard potential classification 

· Size 

· Anticipated materials and construction methods 

· Site geology and seismicity 

· Anticipated soil strata 

· Other site-specific conditions 

The geotechnical investigation program must include the number and location of boreholes and test pits, type and depth of borehole, sample collection methods, frequency of standard penetration tests (SPT) and other borehole tests, field tests and laboratory tests to be performed and so forth. 

A geotechnical investigation must consider the following, where applicable: 

1. Boreholes: Test borings must be located in the footprint of the embankment, spillway excavation and appurtenant structures. Boreholes must extend to sound bedrock or at least to the depth equal to the height of the dam. The borehole logs must record the depths of any problems such as borehole instability (cave in, squeezing hole, flowing sands), cobbles, lost drilling fluid, lost ground, obstruction, fluid return color changes and equipment problems, and a discussion of the problem must be provided in the geotechnical report. The geotechnical report must provide details of the drilling method, drilling fluid, size of boreholes and the ground elevations at the top of the boreholes. 

2. Test Pits or Trenches: Supplemental test pits or trenches provide visual inspection of soil layers, measurement of bedrock orientation and collection of bulk samples. Test pits and trenches must be logged. 

The important points to consider when selecting a dam site are as follows:

· mine site license conditions should be checked or local water resources authorities contacted to ensure a dam is allowable under environmental, water use and dam safety restrictions;

· The storage volume should be selected to suit the expected catchment runoff volumes. This will prevent excessive earthworks or an eroded spillway;

· Unless the dam is for sediment capture purposes, the upstream (u/s) catchment should not be excessively disturbed. If this is unavoidable, an u/s silt trap will have to be installed and constantly maintained (i.e. emptied);

· An ideal site is on a flat gradient watercourse in a wide flat-bottomed valley immediately upstream of a narrow gorge. Sides of the valley must remain stable when saturated to avoid land slips into the dam;

· The foundations for the dam must be sufficiently strong to support the embankment without excessive settlement and must be impervious to seepage. Stiff inorganic clay is ideal while sedimentary rock can be acceptable. Fractured igneous rock or deep layers of sand and gravel should be avoided;

· The availability of suitable material nearby is vital. As a safety factor, two to three times the expected quantities should be available;

· A subsurface geotechnical investigation should be carried out on favoured sites to assess the above factors as well as groundwater levels, cutoff trench depths and borrow pit boundaries.

The moisture content which allows the maximum density to be achieved by the compaction equipment shall be used;

The most common Field (in situ) tests in dam site investigation are:

1. Standard Penetration Test (SPT) 

The SPT has been performed at depths favorable to conduct the test especially in unconsolidated deposits by advancing a split spoon sampler into the base of a borehole by blows from a hammer with a standard weight of 63.5 kg falling from a height of 75 cm. The number of blows N required advancing the sampler at distance of 30 cm into the soil is recorded and indicates the soil’s density and confining stress. There is correlation between standard penetration test (SPT) value and density of granular soil and used in determination of the above factors.

2. Permeability Tests (Water pressure Test)

Water pressure test in rock beds has been performed in the section of boreholes within depth range limit based on the favorability of lithological condition. During the injection of water, water quantity was observed and recorded every 1 to 2 -minute. Water level in the boreholes as well as relative height of pressure gauge from the top of the hole was recorded in each test.

The result presented includes coefficient of permeability K (m/s), and Lugeon unit. A lugeon is defined as the water loss of 1(lit/min)/m length of test section at an effective pressure of 1MPa or 10bar. The formula applied to compute Lugeon values is;

Lu =Q*10/L*H Where,

             Q =Injection rate (lit/min)

               L=Length of test section

               H=Total pressure

               H=A+B+C+D

                    A=Gauge pressure

                          B=Depth to G.W.L

                                C= Height of pressure gauge (Bar)

                                     D=Height of water swivel (Bar)

Generally accepted permeability range for Lugeon values is shown below;

Lugeon  value
Relative permeability

<1
Low

1-5
Low to Moderate

5-50
Moderate to High

>50
High

3. Piezometer installation and records

For the safety of dam structures, monitoring of the ground water level is preferable before the commencement of an actual construction work, during the construction activities, and after completion of the project activities.

6.8 Geological Considerations in Tunnel Construction

In the planning and design of tunnels serious consideration must be given to the geology and hydrogeology along a tunnel alignment; because tunnels might be placed in or out of an adverse geological feature. This not only determines construction cost, but also can affect long-term maintenance problems, such as groundwater leakage. 

· Geology dominates the feasibility, behavior, and cost of any tunnel. Determination of stratigraphy (Geology) and the elevation of the groundwater table and groundwater leakage (Hydrogeology) in particular are invaluable for a tunnel project.

· The presence of the dyke providing a persistent, relatively low strength, near vertical discontinuity transecting the roof of the excavation in a strike direction

· Development of very large settlements or sinkholes above tunnels or other underground excavations shall also be taken into consideration.

· The presence of orthogonal, closely-spaced jointing

· The presence of faults with orientations such that, in conjunction with the dyke, the joints and the excavations boundaries, they could isolate blocks that were free to fall or slide from the excavation boundaries if not adequately supported,

· The poor mechanical properties of the overlying rock mass.

Assignment 6

Explain very briefly the geological considerations in Airport, Road and Railway Construction, in Bridge Construction, and in Building Construction. Compare and contrast the tests to be done in each investigation.

                                         THANK YOU !!!!

                                   ENG. eebii(AB)
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