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Geotechnics and Engineering Design 
Geotechnics:

ÅThe branch of civil engineering concerned with the study and 

modification of soil and rocks.

ÅTheapplicationof scientific andengineeringprinciples to 

thesolution of civil engineeringand other problems created by 

the nature and constitution of the Earth's crust.

Engineering Design:

ÅThe process of devising a system, component, or process to meet 

desired needs. 

ÅIt is a decision-making process (often iterative), in which the 

basic science and mathematics andengineeringsciences are 

applied to convert resources optimally to meet a stated objective. 3
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GEOTECHNICAL HAZARDS AND GEOLOGICAL HAZARDS

Requirement 21:Geotechnical characteristics and geological 

features of subsurface materials

The geotechnical characteristics and geological features of 

subsurface materials shall be investigated, and a soil and rock 

profile for the site that considers the variability and uncertainty 

in subsurface materials shall be derived. 

5.24. The static and dynamic geotechnical characteristics and 

geological featuresof subsurface materials at the site, including any 

backfill, shall be established. Laboratory and field based methods 

shall be used, in conjunction with appropriate sampling techniques 

and sufficient repetition of each test, to characterize each parameter 

of the subsurface materials at the site.
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GEOTECHNICAL HAZARDS AND GEOLOGICAL HAZARDS

Requirement 21: Geotechnical characteristics and geological 

features of subsurface materials

The geotechnical characteristics and geological features of 

subsurface materials shall be investigated, and a soil and rock 

profile for the site that considers the variability and 

uncertainty in subsurface materials shall be derived. 

5.25. The stability and bearing capacity of foundation materials 

shall be assessed, including consideration of the potential for 

excessive settlement under static and seismic loading.

5.26. The physical and the geochemical properties of the soil and 

groundwater shall be studied by appropriate methods and taken into 

account in the evaluation of the subsurface materialat the site.
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GEOTECHNICAL HAZARDS AND GEOLOGICAL HAZARDS

Requirement 22: Evaluation of geotechnical hazards and 

geological hazards

Geotechnical hazards and geological hazards, including slope 

instability, collapse, subsidence or uplift, and soil liquefaction, 

and their effect on the safety of the nuclear installation, shall be 

evaluated.

Slope instability

5.27. The site and the site vicinity shall be evaluated to determine 

the potential for slope instability(such as landslides, rock fall and 

snow avalanches), caused by natural or human induced 

phenomena, which could affect the safety of the nuclear 

installation. In the evaluation of slope instability, the configuration 

of the site during and after site preparation activities shall be 

addressed. The evaluation of slope stability shall also take into 

account extreme meteorological conditions and rare meteorological 

events.
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GEOTECHNICAL HAZARDS AND GEOLOGICAL HAZARDS

Requirement 22:Evaluation of geotechnical hazards and 

geological hazards 

Geotechnical hazards and geological hazards, including slope 

instability, collapse, subsidence or uplift, and soil liquefaction, 

and their effect on the safety of the nuclear installation, shall be 

evaluated.

Slope instability

5.28. The potential for slope instability resulting from seismic 

loadingshall be evaluated using parameters appropriate for 

describing the seismic hazards and the soil and groundwater 

characteristicsat the site.
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GEOTECHNICAL HAZARDS AND GEOLOGICAL HAZARDS

Requirement 22: Evaluation of geotechnical hazards and 

geological hazards 

Geotechnical hazards and geological hazards, including slope 

instability, collapse, subsidence or uplift, and soil liquefaction, 

and their effect on the safety of the nuclear installation, shall be 

evaluated.

Soil liquefaction

5.30. The potential for liquefaction and non-linear effects of the 

subsurface materials at the site shall be evaluated using parameters 

appropriate for describing the seismic hazards and geotechnical 

properties of the subsurface materials at the site.

5.31. The evaluation of soil liquefaction shall include the use of 

accepted methods for field and laboratory testingin combination 

with analytical methodsto assess the hazards.
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General Recommendations

2.2. In accordance with these requirements and in line with international

practice, the geological, geophysical and seismological characteristics of the

region around the site and the geotechnical characteristics of the site area 

shouldbe investigated as recommended in this Safety Guide for the purpose of

evaluating the seismic hazards at the nuclear installation site.

2.3. Where necessary, the site region should include areas extending beyond

national borders and the relevant offshore area for sites located near a coastline.

The database acquired should be homogeneous for the entire region to the 

extentpossible or, at a minimum, should be sufficiently complete for 

characterizing,

from a seismotectonic point of view, features relevant to the site that are 

locatedin other States or in offshore areas.

2.4. The size of the region to be investigated, the type of information to be

collected and the scope and detail of the investigations should be determined in

accordance with the nature and complexity of the seismotectonic environment. 
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Geological, Geophysical And Geotechnical Database

This may involve investigations at the scale (detail) of the near region 

and site vicinity to assess the potentialseismogenic features located 

outside the near region. Identification of theground effects of 

prehistoric and historical earthquakes on the geological and

geomorphological environment (i.e. palaeoseismology, see para. 4.13) 

is alsouseful for this purpose.

3.10. The data are typically presented on maps at a scale of 1:500 000 

or larger, and with appropriate cross-sections.

Near regional investigations

3.11. Near regional studies should include a geographical area 

typically not lessthan 25 km in radius, although this dimension should 

be adjusted to reflect localconditions. The objectives of these studies 

are to:

(1) Define the seismotectonic characteristics of the near region on the 

basis of amore detailed database than that obtained from the regional 

study;

(2) Determine the latest movements of faults;
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Geological, Geophysical And Geotechnical Database

(3) Determine the amount and nature of displacements, rates of 

activity andevidence related to the segmentation of faults.

3.12. To supplement the published and unpublished information for 

the nearregional area, specific investigations typically should 

include a definition of thestratigraphy, structural geology and 

tectonic history of the near region. Thetectonic history should be 

thoroughly defined for the present tectonic regime,the length of 

which will depend on the rate of tectonic activity. For example, for

studies to assess fault capability, the tectonic information through 

the UpperPleistoceneïHolocene (i.e. the present) may be adequate 

for interplate regionsand that through the PlioceneïQuaternary 

(i.e. the present) for intraplateregions. Age dating, by any reliable 

and applicable method, should beperformed. In addition to field 

mapping, other sources of data should be used if

necessary, for example:
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Geological, Geophysical And Geotechnical Database

(a) Subsurface data derived from geophysical investigations (such 

as seismicreflection, refraction, gravimetric, electric and magnetic 

techniques), tocharacterize spatially the identified structures 

considered to be relevant interms of their geometry, extent and rate 

of deformation. Use of heat flowdata may also be necessary. These 

data are of primary importance in dealingwith offshore areas (for 

sites located on or near a coastline).

(b) Surface data derived from studies of Quaternary formations or 

land forms,such as terrace analysis and pedological and 

sedimentological studies. Useshould be made of aerial and satellite 

photographs and/or images for this task.

(c) For understanding the ongoing rate and type of deformation, use 

shouldalso be made of data derived by recently developed 

technological meanssuch as global positioning system data and 

interferometry data, and of dataderived from strain rate 

measurements.
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Geological, Geophysical And Geotechnical Database

3.13. For some relevant structures identified in the near regional 

investigations, itmay be necessary to conduct additional geological 

and geophysical studies at thesite vicinity scale in order to obtain 

the desired detail of characterization (seepara. 4.13).

3.14. Investigations should be made in sufficient detail so that the 

causes of eachrecent (in terms of the pertinent time window for the 

specific local tectonicenvironment) geological and 

geomorphological feature that is relevant (e.g.linear topographic or 

structural features as found in photographs, remote sensing

imagery or geophysical data) can be properly included in a 

reasonable model of the recent geological evolution of the area.

3.15. The data are typically presented on maps at a scale of 1:50 

000 and withappropriate cross-sections.
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Geological, Geophysical And Geotechnical Database

Site vicinity investigations

3.16. Site vicinity studies should cover a geographical area 

typically not less than5 km in radius. In addition to providing a yet 

more detailed database for thissmaller area, the objective of these 

investigations is to define in greater detail theneotectonic history 

of the faults, especially for determining the potential for andrate of 

fault displacement at the site (fault capability), and to identify 

conditionsof potential geological instability of the site area.

3.17. Investigations of the site vicinity typically should include

geomorphological and geological mapping, geophysical 

investigations andprofiling, boreholes and trenching (see Section 

8), and the data to be providedshould be consistent with the 

tectonic environment and the geological featuresobserved. As a 

minimum, the following data sets should be provided:

(a) A geological map with cross-sections;

(b) Age, type, amount and rate of displacement of all the faults in 

the area;
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Geological, Geophysical And Geotechnical Database

Site vicinity investigations

Identification and characterization of locations potentially 

exhibiting

hazards induced by natural phenomena (e.g. landslide, subsidence,

subsurface cavities or karstic processes) and by human activities.

3.18. Typically, the data are presented on maps at a scale of 1:5000 

and withappropriate cross-sections.
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Geological, Geophysical And Geotechnical Database

Site area investigations

3.19. Site area studies should include the entire area covered by the 

nuclearpower plant, which is typically one square kilometer. The 

primary objective ofthese investigations is to obtain detailed 

knowledge of the potential for permanentground displacement 

phenomena associated with earthquakes (e.g. fault

capability, liquefaction, subsidence or collapse due to subsurface 

cavities) and toprovide information on the static and dynamic 

properties of foundation materials(such as P-wave and S-wave 

velocities), to be used in site response analysis asdefined in detail 

in Ref. [6].

3.20. The database should be developed from detailed geological, 

geophysicaland geotechnical studies, including in situ and 

laboratory testing.

3.21. The following investigations of the site area should be 

performed, by usingfield and laboratory techniques:



Seismic Hazards and Site Evaluation 

for Nuclear Installations

26

Geological, Geophysical And Geotechnical Database

Site area investigations

(a) Geological and geotechnical investigations to define the 

stratigraphy andthe structure of the area: Investigations using 

boreholes or test excavations(including in situ testing), geophysical 

techniques and laboratory testsshould be conducted to define the 

stratigraphy and structure of the site areaand to determine the 

thickness, depth, dip, and static and dynamicproperties of the different 

subsurface layers as may be required byengineering models (e.g. 

Poissonôs ratio, Youngôs modulus, shear modulus,

density, relative density, shear strength and consolidation 

characteristics,grain size distribution).

(b) Hydrogeological investigations: Investigations using boreholes and 

othertechniques should be conducted to define the geometry, physical 

andchemical properties, and steady state behaviour (e.g. water table 

depth,recharge rate, transmissivity) of all aquifers in the site area, with 

thespecific purpose of determining the stability of soils and how they 

interactwith the foundation.
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Geological, Geophysical And Geotechnical Database

Site area investigations

(c) Supplemental investigations of site effects: The dynamic 

behaviour of thesite should be assessed, using available 

macroseismic and instrumentalinformation as guidance.

3.22. All the data required for assessing the dynamic soilïstructure 

interactionshould be acquired in the course of these investigations. 

For completeness andefficiency, the investigations described in 

paras 3.19 and 3.20 should beintegrated with the investigations 

required for the dynamic soilïstructureinteraction as described in 

Ref. [2].

3.23. The data are typically presented on maps at a scale of 1:500 

and withappropriate cross-sections.
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Geological, Geophysical And Geotechnical Database

Site area investigations

(c) Supplemental investigations of site effects: The dynamic 

behaviour of thesite should be assessed, using available 

macroseismic and instrumentalinformation as guidance.

3.22. All the data required for assessing the dynamic soilïstructure 

interactionshould be acquired in the course of these investigations. 

For completeness andefficiency, the investigations described in 

paras 3.19 and 3.20 should beintegrated with the investigations 

required for the dynamic soilïstructureinteraction as described in 

Ref. [2].

3.23. The data are typically presented on maps at a scale of 1:500 

and withappropriate cross-sections.



Geotechnical Aspects and Foundation Safety
OBJECTIVE

The purpose of this Safety Guide is to provide 

guidance on dealing with geotechnical engineering 

aspects that are important for the safety of nuclear

power plants. Seismic aspects also play an important 

role in this field, and consequently the Safety Guide on 

Evaluation of Seismic Hazards for Nuclear

Power Plants, Safety Standards Series No. NS-G-3.3 

[2], which discusses the determination of seismic input 

motion, is referenced on several occasions. The

present Safety Guide provides an interpretation of the 

Safety Requirements on Site Evaluation for Nuclear 

Installations [3] and guidance on how to implement

them. It is intended for the use of safety assessors or 

regulators involved in the licensing process as well 

as the designers of nuclear power plants, and it

provides them with guidance on the methods and 

procedures for analyses to support the assessment 

of the geotechnical aspects of the safety of nuclear

power plants.
29



Geotechnical Aspects and Foundation Safety
SCOPE

1.4. In the process of selection of a new site for a nuclear installation, a 

series of parameters are required to be considered, as established in Ref. 

[3]. These parameters usually play a prominent role, and the site finally 

selected is seldom an ideal one with regard to geotechnical conditions 

(practically, a site may be dropped from consideration on geotechnical 

grounds only if the conditions are very poor). This Safety Guide therefore 

provides guidance for dealing with the realistic possibility of a situation in 

which complex geotechnical conditions are faced.

1.5. This Safety Guide discusses the geotechnical engineering aspects of 

the subsurface conditions and not the geological aspects, except where 

these directly affect the foundation system. It discusses the programme of

investigations that should be carried out to obtain an appropriate

understanding of the subsurface conditions, which is necessary for 

determining whether the conditions are suitable for the construction of a 

nuclear power plant. It also provides a description of the geotechnical 

profiles and the parameters that are suitable for use in performing the 

geotechnical analyses that are required for the design of a nuclear power 

plant. It also discusses the monitoring of the geotechnical parameters at 

the site. 30



Geotechnical Aspects and Foundation Safety
SCOPE

1.6. Methods of analysis appropriate for the safety assessment of the site 

are discussed here, particularly for the assessment of the effects of an 

earthquake on the site, including the determination of site specific 

response spectra and estimation of the liquefaction potential. The Safety 

Guide also discusses methods of analysis appropriate for the safety 

assessment of the effects of static and dynamic interaction between the 

soil and the structures, and of the consequences for the bearing 

capacities and for settlements. A more detailed description of methods for 

the analysis of soilïstructure interactions is given in Ref. [1]. In this Safety 

Guide only the site dependent information and the methods of analysis are 

addressed.

1.7. This Safety Guide discusses foundation works, including the

consequences for the geotechnical profiles and parameters, the possible

improvement of foundation material and the appropriate choice of the

foundation system according to the soil capacities.

1.8. Also discussed are earth structures, including natural slopes, and 

buried structures, the safety of which may need to be assessed. The 

Safety Guide discusses appropriate methods for the analysis of the 

behavior of such structures under static and dynamic loads.
31



Geotechnical Aspects and Foundation Safety
2. SITE INVESTIGATION

INVESTIGATION PROGRAMME

2.1. Investigation of the subsurface conditions at a nuclear 

power plant site is important at all stages of the site evaluation 

process. 

The purpose of this investigation is to provide information or 

basic data for decisions on the nature and suitability of the 

subsurface materials. 

At each stage of the site evaluation, the investigation 

programme should provide the data necessary for an

appropriate characterization of the subsurface. 

Detailed subsurface investigations should be performed in the 

later stages. The specific requirements will vary greatly from 

stage to stage.
32



Geotechnical Aspects and Foundation Safety
2. SITE INVESTIGATION

INVESTIGATION PROGRAMME

2.2. The programme of investigation should cater to all stages of the site

evaluation process. For a nuclear power plant, site evaluation typically 

involves the following stages:

ðSelection stage. One or more preferred candidate sites are selected 

after investigation of a large region, rejection of unsuitable sites, and 

screening and comparison of the remaining sites.

ðCharacterization stage. This stage is further subdivided into:

Å Verification, in which the suitability of the site to host a nuclear power

plant is verified mainly according to predefined site exclusion criteria;

Å Confirmation, in which the characteristics of the site necessary for the

purposes of analysis and detailed design are determined.

ðPre-operational stage. Studies and investigations begun in the previous

stages are continued after the start of construction and before the start of

operation of the plant to complete and refine the assessment of site

characteristics. The site data obtained allow a final assessment of the

simulation models used in the ultimate design.

ðOperational stage. Selected investigations are pursued over the lifetime 

of the plant. 33



Review: Purpose of Site 

Investigations

The elements of a site investigation depend heavily on the project but

generally should provide the following:

ÇType of foundation required (shallow or deep).

ÇAllowable load capacity of the foundation.

ÇSufficient data/laboratory tests to make settlement predictions.

ÇGroundwater table location

ÇIdentification of construction problems (sheeting and dewatering or

rock excavation)

ÇAdjacent structures.

ÇEnvironmental problems.

34



Review: Planning of Site Investigations

Locations of borings depend largely on the shape and size of the structure. 

Spacing of borings can be as small as 7 or 8 m in erratic soilconditions and 

as large as 150 m in uniform soils. 

No rigid rule is to be seen for spacing exploratory borings. Following very 

general rules may be given: 

Reach to stable layerand penetrate all unsuitable soil layers. 

Penetrate to the depth where settlement is negligible. 

Bedrock and occasional boulders must be verified by borings. When the 

structure is to be founded on rock, some borings should be extended into 

sound rock. 
35



Geotechnical Aspects and Foundation Safety
2.14. The necessary boring depths will vary with the site 

conditions, but the borings should be deep enough to be able 

to describe fully the site conditions that would affect 

structures and to confirm the soil and rock conditions determined 

in previous investigations. Where soils are very thick, and to 

enable the evaluation of potential deep instability at the site, the 

minimum boring depth for engineering purposes should be taken 

as the smaller of the following two values: 

(i) the depth at which the change in the vertical stress during or

after construction is less than 10% of the in situ effective 

overburden stress, or

(ii) the depth of one foundation diameter.

2.15. If the site is a rock site or if competent rock is encountered 

at a depth less than that recommended above, the borings 

should penetrate to the greatest depth at which 

discontinuities or zones of weakness or alteration could 

affect the stability of the foundation. For sites of weathered 

shale or soft rock, the boring depths should be the same as 

those for soil. 36
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Review: Planning of Site Investigations 

(e.g.: Eurocode 1997-2)

OBJECTIVES:

(7) Examples of information and documents that can be used are:

ī topographical maps;

ī old city maps describing the previous use of the site;

ī geological maps and descriptions;

ī engineering geological maps;

ī hydrogeological maps and descriptions;

ī geotechnical maps;

ī aerial photos and previous photo interpretations;

ī aero-geophysical investigations;

ī previous investigations at the site and in the surroundings;

ī previous experiences from the area;

ī local climatic conditions.

38



Review: Planning of Site Investigations 

(Eurocode 1997-2)

OBJECTIVES:

(8) Ground investigations should consist of field investigations, laboratory 

testing, additionaldesk studies and controlling  and monitoring , where 

appropriate.

(9)Before the investigation programme has been drawn up, the site shall be 

visually examinedand the findings recorded and cross-checked against the 

information gathered by desk studies.

(10) The ground investigation programme should be reviewed as the results 

become available sothat the initial assumptions can be checked. In particular:

ī the number of investigation points should be extended if it is deemed 

necessary to obtain anaccurate insight into the complexity and the variability 

of the ground at the site;

evaluation.

39



Review: Planning of Site Investigations 

(Eurocode 1997-2)

GROUND:

(1)Ground investigations shall provide a description of ground conditions 

relevant to theproposed works and establish a basis for the assessment of the 

geotechnical parameters relevantfor all construction stages.

(2) The information obtained should enable assessment of the following 

aspects, if possible:

ī the suitability of the site with respect to the proposed construction and the 

level of acceptablerisks;

ī the deformation of the ground caused by the structure or resulting from 

construction works,its spatial distribution and behaviour over time;

ī the safety with respect to limit states (e.g. subsidence, ground heave, 

uplift, slippage of soiland rock masses, buckling of piles, etc.);

40



Review: Planning of Site Investigations 

(Eurocode 1997-2)

GROUND:

ī the loads transmitted to the structure from the ground (e.g. lateral pressures on 

piles) and theextent to which they depend on its design and construction;

ī the foundation methods (e.g. ground improvement, whether it's possible to 

excavate,driveability of piles, drainage);

ī the sequence of foundation works;

ī the effects of the structure and its use on the surroundings;

ī any additional structural measures required (e.g. support of excavation, anchorage, 

sleevingof bored piles, removal of obstructions);

ī the effects of construction work on the surroundings;

ī the type and extent of ground contamination on, and in the vicinity of, the site;

ī the effectiveness of measures taken to contain or remedy contamination.

41



Review: Planning of Site Investigations 

(Eurocode 1997-2)

CONSTRUCTION MATERIALS:

(1) Geotechnical investigations of soil and rock for use as construction materials shall 

provide adescription of the materials to be used and shall establish their relevant 

parameters.

(2) The information obtained should enable an assessment of the following aspects:

ī the suitability for the intended use;

ī the extent of deposits;

ī whether it is possible to extract and process the materials, and whether and how 

unsuitablematerial can be separated and disposed of;

ī the prospective methods to improve soil and rock;

ī the workability of soil and rock  during construction and possible changes in their 

propertiesduring transport, placement and further treatment;

ī the effects of construction traffic and heavy loads on the ground;

ī the prospective methods of dewatering and/or excavation, effects of precipitation, 

resistanceto weathering, and susceptibility to shrinkage, swelling and disintegration.
42



Review: Planning of Site Investigations 

(Eurocode 1997-2)

GROUNDWATER:

(1)Groundwater investigations shall provide all relevant information on 

groundwater neededfor geotechnical design and construction.

(2) Groundwater investigations should provide, when appropriate, information on:

ī the depth, thickness, extent and permeability of water-bearing strata in the 

ground, and jointsystems in the rock;

ī the elevation of the groundwater surface or piezometric surface of aquifers and 

their variationover time and actual groundwater levels including possible extreme 

levels and their periodsof recurrence;

ī the pore water pressure distribution;

ī the chemical composition and temperature of groundwater.

(3) The information obtained should be sufficient to assess the following aspects, 

where relevant:

ī the scope for and nature of groundwater-lowering work;

ī possible harmful effects of the groundwater on excavations or on slopes
43



Review: Planning of Site Investigations 

(Eurocode 1997-2)

GROUNDWATER:

(e.g. risk ofhydraulic failure , excessive seepage pressure or erosion);

ī any measures necessary to protect the structure (e.g. waterproofing, drainage and 

measuresagainst aggressive water);

ī the effects of groundwater lowering, desiccation, impounding etc. on the 

surroundings;

ī the capacity of the ground to absorb water injected during construction work;

ī whether it is possible to use local groundwater, given its chemical constitution, for

construction purposes.

44



Review: Planning of Site Investigations 

(Eurocode 1997-2)
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Review: In-situ Tests
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In-situ Tests SPT
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In-situ Tests SPT Truck

https://youtu.be/9cUOBSF8bMg
51



Review: In-situ Tests SPT
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Review: Split Barrel (Spoon) Samplers 
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Review: SPT Energy Ratio

Country Hammer Type Hammer Release Mechanism
Hammer Efficiency, 

ER

Argentina Donut Cathead 0.45

Brazil Pin Weight Hand Dropped 0.72

China Automatic Trip 0.60

China Donut Hand Dropped 0.55

China Donut Cathead 0.50

Colombia Donut Cathead 0.50

Japan Donut Tombi trigger 0.78 - 0.85

Japan Donut Cathead 2 turns + special release 0.65 - 0.67

UK Automatic Trip 0.73

USA Safety 2 turns on cathead 0.55 - 0.60

USA Donut 2 turns on cathead 0.45

Venezuella Donut Cathead 0.43

Turkey* Donut Cathead 2 turns 0.45

54



Review: SPT Corrections

Factor Equipment Variables Correction

Borehole diameter factor, CB 65 - 1.00

150 mm 1.05

200 mm 1.15

Sampling method factor, CS Standard sampler 1.00

Sampler without liner 1.20

Rod length factor, CR 3 m to 0.75

4 m to 0.85

6 m to 0.95

10 m to 30 m 1.00

> 30 m <1.00
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SPT Corrections
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Review: Cone Penetration Test CPT

f s

qc

Vs

u1

u2

Ç Cone tip resistance , qt

Ç Pore pressure , u
Ç Skin friction , f s

Ç Shear wave velocity , Vs
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Cone Types
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CPT Truck
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Review: CPT Profile
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Review: CPT-based Soil Classification Scheme

Soil Behavior Type (Robertson et al., 1986;  Robertson & Campanella, 1988)

1 ï Sensitive fine grained 5 ï Clayey silt to silty clay 9 ï sand

2 ï Organic material  6 ï Sandy silt to silty sand 10 ï Gravelly sand to sand

3 ï Clay   7 ï Silty sand to sandy silt 11 ï Very stiff fine grained*

4 ï Silty clay to clay  8 ï Sand to silty sand  12 ï Sand to clayey sand*

    *Note:  Overconsolidated or cemented
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Review: Pressuremeter Test
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Review: Pressuremeter Test
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Review: Pressuremeter Test
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Review: Dilatometer Test
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Review: Vane Shear Test
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Crosshole TestOsciloscope

PVC- casing PVC- casing

Hammer

Geophone

Dt

Dx

Shear Wave Velocity:

Vs =  Dx/Dt

Test

Depth

ASTM D 4428

Pump

packer

Note: The verticality of the 

borehole 

needs to be confirmed

by inclinometer 

InclinometerInclinometer

67



Down the hole TestOsciloscope

Borehole 

with casing
Dx

Test

Depth

Geophones

packer

Pump
Horizontal beam 

under vertical load

Shear Wave Velocity :
Vs = DR/Dt

z1
z2

Dt

R1
2 = z1

2 + x2

R2
2 = z2

2 + x2

x

Hammer
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Review: Planning of Site Investigations 

(Eurocode 1997-2)

DESIGN INVESTIGATIONS:LABORATORY TESTS

(3) Where practicable, the quality of the sample should be assessed before 

laboratory tests areperformed. Quality classes for soil samples are defined in Table 

3.1.

Test programme

(1)The type of construction, the type of ground and stratigraphy and the 

geotechnicalparameters needed for design calculations shall be taken into account 

when setting up thelaboratory test programme.

(2) The laboratory test programme depends in part on whether comparable 

experience exists. Theextent and quality of comparable experience for the specific 

soil or rock should be established.The results of field observations on neighbouring 

structures, when available, should also be used.

(3)The tests shall be run on specimens representative of the relevant strata. 

Classification testsshall be used to check whether the samples and test specimens are 

representative.
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Review: Planning of Site Investigations 

(Eurocode 1997-2)

DESIGN INVESTIGATIONS:LABORATORY TESTS

NOTE : This can be checked in an iterative way. In a first step, classification tests 

and strength index tests areperformed on as many samples as possible to determine 

the variability of the index properties of a stratum. In asecond step, an assessment of 

how representative the samples used for the strength and compressibility tests are of

the stratum can be checked by comparing the results of the classification and strength 

index tests for the sampleswith all results from the classification and strength index 

tests for the stratum.

(4) The need for more advanced testing or additional site investigation as a 

function of thegeotechnical aspects of the project, soil type, soil variability and 

computationmodel should be considered.
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Review: Planning of Site Investigations 

(Eurocode 1997-2)

DESIGN INVESTIGATIONS:LABORATORY TESTS

Number of tests

(1)The necessary number of specimens to be tested shall be established depending on the

homogeneity of the ground, the quality and amount of comparable experience with the 

ground and the geotechnical category of the problem.

(2) To allow for difficult soil, damaged specimens and other factors, additional test 

specimensshould be made available, whenever possible.

(3) Depending on the test type, a minimum number of specimens should be 

investigated.

NOTE : A recommended minimum number for some test types can be taken from the 

tables in Annexes L to W(except Annexes O and T). The annexes can also be used to 

check whether the extent of the testing was sufficient.

(4) The minimum number of tests may be reduced if the geotechnical design does not 

need to beoptimised and uses conservative values of the soil parameters, or if 

comparable experience orcombination with field information applies.
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Review: Planning of Site Investigations 

(Eurocode 1997-2)

DESIGN INVESTIGATIONS:TESTS ON SAMPLES

(1) Samples for testing shall be selected so as to cover the range of index 

properties of eachrelevant stratum.

(2) For a fill or a stratum of sand or gravel, reconstituted specimens may be tested. 

Reconstitutedspecimens should have approximately the same composition, density 

and water content as in-situmaterial

(3) Laboratory tests to determine parameters for geotechnical calculations are given 

in Table 2.3.

(4) Suitable routine laboratory tests for rock samples giving the necessary basis for 

thedescription of the rock material are as follows:

ī the geological classification;

ī the density or bulk mass density (r) determination;

ī the water content (w) determination;

ī the porosity (n) determination;

ī the uniaxial compression strength (UCS) determination;tests.
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Review: Planning of Site Investigations 

(Eurocode 1997-2)

DESIGN INVESTIGATIONS:TESTS ON SAMPLES

ī the Youngôs modulus of elasticity (E) and Poissonôs ratio (n) determination;

ī the point load strength index test (Is,50).

(5) The classification of rock core samples will normally comprise a geological 

description, thecore recovery, the Rock Quality Designation (RQD), the degrees of 

in duration, fracture log,weathering and fissuring. In addition to the routine tests 

mentioned in 2.4.2.6 (4) for rocks, othertests may be selected for different purposes, 

e.g. density of grains determination, wave velocitydetermination, Brazilian tests, 

shear strength of rock and joints determination, slake durability tests, swelling 

tests and abrasion tests.

(6) The properties of the rock mass including the layering and fissuring or 

discontinuities may beinvestigated indirectly by compression and shear strength tests 

along joints. In weak rocks,complementary tests in the field or large-scale 

laboratory tests on block samples may be made.
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Geotechnical Aspects and Foundation Safety
INVESTIGATIONS FOR COMPLEX 

SUBSURFACE CONDITIONS

2.35. The site investigation programme for nuclear power 

plants should include considerations for potential complex 

subsurface conditions. 

Such conditions encountered at a site could have serious 

implications for the integrity of the foundation of a nuclear 

power plant. Complex subsurface conditions include the 

potential for the occurrence of underground openings, of 

either natural or artificial origin, that could lead to a 

collapse.
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Geotechnical Aspects and Foundation Safety
INVESTIGATIONS FOR COMPLEX SUBSURFACE 

CONDITIONS

2.35. The site investigation programme for nuclear power 

plants should include considerations for potential complex 

subsurface conditions. Such conditions encountered at a 

site could have serious implications for the integrity of the

foundation of a nuclear power plant. Complex subsurface 

conditions include the potential for the occurrence of 

underground openings, of either natural or artificial origin, 

that could lead to a collapse.

2.36. The requirements for exploration, testing and analysis 

may vary depending on the conditions encountered and it is 

difficult to specify investigation programmes that cover all 

abnormal subsurface conditions.

However, the basic elements of the investigation 

programme for complex subsurface conditions should 

include prediction, detection, evaluation and treatment.
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Prediction of complex subsurface conditions

2.37. Prediction of the presence of cavities and subsurface 

discontinuities that could give rise to potential ground collapse and 

discontinuous geotechnical behaviour should be performed as an 

important step. Part of the Earthôssurface is underlain by formations 

that have the potential for ground collapse as a result of solution 

processes or karstic phenomena.

2.38. Proper evaluation and understanding of the regional and site 

geology can provide indications of potential ground collapse. 

Soluble rocks are usually either sedimentary rocks that are 

appreciably soluble in water or in weakly acidic solutions (including 

carbonate types, mainly limestone and dolomites) or evaporates (of 

which halite, gypsum and anhydrite are the most common). The

size of the cavities or underground solution is governed by both 

geological and environmental factors. The geological factors include 

the potential for buried channels, the stratigraphic sequence, the 

characteristics of the rock type and the properties of the rock mass. 

The environmental factors include surface water and groundwater 

hydrology, climate and climate change. 82
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Prediction of complex subsurface conditions

Detection of subsurface cavities

2.39. The subsurface exploration programme at a site should 

provide for the detection of subsurface cavities and should 

allow the extent of cavities to be evaluated. The possibility of 

the detection of areas susceptible to ground collapse should 

be considered in all aspects of the exploration 

programme. The conventional methods of site 

exploration are applicable, including hydraulic pressure 

tests, remote sensing, drilling, sampling, excavation, 

borehole logging and geophysical surveys. Standard 

methods of site investigation should be adopted to take into 

account possible complications caused by subsurface cavity 

systems.
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Geotechnical Aspects and Foundation Safety
SITE CONSIDERATIONS

SITE CATEGORIZATION

3.1. For the purpose of seismic response analyses, the following 

site

categorization is used:

ðType 1 sites: Vs > 1100 m/s;

ðType 2 sites: 1100 m/s > Vs > 300 m/s;

ðType 3 sites: 300m/s > Vs;

where Vs is the best estimate shear wave velocity of the 

foundation medium just below the foundation level of the 

structure in the natural condition (i.e. before any site work), for 

very small strains. The site categorization is valid on the

assumption that the shear wave velocity does not decrease 

significantly with depth; other than in this case, particular 

analyses should be carried out according to the best practices.
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Geotechnical Aspects and Foundation Safety

FREE FIELD SEISMIC RESPONSE AND SITE SPECIFIC RESPONSE 

SPECTRA

3.6. For the purpose of the present Safety Guide, the seismic input level 

that should be considered is the SL-2 level1, as defined in the Safety 

Requirements publication on Site Evaluation for Nuclear Installations 

[3], as specified in the Safety Guide on Evaluation of Seismic Hazards 

for Nuclear Power Plants [2] and as determined in accordance with 

Section 5 of Ref. [2].

3.7. A computation of site response under free field conditions 

should be carried out for sites other than Type 1 sites (see para. 3.1). 

This computation of site response may be needed for the assessment 

of settlement or liquefaction as well as for soilïstructure interaction 

analyses. The site response computation may also be required for 

developing specific site response spectra. To carry out this computation, 

data on the following should be gathered:

ðThe input ground motion (derived by means of the procedures 

described in Ref. [2]); parameters.
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Geotechnical Aspects and Foundation Safety

FREE FIELD SEISMIC RESPONSE AND

SITE SPECIFIC RESPONSE SPECTRA

ðAn appropriate model of the site, based on:

Å The geometrical description of the soil layers;

Å The velocities of the S and P waves in each layer;

Å The relative density of the soil in each layer;

Å The Gï and h-  curves which for each layer describe the 

apparent

reduction of the shear modulus G and the internal damping ratio 

h of

the soil with the shear strain ;

ðFor those deep soil deposits in which wave velocities increase 

smoothly with depth, the change with depth of the 

aforementioned parameters.
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LIQUEFACTION POTENTIAL

Design profile for liquefaction potential

3.15. The assessment of the liquefaction potential is mentioned in Ref. [2]. 

Soils susceptible to liquefaction are normally non-cohesive soils such 

as sand and gravel containing a small proportion of silts and clays and 

occurring in loosely deposited conditions below the water table.

3.16. For soils susceptible to liquefaction, the information on the design 

profile that is needed to evaluate the liquefaction potential is as follows:

(1) Groundwater regime. Data from measurements made with piezometers

installed at the site should be used to establish an appropriate water level

for use in liquefaction analysis. The groundwater regime reflects the

seasonal variations in the water level. 

(2) Grain size distribution. For non-cohesive soils, grain size distributions

should be obtained by means of sieving tests of soils sampled from

different points of the site and at different depths. The fines content read

off from the grain size distributions and the associated plasticity are

significant considerations in judging the liquefaction resistance on the

basis of the standard penetration test (SPT) blow counts or the cone

penetration test (CPT) records.
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Geotechnical Aspects and Foundation Safety

4. CONSIDERATIONS FOR THE FOUNDATIONS

FOUNDATION WORK

Preliminary foundation work

4.1. This section addresses the geotechnical aspects of preliminary 

foundation work. For the purposes of this Safety Guide, preliminary 

foundation work is defined as those geotechnical activities conducted 

prior to the placement of the concrete foundations. These activities 

directly affect the performance of the foundation under the anticipated 

loading conditions and are therefore critical to safety. They may include:

ðPrototype testing (including test fills and verification of techniques for

improving foundation material);

ðExcavations for foundations or foundation systems;

ðDewatering and its control;

ðRock removal;

ðMapping of excavations;

ðImprovement of foundation materials (including such items as

modification of material and drainage);

ðPlacement of structural backfill;

ðPlacement of mud mats or any type of protective layer.
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Improvement of foundation conditions

4.3. The improvement of foundation conditions is meant here in 

its widest sense and includes modification of the mechanical 

behaviour of the foundation material (such as by soil 

compaction), the total replacement of loose or soft material by an 

improved material, or the use of an added material to improve

the static and/or dynamic behaviour. Another approach is the use 

of deep foundations, as described in the following.

Choice of foundation system and construction

4.6. Two systems of foundations are available for transmitting the

superstructure loads to the soil: shallow foundations and deep 

foundations.

Shallow foundations are used when the distribution of the load is 

sufficiently uniform and the upper layers of the soil are 

sufficiently competent. In the case of weak soil conditions, deep 

foundations are used to transfer the loads to stiffer soil layers at 

depth. 
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SOILïSTRUCTURE INTERACTION

Static analysis

Input parameters

4.9. The distribution of contact pressures beneath the foundations 

and the stresses induced in the subsurface materials are derived 

from the analysis of the static soilïstructure interaction. In addition 

to the elastic and geometric parameters of the structures, the 

following parameters of the subsurface materials should be included 

in the design profile to allow the foundation contact pressure to be 

computed:

ðElastic moduli and Poissonôs ratio of the soil and their variation 

with depth and with strain level;

ðSubgrade reaction;

ðUnit weight of the subsurface materials;

ðGroundwater regime. 97
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SOILïSTRUCTURE INTERACTION

Dynamic analysis

Basic elements of the analysis of dynamic soilïstructure interaction

4.14. The objective of the analysis of dynamic soilïstructure interaction 

is to determine the dynamic response of the structure, with account taken of 

the effects of the coupling between the structure and the supporting 

foundation medium, when the combined system is subjected to externally 

applied dynamic loads or earthquake related ground motions.

4.15. For structures subjected to externally applied dynamic loads, such as

wind, blast or forced excitation of vibration, the solution of the dynamic

response of the soilïstructure system includes the following three basic 

steps:

(1) Determining the dynamic properties of the structure (i.e. the structural

modelling step);

(2) Determining the force displacement relationships for the foundation

medium (i.e. the foundation impedance step);

(3) Determining the dynamic response of the coupled soilïstructure 

system to the applied load (i.e. the analysis of the interaction response 

step).
98



Geotechnical Aspects and Foundation Safety
STABILITY

4.27. The assessment of foundation stability should be carried out 

under static (i.e. permanent) loads and under a combination of static 

loads and dynamic loads induced by earthquake input (the vertical 

component of the seismic acceleration should be considered acting 

upwards or downwards). The assessment should include the 

consideration of bearing capacity, overturning and sliding.

Input parameters

4.28. The information required to perform a stability analysis includes:

(1) Geometrical data for the foundation;

(2) The loads on the foundation and the load combinations to be 

considered;

(3) The soil conditions, including the level of the water table and the

following mechanical characteristics:

ðunit weight,

ðunit weight of backfill material,

ðcohesion,

ðangle of effective shearing resistance,

ðangle of shearing resistance between soil and structure; 
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Bearing Capacity

4.32. Classically used procedures of soil mechanics for 

computing the ultimate load bearing capacity are acceptable if 

the subsurface material is relatively uniform. The analysis of 

elasticïplastic equilibrium can be performed for the plane 

strain and the axially symmetric cases. The foremost difficulty is 

the selection of a mathematical model of soil behaviour or its 

constitutive (stressïstrainïtime) relationship. The available 

solutions are generally limited to those developed for the rigidï

plastic solid of the classical theory of plasticity. This solid is 

assumed to exhibit no deformation prior to shear failure and a 

plastic flow at constant stress after failure. These solutions are 

acceptable provided that the actual situation under consideration 

satisfies the assumptions associated with the method. In the 

case of heterogeneous subsurface conditions, the ultimate 

bearing capacity should be determined by the sliding

surface method.
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SETTLEMENTS AND HEAVES

Static analysis

4.43. An assessment of settlement under static loads should be 

performed. The possibility of differential settlements or heaves 

between the buildings of a nuclear power plant should be 

investigated because of the presence of pipes, conduits and 

tunnels providing connections between the facilities. 

Settlements and heaves are also important in connection 

with deformation of the foundation, which could lead to 

overstressing of buildings and interference with the operation of 

machinery such as pumps and turbines if they are not isolated 

from their supports.
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5. EARTH STRUCTURES

GENERAL CONCEPT

5.1. The design of earth structures and buried structures that are relevant 

to the safety of the nuclear power plant should be consistent with the design 

of the plant itself. In particular, the design of the plant against external 

hazards should be in accordance with the events that are selected in the 

design; these events, and the associated loads, should be listed in the 

contractual terms of reference relating to the earth structures or the buried 

structures; and the list of events should be supplemented by specific 

events, if any, that could challenge the safety of these structures. 

NATURAL SLOPES

5.2. The stability of natural slopes surrounding the important facilities of a

nuclear power plant should be investigated with regard to the safety of the

plant. The safety evaluation will depend largely on the separation distance 

and the features of a slope. If a slope is judged to be distant enough from 

important facilities that its failed debris would never reach safety related 

structures, no countermeasure would be necessary.
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DYKES AND DAMS

5.7. The term dyke should be used for structures running 

along water courses and the term earth dam should be used 

only for a structure higher than 15 m, which is, in some cases, 

necessary to create a water reservoir upstream from a nuclear 

power plant. For designing dams and dykes appropriately, 

reference should be made to appropriate design manuals.

SEA WALLS, BREAKWATERS AND REVETMENTS

5.13. Sea walls, breakwaters and revetments are civil 

engineering structures for protecting important facilities of a 

nuclear power plant against the wave action of an ocean or a 

lake during storms and tsunamis. These structures should be

properly designed to prevent soil erosion, flooding and structural 

failures which may jeopardize the safety of important facilities.

103



Geotechnical Aspects and Foundation Safety
6. BURIED STRUCTURES

RETAINING WALLS

6.1. Retaining walls can be classified into two groups:

ðGravity walls in which the weight of the wall and possibly that of the

retained soil play an important part in its stability;

ðEmbedded walls, such as sheet walls, the stability of which depends on 

the passive pressure of soil and/or on anchors.

Frequently, a retaining wall is a combination of both types.

EMBEDDED STRUCTURES

6.7. Embedded structures are buildings with foundations deep enough 

that the interaction of the underground walls with the surrounding 

ground is significant. Two consequences of such embedment should be 

taken into account:

ðThe underground walls act as retaining walls; this point has already been

covered.

ðThis situation has consequences for the building itself, which are

considered in this section. 104
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BURIED PIPES, CONDUITS AND TUNNELS

Site investigation programme

6.12. The layout of buried pipes or conduits should be considered in 

the site investigation programme. Adequately spaced boreholes 

and/or test pits should be dug along the pipe route. Special 

consideration should be given to identifying areas of discontinuities 

or changes in the foundation material along the route of the pipe.

6.13. The investigation boreholes or test pits should be dug to a depth 

that will depend on the stratigraphy of the foundation material below 

the pipe, but they should extend to a competent soil layer below the 

foundation level structure.

6.14. An assessment of the potential effects of any corrosive 

environmental agents on the piping material should be included in the 

site investigation programme.
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7. MONITORING OF GEOTECHNICAL PARAMETERS

PURPOSE OF MONITORING GEOTECHNICAL PARAMETERS

7.1. Subsurface exploration, in situ testing and laboratory testing 

should provide values of parameters and information on site 

characteristics suitable for predicting the performance of foundation 

systems under the envisaged loading conditions. 

The use of these parameters allows criteria for foundation design to be 

established for the performance of the foundation materials and 

structures under anticipated loadings. In order to verify the performance 

of the foundation and earth structures, their actual field behaviour 

should be monitored from the beginning of siting activities 

through construction to operation.
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RecentAdvances: 
OngoingRevisionof NS-G-3.6 (i.e.: DS531)
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