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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hée
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Cific requirements for offshore structutles:
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Introduction

The series of International Standards applicable to offshore structures, ISO 19900 to ISO 19906,
constitutes a common basis covering those aspects that address design requirements and assessments
of all offshore structures used by the petroleum and natural gas industries worldwide. Through their
application, the intention is to achieve reliability levels appropriate for manned and unmanned offshore
structures, whatever the nature or combination of the materials used.

It is important to recognize that structural integrity is a concept comprising models for describing
actions, structural analyses, design rules, safety elements, workmanship, quality control procedures
and natiorfal requirements, all of which are mutually dependent. The modification of one aspedt of
design in ipolation can disturb the balance of reliability inherent in the overall concept of structpral
integrity. The implications involved in modifications, therefore, need to be considered in relation to|the
overall reliability of all offshore structural systems.

ible
her

This part ¢f ISO 19901 is applicable for marine soil investigation, which is only one-efimany poss
marine sitp investigations as illustrated in Figure 1. The terminology used in Eiglire 1 and of
important terminology are defined and given in Clause 3.

The scope [of a marine soil investigation, such as field programme, equipnient to be used, laboraf
testing prggramme, soil parameters to be established and reporting should be defined in prg

ory
ject

specificati
expected, 1

The report
report forr
adjusted by

This part
execution
parameter

ns based on important factors such as type of structures involved, type of soil condit
egional or site-specific investigation, preliminary or final)soil investigations.

ing can comprise anything from field data only to reperting of soil parameters. An exa
hat is given in Annex G, Table G.1, but for each prgject the final reporting structure c
F deleting inapplicable sections, or by adding new.sections.

pf ISO 19901 gives requirements, recommendations and guidelines for the planning
bf marine soil investigations and is applicable from the planning phase to reporting of
. [t is important to use documented methods when soil parameters are established, an

aII

ons

ple
be

and
soil
1 to

refer to thgse methods in the report.

heir
ries

In situ and|
importanc
and the exi

laboratory testing methods included in this part of ISO 19901 are selected based on t
b in marine soil investigatiofi\practice, availability in commercial geotechnical laborato
stence of an accepted testing procedure.

Marine site investigations

| Geotechpical investigations | | Geophysical investigations | | All other site investigations

| MafiWNnvestigations | | Rock investigations |
I

Figure 1 — Marine soil investigations shown as one of many types of marine site investigations

Seabed characterization can require several types of site investigations, for example marine soil
investigations and geophysical investigations including geological and geohazard evaluations. For each
project, the types of site investigations required are usually defined in project specifications. Also of
importance for proper seabed characterization is consideration of required investigation equipment and
its deployment mode(s) and methods, in order to acquire adequate quality soil data to the target depth.

This part of ISO 19901 is applicable for marine soil investigations at any water depth and to any depth
below seafloor which can be reached with the tools used.
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of this part of ISO 19901 is based on the assumptions that:

adequate communication takes place between geotechnical personnel involved in marine soil
investigations and the personnel responsible for foundation design, for construction and for

installation of the offshore structures;
soil parameters are collected, recorded and interpreted by qualified personnel;

the project-specific scope of work for marine soil investigations is defined by one or m
specifications.

nother. The scope of a soil investigation for one type of structure is not necessarily \aq
her. Extra caution is therefore necessary when dealing with unconventional soils of uncd
hdation concepts. Marine soil investigations include both offshore and nearshorg soil inv¢
ch can provide very different challenges.

detailed requirements for equipment and methods given in this part of ISO:19901 are only
levant for the scope of work defined in the project specifications.

5 part of ISO 19901 is intended to provide flexibility in the choicé-of soil investigation
hout hindering innovation.

most important aspects of a marine soil investigation should be performed to obtain 1
hmeters based on documented methods.

his part of ISO 19901, in accordance with the latést edition of the ISO/IEC Directives,
pwing verbal forms are used:

‘shall’ and ‘shall not’ are used to indicate réquirements strictly to be followed in order
with the document and from which no deviation is permitted;

‘should’ and ‘should not’ are used, tojindicate that among several possibilities one is rec
as particularly suitable, withoutmentioning or excluding others, or that a certain course
preferred but not necessarily required, or that (in the negative form) a certain possibilit
of action is deprecated but«ot prohibited;

‘may’ and ‘need not’ are used to indicate a course of action permissible within the limits of the

‘can’ and ‘cannot~are used for statements of possibility and capability, whethel
physical or causal:

5 part of 1SO9901 includes informative annexes. Informative annexes give additional i
nded to d@ssist the understanding or use of the document. They do not contain requiremsg
informative annexes may contain optional requirements (for example a test method that
contain requirements), but there is no need to comply with these requirements to claim

ore project

applicable
lequate for
nventional
stigations,

applicable

techniques

primary objectives of this part of ISO 19901 are to proyide requirements and guidanfce for how

eliable soil

Part 2, the

to comply

bmmended
of action is
[y Or course

document;

material,

(formation
nts, except
is optional
fompliance

wit

h ¢his part of ISO 19901.

The following International Standards are also relevant to offshore structures for the petroleum and
natural gas industries:

ISO 19900, Petroleum and natural gas industries — General requirements for offshore stru
ISO 19902, Petroleum and natural gas industries — Fixed steel offshore structures
[SO 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

[SO 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1:
semi-submersibles and spars

ctures

Monohulls,

ISO 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore

units — Part 1: Jack-ups

© IS0 2014 - All rights reserved
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— ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 2: Jack-ups commentary

— IS0 19906, Petroleum and natural gas industries — Arctic offshore structures
— IS0 13623, Pipeline transportation systems

— IS0 13628-1, Design and operation of subsea production systems — Part 1: General requirements and
recommendations
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Petroleum and natural gas industries — Specific

re

quirements for offshore structures —

Part 8:
Marine soil investigations

1

Thi
soil

a)
b)
c)
d)
e)
f)
g)

Rod
invg

Har

Scope

5 part of [SO 19901 specifies requirements, and provides recommendations and guidelineg
investigations regarding:

objectives, planning and execution of marine soil investigations;
deployment of investigation equipment;

drilling and logging;

in situ testing;

sampling;

laboratory testing; and

reporting.

bstigation tools can be used, e.g. for chalk, calcareous soils, cemented soils or similar soft]

d rock investigations are not covered by this part of ISO 19901; see F.13 for further guidz

Fo

stamdards for the specific types of offshore structures as listed in the Foreword and Introdu

Plapning, execution and inhterpretation of geophysical investigations are not covered by {

ISO

plapning, optimization and interpretation of marine soil investigations.

Thi
cor

Soil

dation design is not covered\by this part of ISO 19901, but by ISO 19901-4 and the respeqd

19901. However, theresults from geophysical investigations should, where appropriate,

5 part of IS@,19901 does not cover the planning and scope of geohazard assessment studi
‘esponding marine soil investigations aspects thereof.

investigations from ice in Arctic regions are not covered by this part of ISO 19901.

for marine

k materials are only covered by this_part of ISO 19901 to the extent that ordinary marine soil

rock.
nce.

tive design
Ction.

his part of
be used for

s, only the

Thi

£1CO 10001 3 H

nstallation

i rS dad £ 1 rS - 43 43 i 'S | H H
l.)Cll CUIIOVU 1 J7J7U1 15 IIILUIIUCTU TUI CIITIILS, SUIl lllVCDLlsaLlUll CUIItrI daitur s, uCstuCl o, 1

contractors, geotechnical laboratories and public and regulatory authorities concerned with marine
soil investigations for any type of offshore and nearshore structures, or geohazard assessment studies,
for petroleum and natural gas industries.

2

Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 22476-1:2012, Geotechnical investigation and testing — Field testing — Part 1: Electrical cone and
piezocone penetration test

© IS0 2014 - All rights reserved
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3 Term

s and definitions

For the purposes of this document, the following terms and definitions apply.

31
accuracy

exactness of a measurement compared to the true value of the quantity being measured

3.2

application class
classification of equipment based on achievable level of accuracy or classification of soil samples which

can be use

] to determine various soil properties

Note 1 to erftry: Application classes have been developed to provide guidance on equipment selection-centre

the accurac

Note 2 to er]
2:2007 whe

3.3
borehole g
measurem

logging pr

3.4

character
value assig
unfavoural

) required when using the results.

try: The term ‘application class’ in this part of ISO 19901 is called ‘quality class’ in3.4.1 of EN 19
re the term ‘application class’ is not used. For the definition of ‘quality class’, see-3:24.

teophysical logging
bnt of physical properties of a borehole and/or the surrounding $oil, obtained by one or 1
bes deployed in the borehole

stic value
ned to a basic variable associated with a prescribed probability of not being violated
ple values during some reference period

Note 1 to enfry: The characteristic value is the main representative value. In some design situations a variable

have two ch|
[SOURCE: 1

3.5
character
descriptio

aracteristic values, an upper and a lower value;

SO 19900:2013, definition 3.10]

zation
, evaluation and/or determination of the most typical characteristics based on all type

site invest;rgations and other available)data

3.6
client

party or p
project spe

3.7

contractor

party or p€

brson with overalbresponsibility for the marine soil investigation, including preparatio
cifications

rsoh responsible for an assigned scope of work described in project specifications

H on

97-

ore

can

s of

3.8

derived value
value of a geotechnical parameter obtained from test results by theory, correlation or empiricism

3.9
design val

ue

value derived from the representative value for use in the design verification procedure

[SOURCE: I

3.10
disturbed

S0 19900:2013, definition 3.18]

sample

sample whose soil structure, water content and/or constituents have changed as a result of sampling
and handling

2

© ISO 2014 - All rights reserved
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3.11

drained condition

condition whereby the applied stresses and stress changes are supported by the soil skeleton and do not
cause a change in pore pressure

3.12

drilling mud

drilling fluid

fluid pumped down a rotary drilled borehole to facilitate the drilling process

Note 1 to entry: The hardware associated with handling drilling fluids is commonly prefixed ‘mud’ (e.g. mud tank,
mud pump, mud valve). Drilling parameters associated with drilling fluids are similarly prefixed (myid pressure,
mud flow, etc.).

ss of life

ing marine

fined from

estricted.

vestigation,

marimesoitinvestigation
type of marine site investigation whose primary objective is to obtain reliable and representative soil
data for characterization of the seabed soil conditions to facilitate the design of offshore structures
and/or for geohazard evaluation

Note 1 to entry: See Figure 1 in Introduction.

Note 2 to entry: The scope of work and extent of a marine soil investigation varies from one project to another, but
usually includes one or more of the items listed in Clause 1.

3.20
measured value
value that is measured in a test

© ISO 2014 - All rights reserved 3
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3.21

nominal value
value assigned to a basic variable determined on a non-statistical basis, typically from acquired

experience

3.22
open-hole

or physical conditions

logging

logging in a section of the borehole without, for example, casing or drill pipe, allowing a direct
measurement of the soil properties outside the borehole wall to be made

3.23

project sp
scope of w

3.24
quality cld
classificati
measured

pcification
brk for marine soil investigations assigned by the client to a contractor

Ss
bn of sample quality for low to medium OCR clays, where the sample quality is basec
polume change from laboratory consolidation tests

Note 1 to enftry: Exact definitions of the various sample quality classes are given in 10.5, Table 6.

Note 2 toen
class’ given
in this part

3.25

rat hole
additional
zone of int

Note 1 to e
zone of int¢

3.26
reconstity
laboratory|

Note 1 to e
then consol
compacted,

3.27

remoulde
remoulde
laboratory]|

3.28
remoulde

[ry: The definition of ‘quality class’ given in this part of ISO 19901 differs.from the definition of ‘qu
n 3.4.1 of EN 1997-2:2007. What is called ‘quality class’ in EN 199752:2007 is called ‘application c
bf [SO 19901, see 3.2. The term ‘application class’ is not used in ENy1997-2:2007.

depth drilled at the end of the borehole (beyond tle last zone of interest) to ensure that
erest can be fully evaluated

ntry: The rat hole allows tools at the top of the'logging string to reach and measure the dee
rest.

ted specimen
specimen prepared by mixinga soil sample to specified state using a specified procedur

ntry: For fine-grained soils{the specimen is prepared as a slurry (at or above the liquid limit)
dated. For coarse-grained soils, it is either poured or pluviated in dry (dried) or wet conditions
or consolidated.

l sample
1 specimen
specimen which is thoroughly reworked mechanically at a constant water content

on

lity
ass’

the

best

1)

and
and

[l shear strength

shear stre

3.29

gth measured on a remoulded specimen

representative value
value assigned to a basic variable for verification of a limit state

[SOURCE: 1
3.30

S0 19900:2013, definition 3.38]

residual shear strength
shear strength at large strains where measured shear stress versus strain levels off to a constant value

© ISO 2014 - All rights reserved
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3.31
sample
portion of soil or rock recovered from the seabed soil by sampling techniques

3.32
seabed
materials below the seafloor

3.33
seafloor
interface between the sea and the seabed

permanent downward movement of a structure as a result of its own weight and other“actiops

swelling
exppnsion due toreduction of effective stress, resulting from either reduction of total stress orpbsorption
of (Jn general) water at constant total stress

Note 1 to entry: Swelling.includes the reverse of both compression and consolidation.

Note 2 to entry: Exselution of dissolved gas due to stress relief during sampling can cause significanf swelling in
sampples.

3.4
undertainty
relipbilityl of the measurement results due to sources of systematic and random errors

3.4]
undisturbed sample
sample in which no change of practical significance has occurred in the soil characteristics

3.42

undrained condition

condition whereby the applied stresses and stress changes are supported by both the soil skeleton and
the pore fluid and do not cause a change in volume

3.43
undrained shear strength
maximum shear stress at yielding or at a specified maximum strain in an undrained condition

Note 1 to entry: Yieldingis the condition of a material in which alarge plastic strain occurs atlittle or no stress increase.

© IS0 2014 - All rights reserved 5
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Note 2 to entry: Strain softening is also to be considered.

4 Symbols, units and abbreviated terms

4.1 Symbols

a net area ratio of a cone penetrometer

Cy coefficient of consolidation

Cs swelling index (for consolidation tests)

hst height of reference point above seafloor

fs sleeve friction

G specific gravity of solid particles

Gmax initial (small strain) shear modulus

I, liquidity index

Ip plasticity index

i inclination

Ko coefficient of earth pressure at rest (= 0’no /0'v0)

my coefficient of compressibility

po’ in situ vertical effective stress (=0"y0)

qc cone resistance

qt cone resistance corrected for(pore water pressure effects

S vane blade thickness

Su=Cy undrained (undisturbéd) shear strength of soil

SuC static triaxial cempression undrained shear strength

SuD static DSS'undrained shear strength

SUuE statictfiaxial extension undrained shear strength

Sufv Shear strength by field vane testing

Sufv,rem remoulded shear strength by field vane testing

Sufv,res residual shear strength by field vane testing

St soil sensitivity

up pore pressure measured through a filter location in the cylindrical cone part just above conical
part

Vp compression wave velocity

Vs shear wave velocity

Vvh vertically (v) propagated, horizontally (h) polarized shear wave velocity

6 © ISO 2014 - All rights reserved
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13 material damping ratio

zZ height above seafloor for drilling mode in situ probe zero reference readings
Vs submerged unit weight of soil

\ Poisson’s ratio

o stress

0'v0 in situ vertical effective stress (= po’)

c’ho in situ horizontal effective stress

o’p preconsolidation stress

Ao’y change in effective vertical stress

0} effective angle of internal friction

4.2 Units

Units to be used can vary somewhat from one clause to anotherbased on historical use. For

CPT cone cross-sectional area should be given in units of squaré:millimetres (mmZ2) as used|

notlin square metres (m2). If there are no special historicaleasons for deviating from the {
belgw, then the units to be used are:

forge kN

moiment kN-m

denjsity kg/m3

unif weight kN/m3

strgss, pressure, strength and stiffness  kPa

example, a
today, and
Inits listed

coefficient of permeability m/s
coefficient of consolidation m2/s
4.3| Abbreviated terms

BHA bottom hole assembly

CcV consolidated constant volume

CD consolidated drained

CPT cone penetration test

CPTU electrical CPT with measurement of the pore pressures around the cone
CRS controlled rate of strain

CT computerized tomography

Ccu consolidated undrained

DGPS differential global positioning system
DS direct shear

© IS0 2014 - All rights reserved
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DSS
ERP
FVT
GIS
GNSS
HAZID
HAZOP
HSE
HVAC
IL

JSA
LAT
LBL
MSCL
MSL
OCR
PEP
PPE
QA

QC
RFID
ROP
ROV
RS
SCPT
SH
SHANSEP
SIMOPS
SOW
SRB
SWL

TC

direct simple shear

emergency response plan

field vane test

geographical information system
global navigation satellite system

hazard identification

hazard and operability

health, safety and environment
heating, ventilation and air conditioning
incremental loading

job safety analysis

lowest astronomical tide

long baseline

multi-sensor core logging
mean sea level
overconsolidation ratio

project execution plan
personal protective equipment
quality assurance

quality control
radio-frequency identification
rate of penetration

remotely operated vehicle
ringshear

seismic CPT

Shearwave

stress history and normalized soil engineering parameters
simultaneous operations

scope of work

sulfate-reducing bacteria

safe working load

triaxial compression

© ISO 2014 - All rights reserved
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TE

TOC

UCT
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triaxial extension
total organic content

unconfined compression test

USBL ultra-short baseline

uu

VSP

unconsolidated-undrained

vertical seismic profiling

WGH

YSR

5

5.1

The
the
of t
intd

NOTI

The
pro
der
inve

5.2

Mazt
seq

a)

b)

‘)
d)

world geographic system

yield stress ratio

Objectives, planning and requirements

Objectives

objectives of marine site investigations are to make relevant-and adequate soil data 3
various project phases. In particular, the acquired data are/usually required to enable :
he site suitability with respect to the offshore structure and the level of risks for the foun
grity of that structure.

E [SO 31000 provides guidance on risk management'principles.

vailable at
i ssessment
dation and

general objectives of a marine soil investigationare to establish the characteristics and mechanical

perties of the seabed soils by acquisition, eyaltiation and presentation of geotechnical i
ved from methods relying on tools penetrating into the seabed. Specific objectives of a
bstigation may be given in project specifications.

Planning

ine site investigations comimonly consist of the following activities, often perforn
llence listed:

Desk study, including the evaluation of information available in the public domair
geophysical data, and the results of any previous marine soil investigations in the area.

Shallow geophysical investigations.

hformation
marine soil

hed in the

, available

Marine seilinvestigations, which may comprise one or more phases to suit the design phases.

Further integrated study combining the information gathered in the desk study, shallow d
inVestigation and marine soil investigation phases.

eophysical

Shallow geophysical investigations typically comprise:

NOTE 1

bathymetry and seafloor topography, using echo-sounding or swathe bathymetry;

seafloor features and obstructions, using methods such as side-scan sonar imaging and

magnetometry;

seabed stratigraphy, using methods such as sub-bottom profiling, usually by means of high-

resolution reflection seismic.

is important for marine soil investigations.

NOTE 2 ISSMGE (2005) provides guidance on shallow geophysical investigations.

© IS0 2014 - All rights reserved
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A ‘limited-scope’ marine soil investigation is commonly performed in conjunction with shallow
geophysical investigations for the purpose of preliminary groundtruthing of the sub-bottom profiling
data. The results of a shallow geophysical investigation, alone or in addition to a desk study, are generally
not sufficient for detailed design of an offshore structure.

A shallow geophysical investigation typically covers a large extent of seabed, enabling the identification
of localized, non-characteristic seabed features such as the following:

Buried channel or ice gouge features.

Erosion features.

Slides pr shallow mass transport deposits.

Seabed expression of a fault.

Gas, gds pockets or potential gas pockets.

Specific seafloor features (e.g. pockmarks, concretions, chemo-synthetic communities and seaf
expulsfion features, drill cuttings mounds).

oor

A marine doil investigation can include logging, in situ testing and sampling operations, with field pnd
onshore laporatory testing performed on any recovered samples, evaluation of geotechnical data and
results and reporting. Specific guidance is given on selection of appropriate equipment and procedyres
in subsequpnt clauses of this part of ISO 19901. The date by which apprepriate geotechnical informagion

is require
investigati
unexpecte

Consideratj
offshore st

NOTE )i
re-certificat
of failure. D

Geotechnid

the planninpg of the scope and extent(spatial area and explored depth) of the marine soil investigat

in particul
— design|
type o
types

related
struct

determines when a marine soil investigation should“‘be done. Having the marine
bn on the critical path can adversely impact subséquent activities, particularly in cas
] findings that require additional work.

ions for planning a marine soil investigationinclude project phases, requirements of
Fucture and risk level.

xamples of project phases are site selection; conceptual design, preliminary design, detailed def
ionand decommissioning. Risklevel is commonly expressed by probability of failure and conseque
bsign codes commonly rely on impljeitior explicit risk levels.

al design requirements for the offshore structure depend on several factors that can influe

hr the following:

phase, ranging fromsconcept selection to decommissioning;
F offshore structure and foundation solutions;

ind magnitudes of actions (loadings);

| design situations, such as bearing capacity, stability, settlements/displacements,
hre‘interaction, installation/removal aspects, etc;

soil
e of

the

ign,
hces

nce
ion,

$oil-

critica

geotechnical parameter values;

methods to be adopted for solving/analysing the various design situations;

ity of design situations and the possible need for optimization of design and related

geohazards.

Depth coverage can range from a few metres below seafloor for a seabed pipeline to generally less than
100 m below seafloor. However, coverage to 100m to 200 m can apply for foundations of specific offshore
structures and to possibly 200m to 400 m if necessary for characterizing geohazards such as shallow
water flow sands.
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The following factors are typically considered for planning marine soil investigations:

Inv

The
inve
con
the

Thd

the type of offshore structures to be designed and the way in which they will interact with the seabed;

the needs for determination of the area geology and related geohazards;

the results of desk studies, earlier geophysical and marine soil investigations;

the prior knowledge of seabed conditions and local geological variability and geohazards

including shallow gas;

remoteness, possible political instability, medical hazards),unexpected unexploded or
the possibility of contaminated ground;

interaction of investigation equipment with seafloor, see 6.4 for more details;
regulatory requirements.
pstigation of contaminated ground can require special equipment and precedures.

variability of the seabed and soil conditions at the site is important for the scope of a
bstigation. Investigations are usually targeted at locations where variations in seabe
ditions are anticipated, if of significance to the development,as well as at locations mor
overall area of the site.

choice of vessel, equipment and procedures typically includes the following consideratig
Operational requirements, including:

— project-specific HSE (for example, possibility of encountering shallow gas),
— local metocean conditions,

— equipment capability to reach target depth,

— grouting or not of boreholes'after they have been drilled as part of the marine soil inv
(for example, if the borehole is at the location of a structure it can be desirable to
whereas in areas with 'shallow gas it can be preferable to leave the borehole open).

Quality requirements,jincluding:

— accuracy andyresolution of control of depth below seafloor;

— tolerante-of actual investigation locations relative to target locations;

— sampling (for example, whether sharp-edged thin wall piston sample tubes are desi

—\need for and testing activities suitable for the anticipated soil conditions;

f site (e.g.
nance, and

marine soil
d and soil
b typical of

ns:

pstigations
brout it up,

Fable);

— Dborehole geophysical logging;

— water depth;

— seafloor slope or unevenness, in terms of deployment of equipment and effects on, for example,

depth control.

The planning and the scope of work may be modified during the course of a marine soil investigation,

upo

n review and evaluation of the results from the investigation as they become available.

© IS0 2014 - All rights reserved
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5.3 Scope of work

5.3.1 Responsibility and development of scope of work

The scope of work and extent of a marine soil investigation shall be given in the project specifications,
including any planning activities to be undertaken by the contractor.

The project specifications should consider the possibility of an activity that cannot be completed as
intended and should consider an appropriate course of action.

NOTE

A project may have more than one project specification.

Regarding
clearance i

water

possib

site pe
Where the
The projec

The projec
the selecte

Where rele
Any refere
method-sp,
shall apply
part of ISO

The projec

ty

choice

report

marine operations, project specifications shall define responsibility for clarifying
5sues and any required mitigation measures. Site clearance issues typically include:

navigation requirements such as minimum stand-off distance from existing facilities;

Hepth, seafloor slope and unevenness;

lity of encountering shallow gas, unexploded ordnance and contaminated ground;
rmits, including sample export.

client holds relevant information, this shall be made availablé to the contractor.

[ specifications should state the objectives of the marine soil investigation.

L specifications should, if relevant, include foundation details of the offshore structures
d design approaches.

vant, the project specifications should referto methods described in this part of ISO 19
nces to methods should be accompanied-by method-specific information as applicabl
ecific information is not contained in the-project specification, then the contractor’s prac
The project specifications may referito or describe alternative methods not covered by
19901.

[ specifications shall, where applicable, include requirements for:

deternpination of the extent ofdogging, sampling and testing, consisting of:

pe, number, locatiorrand depth of in situ testing locations (see Clause 8),

be, number, distribution, location and depth of sampling locations (see Clause 9),
pe and number of offshore and onshore laboratory tests (see Clause 10),

of appropriate vessel, equipment and techniques (see Clauses 5 to 10);

iig; including presentation of the results of the marine soil investigation and any associz

site

and

D01.
b, If
tice
this

ted

datain

terpretation (see Llause 11).

5.3.2 Default and project specified application classes/methods

The following clauses of this part of ISO 19901 give requirements and information on items that
should be covered by project specifications, which include application classes that are considered to be
appropriate in many cases. Application classes should be specified such that the objectives of the marine
soil investigation can be met.

Default application classes and default methods that shall be used if not otherwise given in project
specifications, are:

depth accuracy; see 6.2.3; default is class Z4, except for samplers with no fixed seafloor reference
where default class shall be Z5, see 9.5 and B.1.2.3;
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— in situ test accuracy for:

CPT/CPTU; see 8.3.3.1; default is class 3,

vane test; see 8.7.3; default is class 2.

When assessing the required accuracy, consideration should be given as to whether accuracy of
the relation between two data points or the accuracy of each data point is required, and the level of
variability of the quantity being specified. For example, when specifying depth accuracy, accuracy of
the vertical distance between two points can be more important than the depth accuracy for each point.
Knowledge of the thickness of a soil unit can be required to be known to a greater degree of accuracy
tha
var
can

If a1
par

1y requirements are not specified in the project specifications, or not given as default v
L of ISO 19901, then the contractor’s practice shall apply.

5.4 Health, safety and environmental (HSE) requirements formadrine operatiops
ments and

roject HSE

Theg marine soil investigation should conform to local and/or regional regulatory require
project HSE requirements. Marine operations should be conducteéd'in accordance with a p
plan. The project HSE plan can be part of a project execution plan, see Annex A.

ISO
The
sho
(ISN
or ¢
(ISH

The
per
and|

The
con
of t
of 1

vessel shall have a Health, Safety and EnvironmentManagement system (HSEMS), and

quivalent codes. The vessel should also conform to the International Ship and Port Facili
S) code, where applicable.

vessel should be crewed/staffed witha sufficient number of qualified, trained, and e
onnel to performrequired marine seifinvestigation operations, including the operation, m
repair of critical equipment.

cidered. Persons involved(shall be familiar with safety procedures requisite for the safe

harine soil investigdtion equipment shall have proper training and experience in the

19901-6 should be considered for marine operations for a-vessel used for marine soil invg

safety and well-being of those involved in, and impacted by, the marine soil investigati

hsks in which they participate [Job Safety Analysis (JSA)] and general onboard safety. Th¢

stigations.
the HSEMS

1ld conform to the requirements of the International Management Codes for Safe Operatijon of Ships
1 code) and for Pollution Prevention (MARPOL cede), and with the Safety of Life at Sea (SQ

LAS) code,
ky Security

kperienced
pintenance

on shall be
Completion
e operators
use of the

equipment. Relevant.persons shall be aware of proper reporting requirements for HSE incidents. HSE
incidents or accidents’shall be reported.

Theinvestigationvessel shall have appropriate safety equipmentto conform to SOLAS codes o
codps, including adequate maritime lifesaving equipment, and personal protective equipmer
hats, safety.glasses, flotation work vests, safety lines) as required by individual JSAs and ves
and| shall have onboard personnel familiar with and trained in its use.

equivalent
t (e.g. hard
sel HSEMS,

Special care should be exercised for "specially-mobilized” vessels, as opposed to purpose-built vessels,
for marine soil investigation, to ensure all temporarily-mobilized equipment is safely installed and
operated, and that interfaces between permanent vessel crew, who can be unfamiliar with marine soil
investigation operations, and temporary crew members (e.g. positioning crew, client representative(s)
and any other specialist crew members) are properly managed.

Marine soil investigation equipment shall not be used before it is safely installed. Lifting equipment,
such as cranes, booms, hoists, spreader bars, slings, etc., shall be suitable for the proposed use, checked,
inspected or certified and appropriately tagged or marked. During the marine soil investigation, the
vessel should be subject to ongoing safety monitoring.

When operations become unsafe for any reason, such as excessive vessel motion, work shall cease and
equipment shall be secured.

© ISO 2014 - All rights reserved 13
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Itis essential to play attention to the impact of marine soil investigation on HSE. Special substances such
as drilling mud, laboratory chemicals and radioactive sources can require special care during handling
and storage. The presence and special handling and storage requirements of any hazardous material on
board the vessel should be documented in a project-specific safety plan.

A project-specific HSE plan should consider the potential impact of in-water investigation equipment on
the marine environment (e.g. loss of hydraulic fluid, acoustic noise).

5.5 Other requirements

5.5.1 Oplrational requirements

The envirgnmental conditions at the planned fieldwork site, such as water depth, seafloor slope, wave
and current conditions, possibility of shallow gas/hydrates, shallow water flow and other drilthazafds,
and the proposed scope of the marine soil investigation shall be considered when selecting vessels pnd
investigatipn tools. Responsibility for undertaking this shall be defined in the project specificatipns.
The primary concern when considering the size and class of a vessel is the safety of the operations pnd
personnel during the work.

Lifting, hamdling and deployment facilities (A-frames, booms, davits, cables, cradles, drilling equipmient,
winches, eftc.) for the required logging, sampling and in situ testing equipment, supplies and other
equipment|shall be safe. Dynamic effects from vessel motion and the additional frictional and sucfion
forces impgosed on a piece of investigation equipment (e.g. seafloor frame, corer, CPTU) shall] be
considered when determining the maximum anticipated load onsa lifting element, as these additignal
loads can He significant.

nal
ose

Equipmentlused duringthe marine soilinvestigation should have documentation consisting of operati
and maint¢nance procedures. Where two or more pieces\of equipment have a critical interface, th
interfaces $hall be evaluated to ensure proper operatign:

Vessel positioning and equipment positioning requiréments shall be defined in the project specificatipns.

Further g

idance is provided in 6.3.

5.5.2 Quplity requirements

Experience
investigati

The clients
exercised ¢
operatead

Aprojectq

d geotechnical practitioners shall be involved during the planning and preparation of the
bn scope and project specifications.

hould have an appropriate project quality management system in place, with quality control t
pbnsistently and.campetently in all phases of investigation and evaluation. The contractor sh
bcumented quality management system such as the ISO 9000- series of International Stand

1ality plan(QP) should be incorporated as part of a project execution plan (PEP) for the ma

soil

b be
uld
ds.

Fine

soil investigation'(see Annex A). This should detail the organizational responsibilities, activities, angl an
index of referenced and applicable procedures to complete the scope of the marine soil investigatiof.

Quality sy 03 e quality OeTT y Toutd be performed

contractor should address and resolve audit reports, recommendations and/or corrective actions wi
the responsibility of the client and contractor respectively.

b

thin

5.5.3 Specific requirements for unconventional soils

The requirements and recommendations in this part of ISO 19901 have been developed primarily for
use in conventional soils, i.e. siliceous sands and clays of terrigenous origins which have relatively well
understood generic properties, and for which there are well established global marine soil investigation
practices. When performing a marine soil investigation in frontier areas, or areas known or suspected
to contain unconventional soils, this may require special handling or treatment for soils such as:

— siliceous terrigenous soils (e.g. glacial tills, frozen soils);
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— unconventional terrigenous soils (e.g. volcanic ash, silts, glauconitic soils, micaceous soils);
— non-terrrigenous soils [e.g. carbonate soils (see Note below), calcareous soils, siliceous oozes].

The equipment, methods and procedures can also require tailoring to investigate characteristic
properties that can pose particular difficulties for geohazard assessments and engineering. Examples
of soils with specific generic properties that can need special attention are listed in Table A.3.

NOTE Carbonate deposits offer an example of how an investigation can need to be adapted to suit soil type:
such soils can be variably cemented and range from lightly cemented with sometimes significant void spaces to
extremely well cemented. This is particularly the case for sands and silts that contain more than 15 % to 20 %
carlperaterateraThereforethplarnineaaritesetHnvesteationr s Hpertantteinesrporaie sulficient
flex|bility in the scope of work to switch between soil sampling, rock coring, and in situ testing\techniques as
apptopriate. In these soils, a carefully developed field and laboratory testing programme can be| warranted.
ISO[19901-4 provides relevant guidance.

Gerjeral guidance on types of unconventional soils and soils with generic properties that have potential
diffjculties associated with them is given in A.3.

6 [Deployment of investigation equipment

6.1 Deployment modes

6.1{1 General

Marine soil investigation equipment can be deployed in a variety of ways. The elected deployment
mefthod can influence the quality and the depth to which data can be acquired. The client shquld ensure
that the selected equipment is capable of providing suitably accurate and sufficient geotechnical data
for the intended purpose.

6.1{2 Non-drilling mode

Norl-drilling mode encompasses tlie,practice by which geotechnical testing or sampling tools are
initjated at the seafloor and penetrated in a single stroke to refusal depth or to a predetermjned depth.
Too] penetrations generally varyfrom 0,5 m to greater than 25 m below seafloor, depending|on the tool
that is deployed and the geplogy that is encountered. Penetrations in excess of 40 m are pogsible using
spefialist equipment in a-very soft seabed.

A vhst array of geotéchhical testing and sampling equipment is deployed using this technique. The
morte sophisticated of these tools are landed on the seafloor prior to the commencement of the seabed
penetration. Thé simplest of these tools are simply lowered until they encounter the seafloorfallowed to
penfetrate torefusal under their own weight, then extracted and recovered to the vessel deck.

The quality~of data acquired can vary with the level of sophistication of the tools. Sophisticatdd seafloor-
found€éd, non-drilling mode rigs can acquire high quality samples or in situ data. At the other end of
thelspectrum, non-heave-compensated winch-controlled tools such as gravity corers, Kullenberg piston
corers and vibro corers can have a limited capacity to acquire high quality samples.

Acommonlimitation of non-drilling mode equipmentrelatesto theirinability toachieve atarget penetration
depth when a seabed layer is intercepted whose strength exceeds the penetration capability of the tool.

Notwithstanding the above, non-drilling mode tools are widely used for acquiring seabed geotechnical
data in favourable geological conditions, due to their generally high level of availability, comparatively
lower cost, and their capacity to be deployed from a wide range of vessels.
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6.1.3 Drilling mode

6.1.3.1 General

Indrillingmode,logging, sampling and in situ testtools are deployed into the seabed, initially commencing
from the seafloor and thereafter from the bottom of a borehole that is progressed via rotary drilling.

Drilling mode operations can be undertaken either from the sea surface, (referred to as ‘vessel drilling’),
or alternatively using remotely controlled, seafloor-founded drill rigs (referred to as ‘seafloor drilling’).

Geotechnical tools are deployed to the bottom of the borehole using a variety of techniques, including
wireline, filee fall, or via advancement and recovery of the drill string itself. Once located at the bottom of

the boreh
maximum

e, the geotechnical tool is penetrated via electrical, hydraulic or mechanical means-uintil
stroke length, the borehole target depth, or the mechanical capacity of the system is)achie

the
ed.

At the comppletion of a testing or sampling interval, the tool is either recovered to the surface through

the drill st
progressed

Further pr

6.1.3.2 V
Vessel dril

a) aspud
vessel,

b) astabl

Vessel drill

many vesse
a seafl

a heay

movement of the drill string.

Less sophi
of the effed
is provided

6.1.3.3 §

Seafloor d

umbilical, ¢r alternatively a constant tension winch is used to isolate the rig from vessel movements

ke non-floating platform, such as a jack-up or pexmanent seabed structure.

'ing (vessel drilling), or temporarily stored on the rig (seafloor drilling). The:borehole is t
to the next testing or sampling depth.

pvisions related to rotary drilling techniques are provided in Clause'Z

essel drilling
ing operations are undertaken from either:

Hed, anchored or dynamically positioned floating vessel; such as a drill ship, semi-submerg
barge or similar craft, or

ng systems are influenced by movements associated with surface environmental conditions

por-founded template with a ‘hard:tie’system’ heave compensator, see Zuidberg et al. (1986

e compensator on the drilling vessel in conjunction with soil resistance that prevg

sticated vessel drilling systems are uncompensated against vessel heave. Further discus
ts of vessel heave gn'drill string stability, and the accuracyof borehole depth measureme
in B.1.

eafloor drilling

hen

ible

For

| drilling systems, the vertical stability ofthe drill string may be controlled or limited by means of

, 0r

bnts

bion
nts,

rilling systems are either landed on the seafloor and a catenary is formed with the conftrol

All

operations|

are then undertaken via remote control.

The stability of seafloor drilling systems is largely dependent on the capabilities of the footings used
to support the rig. Sophisticated footings systems can incorporate the capacity to self-level the rig, and
monitor the vertical height of the rig relative to the seafloor to enhance the accuracy of borehole depth
measurements. Less sophisticated rigs can lack the capacity to land and stay reliably at the seafloor,
leading to uncontrolled penetration on landing, an increased potential for tilting, and poor estimation
of actual borehole depth.

The action of initially landing equipment on the seafloor can disturb the natural characteristics of the
upper seabed. This issue is discussed further in B.2.
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Accuracy of vertical depth measurements

1 General

The accuracy of vertical depth measurements is a critical component of a marine soil investigation.

Acc

6.2

A d
acq
is

which vertical measurements are able to be made, and the accuracy to which a sample dat

urate measurement of vertical depth assists in ensuring, for example:

that variations in seabed stratigraphy are accurately defined;

that appropriate overburden and pore water pressure corrections are applied to in situ test data;

that adjacent samples and in situ test data are able to be precisely correlated; and

that appropriate confining stresses are specified during the course of subsequent
test programmes.

2 Factors affecting the accuracy of vertical depth measurements

pta point can be defined at any particular depth below seafloor at.which geotechnic
lired. The depth accuracy of a data point can vary depending on-the mode by which
ployed, the vertical stability of the equipment during the data,aequisition phase, the g

laboratory

]l data are
equipment
ccuracy to
h point can

be ¢stimated within a sampling tool. For example, the achievable depth accuracy when using a vessel-

mo
ass
whd
the

monitoring system used to estimate the position and-levelness of the rig relative to the seafld

leng

Dat
exa
Thi

Fur

6.2

The
soil
cap
for

Dod

equiipment-should be provided by the contractor(s). For cases where depth accuracy is expec

wit

nted drilling system can depend on the prevailing environmental conditions at the sea s
ciated vessel motions, the water depth, the capability:of a vessel’s heave-compensation s
ther the drill string can be stabilized at the seafloor<dtiring downhole data acquisition. I
depth accuracy achieved with a seafloor-founded system can depend on the capabil

rth of the drill string or push rods deployed downhole.

mple, the allocation of sampleloss withinasampling runis often solely based on engineering
5 can introduce additional uncertainty as to the actual depth from which the sample origir

ther discussion on the factors affecting the accuracy of vertical depth measurements is proy

3 Specification of depth’accuracy classes

project specifications should include the class of depth accuracy to be achieved iy

hbilities of theequipment under consideration. Different degrees of depth accuracy may H
n situ testingiand sampling operations.

umentation demonstrating the depth accuracy that can be achieved with proposed in

urface, the
ystem, and
n contrast,
ties of the
or, and the

h point depth accuracy can additionallycwary as a result of the performance of a samplipg tool. For

udgement.
ated.

idedin B.1.

a marine

investigation based on the intended use of the geotechnical data, with due considerdtion of the

e specified

vestigation
ted to vary

changes in water depth and/or borehole depth below the seafloor, the variation in acc
13 3

iracy class

sho

Fia o 2| raaclk 3o 0 P2 TP Figatrio oo
T O CCSTITatC O TOT Catr e CTraC o IITy CStrgatiotr ar ca

Depth accuracy classes are presented in Table 1. Information on the factors affecting depth accuracy for
different equipment types, and key parameters for consideration in calculations, are included in Annex B.
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Table 1 — Depth accuracy classes for data point measurements relative to seafloor

Depth accuracy class Maximum data point
depth uncertainty

(m)

71 0,1

72 0,5

73 1,0

74 2,0

yAS) >2Z,0

If requirement to depth accuracy is not given in project specifications, a default value Z4 shall apply
except for $amplers with no fixed seafloor reference where default shall be Z5, see 9.5 andB.1Y2.3.

6.3 Positioning requirements

The requirpments regarding vessel and equipment horizontal positioning accuracy shall be given in[the
project spdcifications (as noted also in 5.5.1).

The accuracy to which boreholes and/or equipment are located on the seafloor is an important aspe¢t of
a geotechnlical data set because it is imperative that

— current investigation locations are aligned with previous and*“future soil investigations, and|the
installption of facilities;

— knowr] seafloor hazards, including installed facilitieSy natural seabed obstructions, excespive
gradiepts, identified areas of shallow gas and other features, are avoided with confidence.

The geodetfic system, positioning datum and other -corrections to be applied to the data set shall be
specified, dnd minimum acceptable calibration and.integrity testing exercises shall be completed pjrior
to the commencement of an investigation.

Specificatipn of horizontal positioning tolerahces can be influenced by:

— the type of facilities to be installedion the seafloor;
— the type, accuracy capabilities'and levels of equipment redundancy of the positioning equipment;
— the proximity of existing.facilities (including the estimated accuracy of their actual positions);
— the knpwn seafloortopography: water depth, seafloor slopes, natural features.

For further guidance)on horizontal positioning requirements, reference is made to [HO standardgq for
Hydrographic Sufveys (2008) and OGP-IMCA (2010).

6.4 Interaetion of investigation equipment with the seafloor

Most sophisticated marine soil investigation equipment interacts with the upper seabed prior to
commencement of data acquisition.

The action of landing equipment on the seafloor can disturb and apply elevated surcharge pressures to
the upper seabed, which can be detrimental to data quality. The expected interaction of investigation
equipment with the seafloor should be clarified prior to the commencement of a soil investigation.

Steep seafloor gradients can impede operation of investigation equipment. Detailed bathymetry
information is normally required to confirm that the investigation equipment can be safely operated in
such environments.

Further guidance related to disturbance of the seabed and operation of equipment on steep seafloor
gradients is provided in B.2.2 and B.3, respectively.
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7 Drilling and logging

7.1 General

Drilling operations can be undertaken either from the sea surface (‘vessel drilling’) or alternatively
using remotely controlled, seafloor-founded drill rigs (‘seafloor drilling’). The various modes of
equipment deployment are defined within Clause 6, which also describes the particular aspects that
relate to rotary drilling and the subsequent logging of a borehole (if applicable).

In both dr1111ng system deployment modes outllned above a borehole is advanced by the combined
3 e a2 chthe flow of
e enclosing

Sonpe soil disturbance ahead of the drill bit is inevitable and can have a measurable effect on data quality.
Excpssive, or varying, weight on the drill bit tends to increase soil disturbance as the bit impacts virgin
material at the drill face. Excessive drilling fluid pressure can induce hydraulic fracture o1 erosion of
virgin material. Excessive drilling fluid flow can soften or erode virgin material. Soil distuybance can
oftgn be assessed by inspection of the results from the sampling and i $itu testing. The depth of soil
disfurbance below the drill face, and the magnitude of its effect, tend\t@be greater for softer]soils.

For|marine drilling operations, the vertical stability of the drill string during borehole advancement
is citical to the recovery of high quality geotechnical data(Eluctuations in applied bit weight, and
assgciated displacements, during sampling and in situ testing operations can be detrimental to data
quallity. Drill string stability is largely affected by the typeof equipment used to deploy the {rill string.
Further information on this issue is provided in Clause 6:

The efficient delivery of the drilling operation can,be fundamental to the overall success of fhe marine
soillinvestigation. Clause 7 and Annex C describe the process for selection and adoption ¢f the most
apprropriate drilling equipment and procedures for the work, based on project-specific requirements
and drilling objectives.

7.2| Project-specific drilling requirements

The choice of drilling equipment suitable for a particular soil investigation is generally di¢tated by a
number of key project-specific drilling requirements, which can consist of the following:

— |expected soil conditions and possible drilling hazards, such as shallow gas, flowing sands, swelling
clays, hydraulic fracture potential;

— |required boréhole depth and purpose of geotechnical borehole(s), i.e.
1) borehgle suitable for deployment of specific testing or sampling tools, and/or

2) . borehole to acquire drilling parameters (i.e. destructive drilling);

— Lsite environmentand seafloor characteristics, e.g. water depth, expected weather and sealconditions
(current, tide, extremes of temperature), proximity of surface/submerged/seafloor/buried
infrastructure, seafloor topography, natural seafloor features;

— allowable uncertainty in borehole depth measurements (see 6.2);

— HSE considerations, e.g. manned interventions on the drill floor, environmental discharge
regulations for drill cuttings, etc.;

— logistical considerations, e.g. project schedule, availability of equipment.
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7.3 Drilling objectives and selection of drilling equipment and procedures
Drilling objectives of the soil investigation are typically one or more of the following:

to recover data of optimal quality, with minimal soil disturbance from drilling, where the soil
investigation results will be used to determine geotechnical parameters for design purposes;

to maximize the continuity of data recovered within a borehole (at the possible expense of reduced
data quality), for example for geological investigations for which key horizons can be very thin and
therefore require a data record as continuous as possible;

sts
get
as);

to maxi ; f
of proyiding as much spatial or depth coverage of a site as possible within a given time onbu
constrpint, for example for hard-layer detection, or pilot-hole drilling (for detection of shallow g

the
lot-

to minjmize the potential for a shallow gas incident. The rapid extraction of wireline tgels from|
seabed (swabbing effect) can induce a shallow gas ‘kick’. It can also be necessary topérform a p
hole for the detection of shallow gas, thereby de-risking further drilling operations.

due

The selection of drilling equipment and procedures shall be based on the drilliig objectives, with

considerat
sampling h
requireme

Further gulidance on the selection of drilling equipment and proceduré€s is given in Annex C.

7.4 Drill

A separate

(see Anney A) should cover the proposed drilling operations and shall describe the predicted sequg
5 and contingencies, from initiation to completion of each geotechnical borehole, and include

of activitie
details of t

on of the range of expected soil conditions and drilling hazards thatcan be encountered.
y rotary core drilling, the system and the associated sampling.techniques may follow
nts of ISO 22475-1 (mainly for onshore and nearshore soil inyestigations).

ling operations plan

drilling operations plan (see Annex C) or the project execution plan for the soil investiga

he required sampling/testing/loggingprogramme.

For
the

fion
nce

The purpose of the drilling operations plan.isitwofold:
a) duringthe pre-fieldwork phase, to provide assurance that:
— allrequired information is-in-place,
— thg proposed solution-is.¢apable of meeting all of the project objectives,
— due consideration-has been paid to potential drilling hazards, and
— coptingency plans are in place in the event of foreseeable drilling-related problems;
b) duringthe fieldwork phase, to control the execution of the drilling and borehole works.
The level pf-detail required depends on the complexity of the soil investigation, on the tools pnd
techniquestobeemployed;amdomrwhetherany mewormodiftedequipmentorproceduresarerequired.

Some areas where marine soil investigations are carried out pose a possibility of encountering shallow
gas, either natural or released from a nearby hydrocarbon extraction/processing infrastructure. Where
the potential for a gas release exists, a shallow gas plan shall be in place. Part of this plan can include the
drilling of a separate pilot hole prior to any geotechnical sampling or in situ testing.

Guidance for the content of the drilling operations plan and for the performance of shallow gas risk
assessment is provided in Annex C.

7.5 Recording of drilling parameters

During the process of borehole drilling the system operational and performance parameters shall be
recorded either manually (usually by the driller) or by use of an electronic automated logging system.
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When depth resolution of logged parameters better than about 1 mis required, use of automated logging
is the preferred method.

Dependingon project-specificrequirements and upon the logging method adopted (manual or electronic),
recorded parameters can include the following:

Time (dd/mm/yyyy hh:minmin:ss).
Penetration (m).

Rate of penetration (ROP) (m/min).

The
ext
layd

7.6

Dep
can

logg

An
[see

See

8.1

Res
isd

a)

Drilling fluid pressure at the output of the pump (kPa).

Drilling fluid circulation rate (input) (I/min).

Drilling fluid recovery rate (1/min) (only for riser drilling with recirculation efdrilling f
Drill head rotational torque (N-m).

Drill head rotational speed (revolutions per min).

Bit load (kN).

accurate recording of drilling parameters can provide a valtiable data set for use in inte
‘apolation of soil data and detection of layering. An example*of such application for detect
rs in carbonate material is given in Becue et al. (1988):

Borehole geophysical logging
ending upon project-specific requirementsggeophysical wireline logging or logging wh
be employed. Typically, these methods provide enhanced geological and engineering det
red borehole section.

imber of tools are available, some\for in-pipe measurements and some for open-hole me3
Digby (2002) and ISO/TR 14685-for further information].

Annex C for further guidance:

In situ testing

General

Lits of inSitu tests depend on how the tools or probes are deployed into the seabed, and whet
sturbedprior to probe insertion. As noted in Clause 6, tools can be deployed via two alternatiy

mon-drilling mode, in which tool penetration is initiated at the seafloor and penetrated

uid).

rpolation/
ion of hard

ile drilling
hil over the

surements

her the soil
re methods:

in a single

Stroke to refusat; ortoa predeterined aeptit ot

b) drilling mode, where the tool is lowered down a predrilled borehole and in situ testing is initiated at

the bottom of the borehole.

The recommendations and requirements given in Clause 6 should be taken into account when planning
and performing in situ tests. For tests undertaken in drilling mode, Clause 7 should also be consulted.

Management of metrological confirmation applicable should be in accordance with ISO 10012.
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8.2 General requirements for the documentation of in situ tests

For each test, the following information shall (underlined) or can (not underlined) be recorded and
reported in addition to the test results:

a) site ge

ographical details, including:

— geographical location,

— facility name,

— borehole ortesttitle;

— CO
— W

b) equipn

prdinates, including site datum (e.g. WGS 84),
iter depth [e.g. relative to lowest astronomical tide (LAT); mean sea level (MSL)}?

nent details (as applicable):

c) testds
— teq

— tes

ipment name,
loyment mode
ehole progression method (drilling or non-drilling);
tails (as applicable):

pt type,

t/stroke number,

— culrrent borehole depth,

— to

— un

Reference

bl type (geometry/capacit

ique equipment/tool number.

hall be made to any deviations from the requirements of this part of ISO 19901 or the pro

specificatipns, where identified, including

— testing

— tool w
— correc

— actual

8.3 Con

procedures,

par or damage,
tions made for"depth below seafloor,

test positions versus original target positions.

p pénetration test (CPT/CPTU)

ject

8.3.1 General

This Clause covers cone penetration tests performed with a friction cone (CPT) and with a piezocone (CPTU).

8.3.2 Equipment

The standard cone penetrometer is defined as having a nominal cross section, Ac, of 1 000 mm?2.
The geometry of the standard cone penetrometer and allowable tolerances should be as given in

ISO 22476-

1:2012, 4.4.

Cone penetrometers with a diameter between 25 mm (A¢ = 500 mm2) and 50 mm (4. = 2 000 mm?2)
are permitted for special purposes, without the application of correction factors. The geometry and

22
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tolerances given for the nominal 1 000 mm? cone penetrometer should be linearly scaled in proportion
to the diameter.

The friction sleeve shall be placed just above the cone. The dimensions and tolerances for the friction
sleeve should be as given in ISO 22476-1:2012, 4.5.

For measuring pore pressures, a filter location in the cylindrical part just above the conical part is
recommended. Pore pressure measured at this location is denoted uy. Pore pressures may sometimes also
be measured on the cone face (u1) and/or just above the friction sleeve (u3). The location of the filter(s),
dimensions and tolerances should be as given in ISO 22476-1:2012, 4.6.1. The penetrometer tip and
adjoining rod(s) should have the same diameter for at least 400 mm behind the tip for the 1 000 mm? cone

penetrometer. For other size cones, this distance should be scaled linearly in proportion to th¢ diameter.
NOTE Changingrod diameter ata distance ofless than 400 mm (for standard 1 000 mm2 cehe)penetrometers)
canfinfluence the measured cone resistance.

8.3]3 Test procedures

8.313.1 Selection of equipment and procedures

For|cone penetration tests, the use of application classes as defined below should be adopted.[Equipment
and|procedures to be used should be selected according to the requiréd application class given in Table 2.
Application classes are defined as follows:

a) |Application Class 1 is intended for very soft to softsoil deposits. Class 1 penetration tests are

b)

NO1T
pos

If a

normally not achievable for mixed bedded soil profiles with weak to strong layers (alt
drilling through these layers can overcome the pr@blem). Tests can only be performed a

Application Class 2 is intended for precise-evaluation for mixed bedded soil profiles
to strong layers, in terms of profiling andvmaterial identification. Interpretation in te
parameters is also possible, with restriction to indicative use for the soft or weak laye
type should be CPTU.

Application Class 3 is intended for evaluation of mixed bedded soil profiles with soft t
and loose to dense sands, in terms of profiling and material identification. Interpretation
soil parameters is appropriate for very stiff to hard clay and for dense to very dense sand
stiff clays or silts and lpose sands, only an indicative qualitative interpretation can be 1
using data acquired under this application class. The test type should be CPTU but in
CPT may be acceptable.

E Mixed bedded soil profiles refer to soil conditions containing typically dense and stiff to hz
ibly also incldding soft or weak layers.

1 possible sources of errors are added, the minimum accuracy of the recorded measur

eac
an

effects/(ambient and transient), pore pressure effects in gaps below and above the friction

h application class should be better than the largest of the values given in Table 2. The u
ysis.should include internal friction, errors in the data acquisition, eccentric loading, te

hough pre-
5 CPTU.

with weak
rms of soil
's. The test

stiff clays
in terms of
layers. For
ndertaken
fome cases

rd soils, but

ements for
ncertainty
mperature
Sleeve, and

dimensional errors. The resolution of the measurements should be better than one-third of the required
accuracy applicable to the application class given in Table 2.

Seafloor CPT systems generally provide thrust perpendicular to the seafloor, with no opportunity for
correcting the pushing force to vertical. In drilling mode, verticality of the downhole CPTU/CPT system
depends on verticality of the drill string. A vertical pushing force is normally assumed for the calculation
of the penetration depth.

NOTE The difference between accuracy and uncertainty is described in Clause 3.
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Table 2 — Accuracy of CPT/CPTU parameter values for application classes

Application class Test type Measured parameter Allowable minimum
accuracya
1 CPTU Cone resistance 35kPaor5%
Sleeve friction 5 kPaor 10 %
Pore pressure 25kPaor5%
2 CPT or CPTU Cone resistance 100 kPaor 5 %
Sleeve friction 15 kPaor 15 %
Pore pressureb 50 kPaor5%
3 CPT or CPTU Cone resistance 200 kPa or.5%
Sleeve friction 25 kPaor 15 %
Pore pressureb 100kPaor5 %
a  The allgwable minimum accuracy of the measured parameter is the larger value of the two quoted. The percentage
values apply|to the measured value and not to the measuring range.
b Pore prgssure can only be measured if CPTU is used.

If the projgct specification does not provide a required application class, Application Class 3 shall

be the defjult.

The allowdble minimum accuracies for cone resistance, sleeve friction and pore pressure shall apply

relative to the seafloor.

The allowgble minimum accuracy for penetration depth sheuld be estimated in accordance with dgpth

accuracyr

8.3.3.2 Preparation for testing

The thrust
as possible

[tis permis
monitored

8.3.3.3 Pushing of cone penetrometer

The nomin

The length
and streng
frequency

ecommendations as provided in Clause 6.

machine should act on the push rods sothat the axis of the penetration force is as close to vert
The axis of the penetrometer shatl correspond to the loading axis at the start of the penetrat

sible to use the same filter forseveral tests, but the pore pressure response should be clo
for each test and the filtef replaced when an unsatisfactory response is observed.

hl rate of penetration should be (20 £ 5) mm/s.

of each streke should be as long as possible, with due consideration for the mechan
th limitations of the equipment. Continuous penetration is preferred. The data recorg
chall beat least 1 Hz.

ical
ion.

Gely

ical
ling

For drilling

r mode and shallow non-drilling mode (<5 m), inclination measurements are not required

.

8.3.3.4 Dissipation tests

Guidance and recommendations related to the CPTU dissipation tests are given in 8.4.

8.3.3.5 Test completion

The penetration of the cone penetrometer shall be terminated when:

— the required depth below seafloor has been reached;

— the agreed maximum thrust or maximum capacity of the measuring system has been reached; or

— the cone inclination approaches or is beyond a limit given in the project specifications.

24
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For CPT/CPTUs in drilling mode, reaching maximum thrust capacity at one depth should not prevent
subsequent strokes being performed. The fact that maximum thrust capacity is reached is also
important information.

Potential damage to the equipment can also be a valid reason to prematurely terminate a test.

For quality control, zero-reference readings of cone resistance, sleeve friction and, if applicable, the pore
pressure, shall be recorded before and after each test.

For seafloor-based drilling and non-drilling systems, reference readings can be made at the seafloor or
a fixed distance above, with values corrected to seafloor where appropriate; see Annex D for further

gui
leve
the
me?

Res
tot

NO1
pen
and

8.3

For
slee
and
red
beg

It i
dee

8.3

Thd
pen

Thd

ance on this topic. For downhnole TOIN @ SUTTace Vessel, the Zero reference sna
1, and the reference readings at the bottom of the borehole shall also be recorded and g
bretically calculated values. Both non-drilling mode and drilling mode tests shall bewepd
isurements referenced to the seafloor.

ults of CPTU/CPTs carried out in drilling mode prior to 2014 may show q, fs@nd u correct

he bottom of the borehole rather than the seafloor.

btration force, the allowable forces on the push rods and push rod conune€ctors, the use of a frict
or push rod casing and the measuring range of the cone penetrometer.

3.6 Equipment checks and calibration

each cone penetrometer, a calibration shall be made of the arearatios of the cone (a) and of

should be documented in the report(s) where results are given, as they are very import3
iction. The (a) and (b) calibrations should be\checked at least once a year, and prefer
inning of each offshore campaign.

recommended to use more than one¢alibrated cone on each project, preferably two
p borehole.

4 Presentation of test resultsand reporting

reporting of results fram) CPT/CPTUs shall conform to 8.2. The net area ratio, a,
etrometer and the end aréas of the friction sleeve shall also be given.

following measuréd)parameters shall be presented as functions of depth:
cone resistanee) qc;
pore pressure, uy;

sleevie-friction, f;;

be at deck
mpared to
rted for all

ed relative

E The achievable penetration length or penetration depth depends on the soil conditions, the allowable

ion reducer

the friction

ve (b) in accordance with [SO 22476-1:2012, 7.2. These values are unique to each cone pepetrometer

nt for data
ably at the

in the first

f the cone

inelination, i, where applicable

NOTE 1

Inclination is defined as the angular deviation of the cone penetrometer from the vertical.

Derived parameters to be presented as functions of depth should include, but not necessarily be limited to:

a)

corrected cone resistance, gr=qc+ (1 - a) uz
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where

a is the net area ratio = Ap/Ap;

Ap is the projected area of the penetrometer in a plane normal to the shaft;

Ap is the area of the load cell or shaft on which pore pressure can act.

NOTE 2  The measured sleeve friction is influenced by surrounding water pressure. Since it is not standard

practice to measure the pore pressure u3 above the friction sleeve, the uncorrected sleeve friction fs is commonly
used. A possible correction method for the friction sleeve (to get ft) is given in Annex D.

b) frictiof ratio, Rf= fs/qc

c) pore pfessure ratio, Bg = (uz2- uo) / (gt - ovo)

where
ov0 is the estimated total vertical stress relative to seafloor;
uo is|the estimated or measured in situ equilibrium pore pressure relatjve to seafloor.

The basis fpr computation of the oo and ug profiles shall be given.
NOTE3  Additional parameters that can be plotted include: gnet = qt—0v0 Q9= qnet/0’vo and Fr = fs/qnet.

In general,|the test results should be plotted with a depth scale 6f\1 scale unit = 1 m, but for shallower
profiles, e.g. pipeline investigations, an enlarged scale can be tsed provided this is maintained acftoss
the acquir¢d data set.

For the mgasured and derived CPTU parameters, theifollowing scales are recommended for [use
where applicable:

— cone re¢sistance qc, gt — 1 scale unit =2 MPa or 0,5 MPa;

— sleeveffriction, f;: — 1 scaleunit = 0,05 MPa;

— pore pfessure, u: — 1scale unit=0,2 MPa or 0,02 MPa;
— frictiop ratio, Rg. —\_1 scale unit = 2 %j;

— pore pfessure ratio, Bg: — 1 scale unit = 0,5 units.

Different sfales for cone resistance, sleeve friction and pore pressure can be used if the values in|the
profile fallloutside a reasonable range.

NOTE 4 Itcanalsobe very beneficial to present two sets of plots in one profile. This is especially so if therd are
layers of defpse,said and clay in the same profile. If the results in clay are to be used for interpretation in ternps of
soil paramefets, it is particularly important to use an enlarged scale in the presentation of test results. It is plso
important t i ;| i tgatt

The measured and derived CPTU data shall be reported in digital (i.e. numerical) form in addition to
being presented in the field report.

It is recommended that reference readings are recorded and documented in accordance with the
procedure outlined in Annex D.

8.4 Pore pressure dissipation test (PPDT)

8.4.1 General

This subclause covers pore pressure dissipation tests (PPDT) performed with a piezocone penetrometer.
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The project specifications shall include

a) type of testaccording to Table 3,
b) testdepth,
c) testduration in terms of termination criteria.

The accuracy of measurementis that for the corresponding application class of the piezocone penetration
test (see 8.3), unless agreed otherwise.

NO arly for test

typé

E1 Increasing test duration can improve the accuracy of interpretation oftest results particu

s PPDT1 and PPDT2.

E2  Termination criteria can include: an agreed maximum test duration of for example five’hours; a certain
entage of the dissipation of the pore pressure immediately before the penetration intertuption, rglative to the
mated insitu equilibrium pore pressure; that the change in pore pressure over a giventime interjval is below
preventing
bressure for

NOT
per
esti
a certain value, for example 3 kPa per 10 min. Termination criteria can also consider\gas in the soi
religble pore pressure measurement, soil heterogeneity or absence of significant penéetration pore

intefpretation of the test results.

Table 3 — Test types

Test type Description Test duration
PPIT1 Pore pressure dissipation for estimation of in | Typically = 90 % dissipation of the porg¢ pressure
situ equilibrium pore pressure immediately before the penetration interruption,
felative to the estimated in situ equilibyium pore
pressure
PPI)T2 Pore pressure dissipation for estimation,of* |Typically 2 50 % dissipation of the por¢ pressure
coefficient of (radial) consolidation infine immediately before the penetration interruption,
grained, low permeability soil relative to the estimated in situ equilibyium pore
pressure
PPI)T3 Pore pressure dissipation for'qualitative indi- | Typically < 600 s
cation of soil permeability
PPI)T4 Pore pressure dissipation to distinguish Typically < 60 s
between drained, undrained and partially
drained soil behaviour during cone penetra-
tion
8.412 Equipment

Equipment for a‘pore pressure dissipation test should consist of a piezocone penetrometer an

ot
pre

eq:meent imaccordance with 8.3.

r probe types may be acceptable, for example a piezoprobe or a ball penetrometer equi
ESHI'e Sensor.

d ancillary

ped with a

8.4.3 Test procedure

The test procedure is as follows:

a) interruption of the push-in penetration of the penetrometer at the required test depth for pore
pressure dissipation;

b) recording of pore pressure, cone resistance and sleeve friction versus time until the agreed
termination criterion;

c) resumption of penetration, if applicable.
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Data recording should be at 1 Hz or higher during the initial 60 s, and may be halved every log (time)
cycle thereafter.

Influence of the tidal variation should be considered, especially in shallow water.

8.4.4 Presentation of results
The following information shall be presented:

— results from the CPT/CPTU data acquisition according to 8.3, where applicable;

— test type according to Iable 3,
— test dgpth for the filter position of the piezocone penetrometer;
— methof of fixing the position of the piezocone penetrometer during the dissipation phase;

— pore pressure, uz, and cone resistance, qc, versus time and log time, including the'values of pore
pressure (uzi) and cone resistance (q.i) immediately before the penetration intertuption.

Normalizefl excess pore pressure, U, can additionally be presented versus ¢iiné and log time, where
U = (uz - uq)/(uzi - uo).

NOTE buidance on interpretation of pore pressure dissipation test resulfs(is given by Lunne et al.(1997)] see
also Orange|et al. (2005).
8.5 Ballland T-bar penetration tests

8.5.1 General

The ball and T-bar are particularly suitable for characterizing very soft to soft clays and clayey $ilts
with an updrained shear strength < 50 kPa. There are many similarities between ball and Tibar
ers. In practice, the ball can be used\in both non-drilling and drilling modes, while the T{bar

The ball arld T-bar shown in Figure 2 are of a size suitable for mounting directly on standard CPT rpds.
11(s) within the cone penetrometers may then be used to measure the soil resistance mobiljzed
on the ball|(T-bar) penetrometer.

8.5.2 Eqpipment

8.5.2.1 BHall penetroiaeter

The ball, s¢e example'in Figure 2, is a steel sphere attached to a push rod, which is pushed into the|soil
using CPT/CPTUtype deployment systems. The standard ball shall have a projected area of 2500 nhm?
(corresponlding'to a diameter of 56,4 mm) to 10 000 mm? (corresponding to a diameter of 113 mm). [The
diameter FHe-—PH51 66 3 B5-€ e a re R Fateo hepreie ee—atrea—-o FHe-Bd the
cross-sectional area of the push rod is 7:1, and with no increase in diameter of the connecting push rod
for a distance of 10 times the diameter of the rod.

The ball should be manufactured to a surface roughness, R,, of 0,4 um * 0,25 pm.

The load sensor for ball resistance shall be positioned within the ball or immediately above the ball. The
load sensor shall be compensated for possible eccentricity of axial forces.The ball penetrometer shall be
fitted with an inclination sensor; but this is not required where the target penetration is less than 5 m.
The inclination sensor shall normally have a measuring range of at least + 15° relative to the vertical
axis. Requirements for the thrust machine, the push rods and the measuring system for penetration are
as given in 8.3.
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8.5.2.2 T-bar penetrometer

The T-bar is a cylinder, or short bar, attached to a push rod, which is pushed into the soil in non-drilling
mode using CPT/CPTU-type deployment systems, see Figure 2. The standard T-bar used in offshore
practice has a nominal diameter of 40 mm and a length of 250 mm (projected area of 10 000 mm?2,
see example in Figure 2), although smaller devices may be used. The T-bar should satisfy similar
requirements as above for the ball, in terms of the 7:1 ratio of the projected area of the T-bar to the
cross-sectional area of the connecting push rod, and the minimum length of any push rod of reduced
diameter. In addition, it should have a minimum length-to-diameter ratio of 5, and a diameter that is no
smaller than that of the connecting push rod.

Thg T-bar should be manufactured to a surface roughness, Ry, of 0,4 um * 0,25 pm.
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Dimensions in millimetres

<40
74\1 ,J\ﬁ,
< /\
S\
L = 250
<427
,J\ﬁ,
L
D=113
Key
L length of T-bar
D diameter of T-bar or ball

NOTE Upper part of figure shows T-bar. Lower part of figure shows ball.

Figure 2 — Dimensions of 10 000 mm?2 ball and T-bar
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3 Test procedures

3.1 General

The following procedures shall be followed:

The
spe
Cyc
If cy
cyc

ball
unl

In
out
a ng

Thd
as

Con
min
8.5

Tak
allo

The

The
acc

the ball (T-bar) resistance shall be measured during penetration;

the rate of penetration shall be nominally (20 £ 5) mm/s;

for tests with penetration deeper than 5 m, the inclination of the rod attached to the ball (T-bar)

shall be measured;

readings from all sensors shall be recorded at least once per second (i.e. for-every
penetration).

ball (T-bar) resistance should be measured during retraction at a nominal ate of (20 *
cified in the project specifications.

ic testing can be included to obtain a measure of the remoulded shear\strength.

bclic ball (T-bar) tests are carried out, these shall be done on ball (‘I-bar) penetration an

(T-bar), whichever is greater, at a nominal rate of 20 mmys: Ten full cycles should be g

ome cases, important information can be obtainedby carrying out tests at rates of
side those given above. If such tests are carried outiresults shall clearly be marked with
n-standard penetration/extraction rate has beén‘used.

thrust machine should push the instrumentsgch that the axis of the pushing force is as clos¢
ossible. The axis of the penetrometer shall correspond to the loading axis at the start of pq

sideration of the proximity of the ballF(T-bar) to the seafloor during cycling should be giy
imize water entrainment which(@aquld affect results.

3.2 Accuracy requirements

ing into account all pessible sources of error and using the complete field measurement
wable minimum aceuracy of test measurements shall be better than the largest of the follow

for penetratiomresistance: 5 % of the measured value or 20 kPa, whichever is larger;
for inclinatien: 2° (if applicable).
allowable minimum accuracy for resistance shall apply relative to seafloor.

dllpwable minimum accuracy for penetration depth should be estimated in accordance

20 mm of

5) mm/s, if

 comprise

es of minimum up and down distances of at least 0,15 m (0,20 m) or three times the dianmeter of the

arried out,

ess no further degradation in ball (T-bar) penetration resistance is evident over three or njore cycles.

enetration
a note that

b to vertical

netration.

en, so as to

ystem, the
ring values:

with depth

UracCy recomimendations as provided 1n Liduse O.

The resolution of the measured results shall be better than one-third of the required minimum accuracy.

Equipment checks and calibration for the ball (T-bar) penetrometer shall be the same as for the
CPT/CPTU, see 8.3.3.6.

8.5.

4 Presentation of test results and reporting

The reporting shall conform to 8.2. In addition, the area ratio, a, of the ball (T-bar) shall be listed. The
measured results shall be presented in digital (i.e. numerical) form, consisting of the following:

©IS

depth below seafloor, expressed in metres;
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— ball (T

-bar) resistance, gy, during penetration and extraction, expressed in MPa or kPa;

— inclination (if measured), expressed in degrees.

In addition, the net ball (T-bar) resistance should be given according to the following simplified formula
[see Randolph (2004)]:

Gball (qT-bar)= qm=[0ovo + uo(1 —a)](As/Ap)

where

gball (9T-bay
qm

uo

Ov0

Ap

a

An

As

For the rep

(ball,rey

should be ¢

If full degr
(ball OT qT-}

Itisrecom
For all test

In general,
for pipeling

The zero 1
Clause 6).
level, but 4
to theoreti

is the net penetration resistance for the ball (T-bar);

is the measured penetration resistance;

is the applicable hydrostatic water pressure at the mid-height of the ball (T-bar);
is the in situ total vertical stress;

is the projected area of the penetrometer in a plane normalto the shaft;

is the net area ratio = Ap/As, where

is the area of the load cell or shaft where pore presSure can act,

is the cross-sectional area of the connecting shaft.

orting of cyclic tests, the net remoulded ball (T-bal) penetration resistance denoted as:

h (QT-bar,rem)

letermined as the average penetration‘and extraction resistance over the last cycle.

hdation has not occurred, the average net remoulded ball (T-bar) penetration resistance f
ar Should not be reported.

nended that reference readings be documented following the procedure outlined in Anne

types, the measured/ball’(T-bar) resistance shall be corrected relative to seafloor.

test results should\be plotted with a depth scale of 10 mm = 1 m, but for shorter profiles,
 investigations,an enlarged scale can be used.

eference for-ball (T-bar) tests shall be the seafloor for non-drilling mode operation

For vessél-based drilling mode and downhole testing, the zero reference shall be the d
he reference readings at the bottom of the borehole shall also be recorded and compd
cally- calculated values. Both non-drilling and drilling mode tests shall be reported fo

measurem

fom

x D.

e.g.

see
eck
red
- all

nd

non-drillin

bnts with reference to seafloor. Eor ball (T.hnr) tests dnp]nynr’] inseafloor rh'i]]ing mode

g mode, the zero reference shall be at seafloor, or a fixed distance above seafloor.

The scale for presenting the measured ball (T-bar) resistance during penetration and retraction shall be

selected to

suit the soil conditions.

The results of cyclic ball (T-bar) tests should be included in the main plot as well as in an enlarged plot

in order to

32

illustrate the results in adequate detail.
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8.6 Seismic cone penetration test (SCPT/SCPTU)

8.6.1 General

The seismic cone penetrometer, in addition to the standard CPT/CPTU sensors (see 8.3), has one or more
seismic receivers that detect shear wave (SH) energy generated by a specific source deployed at the
seafloor that is integral to the system. A suitable seismic source and a seismic cone penetrometer allow
the execution of a downhole seismic test, which provides shear wave velocity, typically SH propagating
vertically. For the CPTU parameters, the guidance and requirements in 8.3 are valid.

A si
ave

Thd
bas

8.6

The
req
the
the
sur
eith
wit

Thd
diff]
the

Ah

Fage SH velocity for depth range from the seafloor to 80 m depth

i

following subclauses give guidance and requirements for the seismic part of the SCPT/SC
cally follow the requirements and reference information presented in ASTM D7400.

2 Equipment

geometry and dimensions of the seismic cone penetrometer shotild be in accordang
lirements outlined in 8.3.2, with the exception that the diametér of the cone penet
location of the seismic receiver(s) should be greater than thatef the sections immedid
instrumentation package, in order to promote good coupling between the receiver
rounding soil. Typical receivers include uni- or multi-axial)geophones or accelerometg

n receivers separated by a fixed distance).

seismic source can be installed on the seafloorframe used for the cone penetration
brent position on the seafloor. In both cases, the horizontal distance between the seismic
axis of the seismic cone penetrometer should,be determined accurately.

prizontal hammer can be used as a seismic SH source, the important issue being that a clg

g]n cnl cm]t‘ fnc‘f n‘rnv\f ma}r he c\grnnr] Fnr nvc\mp]n Fr\r' o’)rf]'\nnc\l!n cfnr]lﬂc rﬂqnlr‘lng H-ah

proximate

PTU, which

e with the
fometer at
tely below
s) and the
rs, located

er at effectively one point, or at two points in the same tool (dual-element seismic cone penpetrometer

est or at a
source and

ar SH with

high repeatability signal is produced that.can be readily identified by the seismic receiver(s)

NOTE1 ASTM D7400 offers various‘recommendations about frequency for seismic receivers.

NO'] ual-element

seis

E2 Improved quality of measurement of interval SH velocity, vs, can be achieved by using a d
hnic cone penetrometer.

8.6]3 Test procedures

The project specifications shall include:
the type.ofiseismic cone penetrometer, single element or dual element;
the test depth or vertical test spacing;

termination criteria.

NOTE1  Shear wave velocity cannot reliably be measured in the upper 2 m to 5 m below seafloor, depending on
the system characteristics and site conditions.

Termination criteria may include an agreed maximum test depth or a minimum signal-to-noise ratio
combined with a maximum number of signal stacking events. Achievable test depth depends on factors
such as deployed system characteristics, interaction of the seismic source with the upper seabed, soil
conditions at depth and interference from nearby objects. Termination criteria for the CPTU (see 8.3.3.5)
can also be taken into account.

The test procedure consists of activating the seismic source and receiving the generated signals at
the seismic receivers. This is usually done during an interruption in cone penetration. However, some
systems allow continuous operation of the seismic source and receivers during cone penetration. If cone
penetration is interrupted, then multiple activation of the seismic source at a single depth can improve
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data quality, particularly when deploying a seismic source that generates shear waves in two opposite
horizontal directions or when applying the ‘stacking method’ [see e.g. Peuchen et al. (2002) and Nguyen
etal. (2013)].

A triggering signal shall be generated at the time the seismic source is activated, i.e. at the start of
propagation of shear waves. The triggering signal and the measurements from the seismic receivers in
the seismic cone penetrometer shall be recorded as discrete time histories.

A recommended minimum sampling interval is 0,025 ms.

The accuracy requirement for average shear wave velocity shall be + 10 % for a straight-line slant
distance frjom source to receiver and assumed Zero depth uncertainty.

single test with a dual-element seismic cone penetrometer provides three velocities, oneyaverage
source to upper seismic receiver, one average velocity from source to lower seismic reeeiver|and
an average pelocity for the zone between the two receivers. The accuracy for the average velocity-for the zone
between th¢ two receivers is largely unaffected by depth uncertainty and travel path. Other shear'wave velocjties
have lower gccuracies, which can be calculated from an estimate of the uncertainties in travel path distance, eifher
from sourcdto receiver or from the relative distance between two test depths in a single profile. A single test yvith
a single-element seismic cone penetrometer provides one velocity only. Two tests witlra single-element seigmic
cone penetifometer in a single profile provide the opportunity for determination of-three velocities, one from
source to upper test depth, one from source to lower test depth and a differential velocity for the zone between
the two testdepths. Three or more tests provide additional opportunities for separating zones of interest.

8.6.4 Pre¢sentation of results

In addition to the requirements for presentation of the standatd’CPT/CPTU results given in 8.3.4,[the
following ghall be presented:

— type and description of the seismic source and the séismic receiver(s);
— differgnce in depths between the seismic source and the position(s) of the seismic receiver(s);
— the horizontal distance between the seismi¢:source and the axis of the seismic cone penetromefer;

— average, or interval, shear wave veloeity, vs, for the depth interval(s) over which it has been
ed, including:

— the depth uncertainty according to Clause 6,
— limitations of the methodology used,
— assumgd travel path{orthe seismic waves.
NOTE A travel pathiisnot always a straight line for materials with an abrupt change in density or elasticity,

and in such fases Snell’s'law of refraction can be used. With small offset distances relative to depth below seafloor,
e.g. 2 m offset and.10 m depth below seafloor, this becomes less important.

8.7 Fieldsranetest (FVT)

8.7.1 General

Field vane tests (FVT) are undertaken to measure the shear strength, residual shear strength and
remoulded shear strength of clays with undrained shear strengths normally less than 100 kPa. However,
the vane test can be used in clays with undrained shear strengths of up to 200 kPa.

8.7.2 Equipment

Vane blades should be rectangular. The ends of a vane blade may be flat or tapered as shown in Figure 3
and Figure 4. Vane blades should have a height (H) to diameter (D) ratio equal to 2 (see Figure 3).
Maximum vane dimensions H x D of 200 mm x 100 mm are commonly used in soft soils with undrained
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shear strengths less than 25 kPa and deployment in non-drilling mode. Minimum vane dimensions of
80 mm x 40 mm are commonly used in clays with undrained shear strengths up to 200 kPa.

Y

% /
T |T T - f
A A “
D A-A
Key
H height of vane s blade thickness
D diameter of vane d diameter of rod
A-A cross section of vane
Figure 3 — Example of design of rectangular vane
IR\ | T
dor2r dor2r
7
|
|
|
|
| R
|
|
|
I — I
|
\ |
\ \
D D D
Key
T torque i angle of tapered vane
H height of vane d diameter of rod (= 2r)
D diameter of vane

Figure 4 — Examples of tapered vanes (from ASTM D2573)

The blade thickness, s, should be 0,8 mm < s < 3,0 mm.
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In very soft and sensitive clays, the blade thickness should not exceed 2,0 mm in order to limit the
disturbance caused during vane insertion.

The diameter of the vane shaft, d, as well as possible welding seams in the centre of the vane, should be

small enou

gh to minimize soil disturbance.

The diameter of the vane shaft should be no greater than 16 mm in soft sensitive soils, with syfy, < 12,5 kPa.
However, the vane shaft shall be of such rigidity that it does not twist significantly under full load
conditions. In clays with undrained shear strength higher than 100 kPa, the diameter of the vane shaft
may exceed 20 mm.

The data a

The resolution of the measurement system shall be better than one-third of the required @ccut

applicable

8.7.3 Tej

Equipment
shown in T|

Application classes for FVT are defined as follows:

— Applic
high a

— Applic
— Applic

The accurg
with data 4

NOTE 4
will result i

Cquisition system shall be such that the overall accuracy outlined 1n 6./.5 1S maintained.

fo the application class given in Table 4.

t procedures

and procedures to be used should be selected according to the required-application clag
able 4.

curacy in extremely soft soils);
htion Class 2: for an accurate value of undrained shear-strength of soft to very soft soils;
htion Class 3: for stiffer soils.

cy analyses shall include sources of friction“other than those caused by the blade togef
cquisition, calibration and dimensional errors.

\chievable accuracy is a function of the dimensions of the vane used in the test. The use of larger v
h higher accuracy, but a smaller measurement range.

htion Class 1: for special purposes (for example to measure soil stiffness and/or if requif

acy

S as

—

ng

her

nes
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Table 4 — Application classes for FVT

valu

Application Allowable minimum accuracy?2 Maximum rotation Suggested use
Class between measure- . .
Soilb Interpretationc
ments
(degrees)
1 Sufv 2 kPa 1 AtoC H
rotation angle 1°or1%
2 Sufv 4 kPa 2 AtoE H, H*
rotation anale 0O ar 1 0/
& &
3 Sufv 10 kPa 5 Bto E H*
rotation angle 10°0r1 %
NOTE For extremely soft soils, even higher demands on the accuracy can be needed.

The allowable minimum accuracy of the measured parameter is the larger value of thestwo quoted. Th
es apply to the measured value and not to the measuring range.

Undrained shear strength classification of clays from [SO 14688-2:

A: Extremely low, < 10 kPa;

B: Very low, 10-20 kPa;

C: Low, 20-40 kPa;

D: Medium, 40-75 kPa;

E: High, 75-150 kPa.

H: interpretation in terms of soil parameters with associdted low uncertainty level;

H*: interpretation in terms of soil parameters with asso¢iated high uncertainty level.

b percentage

If th

is the default class.

The
as

For

before a vane test is commenced. For vane tests carried out in non-drilling mode, the dept

bet

The
test

Thd
Thd

e project specification does not define which application class is required, then Applicat

resented in Clause 6.

testing in drilling mode, the'vane blade shall be pushed at least 1,0 m below the bottom

lveen tests shall be atleast 0,5 m.

pushing rate shéuld not exceed 25 mm/s. The recommended time from the instant when
depth has beenreached to the beginning of the test (waiting time) should be between 2 mif

rotation of the vane should be smooth and for the initial test (undisturbed) be 6°/min {
undisturbed vane shear strength shall be calculated from the maximum torque as giv

ion Class 2

accuracy for penetration depth shall be estimated in accordance with depth accuracy requirements

bf borehole
h intervals

the desired
and 5 min.

0 12°/min.
en in 8.7.4.

The
med

projéect specification should specify whether residual and/or remoulded shear strength shall be

isuved in addition to the intact vane shear strength.

To measure residual shear strength, syfyres, during the initial test, the vane shall be rotated until the
torque is levelling off or to a rotation of 180° whichever is reached first. The minimum torque thus
obtained shall be used to calculate the residual strength.

The residual strength shall not be used to calculate sensitivity, St fv.

To measure remoulded shear strength, syfy,rem, the vane should preferably be rotated atleast 10 times at
arate =2 360°/min. As an alternative, vane rotation for the remoulding phase may be at a speed > 6°/min
and continue until the torque difference is less than 2 % per rotation, with a maximum of 10 rotations.

At the end of the remoulding rotations, the remoulded shear strength shall be measured without delay,
using a rotation rate equal to that used for intact shear strength.
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The remoulded shear strength can be used to calculate sensitivity as described in 8.7.4.

The sensor for measuring the torque during vane testing shall be calibrated at least once a year and
before each project. If the sensor is loaded close to its maximum or any damage is suspected, it shall be
checked and recalibrated. Function checks shall be carried out in the field. The equipment shall undergo
regular maintenance, checking and calibration, such that the accuracy required for the application class
can be verified.

8.7.4 Presentation of results

— the complete curve of shear stress versus rotation, expressed in degrees;

— the tinpe to failure for shear strength, sysy;

— the fofmula used to calculate the vane undrained shear strength, sy, including. the assumption
made for shear stress distribution on ends of the vanes;

— description of any corrections of results due to friction on rod between(vane blade and torjque
sensor} ambient pressure effects, etc.;

— the follJowing vane shear strengths:
— inftial undisturbed shear strength, sy,
— repidual shear strength, syfyres, if applicable,
— remoulded shear strength, syfyrem, if applicable,

— S

D

hsitivity, St fv = Sufv/Sufv,rem, if applicable.

For rectangular vanes with H/D = 2,0 the undrainéd shear strength value should be calculated as given
in the fornjula below:

Sufv = 0,273(torque/D3)

For taperegl vanes, the undrained shear strength value should be calculated as given in ASTM D2578B.
The insertion method and test.procedure used shall be described, giving particular information abgut

— the mdthod for insertidomand penetration of vanes,

— applied rotation rates,

— the mdchaniealreaction used to resist the torque developed between the vane and the soil.

8.8 Otherin situ tests

8.8.1 General

In addition to the in situ tests described in the previous subclauses, other appropriate tests can be
needed or proposed for a complete marine soil investigation programme. Such tests shall be described
in the project specifications.

Examples of such in situ tests are:
— electrical conductivity cone penetration test;
— temperature cone penetration test;

— thermal conductivity by needle probe test;
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hydraulic fracture test;
pore water/gas sampler with test probe;
ambient pressure sampler;

dilatometer test

Some additional guidance is provided in Annex D.

8.8.

2 Documentation requirements

All

9

9.1
The

bther in situ test equipment shall be accompanied by the following documentation:
description of equipment and purpose of test;

geometry of equipment;

calibration of sensors, with a statement on accuracy of measurements;

data acquisition system, with a statement on resolution of measured-results;

test procedure;

presentation of results.

Sampling

General

discussion on sampling in this clause is primarily for use with soils such as siliceous sand

(copventional soils). Special consideration“can be required for unconventional soils such as

soil

9.2

The
and

Thd
fun
san

silt, sensitive clay, boulder clay, etc~(See Table A.3 for a list of more unconventional soils
Purpose of sampling

laboratory testing.

selection of the\appropriate samplers and deployment modes for particular soil
Hamentally affects the sample quality and shall be considered in relation to the object

gui

pling. See 1@.5-(Table 6) for specific guidance on sample quality, and see 10.1 and Annex E
ance onseléction of appropriate sampling equipment (application classes).

Sanpple disturbance shall be minimized when sample quality is important. The aim shall
obtain"undisturbed samples as defined in Clause 3, Terms and Definitions, and samplers
seldcted accordingly, see E.1 for guidance

s and clays
calcareous

J

main purpose of sampling.s to obtain soil material of all significant layers suitable for flescription

conditions
ives of the
for specific

then be to
should be

In some cases a lower sample quality can be appropriate if the primary objective of the sampling is for
example:

soil type confirmation for interpretation of in situ tests;

continuous coverage of the soil vertical profile (soil sample disturbance is a lesser issue)

; or

to obtain a large sample volume (volume is more important than quality). In such cases, other types

or variations from standard equipment can be preferable, e.g. much larger diameter
length of sample tubes.
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9.3 Sampling systems

Deployment of soil investigation equipmentis categorized in Clause 6 as methods to recover geotechnical
data from the seabed. ‘Drilling mode’ systems utilize an iterative process to progressively recover
discrete soil samples from the seabed, with a borehole progressed via rotary drilling between sampling
runs. ‘Non-drilling mode’ systems progress samplers in a single stroke into the seabed, with sampling
being terminated either at the point of maximum stroke of the tool, at a predetermined depth, or due to
refusal associated with local seabed obstructions and/or accumulated penetration resistance.

The type of equipment selected generally governs the maximum depth from which a sample can be

recovered,
should be {
to sufficien

9.4 Sele

9.4.1 Ge

The choice
as the typ
investigati
the geolog
sampling a
The length|
— the ge
the so

the av:

The qualit)
selected fo

be available.

The follow
— Cuttin
Inside
Maxim

Whet

!

Inside [liners or stocking (if applicable).

as well as the quality and recovery ratio of sample that can be achieved. Ideally, the cl

ient

atisfied that the selected method of deployment will have the capacity not only to penet

ction of samplers

heral

of samplers shall be made with consideration of the expected-'soil conditions, as
e of laboratory testing to which the samples will be subjected, In-many cases, marine
bns are undertaken at previously unexplored locations, wheretthere is little knowledg

range of soil types.

of sample that can be obtained using a sampler is largely dependent on:

metry, dimensions and characteristics of the sampler;
type;
hilable penetration force and how this is@applied using the deployment equipment.

 of the sample is influenced by saniple tube geometry, thus sample tubes shall be caref
Lthe expected soil conditions. Depending on the project specifications, a range of tubes

ng information is required for the samplers, as a minimum:
b shoe angle.
and outside diarneters (inside clearance if applicable).

um sample.length.

er a piston is used or not.

t target depth, but also to acquire samples of sufficient quality to meet project objeetiveg.

rate

vell
soil
e of

. In such cases consideration should be given to mobilizinga range of samplers, capable of

ully
can

Core catching system (if applicable).

Steel material specification.

to be extruded offshore.

Method of sealing sample tubes if samples are temporarily stored at seafloor and if samples are not

Stainless steel or other non-corrodible material shall be used to seal the samples within the tubes if they
are not extruded offshore.

[tis especially important that sample tubes are notre-used unless they have been cleaned and thoroughly
checked for damage. Tubes with damaged tips shall be repaired to the original standard or discarded.
Further guidance on sample tube selection and recommendations are provided in Annex E.
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9.4.2 Drilling mode samplers

Drilling mode equipment may be used where there is a perceived possibility that target penetrations
might not be achieved by non-drilling methods. Equipment capable of sampling in drilling mode ranges
from dedicated geotechnical drill ships (‘vessel drilling”) to remotely controlled, seafloor-founded drill
rigs (‘seafloor drilling”). These types of systems can deploy samplers and acquire soil samples to depths
in excess of 100 m below the seafloor.

For samplers deployed in drilling mode, a variety of samplers is available. A general guide to sampler
types is presented in Table E.1.

To §over the expected range of soll types, the project specification shall specify which sygtems to be
avajlable, e.g. for taking piston, push and hammer samples. For very soft to stiff clays, the ordef providing
the [best sample quality usually is as follows:

— |Piston sampler.

— |Push sampler, thin-walled.

— |Push sampler, thick-walled.

— [Rotary core sampler.

— |Percussion/vibratory sampler.
— |Hammer sampler.

In spme cases, especially in very stiff/hard clays and cemented soils/weak rocks, the use of a fotary core
sanjpler can give the best quality.

In drder to avoid highly disturbed soil below the,drill bit, a piston sampler can be pushed through this
material and sampling can start at a lower level: It is important that retrieval and handling of downhole
sanjplers are undertaken in such a way that.dany shock or vibration is minimized.

Sperifications for drilling mode sampling equipment vary considerably across the industry, gnd specific
details of the proposed sampling equipment shall be considered for final selection and ac¢eptance. A
sunmpmary of contractor-provided.information is presented in Table E.2.

9.4]3 Non-drilling mode samplers

Sanppling equipment deployed via non-drilling methods can be appropriate where there is a freasonable
degfree of confidencelthat target depths can be reliably achieved in the geology expected. Sampling
equfipment deployed using such systems can range from very sophisticated seafloor-founded push
frames, capable~of recovering very high quality samples, to very simple seafloor samplerfs deployed
with limited\capacity to penetrate as well as limited ability to acquire high quality samples. With a
few| exceptions, all these systems are generally limited to penetrations less than 25 m below seafloor.
However, 'penetrations in excess of 40 m are possible using specialist equipment in very soft|seabeds.

Samplers deployed in non-drilling mode provide more limited options, and most devices are ideally
suited to soft, fine-grained materials that offer little resistance to barrel penetration. Deployment of
such tools in hard soil conditions results in limited depth penetration and sample recovery, and with
increased possibility of damage to the equipment. A general guide to sampler types available for non-
drilling mode is presented in E.1.3 and Table E.3.

The following non-drilling mode samplers are frequently used in the industry:
— piston corer with fixed reference to seafloor;
— piston core sampler without a fixed reference;

— gravity core sampler (without piston);
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— vibro-core sampler;

— box core sampler;

— grab sampler.

Further information on the use of these samplers is provided in E.1.3.

Specifications for non-drilling mode sampling equipment vary considerably across the industry, and
specificdetails of the proposed sampling equipment shall be considered for final selection and acceptance
of equipment. A summary of contractor provided information is presented in E.1.3.8 and Table E.4.

OperatingJand handling procedures that provide a demonstrated consideration of the sample history,
from initiall setup of the sampler prior to sampling to delivery to the onshore soil-testing laboratpory,
shall be provided.

9.5 Sample recovery considerations

Sample loss is observed when the length of sample acquired (as measured on deck'level) is less than|the
penetratioa: of the sampler. This can be positive (material is lost) or negative (material has expandefl or
recovered firom previous samplingattemptsinthe case of coring),andisaresultefsampleloss, compresdion,
stretching pr expansion. Sample loss also affects data depth accuracy as described in Clause 6.

Sample logs can be much more prevalent in non-drilling mode, whiene longer samples are generally
recovered |n a single sampling stroke.

Sample losp can occur due to one or more of the following events:

— loss of[sample from the bottom end of the sampler during retrieval;

— densification of sample within the tube/liner due té’shock or vibration;
— loss arld/or segregation of very soft soil due to-fluidization;

— settling of soil when the inside clearange'ratio C; (see E.1.2.3) of the sampler is greater than zerp;

— soil expansion due to the presence df reactive clays, dissolved gases and/or stress release;
— plugging of the cutting shoe during sampler penetration;

— pistonjaccelerations that are-out of phase with sampler penetrations (see Po and Woerther, Bourfllet
et al. apd Buckley et aly;

— washing out/erosien-of sample due to excessive exposure to drilling fluid during rotary coring;

— loss of|sample-due to soil type, e.g. gravel, loose cohesionless soils, frozen soils, rock.

Identification/ef'the exact cause of sample loss is often difficult, and in many cases only an estinjate
can be mafleZof the depth interval where sampling was unsuccessful. Gaps in sample continuity |can
be attributed to geology, a fault of the sampler, poor control of the sampler itself during penetration
or poor drilling resulting in disturbance of soil in the sampling zone. For this reason, maintenance of
detailed sampling records, where practicable, can provide a useful additional tool for the identification
of problematic areas in which sample loss can have occurred.

Where loss is identified within a sample run, an experienced engineer can estimate the likely depth
zone over which this occurred. In addition to sampling records, the superposition of nearby in situ test
data can also assist in making an appropriate estimate of where this has occurred. If the location is
unknown, the record shall indicate this and show sample loss/extension at the bottom of the sample.
Shallow geophysics can also assist in evaluation of where sample loss has occurred, e.g. high frequency
sub-bottom profilers.
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For samplers with no fixed seafloor reference, the measurement of penetration can be uncertain and
sample loss or recovery ratio can be difficult to estimate. Depth accuracy class Z5 often applies.

9.6 Handling, transport and storage of samples

9.6.1 General

Sample handling, transport and storage practice shall suit the purpose of sampling; and the required
procedures shall be stated in project specifications.

nominated
erature and

Sampple tracking is important, and each sample shall have a unique identificatien(ID), either by manually
logging (recording) the borehole number, sample number, depth, etc., as specified, or by an IP link with
a dgtabase, e.g. bar coding, RFID.

A sampling record shall be prepared and maintained which normally includes information spich as:
— |ID of borehole and sample;

— | date of sampling;

— |location coordinates;

— |water depth;

— |depth below seafloor to the bottom of the $ample;

— |type of sampler;

— |dimensions of sampler;

— |length or volume of sample éellected;

— |whether sample is extntided or sealed in tube or liner, etc.

Thg sampling record shaltbe completed as soon as practicable following sample acquisition.

NOTE 3  ISO 22475+Fincludes guidance on sampling records.

9.62 Offshore sample handling

Followingacquisition, the sample shall be handled in such a way that sample disturbance]is avoided
or thinimized.

For samples suspected to consist of contaminated material, special precautions shall be taken and
expert guidance sought depending on the state and type of any such material.

For drilling mode samples, any ‘cuttings’ and drill mud shall be removed from the top of the cylinder
before the total length of sampled soil is measured. Samples recovered in long plastic liners can be
carefully cut into smaller lengths of 0,5 m to 1 m, where the material strength permits.

The decision whether or not to extrude soil samples on site is a function of the material, the purpose
of sampling and the requirements for offshore testing. Generally, only soil samples that are cohesive in
nature and that will remain in a relatively undisturbed state after extrusion should be extruded on site,
although sand samples may also be considered for extrusion. Other samples should be retained within
the sample tubes. Dense fine-sand samples and sand samples containing silt or clay are normally best
kept in the sample tubes.
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The top and bottom of sample or sample segments shall be clearly marked.

Extrusion of samples shall be carried outvery carefully. Ifan extruderis used, it should provide a continuous
rate of displacement (nominal minimum speed 10 mm/s) and shall have an adaptor custom-fitted to the
dimensions of samples recovered. The extruder shall not impart excessive vibrations to the sample.

If samples are suspected to contain gas, special precautions shall be considered which shall particularly
address issues of personnel safety.

A suggested procedure for handling of extruded samples is given in E.2.2.1.

For tube s3
performed

Samples re

guidance on this issue is provided in E.2.2.3.
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9.6.4 Onshore transport, handling and storage

Appropriat
laboratory
should be

be avoided
during air

exposure to high temperatures,

1 s i dad offcl 31 P A d i 4 = i A I
TTPTCS TTU T CATT U C U OTT STIUT G SUTT U SUT TP IO aITd HITOCATTCS TS at COT UTITS CU T OTC AT TITd

at the sample ends. A suggested procedure for handling of these samples is given in E.2<2

covered by rotary coring shall be carefully handled, logged and prepared for transport,
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quired by grab or box core methods shall be considered for sub-sampling of'otherwise logged

d according to project specifications. Guidelines and suggestions are provided in E.1.3.7
es and E.1.3.6 for box core samples.

"age offshore shall be designed to avoid further sample disturbance. Factors to be considered
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al changes,

on or impact/shock of any kind,
re control.

s acquired from the seabed at temperatures close to 0° C, active cooling shall be considg
bd container) at 4° C. Similacly, for investigations in hot climates, active cooling shal
. Further guidance on offshore storage is provided in E.2.3.

e procedures forsample transport, handling and storage prior to arrival at the onsH
shall be implemented. In general, conditions of temperature, moisture, vibration and sh
ontrolled gr-packing shall be sufficiently robust to avoid damage to samples. Freezing
Particular care shall be taken to ensure the samples do not experience freezing condit
Teight.

Further gulidance is provided in E.2.4.
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10 Laboratory testing

10.1 General

This Clause 10 and Annex F cover testing of soils performed in geotechnical laboratories both

offshore and onshore.

Duringthe execution ofageotechnical laboratory test programme, tests shall be performed in accordance
with recognized standards or codes or other recognized procedures.

The standards cited in Annex F are the recommended ones and are primarily those of ISO and ASTM,
where available, although other standards may be used. Annex F provides procedures for conducting
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the most common laboratory tests, with a primary focus on laboratory testing of saturated soils. It does

not

cover testing of contaminated soils.

Therelevant standards and procedures to be used for the laboratory testing and the form of presentation
and transmission of results, such as tables and figures, should be given in the project specifications.
However, if such requirements are not given in the project specifications, then the standards and

pro

cedures described in Annex F or contractor’s practice shall apply.

Requirements presented in this part of ISO 19901 are primarily for testing of conventional soils such as
siliceous sands and clays. Samples selected for a particular laboratory test should match the intended
scope of that test. Consideration should be given to alternative and supplementary requirements when
performing marine soil investigations in unconventional soils such as calcareous soil, silt, sepsitive clay,

bouflder clay, etc. (see Table A.3 for a list of some unconventional soils).

Thi
to o

Mamy aspects of laboratory testing of soils, such as instrumentation, datasacquisition, c

cor
rep
test

Thd
infl

Thi
clas

5 partofISO 19901 doesnotcover details oflaboratory testing of rock, however F.13provideq
ther standards containing guidance for classification and laboratory testing of.rock mate

ections, soil preparation and evaluation of sample quality, are common toe a variety of tes
etition, background information for such common topics is presented.in 10.2 to 10.5. So
requirements are given in the relevant subclauses in Annex F.

applicability of measured data from tests that require thé,use of intact samples is si
llenced by sample quality. It is thus important to evaluate-Sample quality whenever poss

b part of [ISO 19901 describes five soil sample ‘applicationelasses’ (which in EN 1997-2 are cal
ses’), with Classes 1 and 2 for undisturbed samples and-Classes 3 to 5 for disturbed samples|

Samples of Classes 1 and 2 have undergone no or-only slight disturbance to the soil struct
sampling and handling.

natural water content has not changed: The general arrangement of the different soil la
identified. However, the soil struectire has been disturbed.

Samples of Classes 4 and 5 are highly disturbed with significant changes to the soil str
general arrangement of th&different soil layers cannot be identified accurately. The w
of the sample may not be'répresentative of the natural water content.

d

Table 5 identifies the five classes with respect to the soil properties that are assumed
unc
be

easured fromeach application class.
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rials.

hlibrations,
Es. To avoid
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led ‘quality
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ure during

Class 3 samples contain all of the constituents of the in situ soil in their original proportipns and the

ers can be

ltcture. The

er content

to remain

anged during sampling, handling, transport and storage, and the geotechnical properties that can
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Table 5 — Application classes of soil samples for laboratory testing (from EN 1997-2:2007)

Application classes
1 2 3 4 5

Soil properties

Unchanged soil properties:

particle size X X X X
water content X X X
density, permeability X X
r‘nmprr—\ccihilirv shear crrpngrh X

Properties that can be determined:

sequence of layers X X X X X
boundaries of strata - broad X X X X
boundaries of strata - fine X X

Atterberg limits, particle density,

organic content, carbonate content X X X X
water content, pore fluid salinity X X X

density, permeability X X

compressibility, shear strength X

10.2 Pregentation of laboratory test results

Presentatipn of the laboratory test results shall include the standard applied and title for each of|the
laboratory(tests conducted.

Presentatipn of laboratory test results (including plots and tables) shall include for each test specinjen:
— the sitg¢ location;

— the spécimen identification (e.g. boreholé or box core number, sample number, section number)
— the sampling depth.

Other releyant test and specimen information, where applicable, include:

— specimen dimensions;

— unit mpss (total andydry);

— initial pnd finalWwater contents;

— initial degree-of saturation;

— specificgravity of soil grains funit mass of solid particles);
— initial void ratio;

— plasticity characteristics (Atterberg limits);

— estimate of the in situ effective vertical stress.

Any sample deviations from the test requirements (e.g. insufficient sample available to perform
particular tests, lack of undisturbed samples, test run on specimens that were dimensionally out of
standard) shall be identified and documented.

Additional requirements for presentation of laboratory test results are given in the individual laboratory
test subclauses presented in Annex F.
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10.3 Instrumentation, calibration and data acquisition

The requirements given in ISO 10012 for measurement processes and measurement equipment as
components of a measurement management system should be applied.

The instrumentation for laboratory testing may include mechanical devices (e.g. dial gauge, pressure
gauge, provingring) and electronic devices (e.g. displacement transducer, pressure transducer, load cell).
Such instrumentation shall be calibrated as appropriate, and the calibration data shall be available upon
request. Recommendations on the frequency of calibration of instrumentation, commonly every 6 to 12
months, are given by standards such as [SO 10012 and ASTM D3740. The procedures and equipment

used to perform the calibrations and the calibration frequency shall be documented.

NOTE
ASTIM D6027 for linear displacement transducers.

Insfrumentation selected for specific tests shall meet the accuracy and capacity requiy
megsurement being made, where such accuracy and capacity are specified, This largely ¢
the|type of test being conducted, target displacement, pressure or force levels, and soil st
stiffness. Accuracy requirements for laboratory tests that make extensive tse of instrumen
triaxial, consolidation and direct shear) are given in the specific test subclauses in Annex F.

Ele¢tronic-based data acquisition systems generally consist of a power supply, cabling, anald
(A/D) conversion electronics, signal conditioning, multiplexerland software. The bit resc
voltlage range of the data acquisition system shall meet the re€quirements of the individual t
img monitored, which in turn shall fulfil the capacity.and readability requirements fo
hmeter being measured. The frequency of readings that the data acquisition system is

he reading frequency for laboratory tests that make extensive use of electronic instrume
n in the relevant subclauses in Annex F.

Fections shallbe applied to measured test data (where relevant) to account for apparatus dg
hges in specimen area, piston friction;’filter paper resistance and membrane resist
ections are most commonly applicable to consolidation, triaxial, direct shear (DS) an
mn testing. Correction requirements are given in the relevant subclauses in Annex F. The |
equipment used to determine thesSe corrections shall be documented and reported (when

A Preparation of soil specimens for testing

10.4.1 Minimum sample size and specimen dimensions

Anr
spe
AST

ex L of EN 1997+2:2007 presents summary tables of minimum requirements for sampl
cimen dimensions for most of the commonly conducted laboratory tests. Test standards (
M) thatalso specify these requirements are listed in the relevant subclauses in Annex F.

10.4.2"Preparation of disturbed samples

Procedures for calibration are given in Head (1986) and ASTM D5720 for pressure transd\llcers, and in

ed for the
epends on
rength and
tation (e.g.

g to digital
lution and
Fansducers
- each test
capable of

irately recording shall meet the requirements forhe specific test being conducted. Requirements

htation are

formation,
ance. Such
d resonant
brocedures
required).

b mass and
.g. 1SO and

Soil samples should not be dried prior to testing, unless otherwise specified, but should be used in their
natural state. If drying is required, options include air or oven drying. The method of drying used shall
be documented.

Aggregations of particles should be broken down in such a manner as to avoid crushing of individual
particles. The method used should be no more severe than that applied by a rubber-tipped pestle.

Disaggregated soil should be thoroughly mixed before subdividing. Subdivision of disaggregated soil should
be conducted using methods such as riffling or cone-and-quartering. This procedure should be repeated
until a representative sample of the specified minimum mass is obtained for use as a test specimen.

If it is necessary to remove oversized particles to prepare a test specimen, the size range and the
equivalent dry mass of the oversize material should be reported.

© ISO 2014 - All rights reserved 47


https://standardsiso.com/api/?name=8c873180df47b426cf3cf69d4acc76f9

ISO 19901-8:2014(E)

10.4.3 Preparation of undisturbed specimens (fine-grained soils)

The representativeness of results from tests that require undisturbed samples (e.g. consolidation,
triaxial, direct shear, permeability tests) is significantly influenced by sample quality. Selection of
undisturbed samples for testing should be guided by all information that is available on the potential
quality of the samples. X-rays and computerized tomography (CT) scans (see F.2.4) provide valuable
non-destructive visual information on sample quality, and can be used to guide selection of test samples.
Quantification of sample quality for low to medium overconsolidation ratio clays can be conducted using
the a posteriori ey, or Ae/eg methods described in 10.5.

Any unused portions of an undisturbed sample that may be needed for future testing should be properly

re-sealed,
and in ISO

Trimming
and such t
surface, ha
plates, cyli

Trimming

conducted
(wire saw,

a trimming
partof the
coated wit
trimming ¢

Special pr
strength s
reported (3

abelled and returned to storage. Guidelines for sample sealing and storage are given in
P2475-1.

bf undisturbed specimens should be conducted in such a manner as to minimizesdisturbg
hat no loss of water occurs. Where possible the specimen should be supportéd on a r
ndling and transfers of the specimen should be conducted using rigid support devices
hders) and handling should be kept to a minimum.

of specimens for triaxial, consolidation, direct shear and permeability tests should
using suitably dimensioned trimming devices, together with sharp.and clean trimming t

E2

nce
igid
e.g.

be
bols

scalpel, knife, straightedge, etc.). Suitable trimming devices for cylindrical specimens inc

h a low-friction lubricant (e.g. low viscosity silicone oil). Further details concerning sa
quipment are presented in the relevant test subclauses in Annex F.

bcedures are required for trimming and setip of specimens having undrained sH
less than about 5 kPa. The procedure andsequipment used should be documented
when required).

10.4.4 Laboratory-prepared samples and specimens

Laboratory

Soil samplg
specified W
options in
procedure
for consoli

-prepared samples include compacted and reconstituted samples.

s can be compacted to form:atest specimen, either by using a specified compacting force
rater content or by achieving a specified dry density at a specified water content. Compac
clude tamping, kneading, ramming, rodding, vibration and static loading. The e]
required to achieve ‘a-specified dry density should first be determined by trial. Specinj

that is eith|

ation, triaxial, direct shear and permeability tests may be compacted into a suitable m
r larger thanor the same size as the required test specimen. If the mould is larger than

test specinpen, the compacted sample should be removed from the mould and trimmed to the requ

test speci

en size using the procedures described in 10.4.3 for undisturbed samples. Care shoul

taken to ayoid the-formation of voids within the compacted sample or specimen. Samples contai
clay should bedeftto stand for at least 24 h at the required water content for the test. The compac

de

b lathe and turntable or cutting ring. For consolidation spe&imens, the cutting ring may be
confinement ring. Cutting rings should have sharp edgesysahighly polished inner surface,fand

ple

ear
and

ata
[ion
kact
ens
uld
the
red
be
ing
fion

equipment|anid sample preparation procedures should be described in detail within the test procedulres.

Reconstituted samples or specimens of sands can be prepared using air or water pluviation. The exact
procedure including, for example, drop height and rate of pluviation required to achieve a specified
dry density should first be determined by trial. Specimens for consolidation, triaxial, direct shear
and permeability testing shall be pluviated into the test specimen container (e.g. rigid or temporarily
supported flexible membrane). The pluviation equipment and procedures should be described in detail
within the test procedures.

Reconstituted samples or specimens of fine-grained soils should be prepared by thoroughly mixing the
soil to form a homogeneous slurry. It is preferable that the soil be prepared starting from the natural
water content and adding water such that the slurry water content is greater than approximately 1,3
times the liquid limit. The mixing water used to prepare the slurry may be either that of the appropriate
ionic content, de-ionized, or distilled. The water content should be high enough to allow the slurry to
be poured into a consolidation cell. Consolidation of the reconstituted sample or specimen should be
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conducted in a manner similar to that of the consolidation test as described in E.3. The initial loads
should be small enough to allow the specimen to stiffen, so as to prevent extrusion of material upon
additional loading. The final consolidation stress should be sufficient to allow the sample to be extruded
from the consolidation cell, and handled for sealing and subsequent trimming of test specimens. The
equipment and procedures used for preparing reconstituted samples should be described in detail

within the test procedures.

NOTE

Laboratory tests on samples of reconstituted fine-grained soil are commonly used to der

ive intrinsic

soil properties that are independent of soil stress history and structure, which may be used as frames of reference
for the behaviour of natural soils [see Burland (1990), Cottechia and Chandler (2000) and Colliat et al. (2011)].
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1.5 Preparation of remoulded samples

houlding of fine-grained soils can be achieved by thoroughly mixing, squeezing@nd kn
ple without the loss of water. This can be achieved by placing the sample in a sealed plast
emoulding.

energy required to remould a soil depends largely on its water content-pélative to its 1
s with low water content and low liquidity index are stiffer and more-difficult to remould
N water content greater than the liquid limit. Thus greater uncertainty can exist in how
oulded very stiff samples are in comparison to soft, high liquidity index samples. A cl
roughness of remoulding can be performed by periodically conducting a strength index t
e test) on the sample during remoulding until a constant valife of minimum strength is ol

moulded test specimen can be prepared by working the remoulded soil into an appropr
5 should be conducted as quickly as possible, to avéid’a change in water content, and t
apping air. The procedure used for preparing remoulded samples should be describe

5 Evaluation of intact sample quality

le no definitive method exists for determining the quality of intact samples, valuable i
be obtained using the following qualitative and quantitative methods.

litative (visual) assessmentyof-sample quality can be made by examination of sampl
scans as described in F.2-4%Petrographic examination of soil fabric is another methg
Licularly useful in assessing the amount of disturbance in fine, fragile carbonate soils.

ntitative assessmentef sample quality for intact, low to medium overconsolidation ratio
be made by measuring volume change at the estimated in situ stress state (00, 0 'ho) during
Kolidation. The iormalized sample quality parameter Ae/eg of Lunne et al. (2006) is comy

Ae/eo = evql(1 + €0)/e0
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jquid limit.
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Fhoroughly
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[OCR) clays
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uted as:

Ae
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’

0 v0

0'ho

iSThe change i void Tatio;

is the void ratio of the prepared specimen;

is the volumetric strain (= AV/Vp) from reconsolidation to (60, 0'm0);
is the in situ vertical effective stress;

is the in situ horizontal effective stress.

The values of Ae/ep and &y should be computed and reported for laboratory consolidation tests
conducted on intact clay soils (e.g. incremental load oedometer, constant rate of strain and anisotropic
consolidation phase of strength tests such as triaxial and direct simple shear), provided the best estimate
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in situ effective stresses are given. The sample quality is determined using Table 6 for the method of
Lunne et al.(2006). An alternative method is given by Terzaghi et al. (1996).

NOTE1 The anisotropic consolidation stresses o’y = 0’0 and o’y = 0’ho can be directly applied in an
anisotropically consolidated triaxial (recompression) test, whereas in tests with rigid confinement (e.g.
incremental load oedometer, constant rate of strain, and the common form of direct simple shear) only o’y is
applied/known, and an unknown value of 6’y develops in the specimen. In such tests, eyo] = €5 (axial strain).

NOTE 2  The sample quality criteria in Table 6 are not valid for data from incremental loading (IL) tests that
use long load durations (e.g. 24 h) because of added secondary compression. The sample quality criteria in Table 6
or the one glven by Terzaghl et al [1996) can be used if the IL test was conducted usmg relatlvely short load

2 : : Q 2 2 vere-used,
ant

d on
marine clayp collected from depths below the seafloor of 0 m to 25 m and range in properties of\6"% to 43 % for
plasticity inldex, 20 % to 67 % for water content, and 1 to 4 for OCR.

Table 6 —[Evaluation of intact sample quality for low to medium OCR clays using Lunne et al. (20/06)

OdR Ae/eg at o'yo
1tq2 <0,04 0,04 to 0,07 0,070 0,14 > 0,14
2tq 4 <0,03 0,03 to 0,05 0;05'to 0,10 > 0,10

1 (very good to excel-

lent) 2 (fair to good) 3 (poor) 4 (very poor)

Sample fjuality

11 Reporting

11.1 Defipition of reporting requirements

The scope 3nd extent of reporting for the measured, derived and representative geotechnical paramefers
shall be defined as part of the project-specific requirements; see 5.3.

An example of reporting format is given in Table G.1. If the reporting format is not given in project-
specific dofuments, then the contractor’s practice shall apply.

11.2 Pregentation of field 0perations and measured and derived geotechnical parameters

Reporting fovers description of equipment and procedures used, detailed list of activities, purpose of
the investigation, preSentation of soil investigation data and results, and may include where applicdble:

— references to or documentation of the methods and procedures applied;
— factual presentation of in situ and laboratory test results;

— inventory of the laboratory tests performed, both in the field laboratory and in the onshore
laboratory, with relevant comments describing the general sample acquisition performance and
resulting quality;

— stratigraphic schematization presented in geotechnical logs with a detailed description of all
relevant strata;
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— evaluation of the data and results, stating the assumptions made and references used for deriving
the geotechnical parameters and derived values;

— geotechnical design case(s) under consideration for the planned structure (if known and relevant),
and other appropriate information about the purpose of the soil investigation;

— comparison of the soil investigation results with existing experience, in particular previous soil
investigation or installation experience obtained locally or in similar soil conditions.

For a given in situ or laboratory test, when no reference standard exists or when the standard procedure
has not been used, the applied operating procedure and interpretation method shall be described in the
geofechnical report.

Anyf deviation between the originally specified soil investigation scope and the scope ©f wark actually
performed should be reported, with the reason for such deviation being clearly documented

All reported values should be in SI units, with US customary units optionally used as secorndary units
(if fequired).

NOTE Project specifications can request a report to be in US customary umnits only.

When specified in the project specifications, the scope of work may.consider an electronic data format
profocol to facilitate the use of a project database or geographical information system (GIS).

A sfratigraphic schematization should be based on availableyberehole information from samnpling and
in sftu testing. In addition, the geophysical site investigation‘report, if available, can provide essential
infgrmation on the geological setting and variability of soil conditions.

11.3 Data interpretation and evaluation of representative geotechnical parameters

If the scope of work includes data interpretation and evaluation of representative gg¢otechnical
parpmeters, this shall be specified in the project specifications.

The evaluation of geotechnical data and parameters depends on several factors, which may include:
— |soil investigation coverage;
— |quality of data and results;
— |spatial variability of material properties within the soil volume of interest;

— |geotechnical deSign situation or analytical framework for which the parameters are int¢nded to be
used.

When correlations are applied to derive geotechnical parameters (for example, when determining
the[undrained shear strength from the CPTU or any other in situ test), the correlations usef and their
appllicability to the case under consideration shall be documented. Such correlations, either fheoretical
orzrmpirical, may be based on literature in the public domain or on previous relevant experignce.

Significant variations in soil conditions can lead to uncertainties in the evaluation of geotechnical
parameters. It should be evaluated whether such variations and uncertainties are due to the natural
variability of the soils, measurement errors, imperfect interpretation methods, or otherwise.

If some of the data and results are considered as being less representative than others, these shall be
identified and given less weight when defining the geotechnical parameters.

When a significant number of data points are available for a given geotechnical parameter within the
bounds of a uniform geotechnical formation, the evaluation of the results may be based on the use of
statistical methods to quantify uncertainties and account for them in a rational manner. Some guidance
is given in DNV RP-C207, GOST 20522-96 and in Lacasse et al. (2007).
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The methods used to establish geotechnical parameters (measured, derived and representative) shall
be described and referenced in the report. Additional guidance is provided in ISO 19900.
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Objectives, planning and requirements

A.1—Scopeofwork

The planning and different sequences involved in the definition of a scope of marine site investigations

can|be as summarized in Table A.1.

Table A.1 — Possible planning and sequence for marine site investigations

Phase A Phase B Phase C
Desk study Geophysical site investiga- Marine soil investigation
tion

Detlermination of exploration
phdse, design phase, type of facil-
ity, [foundation methods

Echo-sounding or swathe
bathymetry

Determination of design phase
(site selection, concepqual design,
etc.)

Evdluation of 3D seismic data
(negd for re-processing, if any)

Side-scan sonar imaging

Verification of type of facility
and foundation methofls under
consideration

Detlermination of local envi-
ronmental conditions and site
accpssibility

Sub-bottom.profiling

Deployment of investigation
equipment

Evdluation of bathymetry and
seafloor topography

Othér relevant seismic survey-
ing

Drilling and logging

Identification of seabed features
and obstructions

Sampling and testing (marine
soil investigation)

In situ testing

and soil conditions

Asdessment of likely presence-of Assessment of presence of Sampling

shajlow gas shallow gas

Asdessment of active@eological Assessment of active geolog- Laboratory testing
features, faults, or@ther geohaz- ical features, faults, or other

ards geohazards

Assessment.6f yariability in site Assessment of soil conditions Reporting

and variability

Incprporating previous experi-
ence in/same area or in similar

Clarifying limitations of data
and results

Clarifying limitations ¢f data and
results

soil conditions

Assessment of foundation design
issues

Recommend scope of work for
marine soil Investigation and
any additional geophysical site
investigation

Considering/recommending
any requirements for additional
marine site investigations

Clarifying limitations of data and
results

Recommend scope of work for
marine site investigation

NOTE Geophysical site investigations are not covered by this part of ISO 19901, but use of the results is also
important for marine soil investigations.
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One of the outputs from each phase can be a recommended scope of work for the next phase, with due
consideration of the limitations of data and results obtained.

Geohazards can initially be identified through existing geological and historical data and site-specific
geophysical investigations. Specific data can be required for further evaluation of the geohazards, via

methods such as:

excess

pore pressure that can influence slope stability;

soil strength measurements to assess seabed resilience to soil mass movement;

in situ pore pressure measurements to identify gas or gas hydrates, related geohazards, or elevated

a depo|

Insomecag
can be war
for correla
of geophys
or identifig
and CPT te

[t is import
requireme
far as poss
required b

samplilng to enable geological description, such as the description and dating of turbidites, of 5o

sition area of previous debris flows.

es,specialized combinationsofshallow geophysicalinvestigationand marinesoil investiga
ranted, such as the performance of vertical seismic profiles (VSP) in geotechnical boreh
Fion with the results of the geophysical investigation [Nauroy et al. (1998)})the combina
cal logging in boreholes and sampling for the detection of gas hydrates\|Digby et al. (20

5ts to determine the presence of gas hydrates [Sultan et al.(2007)]:

ant that the marine soil investigation focuses on acquiring sufficient data to meet the de
nts for the offshore structures. The types of in situ testing and laboratory testing shoul
ble be related to chosen or foreseen design methodologies, and to specific parameter va
¥ such methods. Guidance can also be found in EN 199%:1 and EN 1997-2 related to ons}

soil investigations.

Interaction
planning, ¢

between the client and the geotechnical contractor(s) should occur at an early stag
s well as during the course of a marine soilinvestigation in order to modify the scope

optimize the outcome of the investigation as knowledge of seafloor and seabed conditions develop

some cases
of prelimin
data adeqy
require sp¢

Examples
a)
b)

weak |

interb
punch

<)

A reduced
achieved K

deep s

, the anticipated foundation design requirements for predicted loads can require performa
ary foundation check calculations duking the course of a marine soil investigation to eng

bcial attention and characterization.

f this situation include:

bdded weak and streng layers beneath a jack-up rig foundation which can present a spud
through risk;

frong layersithat can provide high-end bearing resistance for foundation piles.

soil investigation scope can be appropriate where cost-effective and safe design car
y_Using more conservative geotechnical parameter values, or when there is exten

hyers that can govern-either bearing or sliding failure modes for a gravity base structurej

Iil in

[ion
bles
[ion
D2)]

ation of key soil horizons (e.g. past slope failure planes), or the use(of 3D seismic velocities

bign
1 as
ues
ore

e of
and
. In
nce
ure

acy. Identified soil layers that canshrave an adverse impact on foundation performance may

can

be
Kive

geotechnic

aldata and experience in the area. For example, explicit tests to achieve specific geotechn

ical

parameter values may be replaced by conservative use of available correlations from simpler tests. In
cases where lower quality soil investigations are chosen, this should be a deliberate choice by the client.

Considering the range of seafloor and seabed conditions that can be encountered in terms of soil type
and strength, the homogeneity of the soil (spatial variability), and how these conditions influence
the foundation design, it is not feasible to provide fixed requirements regarding the extent and scope
of soil investigations. For each particular location and need, these can be evaluated as a joint effort
involving appropriately qualified professionals from a range of disciplines, such as structural and
marine engineers, geologists/geophysicists and geotechnical engineers with experience in marine soil
investigation and design of offshore structures. ISSMGE (2005) and ISO standards, e.g. ISO 19905-1 and
ISO 19906, give some examples of typical scopes for marine soil investigations related to various types
of facilities, but these should be considered as guidelines only.
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A.2 Project execution plan and health, safety and environmental (HSE)
requirements

The pre-fieldwork planning phase is critical to the successful completion of a marine soil investigation.
The first stage in the process consists of identification of the project objectives, and in particular the
factors governing the selection of operating vessel, drilling equipment, sampling equipment and in situ
testing equipment.

The second stage of the planning phase is a compilation of a pre-fieldwork documentation package,
the pr1nc1pa1 component of Wthh isa pr0]ect execution plan (PEP) The PEP is usually prepared by the
it from the client gleted prior

The PEP describes relevant aspects relating to the execution of the marine soil investigation, including
HSH, quality assurance, interfaces, management and operations. The PEP contains informati¢n of direct
relgvance to the participants and stakeholders in the marine soil investigation,"which maly be in the
form of instructions, guidelines or reference information.

Thescope of the marine soil investigation and the operations are akey componentin the PEP. Descriptions
typlcally cover the mobilization phase, through the fieldwork phase, @ad’on to the onshore|laboratory
testling and data interpretation phases. It is important to considerithe complexity of the inyestigation
programme, and whether any new or revised equipment or procedures will be employed.

The purpose of the PEP is twofold:

a) |to provide assurance to client, contractor and otherstakeholders that the proposed scopg of marine
soil investigation achieves its own objectivesto ancacceptable level (HSE/technical/scheflule);

b) |to provide areference for personnel engaged irithe marine soil investigation by describinig the scope
of work, including deliverables and the equipgment and procedures to be used, the responisibilities of
each project participant, and the interfaces between participants.

The PEP typically contains the following.eomponents:

— |a project quality plan (QP), including quality assurance/control (QA/QC);
— |the objectives and scope pfiwork;

— [schedule;

— |a marine soil inyeéstigation execution plan (with particular emphasis on deployment opdrations);
— |a project management and organization plan;

— |an HSE<{plan (see below) and health, safety and environmental management systen (HSEMS),
including an emergency response plan (ERP);

— |aminterface management plan (‘bridging document’).

An example of a typical PEP is provided in Table A.2.
Ahazardidentification (HAZID) is sometimes carried out prior to startof fieldwork, toidentify in particular:

— general hazards (generic HAZID) related to the normal day-to-day operations onboard the
investigation vessel, including mooring operations, back-deck operations such as running drill
pipes, deploying equipment, working at height, cargo transfer, etc.;

— specific hazards related to unusual aspects of the marine soil investigation, such as the use of new
or unfamiliar equipment or the use of a specially-mobilized vessel as opposed to a purpose-built
permanent soil investigation vessel;
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— site-specific hazards that can be encountered during the soil investigation, and their mitigation or
avoidance measures as necessary. Examples of hazards are seafloor obstructions, shallow gas in
soil, unexploded ordnance (UXO), other vessel traffic, and anticipated weather and sea conditions.

After a HAZID, a HAZOP (hazard and operability study) is often performed.
The HSE plan should be completed prior to the start of the fieldwork, and contains:
— ageneral description of hazards at the site, with job safety analyses (JSA);

— generic, project and site-specific HAZID documentation (with particular attention to seafloor

b t 43 £] L £] 1aa £ s s )
0 S r LIUIIO Ul OoCUdIIUUI Ul U oLdIIUVUlI 1IIIITIdotltr gt iul UDJ'

— an emégrgency response plan (ERP), including provisions for the handling of injured personnel;
— identiffication of simultaneous operations (SIMOPS) that can impact the marine soil in\festigatign.

Awarenesq of special instructions and procedures is important if sampling, storing’and testing of
contaminated soils is included in the marine soil investigation. When sampling and tésting contamingted
soil, care should be taken to obtain the correct quantity of samples, and to seal and store them correfctly
with respeft to the contamination and further analyses.
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Table A.2 — Example outline of a Project Execution Plan (PEP) for a major marine soil
investigation

1 Introduction

3 Purpose of the project

4 Project documentation

Marine Soil Investigation Site Name and Location

Project Execution Plan (PEP)

2 Use of Project Execution Plan

PART A PART B PART C PART(D
Scope of Work and Qual- HSE Plan Client/Contractor HSEMS| Emergency Response
ity Plan (QP) Interface Document Plan (ERP)
Intfoduction Introduction and Interface |Objectives Emergency Response
Statement Flowchart
Project Objectives, Scope |HSE Policies and Proce- Project Overview SIMOPS

of Work,Schedule dures
Quality Policy Project Safety Organiza- Responsibilities
tion and Responsibilities
Marine Soil Investigation |HSE Reference Documen- |Communications
Exdgcution Plan tation
Project Organization and |Communications Project'Scope of Work
Mapagement Structure
Eqyipment Emergency Accident, Incident and Spill
Reporting
Op¢rating and Mainte- Experience and Training |Monitoring, Audit and
nar]ce Procedures Review
SIMOPS Working with Suppliers Appendices
and other Contractors
Appendices Hazard Management
Project*Health
Reporting and Investiga-
tion Procedures
Equipment
HSE Monitoring, Audit and
Review
Appendices
A.3 “Examples of unconventional soils

Some examples of unconventional and less common marine soils such as:

a)
b)

)

siliceous terrigenous soils (e.g. glacial tills, frozen soils, etc);

unusual terrigenous soils (e.g. volcanic ash, silts, glauconitic soils, micaceous soils, etc.) and;

non-terrigenous soils (e.g. carbonate soils, calcareous soils and siliceous oozes, etc.) and the specific

or generic properties that may need special attention are summarized in Table A.3.
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Table A.3 — Examples of unconventional soils and their characteristics presenting potential
difficulties

Description Potential difficulties

Artificial soil / contaminated soil /
made ground

Contamination; human danger

Ash deposit Strength, compressibility and permeability

Calcareous clay and silt Cemented layers; soluble

Calcareous sand Low strength and stiffness upon application of stress; cemented layers;
colubla
[—————————sokbl
Claystone ;Jnd shale Swelling upon reduction in stress
Coal Flammable; mining activities
Dispersive poil Internal erosion upon flow of water through soil; formation of'eavities
Evaporitic rock Soluble; mining activities

Ferrous soil

Cemented layers

Fissured clay Low strength; high permeability

Gassy soil High compressibility; low strength; explosive; flammable; toxic
Glauconite pand Weak particles; ‘clay’ behaviour; low permeability

Gypsum anfd anhydrite Volume change

Loess Instability of soil structure upon disturbance

Mica sand Instability of soil structure upen disturbance

Ooze Low strength, instability ofseil structure on disturbance

Organic soil

High compressibility; susceptible to chemical change

Peat High compressibility; susceptible to chemical change

Permafrost Influence of temperature on soil structure, soil loss and gas presence. Ide
content is alsg.an important factor.

Residual soijl Strength, cempressibility and permeability strongly depend on soil stryc-
ture; nen-homogeneous differential weathering; occurrence of boulder;

Saline alkali soil Volurhe change; aggressive towards concrete and steel

Sensitive clpy (or quick clay) Loss of strength upon application of shear strain

Shrinking fswelling clay and silt_) |Loss of strength and stiffness upon increase in water content; change in

(or active clay) volume upon change in water content

Strong rocH or better Rock burst upon reduction in stress

Under-congolidated ¢lay and silt Ongoing compression under self weight

Varved clayf (or laminated or strat- |Anisotropy in strength, stiffness and permeability

ified clay)

Volcanic solt tastabibtolsolstractureupordistarbancetovdensity
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Deployment of investigation equipment

, and is not exhaustive. It is essential that a robust assessment of the Key factors affectij
h accuracy is made on a project-by-project basis.

fical depth measurementislargely influenced by the mode of operation of the investigation

gquipment, is initially presented.

iracy is then presented.

.2 Equipment deployment considerations

2.1 Vessel drilling systems
accuracyofdatapoint depth measurements for vessel drilling systems can be influenced by th
the performance of a vessel’s heave-compensation system in prevailing sea conditions;

ndication of the limitingsea’state for which an estimated depth accuracy is likely to b
1ld be provided.

the type of heave-Compensation reference system used;

d-tie’ systems that utilize a template founded on the seafloor (as a reference against ve
erally providebetter drill-string stability than ‘non-hard-tie’ heave-compensation syster

the waterdepth, and consequently the length of drill string deployed;

H the main
harine soil
b purposes
ng vertical

bquipment.
htive types

tical depth

e following:

b exceeded

ssel heave)
ns.

A currents,

gger drill strings are more susceptible to lateral displacements associated with underse
drill string ‘whipping’ [see Figure B.1 b)].

the weight and elasticity of the drill pipe;

Heavier drill strings require stiffer heave-compensation systems. Stiffer systems are less sensitive to
changes in seabed strength, and hence offer less feedback to the driller, particularly in weak soil layers.

e)

This is a critical measurement that is used to accurately measure the water depth and account for
current vessel draught, prior to commencement of drilling.

f)

the accuracy of the seafloor tagging exercise undertaken prior to the commencement of drilling;

the accuracy of the echo sounder (or similar) equipment used to monitor tidal fluctuations; this is
particularly important in regions that have high tidal fluctuations;
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g) the accurate measurement of drill pipe and bottom-hole assembly lengths;

h) the presence/absence of a seafloor template, and the capacity to accurately monitor its height
relative to the seafloor;

i) the capacity of the vessel to maintain its horizontal position in prevailing sea conditions;

Spatial deviation of the drill floor centre relative to the borehole centre will affect the estimated length
of drill string downhole.

j)  push-in penetration accuracy of a deployed tool, relative to the bottom-hole assembly.

B.1.2.2 Seafloor-founded systems

Seafloor-folinded systems are initially landed and stabilized on the seafloor, prior to acquiring data. This
includes seafloor drilling systems (see 6.1.3.3) and some seafloor-founded, non-drilling modessystems (6.1.2).

Factors affpcting the accuracy of depth measurements for such systems can include-the following:

— the caiacity of the system to land, level and fully stabilize itself on the seafloor prior to and dufing
the coyrse of a seabed investigation;

— the mdthod of isolating the seafloor-founded system from surface vessel movements;

1) Some systems are landed on the seafloor and a catenary/s\formed in the umbilical priof to
commencing investigation activities. Provided sufficientumbilical is paid out to accommotﬁ-ate
vepsel station-keeping requirements, this allows thelseafloor-founded system to be flully
isalated from vessel movements.

2) Alternatively, some systems are lowered to the seafloor on a constant-tension winch. Provided
the surface environmental conditions remainWwithin the dynamic operating capabilities of{the
winch, such systems can also provide effective isolation from surface vessel movements.

— the acquracy of the drill-head position transducer;

— the capacity of the system to measure“and monitor the height of the equipment relative to[the
seaflogr [refer to Figure B.1 a)];

— the length, weight and elasti€ity of the drill string or push-rod assembly used to push the tool
into the seabed;

— the verticality of the tookwithin the borehole.

The limitinlg surface environmental conditions, beyond which an agreed depth accuracy class canndgt be
achieved within a reasonable level of confidence, should be clarified.

B.1.2.3 (ther non-seafloor-founded systems

Other typesofinvestigatiomequipmentare ot founded o the seaftoor tsampters withmo fixed seafloor
reference) prior to the commencement of data acquisition (e.g. gravity core or piston core samplers).
Such equipment typically remains partially to fully suspended on a non-heave-compensated winch wire
during the seabed interception phase of a deployment. The data acquisition process is typically of short
duration only; thereafter the investigation tool is immediately recovered to the vessel deck.

Control of borehole depth accuracy can be poor for such systems, as the effects of vessel heave, in
conjunction with the simplicity of the tool design, can impart uncontrolled, variable movement to the
tool during the data acquisition process.

Depth measurements for these types of systems can be affected by the following:

— vessel heave during interception and penetration of the tool into the seabed;
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poor estimation of the penetration of the tool into the seabed; these types of equipment are generally

not equipped with a seabed-penetration estimation device;

the extent of penetration of the trigger plate into the seabed, prior to tool release (where applicable);

the weight of the lift cable and its elasticity;

the accuracy of the cable-payout meter;

the level of feedback provided to the winch operator when the system trips (where applicable);

the verticality of the tool dnring seabed penetration;

Est

deptth accuracy class should either:

a)
b)
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ana‘]dlysis of geotechnical results.

ndertaken. The basis for estimation can include experience or rule of thumb, visual dbservation

the horizontal offset of the tool relative to the deployment point on the vessel.

mation of data point depth accuracy for such systems is generally very difficultyFor this

be assumed to correspond to depth accuracy class Z5 (>2 m as given in Table 1 in 6.2.3),

calculations should alternatively be provided to justify a more precisé depth accuracy ¢
the project specifications.

limiting surface environmental conditions, beyond which awagreed depth accuracy clas
eved, should be clarified.

.3 Parameters affecting the accuracy of vertical depth measurements

3.1 Estimation of data point depth accuracy:

h acquired from a marine soil investigation\programme are usually presented versus thg
ical depth below seafloor, where depth-is'normally quoted as a downwards positive V|
[loor. All depth measurements quoted will have an uncertainty associated with their me
iscussed in 6.2, the accuracyof data,point depth measurements is an important param

ee alternative approaches te.depth measurement are possible:
measurements are made relative to a reference point at or close to the seafloor [see Fig
measurementstare made relative to a reference point at or close to sea level [see Figur]
a combination of the above [see Figure B.1 b)].
es for hg Ay, hsrand dyy in Figure B.1 a) and b) are either estimated, or a direct physical me

nstsome scale reference, theoretical calculation, or via physical modelling.

reason the

or

|ass within

5 cannot be

estimated
hlue below
hsurement.
bter for the

ure B.1a)];
e B.1 b)]; or

asurement

Bas

cprinciples for physical measurement typically include one or mare of the following:
Tape measure.

Mechanical distance sensor.

Optical distance sensor.

Acoustic distance sensor.

Pessure sensor.

Fluid flow sensor.

Accelerometer.
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Inclinometer.

Supplementary and complementary measurements improve the confidence in the accuracy of a principal
measurement. For example, for vessel-drilling systems the direct measurement of the seawater
temperature profile can improve accuracy of values obtained by marine acoustic distance measurement
(echo sounder or altimeter).

Each estimate or measurement will have an error. Estimates of these errors can be arithmetically added
to obtain an overall estimate of the accuracy of depth measurements. For complex systems this approach
can be conservative, and more rigorous estimates of depth accuracy can be obtained via the separation

of random

and systematic errors, and the application of probabilistic principles.
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errors affect the mean value of a measurement and, as opposed to random errors, areraliy

urement readings are plotted on an x-y plot, and affect the variance of a measuremént.

parameters that may need to be considered in assessing the uncertainty of data p

L of the key parameters affecting the estimated depth accuracy able tovbe achieved sh
made for each type of equipment deployed.

lentification of the true seafloor-water interface

br is commonly used as a reference datum for depth measurements. The following fac
onsidered in the estimation of seafloor level:

br elevation can change due to erosion or deposition,events with time.

ed investigation equipment can partially displace very soft upper seabed materials du
ch and touchdown.

il-water interface can be difficult to identify. Seafloor sensors, which identify the seaf

s. Moreover, mechanical seaflopirdetection sensors do not necessarily detect a near-f
seabed.

ustic distance sensor typically records the highest point within its beam, which does
arily coincide with the point of investigation for an undulating or sloping seafloor.

eight of reference point above seafloor (hs)

[rame can penetrate into the seabed upon touchdown. Measurement of seabed penetratic
for systems:that measure depth relative to the seafloor frame itself.

frame may vertically displace and/or tilt as a result of forces generated during investiga

ays

Ction. Calibration errors are an example of a systematic error. Random errors resultinscajtter
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surements are provided below. These parameters are provided as guidaheée only. A rolust
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oreés(applied by guide wires, heave-compensated umbilical tethers, or eccentric loadi
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B.1.3.4 Depth below seafloor (z)

Estimation of tool-point depth is usually made via measurement of the length of drill string or push
rods deployed downhole (Lstring, see Figure B.1), in relation to a fixed datum point located either at the
seafloor (seafloor-founded systems) or at the drill floor (vessel-drilling systems).

The accuracyof depth measurements can be affected by the following factors:

a)

errors

62

in estimated tool and drill string/push-rod measurements;
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While the actual length of tools can usually be measured within an acceptable tolerance; other factors
that can need to be considered include

elastic shortening or lengthening of tools under varying thrust loads,

‘out-of-straightness’ of a drill string within a water column,

This can occur, for example, where slender drill strings are subjected to drag forces associated with

sea
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linderwater positioning system mounted on the seafloor frame can provide informatiofp about the

currents.

non-verticality of a drill string or push rods within the seabed,

thermal shortening or lengthening of drill string/push rods.

mechanical errors within thrust machines, for example, the slippage of gripping fecha
to either clamp and/or thrust tools into the seabed.

electrical instrumentation errors, including
hysteresis and nonlinearity of displacement transducers,
measurement errors within inclinometers used to estimate the verticality of deployed t

bre sampling is undertaken, the assignment of sample loss within a sampling run is ofte
ineering judgement. This can introduce additional uncertdinty for data-point depth mea

 which a sample has been acquired, is provided in 9.5:

3.5 Water depth (dy)

accurate measurement of water depth is papticularly important for vessel-drilling syst
h variations occur due to natural factors*such as tides, currents, wind and barometri

variation in vessel draught with-tiime, arising due to (for example) variations in seawa
and the quantity of fuel/water retained onboard;

position of a fixed echo sounder below the water surface is usually directly affected by vesg
errors associated with the sounding of the seabed at the commencement of seafloor ope

rect sounding of water depth by drill string can be achieved by fixing the drill pipe in
e at the seaflgor-"The straightness and verticality of the drill pipe depend on factors suc
ok in drill derrick, seawater current and position of the seafloor frame relative to the d

tive pesition of the seafloor frame. Length variations in drill pipe are discussed in B.1.3 1

variations in barometric pressure, seawater salinity, turbidity and temperature, which
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hols.

n based on
surements.

ther guidance on the issues of sample loss, and how this factor can affect the estimated depth range

bms. Water
C pressure.

factors that can affect the accurate measurement of water depth measurements can include:

fer salinity

eldraught.
rations;

a seafloor
h as weight
rill derrick.

.

can affect

B.1.

water denth measured vianressure sensors atthe seafloor
T g

3.6 Height of reference points above sea level (hs and hg)

For vessel-drilling systems, errors associated with the estimated height of reference points above sea
level should also be considered.

Factors to be considered could include:

— the height of reference points above sea level, hs and hq [see Figure B.1 b)] can vary due to a change

in vessel draught;
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— the estimated height of a tool joint above the drill deck can be estimated using tape measurements
and/or visual observation. This can be particularly difficult where operations are being undertaken
during conditions of significant vessel heave.

hs

Key
echo spunder or alternative water depth measure 7  tilt and/or sinking of seafloor template into seabg¢d
drill sfring out-of-straightness 8  curvature of drill string
Lstring|(length of drill'string or push rods deployed9 tilt of tool below drill string
downlole)
4 tilt angl/or sinking of seafloor frame into seabed 10 hgand hq are height of reference points above sed
level
5 seafloor 11 hgeis height of reference point above seafloor
6 effect of sample loss on data-point depth accuracy
NOTE Left part of above figure shows: Seafloor-based measurement - Reference point close to seafloor. Right

part of above figure shows: Vessel + Seafloor-based measurement. Reference point close to sea level

Figure B.1 — Examples of some factors affecting measured depth
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B.2 Minimization of seafloor disturbance effects

B.2.

1 General

Most types of soil investigation systems interact with the seafloor in one way or another. Vessel-drilling
systems with heave-compensation systems are reliant on seabed templates to provide a fixed reference
against vessel heave, while seafloor-founded systems are directly founded on the seafloor prior to
commencement of data acquisition.

Vessel-drilling systems normally deploy reference frames or templates to the seafloor prior to

de

oyment of the drill erlnc These devices can be used to nr‘n‘ndp reaction thrustastools

re pushed

intd
the
sea
the

The
to

sur
Thd
pro

Thd
invg
upp
wh

B.2

Wh
effe
min

Thi
exa

the seabed, to enable hole re-entry where required, and to provide a vertical datum dgd
vessel’s heave-compensation system is referenced. Seafloor-founded rigs are also+locg
[loor throughout the course of seabed investigations; these machines can impart variable
seafloor as operations progress.

landing of equipment on the seafloor prior to the start of the investigation-can cause d
he seabed. The transfer of equipment weight from the vessel to the seafloor can lead t
charging of the upper seabed. This can influence sample quality andin situ-measured t

geotechnical contractor should provide a clear description of.the method of interac
posed investigation equipment with the upper seabed.

geotechnical contractor should undertake an assessmeiit of the interaction of th
bstigation equipment with the seafloor, and whether this ¢an have adversely affected thg
er seabed properties during the course of the soil invéstigation. This can be particularly
bre equipment is landed and operated on very soft seabed.

.2 Measures to mitigate near-seafloor soil disturbance

le for some cases it is possible to apply appioximate corrections to test data for seafloor d
cts, artificial seafloor disturbance shotld be minimized wherever possible. Disturba
imized via the following techniques:

careful control of the rig during initial touchdown with the seafloor, to avoid
uncontrolled impact;

5 may include landing of equipment at a time that coincides with a period of reduced vesse
ple between the passage of wave sets).

use of adequately'sized ‘outrigger’ footings to transfer weight of the rig to the seafloor, v
the sampling /testing zone, at the point of initial rig landing on the seafloor;

maximizatjon of the distance between the testing/sampling location and the area in
weightof the machine is founded on the seabed;

mihimization of the ‘on-bottom’ weight of the rig (and hence the load applied to the seaf

inst which
ted on the
loading to

isturbance
o artificial
bst results.
tion of the

e deployed
measured
important

isturbance
hce can be

rapid and

| heave (for

rell clear of

which the

oor);

providing a means to adjust the neight oI the rig, as required, during sealrloor operations;

maximization of the bearing area of the footings, to minimize applied bearing pressure;

use of foundation ‘skirts’ on a footing system, particularly where operating on very soft

B.3 Operations on steep seafloor gradients

B.3.

1 General

Marine soil investigations on steep and/or uneven seafloors can be required.
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Examples include:

investi

investi

pipeline route investigations that traverse from deepwater to continental shelves;

seabed investigations in areas of previous slope failures;

gations in the vicinity of iceberg gouges;

gations on rocky seafloors; and

operations within the vicinity of sand waves.

Operations
equipment

site investigations or 3D seismic data. This information should be made available during the early stz

of equipms

The capab
equipment
geotechnic

The client
the potenti

investigatipn equipment, may alternatively be selected to ensure accurate.dldta are acquired in a safe man

B.3.2 Fa
The client §

the ex

appliedl surcharge of the equipment can lead to sedbed instability;

wheth
loads,

wheth

theloc
and re

Alarge prdportion of equipment currently available for marine soil investigations can safely operat

seafloor sl
of the prad
should be 1

uniform (for example rocky) seafloor slopes are encountered.

on steep slopes present additional challenges to the safe operation of seabed investiga
Information on seafloor slopes is normally obtained from the interpretation of geophys

nt selection, if steep slopes can be encountered.

lities (and where appropriate the limitations) of the proposed geotechnical investiga
to effectively operate on the expected seafloor slopes are normally the késponsibility of
al contractor.

should familiarize himself with the capabilities of the proposed investigation equipment,
al impacts on the quality of the acquired data. Special deployment methods, and/or speci

ctors affecting equipment performance on steep.slopes
hould consider the following factors in assessing eguipment performance on steep slopg

pected strength of the upper seabed at the proposed investigation sites, and whether

br the operation of the equipment, resulting in vibrations, additional torsional or vert
Could result in seabed instability;

br the ‘out-of-levelness’ of the template will impede the passage and operation of the drill str

al variability of the slope;and whether this is likely to affect the capacity of the system to |
main stable duringdrilling operations.

pes of up tol53%"Wherever seafloor slopes are identified at an investigation site, due accq
tical operating capabilities of the selected equipment should be taken into consideratio
oted thatthe capacity for equipment to operate on seafloor slopes can be reduced where 1
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and
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ing;

the capacity to measure the height of the drill centre above the seafloor at the centre of the mach|ine;

and
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66

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=8c873180df47b426cf3cf69d4acc76f9

C.1

ISO 19901-8:2014(E)

Annex C
(informative)

Drilling and logging
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1 General

hriety of drilling methods and equipment are available. This part of ISO 19901, primaril
iry drilling techniques. Guidance can be found in ISO/TS 22475-2 and ISO/TS 22475-3
Cription of equipment and personnel for onshore/nearshore soil investigations (preser
re relevant).

ptary drilling, the rate of penetration (ROP) depends on a combination of the characterti
the pressure and volume of flow of drilling fluid (mud pressure and mud flow), the nd

tsure and flow, and drilling fluid characteristics in orderto advance the borehole.

bn drilling from a floating vessel, cyclical variationssin weight on bit (and hence soil di
induced by vertical motions at the drill floor. Thes€ motions are attenuated by employil
pensation system. Appropriate equipment sheuld be identified for the defined drilling
ere optimal data quality is an objective,.the* hard-tie heave-compensation system of
formance option, particularly in softer soils.

ropriate drilling equipment and methods should be identified for the defined drilling
hin the two main modes of deployment (i.e. vessel-drilling mode and seafloor-drilling
cal types of rotary drilling are:

‘open-hole’ or ‘core’ drilling;
‘uncased’ or ‘cased’ drilling;
‘riserless’ or ‘riser.drilling.
2 Open-holé versus core drilling

ptary open-hole drilling, sampling and in situ testing are performed on undisturbed mat
he bittby pushing (and other means such as percussion) specialized wireline tools throug
Fre of the bit.

’ considers
for further
ted herein

stics of the
rmal force

veen the bit and the bottom of the borehole (weight on bit)/and the characteristics of the material

Filling fluid

sturbance)
1g a heave-
objectives.
fers a high

objectives.
mode), the

brial ahead
h the open

In rotary core drilling, core samples are recovered either as cores typically 1,5 m to 3 m long, recovered
by a drop-in wireline coring system, or as long continuous lengths of core typically 6 m or more,
recovered by pulling the complete drill string out of the borehole to recover the core barrel. However, in
the latter case, a re-entry system is needed in order to re-enter the existing borehole to advance to the
next core interval.

The drilling technique adopted is largely governed by the expected soil conditions, the requirement for
sample quality, and required in situ testing. Open-hole drilling with sampling and testing by downhole
tools is generally appropriate for uncemented formations, and for some weakly cemented soils or very
weak rock formations (e.g. highly weathered chalk). Rotary core drilling is generally appropriate for
cemented soils or rock formations, and can also be a good alternative in hard boulder clays, especially if
recovery is more important than sample quality.
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In some cases, a combination of the two techniques can be employed, with three different coring systems
and procedures, given below, that can be adopted.

a) Pull out the open-hole drill string completely and run in a rotary coring drill string. This approach
requires additional pipe handling, but maximizes core sample diameter and ensures that the most
appropriate drill bit is always used for the formation encountered.

b) Pull the open-hole drill string back a short distance from the bottom of hole, then run a coring
drill string through the centre of the open-hole string (termed ‘piggy-back coring’). This approach
requires some additional pipe handling, possibly an additional top drive unit, and the sample
diameter is reduced, but borehole integrity is ensured and the most appropriate drill bit for the
forma:lion encountered can be used. This mode of operation requires a seafloor frame to be clamped
onto the drill string in order to prevent the open-hole drill string from heaving within the borehole
due to[the motion of the vessel.

Drop ¢
hole d
contin
and ca

en-
res
red

wireline core barrel through the open-hole drill string to latch into a specialized o

rilling BHA. This approach saves pulling or running any additional drill stging, but requlr
1ed use of the open-hole drill bit, which can be less appropriate for the forhration to be cd
h result in poorer quality core sample and/or reduced recovery.

C.1.3 Uncased versus cased drilling

Most mari
mode, whe

At sites wh
boreholes)
to install o

casing tubiilars run separately, or drill pipes doubling as.casing once a certain depth (or other criter

has been a
can be emy

C.1.4 Ris

Most mari
cuttings fl

either at thle top of the borehole (i.e: at/seafloor) or at the top of the casing string. With riserless dril

(also termg
exit the bo
settle out d

With riser
This allow
and cuttin

he soil investigations are performed using equipment in uneased, open-hole rotary dril
re a single tubular (the drill string) runs from the drilling)platform.

ere borehole stability can be an issue (such as exces$pore pressure regimes or very d
or where project-specific objectives demand (e.g¢#piggy-back coring’), it can be necesg
he or more casing strings prior to completing the'\borehole. Casings can be either special

chieved. Multiple concentric casing strings;feducing in diameter as the borehole advan
loyed and specialized handling equipment and procedures can be required.

jerless versus riser drilling

he soil investigations are performed in riserless drilling mode, where drilling fluids
w between the annulus ofithe borehole and the outside diameter of the drill pipe and

d ‘total loss drilling’ er ‘drilling with fluid returns to seafloor’), all drilling fluid and cutt
Fehole in a plume which is either dispersed by sea-bottom currents, or from which cutt
f suspension to form a mound in the vicinity of the borehole.

Hrilling, a tubular casing extends from the borehole back up to the floating vessel or platfa

drilling red
partlcular

hydraulic fracture of the formatlon Wthh can lead to loss of drllllng fluld into the formatlon and can

ling

eep
ary
zed
on)
ces,

and
end

ling

ngs
ngs

rm.

the recovery of drilling fluid and cuttings, either for recirculation, for retention of the flfiids
bs (e.ginvareas where zero discharge-to-sea is required), or to sample the cuttings. R|
juires;specialized handling and processing equipment and procedures (see ISO 22475-1).

iser
In
alls

care is needed to ensure that the elevated hydrauhc pressure exerted on the borehole W

compromise borehole stability or sample quality.

C.2 Selection of drilling equipment and procedures

C.2.1 Drilling equipment applicability considerations

ad to

In order to assess the applicability of a particular drilling spread of equipment for a given set of project-
specific requirements, details of the equipment to be provided should include the following:

subme

68

rsible drill rig) with nominal operating limits (i.e. sea/tide/current/wind);
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drilling system capacity, with drill mast/derrick height, weight capacity under the power swivel
(i.e. maximum mass of drill string including drill collars and BHA), and details of draw-works heave-
compensation system (type, maximum capacity, full-stroke length and usable-stroke length) if in
floating vessel mode;

specification of drill pipes and drill string handling system, with maximum length of drill string
that can be handled and maximum pipe stand length;

description of drill bits carried onboard, and rotary coring system (if any);

details of the seafloor frame, and of its heave-compensation system (type, maximum capacity, full-
STroke length, usable-stroke lengthy;

mud system details, with mud pump(s), mixing capacity, number and volume of mud fanks} maximum

pumping rate;

drilling parameter logging system (i.e. automated or manual, parameters logged, reporfing format
and system limitations);

manning levels required on the drill floor, with location of contrels for drilling arld wireline
downhole equipment, pipe and wireline tool handling systems.

Table C.1 offers guidance on drilling equipment characteristi¢s relevant to particu
reqirements. It can be used to help identify appropriate or inappropriate equipment.

ar project

Table C.1 — Drilling equipment selection considerations

Priority Project-specific Principal’drilling equipment selection considerfations
requirements
1 Water depth and sea condi- |Seaflear;drilling/vessel drilling/availability/hook capafity/
tions power/heave compensation
2 Soil conditions Opeén-hole/rotary coring/uncased/cased/riserless/risefr/power
3 In situ testing and samgtidR Open-hole (or combination)/seafloor reaction frame/hdave com-
pensation
4 Borehole depth Uncased/cased/riserless/riser/power
5 Drilling hazards Uncased/cased/riserless/riser/pilot hole/specialized equipment
6 HSE and extreme working |Specialized equipment (minimized manual drill floor interven-
environrmeit tions)
7 Environmental discharge |Riserless/riser
Modifier |Optimized data quality Accurate heave-compensation/seafloor reaction frame
Modifieg\\Dptimized data recovery Working height (maximum length of downhole tool tha can be
handled)
Modifier |Optimized rate of progress |Power/mud flow

C.2.2 Drill bit selection

The selection of drill bit should be made based on the expected soil conditions, required drilling, logging,
sampling and/or in situ testing techniques, and whether optimal sample quality or maximum rate of
penetration (ROP) is required.

Where sampling or testing is required, an open-centred bit (‘core bit’) is used in open-hole drilling mode.
For drilling without sampling or testing, a close-centred destructive drilling bit can offer greater ROP.
Also available are drop-in ‘centre’ bits which latch into the BHA to convert an open-centred bit into a
close-centred bit, and can subsequently be recovered by wireline overshot.

For open-hole drilling in uncemented marine soils, a drag bit is likely to be the preferred solution.

The drag bit is particularly appropriate where it is expected to encounter clay strata (which can have
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a tendency to ‘ball’ and block the discharge ports of other bit designs, which can lead to bit damage
and/or significantly reduced ROP). For other ground conditions (principally rock), ISO 22475-1 provides
additional guidance regarding bit selection.

The following factors should be considered for drill bit selection:

— range of bits for the possible soil conditions, drilling problems and hazards that could be encountered;

criteria for change of drill bit;

— positioning of drilling d discharge d to

minimgze

C.2.3 Dr
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ports and bit geometry (i.e. the bit should be balance
lling fluid

bn of the drilling fluid is twofold: to carry drill cuttings away from the cutting‘face, an
rve a number of other functions:

le advancement, i.e. cutting soil ahead of the bit by hydraulic action;

le stability, i.e. formation of a stable ‘cake’ around the wellbore thereby helping prevent c
e borehole walls, particularly in loose non-cohesive or over-pressured formations;

d, for example when running a sampling or in situ testing tool;

contro] of hydrostatic pressure in the borehole.

id (including seawater) on the soil, e.g.Tow salinity seawater with high salinity soil.

If the dri

1
included t{give the necessary characteristics, e.g. the addition of barite to give a heavy ‘kill mud’ suit
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mixing pra
to periodic
characteris

For complg
from exper

ing a shallow gas event. Additives can be supplied in liquid or powder form, and spe

tics are maintained across multiple batches.

X borehole constpuctions, or in difficult soil conditions, it is recommended to seek ad
ts regarding-design of an appropriate drilling fluid programme.

e drill bit from overheating. However, depending upon its specific charactéristics, the f

ids are typicallybased on seawater (or fresh water), and in many cases water alone is suffici
e mud system is able to deliver adequate flow rate and pressure. When defining the dril
used, consideration should be given to the potential for adverse chemical interactions off

ing fluid is required to perform additional functions, then one or more additives car

cedures should be followed (with due regard to HSE considerations). It may be necess
ally test samples of the_mixed fluid to ensure that the desired consistency and visco

] to
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tion of drill cuttings from settling back to the bottom of’the borehole while pumpinig is
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C.3 Drilling operations plan
The drillin

b Operations plan describes the process of considering and documenting the drilling activ’ties
relating to the soil investigation. The drilling operation plan may be documented in a stand-alone
document (suitable for daily reference by the drilling crew), or may be part of the soil investigation
execution plan in the PEP.

For the range of possible soil conditions, the drilling operations plan should describe the full sequence
of activities and contingencies for each borehole, from initiation to completion. It should consist of the
following basic components:

a) drilling equipment and operational details;

b) borehole construction plan, describing the sequence of borehole construction (with drill string
details and drill bit selection), identification of possible drilling problems, borehole abandonment
procedures and grouting procedures (if required), and contingencies or remediation options (e.g. in
the event of stuck string or tool lost in the borehole);
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mud plan, with the drilling fluid solution adopted and criteria for change of fluids;
requirements for recording drilling parameters (as appropriate);

sampling and in situ testing schedule and procedures;

shallow gas plan (where relevant, see C.4);

grouting plan (if required), with the grouting fluid/additives selected, grouting procedures and

requirements for grout testing (i.e. grout cube crush tests and acceptance criteria).

C.4 Shallow gas

C.4

1 General

Shallow gas can pose a significant hazard to drilling operations, and efforts should be ma

reld
of s

C4

ich a release, a site specific assessment should be undertaken which should include the fi

‘hazard assessment’ for the specific location and planned activities, to identify the lil
encountering gas during the soil investigation;

'risk assessment’, for the geotechnical vessel/platform, to-identify zones of high, intern

2 Hazard assessment for specific locations

The site-specific hazard assessment is usually performed by the client, but it should be incun

the

soil investigation contractor to ensure that the'hazard assessment conclusions are align

owl procedures and that the risks (probability~X consequence) which the hazards pose to t

ope

rations are assessed properly.

Theg hazard assessment would typically.consider the following:

regional geology/desk study;

site-specific geophysical data (considering type, quality, resolution and timing o
acquisition);

potential depth) pressure and volume of shallow gas;
alternativesources of free gas, and gas characteristics (composition, toxicity, flammabilit

planired soil investigation activities, e.g. seafloor-mode operations, borehole drilling/s
sity'testing operations, pilot-hole drilling, distance to production infrastructure.

potential for changés since geophysical data acquisition (e.g. due to well-drilling activity);

He to avoid

ase of gas into the sea and atmosphere. In order to minimize both the likélihood and copsequences

bllowing:

kelihood of

ediate and

low risk with due consideration of the consequences of gastelease and mitigating measyires.

hbent upon
ed with his
he planned

[ the data

y, density);

hmpling/in

There are three possible outcomes of the hazard assessment for a specific location as listed below:

a)
b)

c)

©IS

low probability of encountering gas;
intermediate probability of encountering gas;

high probability of encountering gas.

02014 - All rights reserved

71


https://standardsiso.com/api/?name=8c873180df47b426cf3cf69d4acc76f9

ISO 19901-8:2014(E)

C.4.3 Risk assessment and gas procedures

C.4.3.1 Depending upon the hazard assessment outcome, all areas of the geotechnical drilling
vessel/platform should be assessed, i.e. specific areas of potential gas release or accumulation identified,
and area classification layouts for the vessel developed (guidance on hazardous area classification for
drilling facilities is given in [EC 61892-7).

Typically, the risk assessment should consider

— specific activities, such as riser/riserless drilling, adding/tripping pipe, sampling/in situ testing,

potentia] sourcesofiagnition soilcamnlea handling ontruta canfinad cnacaoc otc
- tH- S EHHH SO SaHRPre- A e S eRt -+ HHReaSpaces;ete

7

— conseduences, e.g.lossofvesselbuoyancy, vessel floodingdue torollingwater, blowout, fire/explogion,
poisonling (gas toxicity),

— proporftional mitigating measures.

C.4.3.2 Bven for a low probability of encountering gas, it is prudent to consider theximplementation pf
residual rigk mitigation measures. See C.4.3.3 regarding mitigation measures which should be considefred.

C.4.3.3 Indrilling areas with intermediate probability of encountering shallow gas or free gas, spegial
procedureg should include the following:

— safetymeetings of all crew members;

— review of the duty watch/chain of command in emergency gas drill;
— condugt of move-off exercise;

— no hot|work or smoking on deck;

— gas detectors (in the moonpool and in the derrick) and gas alarm;

— wind 4nd current meters to ensure vessel is positioned optimally with respect to the wind fand
current to minimize accumulation of gas on deck;

— generdllook-outordedicated bridge'watch for bubbles surfacingin the vicinity of the vessel /platfqrm;

— investigate the possibility of\having heavy ‘kill mud’ available (together with rapid switch-in and
high capacity pumping system).

r drilling a dédjcated pilot-hole during daylight hours with a non-return valve in the lower
f the drill striig and no running of downhole tools,

Wer

o aga g2 g mainta and
the borehole (based on wind and current conditions). Typically, soil investigation operations can
continue with horizontal offsets of around 5 % to10 % of water depth,

QO O [] O 0 ars ne no an n QO C pe Aeel ne _Cl QO

— suspend all non-essential crane operations,
— monitor penetration and pump pressure consistently.

If a shallow gas risk is identified, specialized training can be required not only for the drill crew but
also for all crew members, consisting of a course on shallow gas preparedness (drill crew), shallow gas
induction (all crew), and regular gas alarm drills (all crew).

C.4.3.4 Indrilling areas with high probability of encountering shallow gas, further precautions such as
the following are recommended in addition to those in C.4.3.3:
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non-return valve in the lower part of the drill string while drilling and pulling pipe;

TV camera and/or sonar mounted on the seafloor frame or ROV;

pulling the sampling/testing tool out of the soil by lifting drill string while the downhole tool is
latched into the BHA (with special attention to the swabbing effect when pulling tools out of the soil;

insitu gas measuring system, in order to ensure early warning before the gas-chargedlayeris penetrated;

Depending upon the source, characteristics and severity of the gas hazard, and on the drilling equipment
employed, a variety of additional equipment can be considered for use in mitigation.

Exalmples of such equipment are:

C.5

C.5

The
diffi
in-g
furt

Wh
be

gas diverter on top drive unit;
shear rams;
mud valve;

non-return valve in BHA;

isolated moonpool chamber (with fresh air duct or HVAC system);
zoned drill floor equipment;

automatic shut-off for unzoned ship’s equipment on,gas alarm;
personal portable gas detectors;

breathing apparatus;

intrinsically safe communications system.

Borehole geophysical logging

1 General

geophysical logging of a borehole can provide an invaluable additional data set, and 3

ipe measurenients and some for open-hole measurements [see Digby (2002) and ISO/TH
her information)].

en defining a suitable geophysical logging scope of work, some of the following aspd
ongidered:

annular preventer on top drive (allowing the wellbore to be sealed with wireline tools i the hole);

variety of

erent parametens-can be measured, recorded or inferred. A number of tools are available, some for

14685 for

cts should

reauired measurementtvpes:
T A o T

minimum number of measurements per logged depth section;

required sequence, direction and rate of travel for logging;

accuracy class for depth below seafloor, which should be given in project specifications according to

Clause 6;
required correlations between measurements;
number of tools or length of logging section per run;

length of rat hole drilled;
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h) whether a compensated logging line is required.

If a radiation-type logging system is planned, a qualified radiation protection supervisor should be
onboard the soil investigation vessel, and operational procedures for these tools should be established
to address the following:

— handling of radioactive sources in accordance with applicable regulations;
— heave compensation of wireline tools;

— contingency procedures to recover tools lost in the borehole or on the seafloor;

— contingency procedures in the event that it is impossible to recover a radioactive tool from|the
borehqgle (typically grouting).

C.5.2 Reporting of results

The reportjon logging results should include as a minimum:

— charagteristics of the borehole geophysical logging system;

— detaild of borehole conditions according to Clause 7;

— open-Hole logging versus in-pipe logging;

— sequerjce, direction and rate of travel of the logging probes in.the borehole;
— accuracy class for depth below seafloor;

— presentation of results;

— definitions, formulae, assumptions and limitations of derived parameter values and appllied
correlgtions between measurements.
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In situ testing

ance on the CPTU/CPT procedure and interpretation can be found in Lunne et.al.
aid (2009).

e penetrometers with dimensions outside the standard range may be used“for specia
an enlarged cone for increasing the accuracy of the measurements in very soft clay. In
ould be reported that non-standard equipment has been used. In Tumaylet al. (1998)

ease when carrying out a CPT/CPTU with a smaller cone diameter.

birical correlations developed for standard size penetrometersiare not necessarily appli
benetrometers outside the allowable range, and should be used with caution in the absenc
ing using standard size equipment.

bme cases, important information can be obtained by.¢carrying out tests at non-standard r:
s are carried out, results should be clearly marked woting that non-standard rates have be¢

overed in 8.3.4, itis important to correct conewesistance for pore pressure effects. It is al
orrect the sleeve friction for pore pressutecéffects if pore pressures at the top and bof
ve have been measured or can be assumed.

corrected sleeve friction can be detérmined from:

(u2 x Asb —uzx Ast)
A

ft:fs_

N

re:
is the corrected.sleeve friction, in MPa;
is the measured sleeve friction, in MPa;
is thearea of friction sleeve, in mm2;

is'the cross sectional area of the bottom of the friction sleeve, in mmz2;

Ast
uz

u3

tsthecrosssectiomatareaof the topof the frictiomsteeve, Trmm2;
is the pore pressure measured between the friction sleeve and the cone, in MPa;

is the pore pressure measured above the friction sleeve, in MPa.

Humpheson (2005) it is shown that, for some penetrometers, the measured cone resist:l

1997) and

purposes,
uch cases,
nd Watson
ce, g, can

Cable/valid
 of parallel

ites. If such
e adopted.

50 possible
tom of the

This correction requires values of up and u3 and these parameters should preferably both be measured
if this correction is to be made.

NOTE

u3 can be estimated from u; using correlations given by Lunne et al.(1997).

These corrections are most important in fine-grained soils where the excess pore pressure during
penetration can be significant. It is recommended to use corrected values of the test results for
interpretation and classification purposes.
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D.2 Documentation of reference readings for CPTU/CPTs

D.2.1 CPTU/CPT, ball and T-bar tests in non-drilling mode

The following recommended procedure is applicable in non-drilling mode. Figure D.1 shows an example
of results obtained during a CPTU in non-drilling mode.

With reference to Figure D.1, the test can be divided into the following time stages:

— Stage 1-2 - Initial acquisition of reference readings from all sensors at deck level. The reference
readings should be recorded once the output signals from the sensors are stable. This should be
underfaken with the cone penetrometer and rods at a temperature as close as possible to[the
seaflo¢gr temperature.

— Stage 2-3 - Lowering of probe to seafloor.

— Stage 3-4 - Recording of all reference readings once the probe is located at (but net.in contact with)
seaflogr. The reference readings should be recorded once the output signals from the sensors are stdble.

— Stage 4-5 - Penetration into seabed.
— Stage $-6 - Extraction of the probe until it is located again at (but not itcontact with) seafloor.

— Stage 6-7 - Recording again of reference readings from-all sensors at the seafloor. [The
reference readings should be recorded once the output signals€rom the sensors are stable.

— Stage 7-8 - Recovery of the push frame and probe to decklevel. Visual inspection of the probq for
any damage, soil adhesion to probe, damaged or dirty seals, etc.

— Stage 8-9 - Taking final reference readings from all sensors at deck level. The probe should remain
in a vdrtical orientation during these measurements. The reference readings should be recorded
once the output signals from the sensors are stable.
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1 2 3 A 5 6 1 8 9
X
Key]
X axis shows time 4-5 penetration of probe into soil
y axis shows interyals.of sensor readings 5-6 pulling out probe to seafloor
1-2 reference reading on deck 6-7 reference reading on seafloor
2 -1 lowering probe to seafloor 7-8 pulling probe up to deck
3-4 referencereading on seafloor 8-9 reference reading on deck
Figure'D:1 — Scheme for taking reference readings for in situ testing in non-drilling mode
Thd-full testevele-should-berecorded-andrener tod urith wlore of SN capcore oot o timeLals shown in

HHTte5t Cy e oot ot T e CoT Ot O oo r T poTeetr W POt O oI STITSUT S vV CT St S CIIrc 1

Figure D.1), and in a table with readings of all sensors in engineering units attimes 2, 3,4, 5,6, 7,8 and 9.
The records of the full test cycle should be kept available for scrutiny by the client (if required). Changes
in measured pore pressure and tip load cell during lowering of the probe to the seafloor should be used
to confirm the net area ratio for the load cell.

The above is valid for seafloor mode tests where the rig is recovered to deck between each test. The
procedure needs to be modified if the rig is moved from one testing location to another without being
recovered to deck.

Ifthe difference betweenreadings attimes 7 and 4, and /or attimes 9 and 2 exceeds the limiting maximum
values (to be set for each sensor), it is recommended to include a comment on the amount of difference
and if any corrections have been applied.
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For CPTUs, a first attempt at recommendations for limiting values is to follow the allowable minimum
accuracy according to the application classes given in Table 2 in 8.3.3.1.

Although Figure D.1 shows the results of a CPT/CPTU, the same principle applies for ball or T-bar tests.

D.2.2 CP

TU/CPT and ball tests in drilling mode with seafloor-founded rig

For tests in drilling mode with a seafloor-founded rig, which remains at seafloor level throughout the
completion of the borehole, in situ test tools are remotely switched on, stabilized and zeroed remotely at
the seafloor prior to deployment into the borehole.

With refen
CPT/CPTU

— Stage ]
initial
confin

— Stage

— Stage ]
tool re

— Stage
— Stage ]
A compariy

a) Initial
was de

b) Final z

Recommen

ence to time stages shown in Figure D.2, the following procedure is recommended
in drilling mode.

zero readings are taken with probe located at a fixed level above the seafleor-(within
bs of the machine);

-3 Probe is lowered to seafloor (new borehole) or to bottom of borehole;

fusal;

-5 Probeisrecoveredto final zero position and readings taken'{same elevation as per Stage
-6 Probe is returned to the tool magazine and switched off.

on is then made between the following measurements:

ero readings (Stage 1-2) taken between current and previous tests, provided the same pr
ployed in the borehole in subsequent tests;

ero readings taken for each test (Stage4-5).

ded limiting variations in outputs.are in accordance with D.2.1.
|

y

axis

X
y axis
1

shows time 3-4 penetration of probe into soil
shows intervals of sensor readings 4 -5 extraction of of probe to just above seafloor

for

-2 Probe is extracted from the tool magazine, activated and loaded into the-drill centre;

the

-4 Penetration is commenced within undisturbed soil to requiredtest depth or subsequent

-2);

obe

-2 reference reading with tool just above seafloor 5-6 reference reading with tool just above seafloor
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lower probe to seafloor and down borehole

Figure D.2 — Scheme for taking reference readings for in situ testing in drilling mode

Although Figure D.2 shows the results of a CPT/CPTU, the same principle applies for ball penetration.

D.2

.3 CPTU/CPT and ball tests in drilling mode with surface vessel/platform

Deck-to-deck recording is recommended for cone penetration tests (CPT/CPTU) and ball penetration

level. Data

testsundertaken in vessel-based dri]]ing mode_ Reference values should be taken at deck

pro
a)
b)
Met
bet

Tec

D.3

Thd
per
can

ressing of recorded measurements should consider
taking sensor offset values at the time of latching of the tool in the bottom-hole as$embl

calculating theoretical offset values from fluid pressure derived from combiried water
depth of sensor below seafloor.

hods a) and b) usually result in offset values that are very close to each other. Substantial
veen the two methods should be clarified where necessary to meetselected target unce

hnical reasons for differences between results from Methods a)-and b) include:

uncertainty margin for the effect of the hydrostatic €Iuid pressure on the senso
[Methods a) + b)];

fluid pressure in the gap of the penetrometer not\acting on the full theoretical crog
area(s) [Methods a) + b)]

inadequate borehole cleanliness, causing the-probe and the sensor(s) to be in contact w
at the time of latching of the tool in the bottom-hole assembly [Method a)]

drilling fluid unit weight differing fronrthat of the seawater and the pore fluid [Method

suspended drill cuttings affectinigthe unit weight of the introduced drilling fluid [Methd

soil [Method a)];

uncertainty margin(for the calculated fluid pressure derived from the combined water
depth of sensor below seafloor [Method b)].

Seismic ¢one tests (SCPTU/SCPT)

I, and

depth and

Hifferences
tainties.

I readings

s-sectional

ith the soil

) |;
da)j;

significant hydraulic resistance (surging) in the annulus between the drill pipe and the sfirrounding

depth and

SCPTH-test can also be used for measurement of compression wave velocity vp, for exa
formance of vertical seismic profiles (VSP) in geotechnical boreholes. In this case, the se

ple for the

igmic source

]

be-a water/air gun deployed over the side of the drilling vessel/platform [see Nauroy et gl. (1998)].

D.4 Field vane tests (FVT)

In some cases, shearing rates different from standard rates may be adopted. If such tests are carried out,
results should be clearly marked noting that non-standard rates have been adopted. Guidance on effects

of v

arying shearing rates is given in Peuchen and Mayne (2007).

The connection between the blade and the rods may include a friction or slip coupling device. This
device should allow for determination of rod friction or torque prior to the vane test (see ASTM D2573).
Reference readings should be similar to that for the CPT/CPTU.
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D.5 Other in situ tests

Guidance and examples of the application of other available in situ tests are given in:

80

Orange et al. (2005) for needle-like CPT, for pore pressure measurement and for performance of
dissipation tests;

Wright and Tan (1991) for hydraulic fracture testing;

Sultan

et al. (2007) for specially adapted CPT tests for in situ measurement of the velocity of shear

waves and for the detection of sediments containing gas or gas hydrates.

Lunne

et al. (1997), Schaid (2009) and Peuchen and Rapp (2007) present overviews.
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Annex E
(informative)

Sampling

1 General
information in this annex describes the available tools typically used in a marine séil invest

ments on their geometry, applicability and the potential sample quality that can be achieve
yides guidance as to what information the contractor should provide on the;sampling tool {

2 Drilling mode samplers (vessel-based and seafloor-based)

2.1 Samplers and their applicability to different soils

e E.1 provides guidance on samplers deployed downhole via drilling mode. This in
inal range of penetration into the soil, sampler diametéx and applicability in different soil
pler geometries given are industry standard, although other dimensions exist and can
referable.

rmation on typical ranges of penetrationaiid sample diameters that can be expected|
notes a) to f) indicate factors which can contribute to a reduction in the quality of
vered (see Table 6, valid for very soft to-soft clay).

gation, and
1. It further
ystems.

cludes the
types. The
sometimes

d provides
The table
the sample
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Table E.1 — Samplers deployed downhole via drilling mode

Sampler | Range of | Sample Applicability for marine soil types
type peilif);ra- diameter? Very soft | Stiff to Hard Loose to Dense Weakly
to soft | very stiff | boulder medium silt/ cemented
clay clay clay dense sand/ | sand soils and
silt (n/a rock
gravel)
m mm

Piston 1to 2+ 44to0 75 AtoB AtoB n/a Ab n/a n/a

sampler

Push sam- 1to2 75 A AtoB n/a Ab B to Cc B.to.C

pler, thin-

walled

Push sam- 0,5to1 40to 70 D D Bd D Ce Ce

pler, thick-

walled

Rotary 1to3 | 44to 101f n/a BtoC A n/a n/a AD

core sam-

pler

Percus- 1to5 50 to 97 D BtoC BtoC Bé¢o C AtoC BtoC

sion/

vibratory

sampler

Hammer 0,1to1 40 to 60 D D B CgtoD AtoCg BtoC

sampler

NOTE 1 Cayital letters denote ‘applicability class’ where: A = high applicability/recommended, B = medium applicability,
C =low applicability, D = very low applicability, and n/a = not applicable

NOTE 2 Perletration refers to depth below base of borehole,

a  Industry practice. Larger diameter would normally provide higher sample quality but has to be considered in relafion
to sample lepgth and sampling technique.

b Loss of ample is an issue and can necessitate use of alternative samplers with core catcher.
¢ Only shqrt samples possible, and the leading edge of the cutting shoe is prone to buckling.

d  Limited|penetration and no recovery.is'likely where gravel and/or cobbles are encountered.
e  Offers afreduced likelihood thatsufficient penetration and recovery will be achieved.

f Larger diameters are preferable.

g  Can be the only way tobtain some recovery.

E.1.2.2 Information on drilling mode samplers

Table E.2 cpntains a description of the information needed for samplers in drilling mode, depending on
£

the scope ofwerkand-whatisprevided-
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Table E.2 — Required information for drilling-mode samplers (downhole samplers)

Sampler type Diameter and |System description| Maximum driving force | Method for
length of sample | including driving available measuring
mechanism penetration

Piston sampler Vv N v v

Push sampler, thin- Vv V v v

walled

Push sampler, thick- N v v vV

walled

Rotjary core sampler V Incl. bit type and Torque and static push v

dimensions

Perfussion/vibratory Vv N Frequency and energy v

sanpler

Harllmer sampler v v Hammer mass, fallheight V

and winch chatacteristics

A hgmmer sampler should not be used as an SPT tool for estimating relative density of'sands from number of bjows.

NOTE v denotes information to be provided.

E.1J2.3 Sample tube geometry and dimensions

The following information should be considered for sampling-tubes.

a) |The thickness of the tube wall should be chosen so‘that the tube resists distortion when pushed
into the soil.

b) |The thin-walled tube samplers used (which*are commonly used for push and pistony sampling,
and typically have outer and inner diameters of approximately D, = 76 mm and Df = 72 mm
respectively) should meet the following requirements, which apply by analogy to sanmplers with
other internal diameters.

— The edge taper angle should-not exceed 5°.

— Taper angles between-5%and 15° and area ratios up to 25 % may be used if it is dethonstrated
that the quality class;is not affected.

— The area ratio;Ca’[where Ca = (D2 - Di2)/Dy?] should be less than 15 %.

— For tube samplers with Cp exceeding 15 %, the angle of the cutting edge should decrjease as the
wall thickifess increases.

— Inside clearance Cj = (Dj = D¢)/Dc, where D¢ is the internal diameter of the cutting shoe, is
typically in the range 0 % to 1 % and preferably less than 0,5 %. Alternative systegms may be

E.1

.3 Non-drilling-mode samplers

E.1.3.1 General

Table E.3 provides guidance on samplers deployed in non-drilling mode. This includes range of
penetration into the soil, sampler diameter and applicability for different soil types,where higher
applicability normally means better achievable sample quality. The geometries given are industry
standard, although samplers with other dimensions exist and can sometimes be preferable.
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Table E.3 — Samplers deployed in non-drilling mode

Applicability for main soil types
Range of
Sampler ngtr .| Sample Very Stiff to Hard Loose to Dense Weakly
type penetra- | ... heter . medium sand/ cemented
tion softto | very stiff | boulder d il ils and
soft clay clay clay ense silt/ soils an
sand/silt gravel rock
m mm

Piston corer | 10to 25 | 100 to 150 A AtoB n/a Bto Ca n/a n/a
with fixed
reference t
seafloor
Piston corer | 2to 50+ | 70to 150 | BtoC AtoB n/a Bto Ca n/a n/a
without fixed
reference t
seafloor
Gravity core 2to7 75to150 | AtoB B D BtoC n/a n/a
sampler
Vibrocore 3to 10 75 to 150 C C Bto Ca AtoB A Bto(
sampler
Box core 0,4t0 0,5 | 200 to 500 A C n/a C n/a n/a
sampler X

300 to 500

square/

rectangle
Grab 0,1tol | 10to 1000 B C D B C D ton/a
samplerb

square/

rectangle
NOTE Capital letters denotes ‘applicability class’ where: A = high applicability/recommended, B = medium applicab{lity,
C = low applicability, D = very low applicability, andmn/a'= not applicable
a  Shortsamples and limited or incomplete sampler penetrations into the seabed are commonly encountered, particulprly
in hard seabgd conditions.
b Generaljrelevance in all soils, but saniple-quality is generally poor and volume often varying.
Further depcription of the nop=drilling-mode samplers are provided below.

E.1.3.2 PBiston core sampler with fixed reference to seafloor

Short or long pistonccoresamplers can be designed to give high quality ‘undisturbed’ samples with a fixed
reference ffame. Whén pushed at controlled speed or free fall, they differ from gravity corers and pigton
corers withouta'fixed reference, since they provide a truly fixed reference for the piston. Penetrationjand
hence recof€éry ratio can be measured in the best quality samplers, but most frequently the penetrafion
can only be Tiferred from ob3Servation of Soit Smeared on the outside SUrface of the sampier.

—-

Additional information which should be provided for these samplers includes:

— precautions taken to reduce inside friction of liners;

— precautions taken to reduce outside friction of the sampler (cutting shoe and core barrel);
— reference to piston position during sampling;

— method of pushing or intruding the sampler into the seabed;

— method of measuring penetration;

— geometry and dimensions of cutting shoe;
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— any additional measurements, such as suction below piston, force to push the sampler into the soil,
penetration rate, etc.

E.1.3.3 Piston core sampler without fixed reference to seafloor

Short or long piston core samplers can be designed to give reasonable quality ‘undisturbed’ samples
with a relatively stationary piston. These samplers operate as free-fall samplers and are triggered when
corer shoe and piston are at the seafloor. They are different from gravity corers since they provide
a relatively fixed reference for the piston, although both penetration and recovery are normally not
measured. However, as for gravity corers, soil smeared on the outside of the sampler can provide an

i d 43 £l 4 43 pa | aN
ln CAdlivll Ul U1IT PCIICLI dallivll uClJLll-

Additional information which should be provided for these samplers includes:
— |precautions taken to reduce inside friction of liners;

— |precautions taken to reduce outside friction of the sampler (cutting shoe and core barre]), if any;
— |reference of piston position during sampling;

— |geometry and dimensions of cutting shoe.

E.1]3.4 Gravity core sampler

The gravity corer should provide minimum resistance to.the penetration of the unit into the seafloor.
The unit should have a streamlined outline and include-stabilizing tail fins. The core cutter head and
cor¢ catcher should be easily removable, to allow remayal of the liner with sample. The barrgl should be
attdched to the tail/weight assembly by a flange which can be opened to assist in retrieval [of the core
lingr when a bent barrel can restrict removal fromithe base. The top of the barrel should incjude a non-
retyirn valve to reduce sample loss during recovéry. For very soft clays, be aware that non-refurn valves
and| core catchers can cause plugging, remoulded soils and poor recovery.

normally have a minimum length of 2,0 m, however in the case of very hard ground conditions the
equiipment should also allow attachment of a 1 m length barrel. The core barrel diameter should be atleast
75unt1m. The outside diameter of-the plastic core liner should equal the inside diameter of th¢ steel core
barfel, with a tolerance of 0 mm)/-0,5 mm. The winch used for the deployment and recovery of|the gravity
cor¢r sampler should allow eentinuous downward penetration of the sampler into the soil. If the vessel’s

winch is used instead of a.dedicated winch, then assistance from qualified marine crew should be sought.

The paid-out wire length should be accurately measured with a wireline counter. The core bra%*rel should

Theg penetration depth below seafloor is not measured, but soil smearing on the outside of the sampler
can|provide an ifndication of the penetration depth.

NOTE Agravity core sampler without a piston can plug after 0,5 m to 1 m, depending on soil cofpditions and
insifle clearance.

E.113.5 Vibrocore sampler

Recovery versus penetration should be recorded and reported when using a vibrocorer. Prolonged and
excessive vibration should be minimized during vibratory sampling, either by using a device that can
measure continuously the progress of the sample into the soil or by limiting and setting the total time
of vibration.

The samples recovered with this method are generally disturbed. The tests which can be performed on
these samples may be limited to description of the material, classification testing and strength testing
on moderately disturbed or reconstituted samples. However, it should be noted that this method of
recovering soil samples is not suitable for some materials, such as calcareous sediments, which are
susceptible to crushing. Hence the particle shape and size recorded will not necessarily represent the in
situ conditions.
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E.1.3.6 Box core sampler

The box corer is designed to recover undisturbed soft surficial materials. Box internal dimensions up to
0,5m x 0,5 m x 0,5 m are commonly used for offshore soil investigations, but other dimensions can also
be used. The box is mounted on a frame, which is lowered to the seafloor using either the vessel crane or
awinch, similar to the launch and recovery of the grab sampler (see E.1.3.7). A surcharge weight is placed
on top of the box. A self-releasing trigger mechanism, initiated once the frame reaches the seafloor,
allows the box to penetrate into the seabed under its own and surcharge weight. The penetration is
limited by a stopper to about 0,5 m depth.

During recovery, a bottom lid is activated and closes the box at the base of the sample to prevent wash-
out of the spil sample. Once the box sampler is returned to deck, the bottom lid is replaced by a plate pnd
the box is freed from the frame.

Sub-sampling and testing of the box core sample can typically include:
— sub-sampling;

Tubes (ab are

labelled, sqg

t 3 to 4) of diameter 50 mm to 75 mm are pushed into the sample. These sub-samples
aled and kept for further onshore testing.

index

esting;

samples for density and moisture content evaluations,

tofvane, lab vane and pocket penetrometer tests.

labora
in the

fory vane, small scale or miniature penetration testing, e.g. cone, T-bar or ball tests, perforined
recovered box core sample;

soil idg

ntification and description (logging).
The recovdred material should also be identified and described.

The remaining material can be bagged and labelled for onshore laboratory testing.

E.1.3.7 GQGrab sampler

pler capable of acquiringat least 40 1 of sample should be used. The grab sampler shouldl be
y seal the sample in arder to minimize loss of material fines during recovery to the surfage.

A grab san
able to full

The sample¢
of required
to escape.

bd material shouldbe emptied above a funnel over a container capable of holding the quan
material fronxthe specified location (for example a 200 1 drum) while allowing excess w

tity
hter

f steel containers are used, a plastic liner should be used in order to avoid rapid rusti

of

and hence)contamination of the material. Once the sample recovery is completed, the dfum
ealed and placed on palettes for shipment ashore. The palettes should be designed for fafe
hd transportation.

the drums
should be §
handling a

Ses.

Special har

The launch and recovery of the grab sampler should be performed using either the vessel crane or a
dedicated winch. The dimensions of the grab sampler should suit the purpose of the sampling. The use
of a non-rigid steel wire to deploy the sampler, allowing the operator to ‘feel’ the seabed, is preferred to
heavy winch wire.

The deck space where the grab sampling operation is to be performed should be sufficient to safely
accommodate the equipment and personnel during the system launch and its recovery.
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For a non-drilling-mode soil investigation, the following information is needed from the contractor:

— Mass of the equipment in air and submerged weight in water.

— Maximum thrust that can be applied to penetrate into the seabed.

— Equipment handling methods.

— Deck space requirements.

— |Summary of the lifting equipment performance characteristics.

— [Manufacturer and serial number of the equipment (where available).

— |Any operating limitations of the equipment, such as:

— soil types to which the sampler is best suited.

— |How the sampler penetration is measured/assessed.

Tabje E.4 lists the information needed for samplers deployed-in_the seafloor mode, depenc

scope of work and the system provided.

— maximum water depth in which it can be operated; and

ling on the

Table E.4 — Information needed from the seafloor sampling equipment supplier
Sampling | Geome- | Inside and e . Core

depth tryand | outside Weights | Method of cszﬁie::lf:) £ ;‘:Cf::) P catcher

below dimen- | diameters and measur- L. . or sample | Othefinfo canbe
Sanjpler type . : driving piston . .

seafloor | sions of of core lengths,{ ing pene- mecha. durin retainer refjuired on
cutting | barrel and | available | tration nism sam liﬁ arrange-

(max.) shoe liner pling ment
Pistpn core v N N v v v N v Non-eturn valve
sampler with
fixe
refefence
Pistpn core v N N N N v v v Non-return valve
sampler
witHout fixed
refefence
Grayity core v v Vv Vv v v n/a v Non-eturn valve
sampler
Vibrcore V v Vv Vv v v Vv Vv Frefjuency and
sampler energy
Boxore v n/a n/a v v v n/a v Sub-4ampling and
sampler wasH-out preven-

tion
Gra n/a n/a n/a v v v n/a v Releade mechanism,
sampler max. volume of sam-
ple and wash-out
prevention

NOTE v denotes information to be provided, and n/a = not applicable.

E.2 Sample handling and storage

E.2.1 General

Recommendations in this clause are primarily for sample tubes of approximately 1 m length. For longer
tubes or liners, it is often practical to cut these into shorter lengths, typically 1 m or less.
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E.2.2 Offshore sample handling

E.2.2.1 Extruded samples

Samples should be extruded in the same direction as they entered the sample tube, to avoid reversal of
shear stresses at the sample-tube interface. Prior to extruding samples, the ends of the samples should be
subjected to torvane and/or mini-vane and/or pocket penetrometer testing as appropriate. All samples
should be logged and a significant number of colour photographs taken after extrusion. Photography of
the samples should be at a single focal length which should be retained throughout the investigation, and
each photograph should mclude a record of borehole number depth and sample length Excess drilling

reference sicale and recognlzed colour chart should also be 1ncluded inthe photograph Where the sample
has been split for examination, additional photos should be taken of the exposed soil fabric or-stbhuctpre.

After soil i
lengths (sa
number, se
Represent:
borehole ¢
on-board 1

All specim
The wrapp
larger thar
labelled w
depth and

a lid and 1
that sampl
mass of the
container s
number, d¢
marked as
on the top

Samples suibjected to on-board testingishould be retained and bagged after testing. These sam

should be ¢

E2.22 U

If a non-co

for extrusion under coftrolled conditions onshore, then such samples are to be end-logged. Cohe

samples n
testing as ¢
board testi

Hentification, description and photographing the sample, the sample should be cut into §ub-
mple specimens). A sample record should be provided for each specimen,with borehole
quential sample number, sample depth, sample length, soil identification’and descriptfion.
itive sub-samples should be selected for basic laboratory testing on board the vessel. For dach
bmpleted, a sample inventory should be provided on which both the sample sheet data pnd
hboratory test results are collated.

bns not tested on board should be wrapped in plastic cling wtap; followed by aluminium ffoil.
ed sample should then be placed in a cardboard cylinder (orésimilar) with an internal diamgter
the sample diameter, and sealed with a low-shrinkage ‘wax. The cylinder should be cleprly
th an indelible marker and provide the project identifier, borehole number, sample numer,
prientation marks. The specimen samples should then be packed in a sturdy container with
bck, and also lifting handles or arrangements.,Rackaging in this container should be quch
bs are protected against shock and restrainediagainst movement. The dimensions and ffinal
container should be within a range that catidbe safely lifted and carried by two persons. [The
hould be clearly labelled with indelible miarker and provide a project description, borehole
pths and number of samples contained-therein. The top of the container should be cleprly
such. A sample list should be placed inside each container. These markings should be njade
bf each box and on at least one side:

bles
learly labelled, using an_ifidelible marker, with borehole number, sample number and dejpth.

nextruded samples

hble
Sive
pter
on-

hesive or very soft'cohesive sample is judged to be better left in the sample tube and suit

t extrudedShould be subjected to torvane and/or mini-vane and/or pocket penetrom
ppropriate. If appropriate, sub-samples may be removed from the ends and subjected to|
ng (mMpisture and density measurements).

Where the

sample is flush with the end of the sample tube, an end cap should be placed on the tjube

and sealed against moisture loss using insulation tape. Any gap between sample and sample tube end
should be filled with microcrystalline low-shrinkage wax or other suitable spacer material before
placement of the end cap. Mechanical O-ring sealing devices may also be substituted for sealing in place
of microcrystalline wax, as long as a seal can be obtained between the O-ring and the inner diameter
(ID) of the sample tube. Both ends of the sample should be prepared and cleaned prior to tightening the
mechanical O-ring device.

The sample tube should be clearly marked with indelible ink to include project identifier, borehole number,
sample number, depth to the top of sample, date of sampling and orientation. The sample tubes are
recommended to be stored vertically in a suitable container, designed to allow lifting by crane or forklift.
Each sample should be laterally restrained in the container against movement and padded for shock. The
containers should be marked with indelible ink and show the project name, box number and depth ranges
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included. The top of the container should be clearly marked as such. A sample list should be placed inside
each container. These markings should be made on the top of each box and on at least one side.

Non-familiar or more complex soils are often left unextruded in the sample tubes for delivery to the
onshore laboratory. For example the standard practice in Australia, where carbonate soils predominate,

is to minimize the amount of material that is extruded offshore.

E.2.

2.3 Rotary core samples

Cores may be cut with either a double-tube or a triple-tube arrangement. If triple tubes are used, then

the

material. Once the core is on deck, the inner tube should be carefully removed and placed i

spli
dire
the

Aftq
plag
sho
bot
cap
twa
\y:

The

which core run number and depth are marked with indelible ink. The spacers should also

ind
atta
cor
run

E.2

The
the
whi
ver
(eg
the
sho

For
vibi

Spe

tube which has the same internal diameter as the core diameter (if steel splits areused
ctly onto a table equipped with cradles of similar external diameter as the liner.|The ¢
1 be identified and described (logged).

br identification and description of the core, the top half of the plastic spli€tube should 4
ed on the core and the two halves secured using electrical insulationtape. The plastig
11d then be clearly marked with indelible ink, showing project identifier, core run numb
fom of the core run, depths, date of coring and orientation. If a fullsround plastic liner
furing the core, it can be transferred directly into the core boxxThe core should then b
layers of heavy-duty lay-flat polyethylene tubing, cut in lengthslong enough to allow the
pped over and sealed with electrical insulation tape at bothyends to prevent moisture in

cores should be packed into specially designed core boxes, with spacers between each ¢

cate depths over which sample loss occurred. The%ore boxes should have lids that can |
ched and should be of dimensions and mass that can be lifted by not more than two pg
e boxes should also be marked with indelible;ink and show the project name, borehole nu
5 and depths included. These markings sheiild be made on the top of each box and on at lea

3 Offshore storage

sample containers on board thewessel should be stored away from direct sunlight and ¢
elements, at a location least exposed to vibrations. Rooms adjacent to heavy engines or
ch generate excessive vibrations, should be avoided. It is recommended that samples

weakly cemented sangds) special caution should be considered to avoid damage or dete}
samples from vibration. Vibration isolation and special padding at the bottom of the sa
11d be considered’in this case.

seafloor drilling, consideration should be given to avoiding exposure of samples tc
ations daring temporary sample storage on the seafloor drill rig.

ound liner
o a plastic
, or placed
ore should

e carefully
split liner
er, top and
as used in
e placed in
ends to be
bTess.

ore run on
be used to
be securely
rsons. The
mber, core
st one side.

Xposure to
benerators,
are stored

ically with the same oriéntation as the soil had in the ground. If samples are very sensitive fo vibration

ioration of
mple boxes

excessive

cialstorage should be considered for materials intended for environmental, geohazard or ¢ther work.

E.2

4 Onshore transport, tandiing and storage

Ifthe sample boxes are to be stored temporarily onshore prior to transportation to the testing laboratory,
then such storage should be under cover (indoors), frost-free and secure.

The containers with sealed soil samples should be transported to the onshore laboratory with caution
and handled with care. Special precautions should be made to prevent shock and impact loads to the
soil samples during handling of the boxes.The sample containers should be stored with the samples
vertically during transportation where the samples have the same orientation as the soil had in the
ground. However, horizontal storage of the samples may also be acceptable, especially for firm and stiff
soils, rock, or materials intended for classification testing and tests on reconstituted samples.
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All samples should be transported cushioned on an airbed truck by road to minimize vibration damage
to the samples. Air freight should be used for long-distance transportation of the samples, and care
should be taken to avoid subjecting the samples to temperatures lower than 3 °C.

Generally, long-term storage of about 6 months to 12 months is to be considered for a typical offshore
project. However, this is dependent on the type of foundation under consideration, and the actual storage
period should be stated in the project specification. A room with constant temperature and humidity
should be used for long-term storage of the samples in order to minimize alteration of soil properties.
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Annex F
(informative)

Laboratory testing

F.1 General

Clagise 10 and this Annex cover conduct of laboratory tests as part of marine soil investigations. The
priitary focus is on testing of saturated soil samples, although some suggested reference standards are
listed in F.13 for rock sample testing.

Thip part of ISO 19901 does not cover handling and testing of contaminated\soils. Other fecognized
stapdards (e.g. ISO, ASTM) cover environmental site assessments and the sanipling, handling pnd testing
of cpntaminated soils, although these standards are primarily focused omterrestrial sites.

F.2 Classification and index tests

F.2{1 Soil identification and description
Soildescription should be performed in accordance withJ}SO 14688-1 or ASTM D2488.

Theuse of other soil-description systems is acceptable. The system for soil identification and ¢lescription
shojild be given in the project specifications.

The soil description should include information (where appropriate) on:

— |main soil types with principal and‘secondary fractions (with appropriate mention of| estimated
carbonate content, where significant);

— |undrained shear strength (clay) and particle size (sand);

— |degree of cementation or,weathering;

— |structure, texturer-other relevant description;

— |colour, preferably' with reference to a soil colour chart (e.g. Munsell chart);
— |shape, angularity and mineral composition of coarse-grained particles;

— |miscellaheous, including special features, e.g. presence of siliceous-calcareous ooze.

F.2]20Soil classification

Soail classification should be performed in accordance with ISO 14688-2 or ASTM D2487.

The use of other classification systems is acceptable. The system for soil classification should be given
in the project specifications.

NOTE1 Use of other classification systems, such as the Russian standards (GOST) system, can provide
significantly different results. For example, when comparing GOST and ASTM systems, there are key differences
in definitions of soil type according to grain size and plasticity. In addition, the GOST system is to some extent
based on the genesis of the material, while this is not an element of the ASTM system. See GOST 25100-2011.

NOTE 2  Unconventional soils can require the use of a more specific classification system, for example

carbonate material can be classified according to Clarke and Walker (1977) and frozen soils can be classified
according to ASTM D4083.
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F.2.3 Sample photograph

Requirements for taking sample photographs (and, if relevant, photographs of test specimens) should be
given in the project specifications.

F.2.4 Sample radiography

Radiography can be used to visually evaluate the quality of soil samples, the layering of the soil and the
presence/quantity of gravel, cobbles and other inclusions in the sample, as described in ASTM D4452.

The presentation of results from radiography should include

— locatign and dimensions of samples radiographed,
— scale and top/bottom markings,
— description of X-ray set-up,

— sampl¢ radiographs.

It is also pgssible to obtain computerized tomography (CT) scans of soil samples that are containefd in
non-metallic sampling tubes or liners. The use of CT scanning technology.allows a visual image t¢ be
obtained along the length of a sample, as with radiography, but in additioh can provide non-intrupive
cross-sectionalimages. The procedures used for conducting CT scans ofsoil samples and the presentation
of CT scan results should be documented in the same manner as thosg for radiography of soil samples, as
listed abovle, and should be reported (when required).

Multi-senspr corelogging (MSCL) is another non-destructive téchnique that can provide semi-continyous
logging of yarious soil properties, such as p-wave velocity, électrical resistivity, magnetic susceptibillity,
etc. The prpcedures used for conducting MSCL of soil samples and the presentation of results should be
documentdd and should be reported (when required)s

F.2.5 Water content

The water (moisture) content, w,should be determined inaccordance withISO/TS 17892-1 or ASTM D2216.

F.2.6 Liquid and plastic limits

The liquid [and plastic limits (Atterberg limits), wy, and, wp, should be determined in accordance with
ISO/TS 17892-12 or ASTM D4318:

NOTE ISO/TS 17892-127uses the fall cone device for determination of the liquid limit, while the ASTM method
uses the Cagagrande cup<ISO/TS 17892-12 allows use of either the 80 g/30° fall cone (20 mm penetration) of the
60 g/60° fall cone (10-muir penetration), as both methods tend to result in the same wyvalue. Additionally, there
are other sthndards'that use fall cones that differ in dimensions, mass and/or cone angle from the two fall cpnes
specified by] ISO/TS:17892-12 and they give different results.

The fall coneISO/TS 17892-12) and the Casagrande cup (ASTM D4318) methods can produce diffefent
results. For wyvalues less than approximately 100 %, the ISO fall cone gives higher values in comparison
with the ASTM Casagrande cup (up to about 4 % to 5 % water content at low wyvalues). For wivalues
greater than approximately 100 %, ISO fall cone values are less than for the ASTM Casagrande cup
values, and become significantly less for high to very high wyvalues.

For determination of the plastic limit, both ISO/TS 17892-12 and ASTM D4318 use the same procedure.

The description of the test procedure should state whether the material was dried prior to the test,
and if so, by what method (although it is recommended that the sample not be dried before testing). It
should also be stated whether coarse material has been taken out prior to testing (the sieve size used to
separate the material should be noted). If water has to be added, distilled water should be used even if
the in situ pore water contains salt.
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F.2.7 Bulk density of soil or soil unit weight

The bulk (total or wet) density of soil, p, reported in units of kilograms per cubic metre (kg/m3), should
be determined in accordance with ISO/TS 17892-2 or ASTM D7263.

The term ‘unit weight’, y, is commonly used in practice. Soil unit weight is given in units of kilonewtons
per cubic metre (kN/m3). The acceleration due to gravity, g (= 9,81 m/s2), is used to convert from units

of mass to units of force (weight).

F.2.

8 Particle density of soil

The
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he specific gravity of solid particles, G, can be reported (G = ys/yw, whergeyyy is the uni
illed water at +4 °C, 9,81 kN/m3).

hre cases where the soil reacts with water or when the use of water-is.ot appropriate, a g
h as that outlined in ASTM D5550) should be used.

9 Maximum and minimum index densities

maximum index dry density (pmax) should be determined in accordance with a d
Cedure. ASTM D4253 may be considered if sufficienttsample mass is available to meet the
hirements.

minimum index dry density (pmin) should bedetermined in accordance with ASTM D42

est states, respectively, that can be produced using a standard laboratory procedure that
Licle segregation and crushing. The-test specimen particle size distribution should be ¢

particledensity of soil grains, ps, should be determined in accordance with ISO/TS 17892-3 ot ASTM D854.

description of the test procedure should state whether the material was dried prier.to the test, and
, by what method (although it is recommended that the sample not be dried before testing). As an
rnative to reporting particle density, the unit weight of solid particles, ys, can/hé reported in KN/ms3,

weight of

Fas method

bcumented
ASTM test

54.

maximum and minimum index dry densities (pmax and pmin) of a material are the densest and

minimizes
etermined

befpre and after conduct of the maximum index density test to check for possible particle cryishing. The

maj
top

NO1
ahi

Kimum and minimum index dry.densities are usually determined for granular soils. It is al
resent the results in terms efminimum and maximum index void ratios (emin and emax)-

E For some types of sands it is possible to prepare a laboratory test specimen (without grain
bher density than that détermined according to the ASTM standard for maximum index density. [

50 common

Crushing) to
h such cases

the fomputed relative dénsity of the test specimen will be greater than 100 %.

There are other methods for determining the maximum and minimum index dry densitie$, and such
methods can give different results for the same material. Thus the equipment and procedurd to be used
shopld be given in the project specifications. Results obtained by using the selected equipment and
profeduresen‘areference sand should be documented, together with results obtained using ASTM D4253
or ASTM'D4254.

F.2.T0Particle size distribution

The particle size distribution of soils should be determined in accordance with ISO/TS 17892-4 or
ASTM D6913 (for sieve analysis) or ASTM D422 (for hydrometer analysis).

These standards give specifications for different methods (e.g. dry or wet sieving for coarse-grained
soils, and various sedimentation methods for fine-grained soils). The method used should be stated
in the report. The description of the test procedure should state whether deflocculation agents were
used and whether the material was dried prior to testing and, if so, by what method (although it is
recommended that the sample not be dried before testing).

NOTE Some specific soils that are difficult to deflocculate, such as highly plastic deepwater clays of West
Africa, can require the use of chemical dispersive agents [see Thomas et al. (2007)].
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The particle size distribution should be presented on a semi-logarithmic plot showing particle size (log)
versus percentage (by mass) finer than the particle size.

Methods that incorporate detection systems, such as X-rays, laser beams, density measurements and
particle counters, may also be used. They should be calibrated against the methods of ISO/TS 17892-4

or ASTM D

F2.11

6913 or ASTM D422.

Angularity

Angularity of sand and gravel particles should be determined by the method described by either Lees
(1964) or Pettijohn (1957).

ASTM D24

F2.12

B8 gives guidance for performing a visual description of the angularity of soil particles!

Organic content

The organic content of a sample can be determined in accordance with ISO 10694 or ASTM D2974.

These test
specimen ¢

methods estimate the organic content by measuring the loss of mass on ignition of a
t a controlled temperature. Other suitable test methods may be used! For example, org

content canp be determined from the massloss on treatment with hydrogen peroxide (H202). This met]

provides a
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F2.14

nore specific measure of the organic content. Another method eficlassifying clays and silt
o compare results of the liquid limit test performed on a safple after oven drying with
before oven drying as described in ASTM D2487.

or some specific soils, such as Gulf of Guinea clays whichjcontain a high fraction of kaolinite
into meta-kaolin when heated and loses mass in the form of water, the loss-on-ignition method

pver-estimated organic content. In such cases, deriving the organic content from the total org
C) is recommended [see Thomas et al. (2007)].

Carbonate content
ate content should be determined invaecordance with ISO 10693 or ASTM D4373.
SO 10693 uses a gas volume method,while ASTM D4373 uses a gas pressure method.
\dditionally, Clause 6 of BS 13%7-3:1990 describes a procedure to measure the carbonate conten
bn, and Dreimanis (1962) deseribes a volumetric method that uses the Chittick apparatus and allow|
pn of the total carbonate-content and the individual amounts of calcite (CaCO3) and dolomite (MgCaQ

ate content is expressed as a percentage of the oven-dry mass of the test specimen.

ds do not distinguish between different carbonate species, and results are reported
tage calcite~equivalent. Detailed distinction among different carbonate species requ
e chemical analysis testing and/or petrographic analysis.

Soluble salt content
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Properties measured for classification and indexing (e.g. water content, void ratio, etc.) can need
correction for pore fluid salinity.

NOTE Noorany (1984) and Kay et al. (2005) provide examples of correction equations.

The soluble salt content of a sample’s pore fluid can be determined according to ASTM D4542 using a
refractometer method. ASTM D4542 also describes equipment and procedures for extracting a pore
fluid sample from a soil sample. The time period between sampling and testing should be minimized,
due to potential chemical changes that can occur within the soil sample.

Resistivity (conductivity) measurement methods can also be used to estimate the pore fluid salinity,
providing that a pore fluid specimen large enough for testing can be collected.
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F.2.15 Undrained shear strength index tests

F.2.15.1 General

An estimate of undrained shear strength (s, or c¢,) can be determined for cohesive soil samples using
a variety of methods. The reported undrained shear strength should be given in units of kilopascals
(kPa). The sample orientation (vertical or horizontal) should be specified for the measurement. All
measurements should be accompanied by a measurement of the water content of the test specimen or
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[15.2 Fall cone test (FC)

hr rates with different modes of shear, and the results are greatly affected by sampleld
rained shear strength profiles developed using these devices often show significantscat

fall cone test should be performed in accordance with ISO/TS 17892-6.

E If a different standard is used to conduct the fall cone test, documentation of the equ
edure and calibration used is especially important, as there are differences between some stg

) standards, especially for the 10 g/60° and 60 g/60° cones.

mass and tip angle of the cone used should be reported: Phe cone surface should be 5
n. Routine checks of the cone apex should be made at frequent intervals. The test should|
erformed while the specimen is still inside the sampler'tube (or within a slip ring) to pro
finement, and to minimize the effect of elastic vertical compression caused by the impact

sturbance.
ter.

pment, test
ndards. For
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mooth and
preferably
yide lateral
bf the cone.

bast three readings should be performed on each specimen, and the average of these readirlgs taken as

ctual reading. Care should be taken not to,conduct tests close to the side wall of the rigic
to ensure that the zone of influence from one test does not interfere with the others.

E2.

In

to fdenetrate a steel cylindrical’plunger (or an adaptor) a fixed distance into a flat soil surfj
caliprated compression spring:

Addptors with different.diameters mounted on the steel rod can extend the use of the penetr

wi
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5.3 Pocket penetrometer test (PP)

e pocket penetrometer test, the undrained shear strength is estimated from the forg

e variety of shearstrengths. Each adaptor has a specified calibration factor. The adaptor u
eported. The fixed depth of penetration of the rod or of the adaptor should equal the rod

pocket penetrometer should be pushed into the test specimen with a push-in time of ab
rained.shear strength is estimated as the indicated stress divided by 2. The test should
berformed while the specimen is still inside the sampler tube (or within a slip ring)
ral confinement.

container,

e required
ce, using a

bmeter to a
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diameter.
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Atleastthreereadings should be performed on each specimen, and the average of these readings taken as
the actual reading. Care should be taken not to conduct tests close to the side wall of the rigid container,
and to ensure that the zone of influence from one penetration does not interfere with the others.

NOTE

among manufacturers.

F.2.15.4 Torvane test (TV)

Each pocket penetrometer adaptor has a specified conversion factor. The conversion factors can differ

The torvane test can be used to measure the undrained shear strength on a flat surface of a cohesive soil
sample in accordance with the procedure described in BS 1377-7.
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The area of the sample should be at least twice the area circumscribed by the torvane shear blades. The
test should preferably be performed while the specimen is still in the sampler tube (or within a slip ring)
to provide lateral confinement. Care should be taken not to conduct tests close to the side wall of the
rigid container, and to ensure that the zone of influence from one test does not interfere with the others.

The device should indicate undrained shear strength directly from the rotation of the torsion spring.
Adaptors of different dimensions can be mounted on the original vane to accommodate a wider range of
shear strengths. The adaptor used should be reported.

F.2.15.5 Miniature vane or laboratory vane test (MV)

The miniaf
with ASTM

ure or laboratory vane (motor- or hand-operated) test should be performed in accordd
D4648.

nce

NOTE1 BS1377-7issimilar to ASTM D4648 with the exception of a significant difference in the Ffecommerjded

rate of vane
thus import]

The vane |

minimum dlepth equal to twice the height of the vane blade, so that the top of the\vane blade is embed

at least ong

If the minidg

rotation. For ASTM D4648 it is 60 °/min to 90°/min, while for BS 1377-7 it is 6°/mjn'to 12 °/min.
ant to report the nominal rate of rotation used.

lades should be pushed into the centre of the soil while confined in_the sampler tube

vane height.

ture vane is also used to measure the remoulded undrained shear strength (see F.2.15.8)

Itis

bo a
ded

the

number of fotations of the vane used for remoulding the specimen should be reported.

Several diffferent measurements of undrained shear strength, are'possible using the miniature v
consisting jof:

hne,

a) intact:undisturbed undrained shear strength as measured on an intact specimen;

b) intactt residual: measured post-peak during initial’'shearing of an intact specimen;

c) intact | vane-remoulded: measured after a minimum of five to 10 rapid rotations of the vane affter
complgtion of the intact test;

d) hand-rlemoulded: steady-state (post-peak, if it exists) resistance of a hand-remoulded test specir]:‘en;

e) hand-femoulded - vane-remotulded: steady-state resistance of a hand-remoulded specimen
measu[ed after applying a minithum of five to 10 rapid rotations of the vane.

NOTE 2  Iif the intact strength“was measured on a material that suffered sample disturbance, then it is likely

to be too loy.

NOTE 3  Differing value§ of the remoulded shear strength are often obtained from the different measurerment

methods lisfed aboverfe)versus d) versus e)].

The vane the

presentati

blade~dimensions and specific measurement(s) performed should be noted in
bn-ofresults.

F.2.15.6 Unconfined compression test (UCT)

The unconfined compression test (UCT) should be performed in accordance with ISO/TS 17892-7 or
ASTM D2166.

It should be noted whether the test specimen was trimmed to a diameter smaller than the sample
diameter (see 10.4). The initial ratio of specimen height to diameter should equal two. The rate of strain
should be in the range of 0,5 % to 2,0 % per minute. The rate of strain used should be reported.

The results may be presented in the form of a curve plotting shear stress versus axial strain. The test
results should include a sketch or description of the failure shape of the specimen.
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The specimen should be split open and a soil description (F.2.1) should be performed. Any observed
intrusions and/or structure should be highlighted (e.g. slickensided, platey, blocky).

F.2.15.7 Unconsolidated undrained (UU) triaxial compression test

The unconsolidated undrained (UU) triaxial compression test should be performed in accordance with
ISO/TS 17892-8 or ASTM D2850.

The equipment used, specimen preparation and mounting of the specimen should be as described in

10.4. Normally, no pore pressure measurements are required, and thus filter stones and filter papers
are not rpqnirpd

The confining stress should be given in the project specifications. After application of thi confining
strgss, the specimen should be allowed to stabilize under undrained conditions for appfpximajtely 10 min
befgre static shearing starts. The rate of strain should be in the range of 0,5 % to 2,0-% per rhinute. The
confining stress used and the rate of shear should be reported.

The
axid

results should be presented in the form of a curve plotting either axial stress or shear st
| strain. The test results should include a sketch or description of the-failure shape of the

ess versus
specimen.

The
inty

specimen should be split open and a soil description (F.2.1) should be performed. An
usions and/or structure should be highlighted (e.g. slickensided;platey, blocky).

y observed

F.2.15.8 Remoulded undrained shear strength

The

ind
uu

remoulded undrained strength (syr) of fine-grainéd\soils can be determined by sever
bx test methods, including the fall cone (see F.2.15(2), miniature laboratory vane (see F.Z
friaxial compression test (depending on the consistency of the remoulded soil; see F.2.15.

h] strength
.15.5), and
/), or in the

ring shear apparatus (see F.5.3).

Renpoulded shear strength may also be determined by miniature full-flow penetrometer (T-bar} ball) tests.

The
ren]

soil should be remoulded at constant water content as described in 10.4.5, and the|method of

oulding should be reported.

F.2]16 Soil sensitivity

Soil
the

sensitivity, St, is the ratio’of the undrained shear strength of the undisturbed material, s, to that of

same material tested.in a remoulded state, sy, i.e.

St = Su/Sur

NO']
und|

ce, then the
ow.

E If £he' undisturbed strength was measured on material that suffered sample disturban|
[sturbed-strength is likely to be too low and thus the soil sensitivity value is also likely to be too ]

F.3L One-dimensionalconsolidation——M — |

F.3.1 General

One-dimensional consolidation tests, using a consolidometer, are performed to determine the one-
dimensional stress-strain flow characteristics of the soil, and also to provide important information
related to the stress history of the soil. The loading programme and unloading/reloading loops should
be carefully selected to meet these requirements. For low to medium OCR clays, the results can also be
used to evaluate sample quality as described in 10.5

Several types of consolidation tests can be performed, such as the incremental loading (IL) test and the
controlled rate of strain test typically referred to as the constant rate of strain (CRS) test.
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Consolidation tests should be performed in accordance with ISO/TS 17892-5, ASTM D2435 (IL test) or
ASTM D4186 (CRS test).

NOTE1 The CRS test can give a preconsolidation stress that is higher than that produced by an IL test that
uses conventional 24 h load increments, due to the combination of rate effects in the CRS test and secondary
compression during 24 h load increments in an IL test. CRS tests performed with an acceptable maximum base
excess pore pressure, as specified in ASTM D4186, will generally produce values of 6’ that are about 10 % greater
than IL test results which are interpreted using end-of-primary-consolidation data [Mesri et al. (1994)].

Consolidation tests can be conducted with or without the use of filter paper between the specimen and
filter stones. The procedure used should be documented in the description of test procedures.

hod
sen
lter
t or
are
pral
nto

Options for preparation of the filter stones include: dry, moist (damp) or wet (saturated); the met
used should be documented in the description of test procedures. The preparation method chd
depends on the affinity of the specimen to water and whether the specimen is expansiye. Dry f
stones may be used for all soils. Moist filter stones may be used for partially saturated sgils. Moig
wet filter sfones may be used for saturated specimens that have a low affinity to water(Moist stones|
prepared By removing excess water from a saturated stone by placing them on a paper_towel for sev|
minutes arld placing the stone into a dry base. Wet stones are prepared by placing a'saturated stone
a water-filled consolidometer base and thereafter removing excess water with @ paper towel.

When using dry filter stones, water (having the same ionic content as the specinien pore water) shouldnot

be added t
and tubing
pressure h

the specimfen in the period before saturation should be effectively prevented.

For intact

shortly aft
prevent sw
to the top ¢

The measy
should be ¢

NOTE 2
F.3.2
As a stand

ratio (LIR)
increment;

T

Ing¢

the filter stones before the vertical stress exceeds the swellingpressure. The compart
below the bottom filter and above the top filter stone sh@uld remain dry until the sw
hs been reached. The stress at the time of filter saturation{should be noted. Evaporation fi

specimens that are saturated in situ, water can~bé added to the filter stones/water |
b1 application of the seating load, and the load should be immediately increased as require
elling. Specimen evaporation should be prevented by using a water bath or tubing conne
ap and bottom pedestal filled with water-to'the same elevation as the specimen.

letermined by calibration using a ietal disc in place of the specimen.

he correction for apparatus deformation is likely to be important only for relatively stiff soils.

remental loading oedometer test

= Ap/P = 1,0. lfrdetermination of the preconsolidation stress, o', is important, the st
should be smallér (e.g. Ap/P = 0,5) for stresses around the expected o’y. However it is ng

that small
using com

the Casagrp

oad increments often make it not possible to determine the coefficient of consolidation
on graphidal construction procedures such as the Taylor (1948) square-root time metho
nde (1938) log time method.

ol

ent
ing
fom

ath
d to
ted

red vertical deformation in a test should be corrected for apparatus deformation, which

hrd loading sequence;-the load level should be doubled at each load step, i.e. load increnfent

"ess
ted
(cv)

d or

Any dev1a10n from thlS procedure should be given in the prOJect spec1flcat10ns If an unload -re
cycle is regs i o y |
start and the percent unload stress Wthh should be applled

The load duration should allow the specimen, at a minimum, to reach the end of primary consolidation at
every load step, as determined by the Taylor square-root time method and also described, for example,
in ASTM D2435. If the coefficient of secondary compression is required for specific stress levels, then
the load increment corresponding to those stress levels should be maintained for a minimum of one log
cycle of time beyond the end of primary consolidation.

F.3.3 Continuous loading oedometer test

There are several types of continuous loading test. Specimen preparation should be the same as for
incremental loading tests. Special considerations for the constant rate of strain (CRS) test are given
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below. For other types of continuous loading test, detailed information on the equipment and the test
procedures should be documented and reported.

For standards that require application of back-pressure to saturate the specimen and the base pressure
measurement system (e.g. ASTM D4186), the CRS equipment should allow for application and control of
this back-pressure. The CRS equipment should be capable of loading/unloading the soil specimen at a
prescribed constant rate of vertical deformation (and thus strain). The soil specimen should be allowed
to drain freely from the top only during CRSloading. The pore pressure should be measured at the bottom
of the specimen through a stiff pressure-measuring system. As a check, the volume change of this device,
when fully saturated, should not exceed 2 mm3 when the pressure is increased from 70 kPa to 100 kPa.

The loading procedure should start with a vertical stress < 0,25 o’yo (Where o’y is the in sftu vertical
effdctive overburden stress), and the load should thereafter be applied at a constant rate\of ftrain such
that the pore pressure measured at the undrained bottom of the specimen is within 3)%'to 15 % of the
applied total vertical stress in the normally consolidated range during the loading phase of the test.

NOTE ASTM D4186 suggests that a good starting value for the strain rate would be 10 % per hpur for high
plagticity silts, 1 % per hour for low plasticity clays and 0,1 % per hour for highplasticity clays, jand that an
apptopriate adjustment should be made if needed during testing to keep the base'pore pressure wjthin 3 % to
15 % of the applied total vertical stress.

If ap unload-reload cycle is required, the initial stress level of this.¢ycle and the percent unfload stress
to He applied should be given in the project specifications. If ad,unload-reload cycle is conflucted, the
spefimen should be allowed to sit at constant stress prior to comimencement of the unload poftion of the
loop and, once again, prior to commencement of the reload.part of the loop. The resting period should at
leagt be long enough to allow for the base pore pressure to,return to equilibrium.

F.3{4 Coefficient of consolidation
The coefficient of consolidation (cy) should be calculated from either

a) [the coefficient of permeability, k, and the tangent constrained modulus, M = Ao’y/A¢,, of|the stress-
strain curve such that ¢y = (M-ky) /v

wh¢re

Agy is the change in vertical strain;
Yw is the unit weight of water

or

b) |the change iftheight versus time, using graphical methods as described for example in AYTM D2435.

NOTE The coefficient of permeability can be determined from measured CRS data. It can also be|determined
by direct measurement (e.g. falling head) in a CRS test (during a pause in loading) or IL test (after endl of primary
consolidation for a given load increment) using a consolidometer that is specifically set up for such tesfing [see e.g.
Sanflbeekken et al. (1986)].

The method used to calculate ¢y should be noted when presenting the test results.

F.3.5 Measurement of horizontal stress

Tests conducted using a specially instrumented consolidometer can be used to measure the horizontal
stress during a consolidation test for assessment of the coefficient of lateral earth pressure at rest, Kp.
Such tests should be performed using the same procedures as a regular consolidation test. Description
of the consolidation cell with the horizontal stress measurement system and dimensions of the soil
specimen should be documented and reported.

The value of Kp can also be estimated by conducting Ky consolidation for a consolidated triaxial test as
described in F.4.5.3.
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Due to sampling stress relief, relative to the in situ vertical effective stress, the measured laboratory
value of horizontal stress is typically less than the in situ value during laboratory reconsolidation to the
in situ vertical effective stress [e.g. Dyvik et al. (1985) or Mesri and Hayat (1993)]. Therefore the vertical
stress in the test should be increased well beyond the preconsolidation stress to obtain more reliable
measurements of horizontal stress. This allows measurement of the normally consolidated value of Ky
(i.e. with OCR = 1), and the subsequent use of one or more unload-reload cycles allows measurement of
Ko versus OCR for mechanical unloading-reloading.

F.3.6 Presentation of results

The form o

This form

verticdl strain (and/or void ratio) versus vertical effective stress;

constrpined modulus versus vertical effective stress;

coeffigient of permeability versus vertical strain (and/or void ratio);

coeffidient of consolidation versus vertical effective stress;

ratio of excess pore pressure to total vertical stress versus vertical.effective stress (CRS test);

verticdl strain versus time [for individual increments of increméntal loading (IL) test];

— pore pressure versus time (CRS test).

The vertice
semi-logar
interpretat

and
rate

| effective stress and/or the coefficient of permeability should be presented in both linear
thmic scales. The linear plots should have sufficient resolution at low stresses for accu
ion.

If the tabu
determine

lated results include an estimate of*the preconsolidation stress, the method(s) used to
it should be reported.

F.4 Conpsolidated triaxial tests

F.4.1 Geperal

Consolidat
strength r
parameter
the estimat

ed triaxial tests are“performed to provide shear strength characteristics and stress-str
blationships of the soil. For undrained tests with pore pressure measurements, dilatg
b are also provided. For low to medium OCR clays, triaxial tests with anisotropic consolidatig
ed in situ effective stress state can also be used to evaluate sample quality as described in 1

pin-
ncy
nto
0.5.

The followIng subclauses describe general requirements for triaxial test equipment and test procedurtes.
Major components of a typical triaxial test include:

a) specintemr preparatior;

b) back-pressure saturation;

c) consolidation;

d) shearing.

Testing can involve either static or cyclic loading. Consolidation is typically isotropic, anisotropic, or
one-dimensional (i.e. Ko, which is a specific type of anisotropic consolidation). Shearing is usually either
drained with measurement of volumetric change or undrained with measurement of shear-induced
pore pressure.
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Static and cyclic triaxial tests should be performed in accordance with ISO/TS 17892-9, ASTM D3999,
ASTM D4767, ASTM D5311 or ASTM D7181.

The unconfined compression test and the unconsolidated-undrained triaxial compression test are
described in F.2.15 under strength index tests.

F.4.2 Testapparatus

F.4.2.1 Triaxial cell

The-sealing bushing and piston-guide of the €€ otHabe-destgneda-suehtha episton runs
sm@othly and maintains alignment. If the axial force is measured outside the triaxial cell|the piston
pasping through the top of the cell and its sealing bushing should be designed so that the frictign between
them does not exceed 0,1 % of the axial force at failure.

For|extension and cyclic tests, the piston connection to the top cap should be able-to withstpnd tensile
fordes, and be designed to give a minimum of false deformation.

F.4.2.2 Rubber membrane

The thickness and material properties of the rubber membrane, should be such that the|calculated
correction to the axial and radial stresses due to membrane stiffness in reference to the shepr stress at

failtire (t¢) is lower than:

15 9% for tr< 12,5 kPa;
10 9% for 12,5 kPa < ¢ < 25 kPa;

5 9% for ¢ > 25 kPa.

The diameter of the unstretched membrane.should be between 90 % and 95 % of the initidl specimen
diameter. Each membrane should be checked for leakage before use.

Dry membranes tend to absorb water}it is thus recommended to soak membranes in waterf(for at least

24 I before use.

F.4.2.3 Filter discs and paper

Filt
tot
the
of t

br discs should have-plane and smooth surfaces. Their compressibility should be negligible
hat of the specimen:-The types of filter disc that are acceptable have a coefficient of pern
range 5 m/s to/10-m/s. Regular cleaning and checks should be made to ensure adequate pe
ne filter discs:

s can be\conducted with or without the use of filter paper between the specimen an

compared
heability in
rmeability

1 the filter

Cimen or in
specimen,

pf the filter

paper. The use (or not) of filter paper should be documented in the description of test procedures.

es. Filter paper for lateral drainage is generally mounted either vertically around the spe

Options for preparation of the filter stones include: dry, moist (damp) or wet (saturated), and the method
used should be documented in the description of test procedures. The preparation method used depends
on the affinity of the specimen for water and whether the specimen is expansive. Dry filter stones may
be used for all soils. Moist filter stones may be used for partially saturated soils. Moist or wet filter
stones may be used for saturated specimens that have a low affinity for water. Moist stones are prepared
by removing excess water from a saturated stone by placing them on a paper towel for several minutes
and placing the stone into a dry base. Wet stones are prepared by placing a saturated stone into a water-
filled triaxial base and thereafter removing excess water with a paper towel.

When using dry filter stones, water (having the same ionic content as the specimen pore water) should

not be added to the filter stones before the vertical and lateral stresses exceed the swelling pressure.
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The compartment and tubing below the bottom filter and above the top filter stone should be dry until
the swelling pressure has been reached. The stress at the time of filter saturation should be noted.
Evaporation from the specimen in the period before saturation should be effectively prevented.

F4.2.4 Maintaining constant fluid pressure

The device for keeping the cell and the pore pressures constant during consolidation should be accurate
enough to keep the required difference between cell and pore pressures (the radial effective stress)
constant within * 2 % of the target values. Differences below 25 kPa should be kept constant, with an
accuracy of + 0,7 kPa.

F.4.2.5 Lpoad frame

uld
D %
[,

For staticl
be smooth
from the r¢

bading, the load frame should be able to advance the piston at a prescribed rate which sh
without fluctuations or vibrations. The actual rate should not deviate by morethan * 1,
quired value. The stroke of the load frame should be at least 30 % of the specimen heigh

For cyclic
Sinusoidal
and load-wj

oading, the loading equipment required should be for load-controlled cyclic triaxial tgsts.
oad-wave forms should be imposed on the soil specimens. The use of ¢ther types of equipngent
ave forms should be given in the project specifications.

The cyclic[testing equipment should be capable of maintaining constant’load-wave form, amplitjude
and frequgncy throughout the test, within an accuracy of + 2 % of the*specified value. The specifen
should be $ubjected to stress reversals which are induced in the form of alternating cycles of vertical

compressi¢n and extension loads about some ambient stress state, keeping the radial (cell) presqure

constant w

The loadin
a)

b) prever

easy tq

c) prever
d) compe

For cell prg
than £ 1 %
than 0,7 kE

F4.2.6 T

F4.2.6.1

ithin + 1 %.
b rod-to-piston connection should be
install;
t any slip under load reversal or vibratien;
t application of torsion to the specimen;
nsate for eccentricity between line of action of the loading equipment and the piston.

ssures greater than 25&R3, the cell pressure during cyclic loading should not differ by n
from that prior to thieystart of cycling. For lower cell pressures, the deviation should be
a.

ransducers

Force

ore
less

The axial forceapplied to the specimen by the piston through the top of the triaxial cell shoulg
measured with-an-aeeura +2 04 hepeakforceatfallure T the e-ismeasured-with-a-deVice
installed inside the triaxial cell, the device should be insensitive to horizontal forces and eccentricities
in the axial force and not be influenced by the magnitude of cell pressure.

For cyclic loading, the force transducer nonlinearity and hysteresis should not exceed 0,25 % of full-
scale range, and the repeatability should be within 0,1 %.

If an external force transducer is used, the piston friction and piston uplift force correction should be
accounted for. This can be avoided by using an internal force transducer.
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F.4.2.6.2 Pressure

The pore pressure measurement system should be as rigid as possible, and the following requirement
should be applied as a guide:

— static tests: AVys/(V-Au) = 0,5 x 10-6 m2/kN;
— cyclic tests: AVpys/(V-Au) = 0,1 x 10-6 m2/kN

where

AVis is the change in volume of the pore pressure measurement system due to pore pressure
change, expressed in m3.

Au is the pore pressure change, expressed in KN/m2,

\Y is the total volume of the specimen, expressed in m3.

NOTE In testing clays, the use of alocal (on-specimen) pore pressure measurement system [e.g. Hight (1982)]

minfmizes partial pore pressure equalization effects during undrained shear tests and provides a m¢re accurate

megsurement of specimen pore pressure.

F4.2.6.3 Deformation

2 % of the
apparatus

The deformation of the specimen should be measured withyan accuracy better than + 0,0
initjal specimen height. Possible false deformation readings due to cell pressure change and
deformation should be accounted for.

rdine et al.
below axial

NOTE Due to factors such as bedding errors, spec¢imen tilting and apparatus deformation []3
(1944), Baldi et al. (1988)], conventional external measurement of displacement is often unreliable
strafin levels of about 0,5 %, particularly for stiff sgil§/[Clayton and Hight (2007)].

irement of

Locpl (internal or on-specimen) axial displadcement systems provide more accurate meas

the
the
def
Hig

small-strain deformation with the potential to reliably measure deformation down to
initial specimen height. If the project specifications require accurate measurement of s
rmation behaviour then a local displacement measurement system should be used.
ht (2007) list various systems'that can be used for local measurement of axial displacem

0.001 % of
mall-strain
layton and
bnt.

For of at least

15

cyclic tests, the deformation transducers should have a double amplitude strain rangs
o of the sample height prior to the start of the cyclic test.

Thd
of H

volumes of waterand air going into or out of the specimen should be measured with an accuracy
0,04 % of the,total volume of the specimen.

F.4.2.7 Data acquisition

For|static tests, readings of relevant parameters (i.e. axial force, axial displacement, cell pressure and
porg pressure) should be recorded until the specimen has failed or a pre-assigned strain limfit has been
exceeded. For cyclic tests, the data acquisition system should be able to sufficiently record all relevant
variables per cycle. Representative cycles of a test should be recorded.

F.4.3 Preparation of triaxial test specimens

Test specimens should be cylindrical, with diameters not less than 35 mm and heights of approximately
twice the diameters. The end surfaces should be trimmed as plane and perpendicular to the
longitudinal axis as possible. The specimen height and diameter (or circumference) should be measured
within * 0,1 mm, and mass determined within * 0,05 % of the total mass of the specimen.

For intact samples, care should be taken to maintain the in situ water content of the specimen. Air
circulation around the specimen should be prevented. The relative humidity in the specimen preparation
room should not be lower than 80 %.
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Specimen preparation and mounting procedures should be available for

undist

undist

remou

F4.4 Ba

Back-press

For undrai
give a B-va

B-value giy
[see Skemp

B=Au

Where:
Au

Ao

NOTE 1
(1973) and

)

NOTEZ [

enhance safjuration.

The B-valy|

For draine
system wh|

F4.5 Co

F4.5.1 G

Methods fa
more comn
method [B
consolidat
stress stat

lon to a normally consolidated state of stress and various mechanically overconsolidd

urbed specimens which can stand upright unsupported,

urbed specimens which cannot stand upright unsupported,

reconstituted specimens of silt and sand,

lded specimens of clay and clayey material.

ck-pressure saturation

ure is applied to the specimen prior to consolidation in order to saturate it.

hed tests with measurements of pore pressure, the back-pressure should be high enoug
ue of atleast 0,95 for static tests and 0,98 for cyclic tests, unless it is documentedbhat a lo
es satisfactory pore pressure response. The B-value is Skempton’s pore pressure param
ton (1986)], which is defined as:

Ao

is the measured change in specimen pore pressure due to@n applied change in cell press
(with the drainage lines closed;

is the applied change in cell pressure (in same units as Au)

or stiff to very stiff soils, B-values less than 0,95 are possible for saturated conditions. Black and
lead (1986) give detailed information on accepTable B-values for stiff to very stiff soils.

or sand specimens initially set up in a dry condition, flushing the specimen first with CO>

e should be measured just prioro;the measurement of shear.

] tests, Head (1986) suggests\that the drainage lines should be connected to a back-presg
fich can maintain a pressure)of at least 200 kPa during the test.

hsolidation

eneral

r determing consolidation stresses (¢’y, 0’n) should be given in the project specifications.
hon optionsinclude recompression to the estimated in situ effective stress state recompres
erruni(1973)] or the SHANSEP method [Ladd and Foott (1974)], which involves laborat

h to
wer
bter

ure

Lee

can

ure

The
bion
ory
ted

add

and DeGroot (2003) provide further details on the recompression and SHANSEP methods, and describe

the advant

ages and disadvantages of both.

Consolidation should continue at least until the end of primary consolidation, as determined from plots
of volume change versus square root of time. Clay specimens should be allowed to sit at the target final
consolidation stress for about 24 h prior to shear testing.

For accurate measurement of the small strain stiffness, replicating the recent stress history of a soil
during laboratory reconsolidation is an important consideration [e.g. see Clayton (2011)] and the
consolidation stress path to use should be given in the project specifications.
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5.2 Isotropic (I) consolidation

For isotropic consolidation, the cell pressure should be increased in steps (load increment ratio between
0,5 and 1) or at a constant rate until the average effective stress reaches the value required to keep the
piston in contact with the top cap. For soft material, smaller cell pressure steps should be used. Water
should be allowed to drain freely from the specimen. If side drains are used, large incremental steps
can result in a stiff shell and a soft core in the specimen, and hence in such cases a load increment ratio
between 0,5 and 0,75 should be used.

The selected isotropic consolidation effective stress for recompression type tests should not equal the
in situ vertical effective stress, especially for soft clays which have Ky values well below 1. This would

cau
she
if th
anig

Singd

ke too much volumetric change during consolidation and hence can result in a measured
hr strength that is too high. One option is to use the estimated mean in situ effective stres
e intent of the test is to consolidate to stress conditions that replicate in situ effective str
otropic consolidation to the estimated in situ Ko state of effective stress should be used (§

e pore pressure measurements are required, a stability check of the specimen shoul

undrained
5. However,
esses, then
ee F.4.5.3).

|l be made.

Whijle under creep mode, the creep volumetric strain should be about or less-than 0,006 %/Hh. If the rate
is likely to exceed 0,006 %/h, the rate should be measured and reported-
If the stress-strain modulus and pore pressure parameters at smallstrains are not importarjt, shearing
may be started at the end of primary consolidation. However, if such parameters are important, shearing
shojld not be started before the stability check criteria are satisfied.
F.4.5.3 Anisotropic (A) consolidation/Ky-consolidation
The procedure to be used for anisotropic consolidatiofshould be given in the project specifications.
The rate of volumetric strain before start of shearing should satisfy the stability check|criteria as
outlined in F.4.5.2.
Ko-¢onsolidation is a special type of anisotropic consolidation with one-dimensional strain|conditions
(i.e{evol = €4). The procedure and requirements for control and adjustment of the confining[stresses to
be ysed for Kp-consolidation should/begiven in the project specifications.
F.4/6 Static shearing
F4.p.1 General
Shepring can consistef either compression [specimen shortening (the most common test)] of extension
(sp¢cimen lengthéning), with options for loading or unloading as follows:
a) [triaxial gempression (TC):

1) , leading = increasing the total axial stress while maintaining constant total radial stfess;

2} unloading = decreasing the total radial stress while maintaining constant total axia] stress.
b) triaxial extension (TE):

1y

2) unloading = decreasing the total axial stress while maintaining constant total radia

loading = increasing the total radial stress while maintaining constant total axial stress;

| stress.

During shear, readings should be taken of all measuring devices at strain intervals such that stress-
strain curves and stress paths can be obtained from the readings.

Unless otherwise specified, the test can be stopped when the axial strain reaches 15 % or exceeds by
7,5 % the strain at peak principal stress difference, whichever occurs first.

In the following subclauses, the most common triaxial shear tests are briefly specified.
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F.4.6.2 Consolidated drained (CD) tests

Consolidated drained tests should be run slowly to ensure negligible pore pressure changes in the
specimen during shearing and that the specimen is allowed to drain.

For clay, the rate of axial displacement of the loading press, (V1) max, should be limited by the following formula:

(vi)max = (h-€af)/(15t100)

where

t100 s the time to end of primary consolidation, expressed in minutes,

€af s the expected axial strain at failure, expressed in mm/mm,

h s the height of specimen prior to shear (at end of consolidation), expressed invtillimetre.

The rate offaxial strain for free-draining materials (e.g. sand) should not exceed 0,29%7/min.
The follow|ng variables should be recorded during the CD triaxial test:

— Time.
— Piston|force.

— Vertical displacement.
— Volumg change.

— Cell pressure.

— Back-pressure.

F4.6.3 Consolidated undrained (CU) tests

For consoljdated undrained tests, the pere pressure should be measured during shear testing. [The
maximum pllowable rate of axial displacement should be 10 times the rate for drained tests. The fate
of axial stain should be maintained sufficiently slow (about 0,5 % per hour) to ensure approxinjate
equalizatidn of excess pore pressure’'throughout the specimen.

For some projects, informatiorCon the influence of rate of loading on the undrained shear strength|can
be needed.|In such cases, itcan be required that tests be performed at several different strain rates

The follow|ng variablesshould be recorded during the CU triaxial test:
— Time.

— Piston|ferce.

— Vertical displacement.
— Pore pressure.

— Cell pressure.

F.4.6.4 Consolidated constant volume (CCV) tests

For CCV triaxial tests, the pore pressure should be constant during shear testing, and the cell pressure
adjusted so that no volume change takes place in the specimen.

The maximum rate of axial displacement should be the same as that used for CU tests with pore pressure
measurements.
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The following variables should be recorded during the test:

Time.

Piston force.

Vertical displacement.
Pore pressure.

Cell pressure.

F.4

Unl
test
invg

Thd
Dod

F.4

Aftq
red
line
cell

Thd
and|
tak

7 Cyclic testing

bss otherwise specified, the cyclic triaxial loading test should be performed as‘a foad
. The cyclic phase should be undrained, and the load frequency dependent on’the pro
bstigated.

criteria on measurements, checks and accuracies for static triaxial tests-also apply to cy
umentation for cyclic tests should consist of the following:

extension or compression test;

cycle frequency;

definition of cyclic and average stress levels;

definition of ‘failure’ criteria, i.e. cyclic failure strdin, average failure strain, or maximum
cycles in the event that failure strain is not reached;

number of cycles performed;
type of consolidation;
specification of pre-shearing;

form of presentation of the test results.

8 Dismounting the'specimen

br the cell pressure’has been reduced to the consolidation cell pressure, and the bac
iced to zero, the'drainage lines should be opened and all free water blown out of the filter
s. Then the cell'pressure should be reduced to zero, the specimen carefully removed from
and weighed.'A water content determination should be made on the specimen.

specifiten should be split open and a soil description should be performed. Any observed
orsstructure should be highlighted (e.g. slickensided, platey, blocky). It can be very us

Lcontrolled
blem to be

clic tests.

number of

k-pressure
s/drainage
Lhe triaxial

intrusions
bful also to

e apicture of the tested specimen.

F.4.

9 Presentation of test results

F.4.9.1 Consolidation

Consolidation results should include a plot of the compression curve.

The effective axial and radial consolidation stresses (maximum and minimum values), axial and
volumetric strains during consolidation, and the B-value should be included with the tabulated results.
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F.4.9.2 Static tests

The results from static tests should include the following plots:

— deviator stress or shear stress versus axial strain;

— pore pressure versus axial strain (for CU tests with pore pressure measurements);

— volumetric strain versus axial strain (for drained tests);

— stress path, i.e. shear stress versus effective octahedral stress or effective average stress or effective
radial stress;

— shear ||nodu1us G versus logy .

The undrai

F4.9.3 (
The result:s
— maxin
— maxin
— averag
— stress

In addition
stress or st
(when app

— averag
— numbe
— maxin
— porep
— porep
— compr

from c

F5 Di

hed shear strength sy, pore pressure and strain at s, should be included with the tabulatéd res

yclic tests
from cyclic tests should include the following plots:
um and minimum axial strains versus number of cycles;
um and minimum deviator or shear stresses versus numberof cycles;
e pore pressure at zero cyclic stress versus number of cyeles;
path vversus number of cycles.

to the information specified for static tests, the'plots should indicate the average and cy
rain levels. For each cyclic test, the followinginformation should also be given in tabular f
‘opriate):

e and cyclic shear stresses;

r of cycles to ‘failure’;

um and minimum axial strains of the ‘failure’ cycle;
ressure at zero cyclic load of the ‘failure’ cycle;

Fessure when specimeén has stabilized after cycling (if relevant);

ycling and returning back to the consolidation effective stresses (if appropriate).

rect shear tests

h1ts.

rclic
hrm

bssibility parameter due to consolidation after cycling, i.e. dissipation of excess pore pressures

F5.1 Ge

1
ITI dl

Direct shear tests involve application of a horizontal shear force to a test specimen and thus a rotation
of the principal stresses during shear testing. The three common direct shear test methods comprise:

— direct simple shear (DSS), where the top of the specimen is displaced horizontally relative to the
bottom (i.e. simple shear-strain mode of deformation),

— ring shear (RS), where the top and bottom portions of a hollow ring-shaped specimen are sheared
through angular rotation

— direct shear box (DS), where the top and bottom halves of a specimen are displaced relative to each

otheri

108

n a translation mode of deformation.
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In all three test devices, the soil specimen is consolidated under laterally confined conditions. Both
drained and undrained shear tests can be performed in the DSS device, although undrained [or constant
volume (CCV)] is most common. The RS and DS tests are typically conducted under drained conditions.

Both static and cyclic testing can be performed in the DSS device.

F.5.2 Direct simple shear (DSS) test

E5.2.1 Testapparatus

F.5.2.1.1 General
The DSS test should be performed in accordance with ASTM D6528.
F5.2.1.2 Lateral specimen support

The
con
of s
flex
pro
stre

horizontal specimen support should be sufficiently rigid to ensure,-Kp conditic

Lich support systems include a wire-reinforced membrane or a series of stacked rings c
ible membrane. Details of the method of specimen support shouldbg"documented and g
ect specifications. If a wire-reinforced rubber membrane is uséd,'the diameter, windin
ss of reinforcement, and maximum allowable vertical consolidation stress should be rep

solidation, and constant cross-section dimensions of the specimen during simple shear

ns during
Examples
ntaining a
iven in the
b and yield
brted.

Sonpe DSS equipment uses only a flexible membrane for latéral support of the specimen, which needs

to He contained in a cell for application of a confining pressure. This set-up does allow foi control of
both the vertical and horizontal effective consolidation‘stresses during consolidation. The pse of such
equiipment should be given in the project specifications:

Thg diameter of the membrane should not différ by more than 0,1 mm from the sampl¢ diameter
aftgqr trimming.

F.5.2.1.3 Filter discs

Filt
bet
of s
Sm4
The
10

b1 discs should have plane and smoéoth surfaces. In cases where there is potential horizo

1l filters. The compressibility of the filter discs should be negligible compared to that of thg
types of filter disc geceptable are those with a coefficient of permeability in the rang
/s. Regular check$-should be made to ensure adequate permeability of the filter discs.

Optiions for preparation of the filter stones include: dry, moist (damp) or wet (saturated), and
usefl should be.décumented in the description of test procedures. The preparation method us
on the affinity,of the specimen for water and whether the specimen is expansive. Dry filter
be fised for-all soils. Moist filter stones may be used for partially saturated soils. Moist o
stomesmay be used for saturated specimens that have a low affinity for water. Moist stones ar
by fempving excess water from a saturated stone by placing them on a paper towel for sevel

veen the specimen and the filter disc, the interface should be modified to prevent slippagg.
lich modification are short+(1;5 mm) pins fastened to the filter disc or epoxy-covered end caps with

htal sliding
Examples

specimen.
e 5 m/s to

he method
bd depends
ttones may
- wet filter
e prepared
al minutes

and placing
filled base and thereafter removmg excess water with a paper towel.

to a water-

When using dry filter stones, water (having the same ionic content as the specimen pore water) should not
be added to the filter stones before the vertical stress exceeds the swelling pressure. The compartment
and tubing below the bottom filter and above the top filter stone should remain dry until the swelling
pressure has been reached. The stress at the time of filter saturation should be noted. Evaporation from
the specimen in the period before saturation should be effectively prevented.

For intact specimens that are saturated in situ, water can be added to the filter stones/water bath
shortly after application of the seating load, and the load should be immediately increased as required
to prevent swelling. Specimen evaporation should be prevented by using e.g. a water bath or tubing
connected to the top cap and bottom pedestal filled with water to the same elevation as the specimen.
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F.5.2.1.4 Static horizontal loading system

The horizontal loading system should be able to apply a smooth linearly increasing displacement or
force, without vibration, to the specimen at variable rates. The actual rate should not deviate by more
than + 10 % from the required value.

The internal friction in the horizontal load application system should not exceed 1,5 N.

F5.2.1.5 Cyclic horizontal loading system

less
fate

The required loading equipment should allow application of stress-controlled cyclic loading (un
required otherwise in the project specifications). The specimen is maintained in an undrained.s
during thelcyclic loading.

In these tepts, failure should be established either by the criterion of Malek et al. (1987)cor-by a 1
average arld cyclic shear strain criterion (e.g. Fifteen % to 20 %). Using Malek’s criterigh, comm
referred td as ‘maximum obliquity’, failure occurs when the peak positive cyclic shearstress divide
the minimfim effective vertical stress within a given cycle equals the peak effectiye’stress ratio (i

mit
nly
l by
DSS

or ¢ ‘pss)

by an inter

The loadin

is further 1

amplitude
under load

Sinusoidal

to horizont

an average

The loadin

displacemg

F.5.2.1.6

The vertic
as to contr
fixed mech

The intern

If the app3
this mecha
required).
following 1

static t

r the maximum obliquity of the reference case, determined by a companion static DSS tes
polated value.

b system should be capable of handling loading frequencies ranging from 0,01 Hz to 0,5 H
equired that the cyclic testing equipment be capable of maintdining constant load-wave fa
hnd frequency throughout the tests. The loading systemshoeuld prevent any slip or vibra
reversal.

wave-form loads should be imposed on the soil spegimen. The specimen should be subje
al stress reversals which are induced, in the form.of alternating horizontal load cycles, al
stress value.

g system for cyclic testing should be described in terms of type of system, capacities (1
nt, frequency), accuracies, loading rod“toe-piston connection, and maintenance of appara

Vertical loading system

] loading system should betable to apply the required vertical consolidation stress, as |
bl the vertical load during\constant-volume shearing when the apparatus does not allow f
anical height constraint;

h] friction in the yertical load application system should not exceed 1,5 N.

iratus is equipped with an automatic mechanism for vertical load control, the detail

During censtant-volume shear testing, the automatic vertical load control should satisfy]
equirements:

ests, allowable height change: + 0,002 5 mm;

tor

z. It
rm,
fion

ted
out

bad,
[us.

vell
or a

5 of

nism should-be reported in terms of accuracy, speed and basic operational features (when

the

cyclic tests, allowable height change: + 0,005 mm.

For devices with fixed mechanical control of constant specimen height, a description and documentation
of this equipment should be reported.

F.5.2.1.7

Force transducers

The horizontal force applied to the specimen by the piston through the horizontal loading rod should be
measured with an accuracy of at least + 2 % of the peak force at failure.

For cyclic loading, the nonlinearity and hysteresis of the horizontal force transducer should not exceed
0,25 % of full-scale range, and the non-repeatability should not exceed 0,1 %.
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