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Geotechnics and Engineering Design

Arhe branch of civil engineering concerned with the study and
modification of

Arhe applicationof scientific andengineeringrinciples to
the solution of civil engineeringand other problemscreated by
the nature and constitution of tearth's crust.

AThe process of devising a system, component, or processsio
desired needs

Atis a process ), in which the
basic science and mathematics and sciences are
applied to convert resources optimallyiie
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Site Evaluation for Nuclear Installations

Geotechnical characteristics and geological
features of subsurface materials

The and of
IAEA Safety Standards  SUbSurface materials shall be: , and a
for the site that considers the
In subsurface materials shall be:

for protecting people and the environment

Site Evaluation for
Nuclear Installations

5.24.The and
of subsurface materials at the site, including &
speciic sarety reauirements ACKTll, shall be established:
o SE shall be used, in conjunction with appropriaie
and (o)
of the subsurface materials at the site.

13



Site Evaluation for Nuclear Installations

. Geotechnical characteristics and geological
features of subsurface materials

IAEA Safety Standards ' The geotechnical characteristics and geological features of
subsurface materials shall be investigated, and a soil and rock

Site Evaluation for profile for the site that considers the variability and

Nuclear Installations—— ncertainty in subsurface materials shall be derived.

for protecting people and the environment

5.25.The
specific sarety Requirements_ SNAll D@ assessed, including consideration of the potential for

No. SSR-1

5.26. of-the
shall be studied by appropriate methods and taken
account in the atithe site. 1



Site Evaluation for Nuclear Installations

Evaluation of

Geotechnical hazards and geological hazards, includirig

IAEA Safety Standards

]
for protecting people and the environment an d ) S h a.l I be

Site Evaluation for
Nuclear Installations

5.27.The site and the site vicinity shall be evaluated to determir
the (such as
)-caused by
Specific Safety Requirements

No. SSR-1 ~which could
1 In the evaluation of slope instability, the

.The evaluation of slope stablility shall also take into
account

15



Site Evaluation for Nuclear Installations

Evaluation of geotechnical hazards and
geological hazards

IAEA Safety Standards - (Geotechnical hazards and geological hazards, including slope

for protecting people and the environment

Instability, collapse, subsidence or uplift, and soil liquefaction,
Site Evaluation for and their effect on the safety of the nuclear installation, shall be
Nuclear Installations evaluated.

Specific Safety Requirements

No. SSR-1

5.28.The resulting
shall be using parameters appropriate for

at the site.

16



Site Evaluation for Nuclear Installations

IAEA Safety Standards

for protecting people and the environment

Site Evaluation for
Nuclear Installations

Specific Safety Requirements

No. SSR-1

Evaluation of geotechnical hazards and
geological hazards

Geotechnical hazards and geological hazards, including slope
instability, collapse, subsidence or uplift, and solil liquefaction,
and their effect on the safety of the nuclear installation, shall be
evaluated.

5.30.The of the
subsurface materials at the site shall be evaluated using param
appropriate for

at the site.

5.31.The shall
accepted methods for in combination
to assess the hazards. L



Seismic Hazards and Site Evaluation
for Nuclear Installations

2.2. In accordance with these requirements and in line with international
practice, the
IAEA Safety Standards around the site and thg area
as recommended in this Safety Guide for the purpose
evaluating the seismic hazards at the nuclear installation site.

for protecting people and the environment

Seismic Hazards in
Site Evaluation for

Nuclear Installations 2.3. Where necessary, the should include areés
and the for sites located near a coastline
The acquired should be for the entire region to the
N 2566 (Rov 1) extentpossible or, at a minimum, should ©e& for
) characterizing,
Eiaea. from aseismotectonipoint of view, features relevant to the site that are

locatedin other States or in offshore areas.

2.4. The to be investigated, the to be
collected and the scope and detail of the investigations should de in
ofitheseismotectonienvironment.
18



Seismic Hazards and Site Evaluation

IAEA Safety Standards

Seismic Hazards in
Site Evaluation for
Nuclear Installations

Specific Safety Guide

No. SSG-9 (Rev. 1)

for Nuclear Installations

This may involve investigatiors the scale (detail) of the near regior
and site vicinity to assess the potendmkmogeniéeatures located
outside the near region. Identification of greund effects of
prehistoric and historical earthquakes on the geological and
geomorphological environment (ijgalaeoseismologygee para. 4.13)
Is alsouseful for this purpose.
3.10. The data are typicaliy

y and with appropriate crosections.

3.11. Near regional studies should include a geographical area
typically Jalthough this dimensios

> The objectives of these studies
are to:
(1) Define the of the near region on the
basis of anore detailed database than that obtained from the regiol
study;
(2) Determine the ] 19



Seismic Hazards and Site Evaluation
for Nuclear Installations

(3) Determine the amount and naturelcf
andevidence related to the

IAEA afety Stdards 312 TO - fOr
the nearegional area, specific investigations typically should
Seisimio fazards include a definition of the
for Nuclear Installations of the near region. Thectonic history should be
thoroughly defined for the present tectonic regithe,length of
| | which will depend on the rate of tectonic activity. For example, f
Vossss studies to assess fault capability, the
) 1aEA (i.e. the present) may be adequa
""""""""""""""""""""" for and that through thee
(i.e. the present) for J by any reliable

and applicable method, should ﬂmformed In addltlon to field
mapping, other sources of data should be used if
necessary, for example: 20



Seismic Hazards and Site Evaluation
for Nuclear Installations

(a) derived (such

as seismiceflection, refraction, gravimetric, electric and magnet

techniques), teaharacterize spatially the identified structures
e CONSidered to be relevantterms of their geometry, extent and ra

of deformation. Use of heat flodata may also be necessary. The
Seismic Hazards data are of primary importance in dealimgh offshore areas (for

in Site Evaluation

for Nuclear Installations ~ SIt€S located on or near a coastline).

(b) derived from studies of Quaternary formations ol
| | land formssuch as
Nossas s Useshould be made af
£)1AEA and/or images for this task.
""""""""""""""""""""" (c) For understanding the Juse
shouldalso be made of data derived by recently developed
technological meansuch as data and

~cand of datalerived from

21



Seismic Hazards and Site Evaluation
for Nuclear Installations

3.13. ilentified in the near regional
investigations, imay be necessary to condact

in order to obtain
the desired detail of characterization (paea. 4.13).

Seismio Hazards 3.14. Investigations should be made in sufficient detail so that tl

for Nuclear Installations (in terms of the pertinent time window for th

specific local tectonienvironment)
that is relevant (e.dinear topographic or
Specific Safety Guide

No. S5G-9 structural features as found in photographs, remote sensing
imagery or geophysical data) canjise
of the recent geological evolution of the area.
3.15. The data are typically presentedion
and with

nnnnnnnnnnnnnnnnnnnnnnn
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Seismic Hazards and Site Evaluation
for Nuclear Installations

3.16. Site vicinity studies should coveyga
sIn addition to providing a yet

AEA sarety standargs IMOre detalled database for thimaller area, the objective of these
= Investigations is to define in
Seicmic Hapards > especially fo_r determining tk_'u_ze | _
in Site Evaluation at the site (fault capability), and to identify
for Nuclear Installations - .

conditionsof of the site area.

3.17. Investigations of the site vicinity typically should include

Specific Safety Guide

No. SSG-8

h investigations angrofiling, and (see Section
S JLL7 S 8), and the data to be providsidould be consistent with the
tectonic environment and the geological featmeserved. As a
minimum, the following data sets should be provided:

(a) A with ;

(b)

23



Seismic Hazards and Site Evaluation
for Nuclear Installations

|dentification and characterization of locations potentially
exhibiting

IAEA Safety Standards
virol ent

for protecting people and the environm

(eng.
Seismic Hazards yard by human activities.

in Site Evaluation
for Nuclear Installations

3.18. Typically, the data are presentedion
and with

Specific Safety Guide

No. SSG-8

nnnnnnnnnnnnnnnnnnnnnnn
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Seismic Hazards and Site Evaluation
for Nuclear Installations

3.19. should include the

fwhich is crhe
primary objective ofhese investigations is to obtain detailed
knowledge of the
Seismic Hazards phenomena associated with earthquakes {&.q

in Site Evaluation
for Nuclear Installations

IAEA Safety Standards
virol ent

for protecting people and the environm

) and toprovide information on the
(such as Rvave and Svave

Specific Safety Guide

Shegte 52 velocities), to be used in site response analysiefised in detail
S JIAEA in Ref. [6]
"""""""""""""""""""" 3.20. The should be developéd
dncluding

3.21. The following investigations of the site area should be
performed, by usinfeld and laboratory techniques: 25



Seismic Hazards and Site Evaluation
for Nuclear Installations

(@) todefine the
stratigraphy anthe structure of the area: Investigations using

should be conducted to define the
stratigraphy and structure of the site aaad to determine the
Seismic Hazards thickness, depth, dip, and static and dyngmnoperties of the different
in Stte Evaluation subsurface layers as may be require@yineering models (e.g.

for Nuclear Installations

IAEA Safety Standards
virol ent

for protecting people and the environm

Specific Safety Guide ) ]
No. SSG-9 ] ] )
(b) ninvestigations using and
s - othertechniques should be conducted to definestive
(e.g.
)iof all aquifers in the site area, witl
the specific purpose of determining the: and how they

interactwith the foundation.

26



Seismic Hazards and Site Evaluation
for Nuclear Installations

(c) of site effects: The
should be assessed, using available

e Macroseismiand instrumentahformation as guidance.

for protecting people and the environm

Seismic Hazards 322
in Site Evaluation
for Nuclear Installations

For completeness amdficiency, the investigations described in
| | paras 3.19 and 3.20 shouldibtegrated with the investigations
Vossss required for the dynamic sostructureinteraction as described in
S)IAEA Ref. [2].

nnnnnnnnnnnnnnnnnnnnnnn

3.23. The data are typically presentedion

27



Seismic Hazards and Site Evaluation
for Nuclear Installations

(c) of site effects: The
should be assessed, using available

e Macroseismiand instrumentahformation as guidance.

for protecting people and the environm

Seismic Hazards 322
in Site Evaluation
for Nuclear Installations

For completeness amdficiency, the investigations described in
| | paras 3.19 and 3.20 shouldibtegrated with the investigations
Vossss required for the dynamic sostructureinteraction as described in
S)IAEA Ref. [2].

nnnnnnnnnnnnnnnnnnnnnnn

3.23. The data are typically presentedion
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Geotechnical Aspects and Foundation Safety

OBJECTIVE

The purpose of this Safety Guide is

|IAEA Safety Standards imp _
for protecting people and the environment 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

Geotechnical Aspects [2], which discusses the determination of seismic input

of Site Evaluation motion, is referenced on several occasions. The

and Foundations for present Safety Guide provides an interpretation of the

Nuclear Power Plants Safety Requirements on Site Evaluation _for Nuclear
Installations [3] and guidance on how to implement
them. It is

Safety Guide
No. NS-G-3.6

of the safety of nuclear
IAEA power plants.

Inrlernglicnal Alemic Energy Agancy 29




Geotechnical Aspects and Foundation Safety
SCOPE

1.4. In the process of selection of a new site for a nuclear installation, a
are required to be considered, as established in Ref.

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

selected

(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

IAEA Safet Stanards

for protecting people and the envi

Geotechnical Aspects
of Site Evaluation
and Foundations for
Nuclear Power Plants

1.5. This Safety Guide discusses the of
ﬂ the subsurface conditions and , except where
AL these directly affect the foundation system. It discusses the

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

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 at
the site. %0

Safety Guide
No. NS-G-3.6




Geotechnical Aspects and Foundation Safety

SCOPE
1.6. appropriate for the safety assessment of the site
are discussed here, particularly for the assessment of
, including the
and estimation of the . The Safety

Guide also discusses methods of analysis appropriate for the safety
assessment of

IAEA Safety Standards
fi ironment

for protecting people and the envi

Geotechnical Aspects , and of the consequences for the

and Foundations for A more detailed description of methods for

nudearroner®ans — the analysis of soili structure interactions is given in Ref. [1]. In this Safety

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

e addressed.

I RER. 1.7. This Safety Guide discusses , including the
consequences for the , the possible

and the appropriate choice of the
according to the soil capacities.
1.8. Also discussed are , including , and
, 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 at a nuclear
power plant site is important at all stages of the site evaluation
process.

IAEA Safety Standards
for prots P le he environment

tecting people and tl

Geotechnical Aspects
of Site Evaluation

adrandatons o The purpose of this investigation is or
basic data for

Safety Guide
No. NS-G-3.6

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

At each stage of the site evaluation, the investigation

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

IAEA Safety Standards
for prots P le he environment

protecting people and |

Geotechnical Aspects
of Site Evaluation
and Foundations for
Nuclear Power Plants

Safety Guide

No. NS-G-3.6

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

2. SITE INVESTIGATION
INVESTIGATION PROGRAMME

2.2. The of investigation should

For a nuclear power plant, site evaluation typically
involves the following stages:
o . 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.

o . This stage is further subdivided into:

A , iIn which the suitability of the site to host a nuclear power
plant is verified mainly according to predefined site exclusion criteria;

A , In which the characteristics of the site necessary for the
purposes of analysis and detailed design are determined.

o . 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.

o . 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

C Type of foundation required (shallow or deep).

C Allowable load capacity of the foundation.

C Sufficient data/laboratory tests to make settlement predictions.

C Groundwater table location

C ldentification of construction problems (sheeting and dewatering or
rock excavation)

C Adjacent structures.

C Environmental problems.

34



Review: Planning of Site Investigations

Locations of borings depend largely on e

Spacing of borings can be as small’as conditions and
as large as

IS to be seen for spacing exploratory borings. Following very
general rules may be given:

Reach tc and penetrate all unsuitable soil layers.
Penetrate to the depth where
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 will vary with the site
conditions, but the borings should be
that would affect
structures and to confirm the soil and rock conditions determined
In previous investigations. Where solls are very thick, and to
enable the evaluation of potential deep instablility at the site, the
minimum boring depth for engineering purposes should be taken
saeamcansecs QS the smaller of the following two values:
ij}Epd'v;tplft (i) the depth at which the change in the vertical stress during or
after construction is less than
No. NG.0.35 . or
OIS (i) the depth of :
2.15. Ifthe site is a or if competent rock is encountered
at a depth less than that recommended above, the borings

should penetrate to the

IAEA Safety Standards
for prots P le he environment

tecting people and tl

. For sites of weathered
shale or soft rock, the boring depths should be the same as
those for soill. %



Review: Depth of Exploration
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Review: Planning of Site Investigations
(e.g.. Eurocode 1997-2)

OBJECTIVES.:

(7) Examples that are:

I topographical maps;

I old city maps describing the pre
I geol ogi cal maps and descriptions
I engineering geol ogi cal maps;

I hydrogeol ogi cal maps and descrip
I geotechnical maps,;

I aeri al phot os and previous photo
I  a-g@eopdysical investigations;

I previous I nvestigations at the s

previous experiences from the ar
| oc al climatic conditions.

38



Review: Planning of Site Investigations
(Eurocode 1997-2)

OBJECTIVES:

(8) Ground investigations should consisticf ,
, additional and and , Where

appropriate.
(9)Before the investigatioprogrammehas been drawn uthe site shall be

and the and crosschecked against the
information gathered by desk studies.
(10) The ground investigatiggrogrammeshould be reviewed as the results
become available gbat the initial assumptions can be checked. In particular:
I the number of 1 nvestigation poin
necessary to obtain @ccurate 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 providela
relevant to the@roposed works and establishaa
relevantfor all construction stages.
(2) The information obtained should enable assessment of the following
aspects, if possible:

T tsinta with respect to the proposed construction and the
level of acceptablasks;

T tddice caused by the structure or resulting from
construction worksts spatial distribution andehaviourover time;

I tsdfed (e.g. subsidence, ground heave,

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

40



Review: Planning of Site Investigations
(Eurocode 1997-2)

GROUND:

T tlohde from the ground (e.g. lateral pressures on
piles) and the&xtent to which they depend on its design and construction;

1 tichre (e.g. ground improvement, whether it's possible to

excavatedriveability of piles, drainage);
I the sequence of foundation wor ks;

T telfee and its use on the surroundings;

I any additional structur al measur e:
sleevingof bored piles, removal of obstructions);

T telfee on the surroundings;

T the tvypegraamdontenxrtatemon, arain the vicinity of, the site;

] t he effectiveness of measures t ak:

41



Review: Planning of Site Investigations
(Eurocode 1997-2)

CONSTRUCTION MATERIALS:

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

provide a to be used and shall establish their relevant
parameters.
(2) The |nformat|on obtained should enable an assessment of the following aspects:
T tsih use;
Tt h @ :

whet her | ekirast snd prooessthebnbierialdara whether and how

|
unsuitablamaterial can be separated and dlsposed of;
T t he p metlsopseocripiowe

T twhrle during construcUon and possible changes in their
propertieduring transport, placement and further treatment;

I the effects of construction traffic
I t he p metlsogsefcdeviaterie neffects of precipitation,
resistancéo weathering, and susceptibility 40

42



Review: Planning of Site Investigations
(Eurocode 1997-2)

GROUNDWATER:

(1)Groundwater investigations shall proviaé on
groundwater needddr geotechnical design and construction.

(2) Groundwater investigations should provide, when appropriate, information o
T tddpe In the
ground, and joinsystems in the rock;

T telbve and
their variationover time and actual groundwater levels including possible extrem
levels and their periods recurrence;

1 todree )

I the chemical composition and temp
(3) The information obtained should be sufficient to assess the following aspect:
where relevant:

I t he s c oape offgroundwater-id
I p o sharmfbl &ffe or on slopes

43



Review: Planning of Site Investigations
(Eurocode 1997-2)

GROUNDWATER:

(e.qg. risk of , eXCessive seepage pressure or erosion);
I any measures necessary to protect
measuregagainst aggressive water);

T telee ) desiccation, impounding etc. on the
surroundings;

I tcdpe Injected during construction work;

I whether 1t 1 s possi bl e t o ceonstwtionforc

construction purposes.

44



Table 2.1 — Simplified overview of the applicability of field investization methods” covered by Sections 3 and 4

Review: Planning of Site Investigations
(Eurocode 1997-2)

Field Possibly obtainable results
investigation Sampling Field iests Groundwater
methods ™' measurements
Soil Rock - 5 2 - E
< I= 19 212121 5| 2| % = =| Z 3 z
g £ £ & g g e Z = 2 s = E -
= | @ o = | @ | = = 2l 2| = = = . _ . ] = T
sl | [Els el sl &) Z| s B 8 2 =z 2] 2|8 |8
Basic information
Tvpe of soil C1Fl|C1FI C2F2 |C3F3 C3F3 | C2F1 C2E2
Tvpe of rock Rl Ri B2 |R¥ K3 RZ
Extension of layers™ C1F1|Cl1F1 Rl Rl R2 |CI1FI |R3C3|R3 |C3F3|C2F2 C2FI
F3
Groundwater level C2 R2 (1 R1Cl
F2 Fi
Pore waler pressum C2F2 |F3 R2C1 |RICH
F2 Fi
Geotechmical properties
Particle size C1F1|CI1FI1 R Ri R2 C2Fi1
Walker content CiFl | C2F1 3 Ri Ri C2E2
Atterberg Limits Fl F1 F2
Density C2FI1 | C3F3 Rl Ri C2EZ2 C2F2 C2 R
Shear strength C2Fl R1 C2F1 |C1FI C2 F3 C2Fl1
Comprassibility C2Fl Rl C1E2 |[C1FL |R1 |FI C2EF2 C2Fi
Permeability C2 Fl Rl C3F2 |F3 C2F3 |C2E2
Che mical ests C1F1|CI1FI1 R Ri C2F2

# mee sections 3 and 4 for nomenclature
b in horizontal and vertical direction

“ will depend on pressuremeter type

¥ assu ming sample is retainad

[4

soft rock only

Applicability:

High for rock
High for coarse soil ™
High for fine soil

not applicable

c2
F2

B2 Medium for rock
Meadium for coarsa soil
Medium for fine soil

*' main soil groups “coarse” and “fine” according o 150 14688-1
NOTE

Low for coarss soil
Low for fine soil

Depending on the ground conditions {such as soil type, groundwater conditions) and the planned design, the selection of

investipation methods will vary and mav deviate from this table,




GeotechnicalAspects and Foundation Safety

IAEA Safetz Standards
for protecting people and the environment

Geotechnical Aspects
of Site Evaluation
and Foundations for
Nuclear Power Plants

Safety Guide

TABLE 1. TECHNIQUES FOR GEOPHYSICAL INVESTIGATIONS OF
S0IL AND ROCK SAMPLES

Tvpe of test

Parameter measured

Types of problems

Ohservations

No. NS-G-3.6

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Sesmic refraction
reflection
Cross-hole scismic
st

Uphole/downhole
seismic Lest

Makamura method

Electrical resstivity

Nuclear logeging

Microgravimetry
Creoradar

Magnetic
technigues

Deformation time
propagation
[Dwnamic clastic
propertics

[Dwnamic clastic
propertics

Low level (ambicnt
nose ) vibrations

Liguid table content

Water content,
density

Acceleration due to
Zravity

Speed of
propagation
Magnetic ficld

intensity

Site categonzation

Sile caleporization,
soil-structure
interaction

Site categorization,
soal-structure
interaction

Site cateporization,
soal-structure
interaction

Internal erosion

Sinkhaoles.
heterogencitics

Cavities

Arcas of humidity

For surface
investigation

For decp
investigations: one
hole for emission, one
hole for reception

For decp
investigations: one
hole for both
cmission and
receplion

Available for surface
or deep Investigation
Meoessitates
cxpensive logging
technigues

Complex subsurface

Complex subsurface

Maintenance of
dykes and dams
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Geotechnical Aspects and Foundation Safety

TABLE 2. TECHNIQUES FOR GEOTECHNICAL INVESTIGATIONS
OF S0OIL AND ROCK SAMPLES

Type of test Type .U[ Paramcter Types of Commenis
- maierials measured problems
Flal jack test Rock In situ normal Deformabality, Questionable results i
Siress convergence  rock with strongly time
dependent propertics
Hydraulic Rock In situ stress state Deformability,  Affected by ansotropy
fracturing convergence  of ensile strength
IAEASafetz Standards test
for protecting people and the environment
Direct shear  Rock Shear strength Stahility Usually requires a
stress tost problems sufficient number of
Geotechnical Aspects tests for statistical
of Site Evaluation control
and Foundations for Plate bearing  Clay, Reaction modules  Compaction Used for excavations
Nuclear Power Plants lests sand, control; and embankmenis
gravel, scitlement
) rock
ﬁfe;ys(?g'_i_es Pressure Clay, Elastic modulus;  Settlement; Meeds a preliminary
meter test sand, compressibility bearing hole
@J 1AEA gravel, capacity
b=t rock
Static Clay, Cone resistance;  Settlement; Including cone
penetrometer sand, undrained bearing penctrometer test
test gravel cohesion; shear capacity
strength
Dvnamic Clay, Cone resistance;  Liguefaction  Including standard
pencirometer sand, relative density penciration test
test gravel
Vane shear  Soficlay  Shear strength Bearing Mot suitable for silt,
test capacity, slope  sand or soils with
stability appreciable amounts of
gravel or shells
Pumping test  Clay, Ficld permeability Transmissivity Needs picsometers
sand, of soil

gravel




Review: In-situ Tests




In-situ Tests SPT

Standard Penetration Test (SPT)

| E3.5 kg Drop ;
Ch : Per ASTM D 1586
Repueat edly = :
Faling 0.7& m :
' : ; Heed to Correct to a Reference
Al _ t ] Energy Efficiency of 60%
(ASTMD 4633)
Borelrole
- Dedlf Rod
s Noto: Occasfondl
7 Frpe) Foutth hicrenient Used
to gm.‘de_add‘ﬂfaﬂﬂl
Spit-Baol Foif matoHal
/{D#e} Samplr
[Thick Folow
Tubol
0.0.=50 mm
1.0.= 25 mm
L= "0 mm
E M c C
b £ §b
L
n, A S - SPT Resistance M-value)
.:—3% £ au T inoeTent. or “Blow Counts” is total
S . - I ) . number of blows to drive:
d E = x ﬁ Second Increment sampler last 300 mm (or
= a o
i 3" = _D,;g blows per foot).
il 2 ITm
Third Increment
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In-situ Tests SPT Truck

https://youtu.be/9cUOBSF8bMg
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Review: In-situ Tests SPT

0.1 in.
(2.5mm) Open Shoe Tube H“{ Rollpin _—
L NNNNNT NNNNNNNNNN > or Pulley(s)
. B by y
P L sin | 1.Sin. 2in, iz

\4 (349 mm) (38.1mm) 9 (nmm)_"" - | - p——] ; |
A Ao e s DNNNNNNNNNNNNNNNS NN NNNNNNNNNN A\ " Typially 1. 28:mm)
[ N Diameter Manila Rope

T 1 I
16 10 23° L L I S Ve

Miw2in | 181030 in. |
(25 to 50 mm) (457 10 762 mm)
Cable 10 Raise

and Lower Weight
Donut Hammer
Stnav.
Slip or Guide 30-in.
W Anvil -———t
Z Drill Rod ——
] 1401 “Donet” 7 Anvil
e 2 Ground Surface
Guide Rod Z .
g 140-1 Sleeve ’Ju-b
- - I. ]
) 'i_.:‘:‘—"— Bore Hole
Aavil k J" l
Lo .
y ¥ 18 in. (457mm)
Rod (Connects d ._Roa (Coanecus T
10 Sampler) 1o Sampler)
1]
Doast Hamener Safety Hamwmer
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Review: Split Barrel (Spoon) Samplers

20739 |
: ‘0

plit Barrel Sampler

Split Barrel Soil Sampler
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Review: SPT Energy Ratio

Hammer Efficiency,

Country Hammer Type Hammer Release Mechanism R
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
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Review: SPT Corrections

Factor Equipment Variables Correction
Borehole diameter factor, Cg 65 - 1.00
150 mm 1.05
200 mm 1.15
Sampling method factor, Cq Standard sampler 1.00
Sampler without liner 1.20
Rod length factor, Cg 3mto 0.75
4 mto 0.85
6 mto 0.95
10 mto 30 m 1.00

>30m <1.00




SPT Corrections

N, =N,
N,,o =NET, &, T, T, &,
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Review: Cone Penetration Test CPT

Cone tip resistance , q;
Pore pressure, U

Skin friction , f

Shear wave velocity , V

ug—

e

F

P .

1
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Cone Types




CPT Truck

IWI llli




Review: CPT Profile

g, (MPa) f, (kPa) uyp (kPa)

0 20 40 60 0 500 1000 200 0 200 400 600 800
0 ——— 0 pr—r—TT
0

4 4l . \4
8 1y s

8
| é
~ 12 12 12 - \
E K L
= i ————
c vy | - c-l o
c _
Q 16 | e 16 16
Q - I Z
24 24 24
= e |
——— i : -

28 28 28




Review: CPT-based Soil Classification Scheme

100 ; ] 100 T e ——
11 : 2 ]
—~ ] —~ M ]
ﬂ(? | D‘E [or 1 |
= =
& 10 - :
© = ® ]
Q ] O L 4
0 3 i 2 i )
S 1k = ® 'E
o} - ] ) -
& | - & I
Q . o !
/ B
0, 1 e . i il . t 0.1
1t 2 3 4 5 6 7 8 02 0 02 04 06 08 10 12 14
Friction ratio (%) Pore pressure parameter B,
Soil Behavior Type (Robertson et al., 1986; Robertson & Campanella, 1988)
171 Sensitive fine grained 571 Clayey silt to silty clay 971 sand
21 Organic material 61 Sandy silt to silty sand 107 Gravelly sand to sand
3171 Clay 77 Silty sand to sandy silt 117 Very stiff fine grained*
471 Silty clay to clay 81 Sand to silty sand 127 Sand to clayey sand*

*Note: Overconsolidated or cemented

61



Review:

Pressuremeter Test

Pressuremeter
Test (PMT)
ASTMD 4719
Screw Pumpe
A ataa 1. Each Full Rotation of
Casing Piston Cylinder Forces
an Incremental Yolume of
Water (or Gas or Qil)
Into the PMT Probe.
2. Measure Comesponding
T Pres=ure a each increment.
FPmohe:
d =73 mm
L =440 mm
il Rowd
o rieor
iiﬂ!! Tfm}
=
Lower Frobe
Inta Pre-Bored Hole
Prebored Hole and Expandwith
FPressurized Wrater
<
»
<
<
<

i Rubber Membrane of Probe
i Expand= as a ight cylinder.
! Evaluated per Clindrical

| Cawity Expansion Theony.

| Plot Pressure ¥ versus

i Yolume Change AV (or

| alternatively, Yolumetnc

i Strain or Cawty Strain) to

i Find Pressaremeter Parameters:

Po = Lift-Off Pressure
E = Elastic Madulus

T, = Shear Strength

VY e

P =Limit Preszure
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Review: Pressuremeter Test

Borehole

I";-._-/

—— e ——

Teat hole

1
® -
=

|, i

Test control
Contrel cabls/bos=

Probe

Data logger
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Pressuremeter Test

Review
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Review: Dilatometer Test

GENERAL LAYOUT of DMT

Push force provided by @ DMT blade
penetrometer or drill rig @ Push rods (e.g. CPT)

l /3) GP @ ©) ® Pneumatic-electrical cable
7 | R @ Control unit

G v o A ® Pneumatic cable
é e Bl ® Gas tank
@ MEMBRANE EXPANSION

ot L[ &

= po & p: readings at 20 cm
depth intervals

- 1.1 mm

O o
<
i



Yane

Pu=h in Yane éy Torguemeter
Rods— * at Bottom of

Review: Vane Shear Test

Borehole <=2, <l

Fourfiadod)
Vawe Shear |

{Lower Yane
‘to Bottom of
‘Prebored

blade width=0 7

blade thickness = &

1. Insertion of Yane o 2. Within 1 mimute, rotate 3. Performan 4. Measure residual
vane at 6 deq. minue; additiona § to torque T, for
Meazure peak torque, T, ;. 10 revolutions remmolded case

.Vane Shear Test {(V5T) per ASTM D 2573:
Undrained Shear Strength: S _ =6 Ti{7uD? ForHD=2
In-Situ Sensitivity: S, =5, (peak)/s,, ([remolded)
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Osciloscope

Hammer

Test

Depth

packer

 Note: The verticality of the
| borehole
needs to be confirmed
by inclinometer

Crosshole Test

ASTM D 4428

Shear Wave Velocity:
V. = Dx/Dt

Dx

Geophone

Inclinometer

PVG casing

Inclinometer

PVGC casing
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Osciloscope DOWﬂ the hOle TeSt
Pumﬁ
Horizontal beam
er vertical load
— Dt - Hammer :
1
Zy \?X packer
Y
Geophones
Test
Depth
; 2=27.2 4 x2
- Shear Wave Velocity 212 ilz +§2 £
8 2
V, = DRIDt 2 2 orehole

with casing
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Review: Plate Load Test

Plate Size @

LOADED @ ‘ \ Actual Footing
BALL AND SOCKET
ARRANGEMENT PLATEOR .
HEAD ROOM FOR ,I(
PERSON 1O SIT o - I . S——
AND OBSERVE iz
DIAL GAUGE
l e T Compacted Layer
DIAL GAUGE 2B
CIAL GAUGE AS ESURED
FIXTURE ‘ |
TEST PLATE OR PIT, STRUTTED Soft Material !
BLOCK - AS REQUIRED IF NECESSARY i

Stress Influence Zone
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Review: Plate Load Test

~—me LOAQ (kg/m‘x !0‘)

(mm) ——
<
=
a
S
2
=
-
.
z
-E.
e
i

SETTLEMENT

COHESIVE SOIL

®

Fig. Load Settlement Curve
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Review: Planning of Site Investigations
(Eurocode 1997-2)

DESIGN INVESTIGATIONS:LABORATORY TESTS
(3) Where practicable, the should be assessed before

laboratory tests angerformed. Quality classes for soil samples are defined in Tab
3.1.

Testprogramme

( ) the type of ground arstratigraphyand the
geotechnicaparameters needed for design calculations shall be taken into accol
when setting up thiaboratory test programme.

(2) depends in part on whether comparable
experience exists. Thextent and quality of comparable experience for the specifis
soil or rock should bestablished.Theesults of field observations areighbouring
structures, when available, should also be used.

(3)The tests shall be run on specimess

Classification testshall be used to check whether the samples and test specimel
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. il ,
areperformed on as many samples as possible to deterr

the variability of the index properties of a stratum. kra pan assessment o

used for the strength and compressibility tests ar
the stratum can be checked by comparing the results of the classification and st
index tests for the samplesth all results from the classification and strength inde:
tests for the stratum.

(4) The or as a
function of thegeotechnical aspects of the project, soil type, soil variability and
computatiormodel should be considered.
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Review: Planning of Site Investigations
(Eurocode 1997-2)

DESIGN INVESTIGATIONS:LABORATORY TESTS

Number of tests

(1)The necessarny to be tested shall be established depending on
, the quality and amount of comparabi«
and the of the problem.

(2) To allow for difficult soil, damaged specimens and other factors, additional test
specimenshould be made available, whenever possible.

(3) Depending on the test tyge; should be

NOTE : A recommended can be taken from the
tables in .)-The annexes can also be used to
check whether the extent of the testing was sufficient.

(4) The If the geotechnical design does not
need to b@ptimisedand of the soil parameters, or if

comparable experience combination with field information applies.
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Review: Planning of Site Investigations
(Eurocode 1997-2)

Table M.1 — Classification tests. Suggested minimum number of samples to be tested in one
soil stratum

Classification test Comparable experience
No Yes

Particle size distribution 4-6 2-4

Waler content All samples of Quality Class 1 to 3

Strength index test All samples of Quality Class 1

Consistency limits (Atterberg limits) 3-5 -3

Loss on ignition (for organic and clay |35 1-3

s0i1l)

Bulk density Every element test

Density index As appropriaie

Particle density ] 1

Carbonate content As appropriate

Sulfate conlent As appropriate

pH As appropriate

Chloride content As appropriate

Soil dispersibility As appropriate

Frost susceptibility As appropriate




Review: Planning of Site Investigations
(Eurocode 1997-2)

DESIGN INVESTIGATIONS:TESTS ON SAMPLES

(1) shall be selected so ascto
of eachrelevant stratum.
(2) For a fill or a stratum of sand or gravel;
Reconstituteédpecimens should have approximately the same composition, den:
and water content as-situ material
(3) Laboratory tests to determine parameters for geotechnical calculations are g

In Table 2.3.
(4) Suitable samples giving the necessary basis f

thedescription of the rock material are as follows:
1 todoe :

Tt
Tt
T
e 1

e (r) determination;
h determination;
n (n) determination;

n

m o

(UCYS) determinationtests.

e
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Review: Planning of Site Investigations
(Eurocode 1997-2)

DESIGN INVESTIGATIONS:TESTS ON SAMPLES

T t/he (E)-and (n) determination;

T tphdire index test K 5.

(5) The classification of rock core samples will normally comprise a geological
description, theore recovery, the (RQD), the degrees of

in duration, fracture logyeathering and fissuring. In addition to the routine tests
mentioned in 2.4.2.6 (4) for rocks, othiests may be selected for different purpose
e.g. density of grains determinatiom; determination| :
determination: ,
tests.
(6) The properties of the rock mass including the layering and fissuring or
discontinuities may bmvestigated indirectly by compression and shear strength 1
along joints. In weak rocks; or
on block samples may be made.
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Review: Planning of Site Investigations
(Eurocode 1997-2)

Table 2.2 — Soil classification tests

Type of soil
Clayey soil Silty soil Sandy,
oravelly soil
Parameter Type of specimen Type of specimen Type of
specimen
Unidhs- [hs- Re- Undis- [his- Ra- s Ra-
turbed furhed mol- turbed turbed moul- | turbed moul-
ded ded ded
Geological description X X X X X X X X
and soil classification
Water content X (X) iX) X iX) (X iX) (X)
Bulk density X (X — X (X — — —
Minimum and — — — (X i(X) (X X X
maximum densities
Atterberg (consistency) X X X X X X — —
limits
Particle size x x x x x x X x
distribution
Undrained shear X — — (X) — — — —
strength
Permeability X — — X (X) (X iX) (X)
Sensitivity X — — — — — — —
X = normal to deermine
(X) = possible to determing, not necessarily representative
— = not applicable
NOTE  For some types of soil, further tests may be considered, for example the determination of organic content,
particle density and activity.




Review: Planning of Site Investigations
(Eurocode 1997-2)

Tahle 2.3 — Laboratory tests for the determination of geotechnical parameters

Geotechnical Type of soil
parameter Gravel |Sand Silt NC clay |OC clay | Peat
organic
clay

Oedometer modulus (OEDy  [(OED) [OED OED OED OED

( Eced); compression i(TX) (TX) (TX) (TX) i(TX) (TX)

index {Cc);

[one-dimensicnal

compressibility]

Young's modulus (E); | TX T TX T TX T

Shear modulus ((7)

Drained {effective) shear | TX X TX Tx TX Tx

strength (") (@) SH 5B SR SB 5B SB

Residual shear strength | RS RS RS RS RS RS

i), (@R (5B) (5B) (5B) (5H) (5B) (SB)

Undrained shear strength | — — X T TX T

(g DES DSS O3S DSS

SIT (SB) (SB) (5B)
SIT SIT SIT

Bulk density (@) BDD BDD BDD EDD BDD BDD

Coefficient of OED OED OED OED

consolidation (c,) TX X TX X

Permeability (k) PTC TXCH |[TXCH |[TXCH
TXCH |TXCH |TXCH |(PTFy |(PTF) [(PTF)
PSA PSA i(PTFy  [(OEDy  [(OED) | (OED)

— = not applicable
{ )= parially applicable only; for details, see Section 5.

Abbreviations of laboratory tests:

B Baulk density determination

D&ES Direct simple shear te st

OED Cedometer st

PTF Perme ahility test in the falling head perme ameter

PTC Perme ahility test in the constant head permeameter

RS Ring shear (Ring shear box test)

5B Translational shear box test

SIT Strength index tests {normally performed in the preliminary phase only)
PSA Particle size analysis

TX Triaxial test

THCH Perme ahility constant head test in the triaxial cell {or flexible wall permeameter)




Geotechnical Aspects and Foundation Safety

IAEA Safetz Standards
for protecting people and the environment

Geotechnical Aspects
of Site Evaluation
and Foundations for
Nuclear Power Plants

Safety Guide
No. NS-G-3.6

EYIAEA

taatona g Enargy Agency

TABLE 3. TECHNIQUES FOR LABORATORY INVESTIGATIONS OF
SOIL AND ROCK SAMPLES

Characternstics Type - Paramcter )
- t [e=t ’ Purpose
invesigated of ol measured
Soil index and Clayed Atterberg Water content Compressibility
classification sl limits (through higuidity and plasticity
and plasticity
indexes)
Physical and All Dietrich— Carbonates and Soil classification
chemical types  Frihling sulphates
properties of soils apparatus
Physical and All Salt content Influence on
chemical lypes permeability
propertics of
groundwater
So1l mosture— All Procior test, Humid and dry Settlement,
density types  pammametry,  densilics, water consolidation,
relationships ASTM? test conlent, saturation  bearing capacity
[relative ratio, relative
densaty) density
Consolidation All Oedometer Oedometric, Settlement,
and permeability  types Young's modulus,  conselidation
characicristics consolidation
cocfficient
Shear strength All Shear test box,  Young's modulus, Settlement,
and deformation  types  triaxal Posson's ratio bearing capacity
capability of sol COMPression cohesion and
lesis fiction angle
under drained
and undrained
conditions
Mechanical Rock Shear test, Young's modulus Stabality,
propertics of biaxial or and Polsson’s ratio strengthening
rock triaxial
COMPression
lesis
[Dwnamic All Cyclic triaxial ~ Dwnamic Young's Sile calegorization,
charactenstics types  tesis resonant  modulus, Possons  soal-structure

of the sol

column

ratio, internal
damping, pore
pressurc

interaction,
liguelaction



Geotechnical Aspects and Foundation Safety

IAEA Safety Standards
for protecting people and the environment

tecting people ai

Geotechnical Aspects
of Site Evaluation
and Foundations for
Nuclear Power Plants

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

INVESTIGATIONS FOR COMPLEX
SUBSURFACE CONDITIONS

2.35. The site investigation programme for nuclear power
plants should include

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 , of
either natural or artificial origin, that
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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

Such conditions encountered at a
site could have serious implications for the integrity of the
Getechica specs foundation of a nuclear power plant. Complex subsurface

andFndetons o cONAitions include the potential for the
, of either natural or artificial origin,

IAEA Safety Standards
for prots P le he environment

tecting people and tl

T that
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
for complex subsurface conditions should

81
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Geotechnical Aspects and Foundation Safety

Prediction of complex subsurface conditions

2.37. and subsurface
discontinuities that could give rise to potential ground collapse and
discontinuous geotechnical behaviour should be performed as an

| mportant st ep. sufaceis undeflain byhfematoasr t |
that have the potential for ground collapse as a result of solution
processes or karstic phenomena.

IAEA Safety Standards
for prots P le he environment

protecting people and |

Geotechnical Aspects
of Site Evaluation

and Fondaions or 2.38. Proper evaluation and understanding of the regional and site
ecartorsren® - geology can provide indications of potential ground collapse.
are usually either sedimentary rocks that are

o 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).

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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Geotechnical Aspects and Foundation Safety

Prediction of complex subsurface conditions
Detection of subsurface cavities

2.39. The subsurface exploration programme at a site should
provide for the and should
allow the extent of cavities to be evaluated. The possibility of
ceoeemicainspecs L€ detection of areas susceptible to ground collapse

of Site Evaluation
and Foundations for
Nuclear Power Plants

IAEA Safety Standards
for prots P le he environment

tecting people and tl

Safety Guide
No. NS-G-3.6

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Standard
methods of site investigation should be adopted to take into
account possible complications caused by subsurface cavity
systems.
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Review GeotechnicalAspects and Foundation Safety

(a)

Bedrock

Rain water soaks through
the ground. /
Cavities form as the water

/ dissolves through the

As the cavity expands,
the upper layer /bf sand

/ and clay is unableto

supportits'own weight.
The ground collapses in
the hole
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Geotechnical Aspects and Foundation Safety
SITE CONSIDERATIONS

SITE CATEGORIZATION

3.1. For the purpose of seismic response analyses, the following
sSite
categorization is used:

IAEA Safety Standards
for prots P le he environment

tecting people and tl

Geotechnical Aspects
of Site Evaluation

amdrondeions o  Type 1 sites: Vs > 1100 m/s;
d Type 2 sites: 1100 m/s > Vs > 300 m/s;
e e 0 Type 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. ), for
very small strains. The site categorization is valid on the
assumption that the

; other than in this case, particular
analyses should be carried out according to the best practices.”



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 levell, 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
e A for Nuclear Power Plants [2] and as determined in accordance with

of Site Evaluation Section 5 of Ref. [2].

and Foundations for

Nuclear Power Plants 37 A Computatlon Of
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should be carried out for sites sites (see para. 3.1).
This computation of for the assessment
Buea of as well as for

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:

0 The input ground motion (derived by means of the procedures
described in Ref. [2]); parameters.
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FREE FIELD SEISMIC RESPONSE AND
SITE SPECIFIC RESPONSE SPECTRA

d An appropriate model of the site, based on:

IAEA Safety Standards .
e A Toee of the soil layers;
Geotechnical Aspects A T h (= ,
of Site Evalu_ation .
pafnsaion o A Trhle In each layer;
| A T eand h- curves which for each layer describe the
No. NyS-G-3.6 ap pare nt
RESE— reduction of the shear modulus G and the internal damping ratio
h of

the soil with the shear strain

d For those deep soil deposits in which wave velocities increase
smoothly 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].
are normally such

as 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) . Data from measurements made with piezometers

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

for use in liguefaction analysis. The groundwater regime reflects the

seasonal variations in the water level.

(2) . 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 or

records. -
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4. CONSIDERATIONS FOR THE FOUNDATIONS

FOUNDATION WORK
Preliminary foundation work

4.1. This section addresses the geotechnical aspects of preliminary
nensaey sancars fOUNAtIoN work. For the purposes of this Safety Guide, preliminary
o foundation work is defined as those
Geotechnical Aspects . These aCt|V|t|eS
of Site Evaluation

and Foundatons fr — dlirectly affect the performance of the foundation under the anticipated
loading conditions and are therefore critical to safety. They may include:

Safety Guide
No. NS-G-3.6

0 Prototype testing (including test fills and verification of techniques for
improving foundation material);

0 Excavations for foundations or foundation systems;

0 Dewatering and its control;

d Rock removal;

d Mapping of excavations;

0 Improvement of foundation materials (including such items as
modification of material and drainage);

0 Placement of structural backifill;

0 Placement of mud mats or any type of protective layer.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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Improvement of foundation conditions

4.3. The of foundation conditions is meant here in
Its widest sense and includes

(such as by soll
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 , 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: and

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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SOILFSTRUCTURE 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 soili structure interaction. In addition

| to the elastic and geometric parameters of the structures, the
wseeaiaor  following parameters of the subsurface materials should be included

nudear Pover Pranis 1) the design profile to allow the foundation contact pressure to be
computed:

IAEA Safety Standards
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R d ofl thefsail and theirrvariation
with depth and with strain level,

o) :
d Unit weight of the subsurface materials;

6 . 97
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SOILI-STRUCTURE INTERACTION
Dynamic analysis

Basic elements of the analysis of dynamic soili structure interaction
4.14. The objective of the analysis of
is to determine the dynamic response of the structure, with account taken of
the effects of the

, 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 solili structure system includes the following three basic
steps:

(1) Determining the (i.e. the structural
modelling step);
(2) Determining the for the foundation

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

to the applied load (i.e. the analysis of the interaction response
step).
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STABILITY

4.27. The assessment of should be carried out
under static (i.e. permanent) loads and

(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) for the foundation,;

(2) The and the load combinations to be
considered,;

(3) The , including the and the
following mechanical characteristics:

d unit weight,

o unit weight of backfill material,

d cohesion,

0 angle of effective shearing resistance,

0 angle of shearing resistance between soil and structure; o
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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.
can be performed for the plane
strain and the axially symmetric cases. The foremost difficulty is
coemicalaspecs — the selection of a mathematical model of soil behaviour or its
e raamens  CONStitutive (stressi straini time) relationship. The available
| solutions are generally limited to those developed for the
e . This solid is
fues__ 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

IAEA Safety Standards
for prots P le he environment
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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

ceotecnical aspects —— [NV@Stigated because of the presence of pipes, conduits and

of Site Evaluation

e« tunnels providing connections between the facilities.

IAEA Safety Standards
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, Which could lead to

R 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 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
Sootestmiont Acpecte contractual terms of reference relating to the earth structures or the buried

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

and Foundations for

Nucear Pover Plants — @yents, if any, that could challenge the safety of these structures.

IAEA Safety Standards
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NATURAL SLOPES

EJumea 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

and the should be used
only for a structure , Which is, in some cases,
necessary to create a water reservoir upstream from a nuclear
power plant. For designing dams and dykes appropriately,
cetecical specs—— f@ference should be made to appropriate design manuals.

of Site Evaluation
and Foundations for
Nuclear Power Plants
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SEA WALLS, BREAKWATERS AND REVETMENTS

Safety Guide

5.13. Sea walls, breakwaters and revetments are civil
Juer .. engineering
against the of an or a
lake . These structures should be

properly designed to prevent soil erosion, flooding and structural
failures which may jeopardize the safety of important facilities.
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6. BURIED STRUCTURES
RETAINING WALLS

6.1. Retaining walls can be classified into two groups:

o in which the weight of the wall and possibly that of the
retained soil play an important part in its stability;
o , such as , 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. are buildings with

Is significant. Two consequences of such embedment should be
taken into account:
d The underground walls act as retaining walls; this point has already been
covered.
d This 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 should be in
the . Adequately spaced boreholes
neasaey sancars ANA/OF test pits should be dug along the pipe route. Special
~ consideration should be given to
Gegtechnical fspects — Qr | along the route of the pipe.

and Foundations for
Nuclear Power Plants

6.13. The investigation boreholes or test pits should be
T of the foundation material below
Sumea 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
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. , In situ testing and laboratory testing
should of parameters and information on site
characteristics suitable

under the envisaged loading conditions.

IAEA Safety Standards
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Geotechnical Aspects
of Site Evaluation

and Foundations for —— The use of these parameters allows criteria for foundation design to be
established for the performance of the foundation materials and

Sy structures under anticipated loadings. In order to verify the performance

£)1aen of the foundation and earth structures, their

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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TABLE 4. MONITORING DEVICES

No. NS-G-3.6

]

. ) .. i Parameter
[vpe of device Principle Loscation Purpose
Y a micasurcd e
Piczometers Hydraulic Bore Pore pressure,  Monitonng
pPressure holes water table of water table
Glohbal Aiming by Site Topography Site evaluation
posilioning satellite of the sile
sysiem
Settlement Topographic Ground Displacements,  Settlement
monuments aiming surface seltlements of structures
Gammagraphy, Superposition Ground Deformation Deformation
photogrammetry  of picture surface of topography  of structures
In situ settlement  Topography Ground Displacements  Settlement
plates surface of structures
Inchnometers, Mechamic Bore-holes  Verticality Stability
tilimeters of slopes
Sesmometiors Accelerometers.  Free field,  Accelerations  Operability of
triggers buildings time histories plants; seismic
behaviour of
structures; foor
response spectra.
Hydraulic Hydraulic On basematl Deformations  Behaviouwr of the
devices U-tube, and and stresses sol—structure
Glite cells bencath of the basemal  svslem
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Frgure 6311 — Map of Magnetic Anomalies
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Figure 6/8.2 — Rockfall in cut slope facing sea, south slopes of Inceburun
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