EN IAEG

AIGANIEOL

INTERNATIONAL ASSOCIATION FOR ENGINEERING GEOLOGY AND THE
ENVIRONMENT (IAEG)

[ P A S B 77 & (IAEG)

IAEG COMMISSION 25 PUBLICATION NO. |

IAEG C25 Ze B & — 5 i

Guidelines for the development and application of
engineering geological models on projects

HESTE MBI (EGM) Z 2 K B TE5 |

Translation Sponsors
R T BB T

Engineering Geology Research Society, Geological Society located in Taipei; Sino-
Geotechnics Research and Development Foundation; Chinese Taipei Geotechnical Society;
Society of Rock Mechanics & Engineering Geology Located in Taipei

FHFEN B T RN BT S AL THEHE RS - PHREAN
TR ~ RS T EF T Fam B e

Translators

RN &

Pei-Chen Chan, Yung-Chang Chan, Chia-Hong Chiu, Jia-Jyun Dong, Hung-Chia Hsiung, Chia-
Han Lee, Jung-Jun Lin, Che-Ming Yang, Chia-Hung Yeh, Chung-Jung Yu, Cian-Siang You,
Ching-Ping Wang, Wen-Jie Wu, Yu-Kuei Wu

TN~ EBY -~ Bt - BE2E - BEER - MEHE - BIRE ~ s BT - B
9 - EXRY - BN - Bk - 885

Reviewers

FlaN A

Jia-Juyn Dong, Li-Yuan Fei, Tien-Chang Lai, Chyi-Tyi Lee, Chao-Chung Lin, Ming-Lang Lin,
Feng-Ren Wang, Tai-Tien Wang

TERd - R IR - MR~ MRERED - B~ IR - FHiE

IAEG C25 EGM Guidelines v2.0 9 August 2024



EN IAEG

AIGANIEOL

INTERNATIONAL ASSOCIATION FOR ENGINEERING GEOLOGY AND THE
ENVIRONMENT (IAEG)

[ P A S B 77 & (IAEG)

IAEG COMMISSION 25 PUBLICATION NO. |

IAEG C25 Ze B & — 5 i

Guidelines for the development and application of
engineering geological models on projects

HESTE MBI (EGM) Z 2 K B TE5 |

Main authors

TEEFE

Fred Baynes and Steve Parry
F. Baynes & S. Parry
Main Editors

L
Martin Culshaw and Jim Griffiths
M. Culshaw & J. Griffiths

Contributing authors and editors

BRI R

Woayne Barnett, Jorge Bejerman, Anthony Bowden, Richard Brehaut, Joe Cant, Trevor
Carter, Dafydd Chandler, Roberto Cravero, Martin Culshaw, Antonio Dematteis, Yogendra
Deva, Diego Dicurzio, David Dobson, Jia-Jlyun Dong, Mark Eggers, Peter Fair, Robin Fell, Phil
Flentje, Andrew Forsythe, Martin Griffin, Jim Griffiths, Bill Haneberg, Nizam Hasan, Chris
Jack, Graeme Jardine, Stratis Karantanellis, Aliki Kokkala, Christoph Kraus, Teemu Lindqvist,
Robert MacKean, Vassilis Marinos, Stuart Millis, Tim Nash, Judith Nathanail, Paul Nathanail,
Simon Nelis, Alicia Newton, Jan Novotny, Darren Paul, Alistair Schofield, David Shilston, lan
Shipway, Doug Stead, Keith Turner, Giovanna Vessia, David Waring, Felicia Weir, Ann
Williams, Erik Wunder

Bibliographic reference

IAEG C25 EGM Guidelines v2.0 9 August 2024



EGM Development & Applications 9 August 2024

AIGI

IAEG

EOL

Baynes, F. J. and Parry, S. 2024. Guidelines for the development and application of engineering geological
models on projects. Version 2.0. International Association for Engineering Geology and the Environment
(IAEG) Commission 25 Publication No. I, 81 pp.

Downloadable at https://www.iaeg.info/C25EGMGuidelines/
TEEHE https://www.iaeg.info/ C25EGMGuidelines/

Copyright is owned by the IAEG except for some figures that were first published by others. You may not
copy or adapt this publication without first obtaining permission. Contact the Secretary General of the IAEG at
iaegsg@163.com. You may quote extracts of a reasonable length without prior permission provided a full
acknowledgement is given of the source of the extract.

bR T ER sy E A B HEA A S TR - HERARREIERTY IAEG FTR » REFEE - A SRS A LR
Py > SR LU B (5 7 (legsg@1 63.com )% IAEG FbE & - Gt o] IEARFSea Tl T Bt &
HRENENE - AT R e iR AOR -

IAEG C25 EGM Guidelines v2.0 9 August 2024



IAEG

AIGNIJEOL

EGM Development & Applications 9 August 2024

Guidelines for the development and application of
engineering geological models on projects

BRI E TR E A (EGM) 2R K EHTES |

Document produced by IAEG Commission 25 Working Group
BESZPRHT IAEG €25 £ B8 TR/ NHELE

Version Date Status Produced by
A Rk HHH RESll BUE

IAEG C25 EGM Guidelines v1.0.pdf 14 December 2022 Guidelines & Fred Baynes &
2024 127 14 H Examples vI1.0 Steve Parry

55 [Ed#Ef] vI.0

IAEG C25 EGM Guidelines v2.0.pdf 9 August 2024 Guidelines v2.0 | Fred Baynes &
202448 H 9 [ 522 v2.0 Steve Parry

The International Association for Engineering Geology and the Environment, the
authors, the editors and the contributors make no representation of any kind
concerning the completeness, suitability or utility of the information in this document.
Those using these Guideline are responsible for making their own decisions when
applying the information provided in these Guidelines.

BIR TREMEGE « (78 - S8 ER AT A GRS WSR2 Y: - BRMEEER
AU AR BB - B AEEEEAES T REAENR > ARERBEREILK
i H CHIAE

IAEG C25 EGM Guidelines v2.0 9 August 2024



IAEG

AIGNIJEOL

EGM Development & Applications 9 August 2024

Table of Contents
H &%

INTRODUCTION |
BACKGROUND 3
| ADVISORY CLAUSES 6
|.I EGM DEVELOPMENT PRINCIPLES 7
I.1.] DEFINITIONS 7
|.1.2 FUNDAMENTAL PRINCIPLES 10
.2 EGM DEVELOPMENT PROCESS 18
[.2.1 OVERVIEW OF DEVELOPMENT PROCESS 18
1.2.2 CHOICE OF DEVELOPMENT LEVEL OF EGM 21
|.2.3 DETAILS OF THE DEVELOPMENT PROCESS 24
1.2.4 EGM AND EUROCODE 39
1.3 ASSEMBLY AND COMMUNICATION OF THE EGM 40
[.3.] INTRODUCTION 40
1.3.2 BRIEF FOR DOCUMENTATION OF EGM COMPONENTS 40
[.3.3 PROJECT PROCUREMENT IMPLICATIONS 4|
|.3.4 REPORTING THE EGM 44
[.3.5 CREATING AND VISUALISING A 3D DIGITAL MODEL 49
.4 MANAGING EGM UNCERTAINTY 57
|.4.] INTRODUCTION 57
|.4.2 SOURCES OF UNCERTAINTY 57
|.4.3 HOLISTIC ASSESSMENT OF EGM RELIABILITY BY REVIEW 58
|.4.4 OTHER METHODS OF ASSESSING THE UNCERTAINTY AND RELIABILITY OF

THE EGM 59
.5 ENSURING EGM QUALITY 62
|.5.1 CHECKING THE QUALITY OF THE EGM DEVELOPMENT PROCESS 62

IAEG C25 Guidelines v2.0 9 August 2024 i



EGM Development and Application 9 August 2024

Guidelines for the development and application of

engineering geological models on projects

BRI E TR E R (EGM) 2R K EHTES |

INTRODUCTION

o

The purpose of these Guidelines is to provide succinct, practical, accessible and authoritative advice
on the effective use of Engineering Geological Models in a wide range of applications including civil
engineering, mining, geohazard studies, offshore studies, land-use planning and environmental
assessments. The Guidelines are broad ranging, intended for use or reference by stakeholders in
projects of all scales that interact with or require an understanding of the ground. They are intended

to have worldwide application.

A T TR EFERI(EGM)EERE RERITES [0 SRR - 8 - SR B E KN
wte o WIREME FIERDZ HV RIS BRE R TAR ~ $R/05 ~ HUE SEESE ~ BERot ~ A AR
RS ) - DAsREd TR BRI T - Af55 [FreE R BRI - nIEA FERTE
EZEETET - feAtHE A\ B R st i O R ERIRVERN » I ATES [RER S e~
FEH -

An Engineering Geological Model (EGM) is a comprehensive knowledge framework that supports
the interpretation and assessment of the engineering geological conditions and allows the interaction
of these conditions with the proposed project to be evaluated, so that appropriate engineering
decisions can be made throughout the life cycle of the project from inception to decommissioning. In
adopting this definition, the intention is to move beyond the concept that a ‘model’ is a simplified
and static three-dimensional representation of the ground conditions and recognise that the
formation and development of the EGM is an on-going process of knowledge accumulation that

provides direction and control to the ground engineering throughout a project.

THEHE 58 (Engineering Geological Model, LI NfiifH EGM) S (& & ~ SEREHIIRITFREAIIER
P LU0 B2 PH TAR SR AR RERT o0 M7 - SRR AR IR B B et 28 2 A 2
& DI SERn RIS Ry A e BT - FREMIHREERAR - R LIUER - BRHTE
FTRG R R —TEA(E - HBERERY =4t R 2 S - AT SRR R0 EGM Ry E AT
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TEiE > B TEENRERE R0 EERE - B E R (RN TR > 5
WRR I T AE S [F AR E R RS -

The Guidelines have been developed to provide guidance to practitioners on the 'TEGM approach’,
including 3D digital modelling techniques, and to inform consultants, clients, owners, government

bodies and regulators about the use of Engineering Geological Models on projects.

AFE5 HR B EE N B AREEGM J575"(B11E 3D Bin @ ER i) Ay R A - IR A= ~ %
P X~ BUFSBISRS LEARSE > TR ER IS P ER TR E R -

The Guidelines were developed by members of the IAEG C25 — Commission for the Use of

Engineering Geological Models — and represent the consensus views of the contributors.

K55 1H ARG Z g C25(TREMERAERZ R &K EETE - FrANERES BEHEE
IRy -

It is intended that these Guidelines will be translated into other languages for dissemination
internationally within the ground engineering community. The Guidelines will continue to be

reviewed and revised in response to feedback from their use in different parts of the world.

EGM {55 & i EEERcHASE = - DUERZ ERERIE BB TREARNZ EHE - A455 KR
BAEH S EA FEH & AR E R FrEsE s EaT -

The Guidelines comprise two parts:
EGM IG5 [RELI N &7

I. Advisory Clauses for the development of EGMs (Part I). Advisory Clauses indicate how an

appropriate EGM should be developed for any project that interacts with the ground.

U

1. BE EGM(EBE—E 57 RGNS - EEAAE HE i B S BB E
) EGM o

2. Commentary on the Advisory Clauses (Part 2). The Commentary provides additional supporting
information, where necessary, for each Advisory Clause and is structured with the same

paragraph numbering to allow ease of referencing; hypertext links are provided where relevant.

2. EGM ARV (S5 80 0) « WINE— TR IR > FEL TN - SRRV &

afl > G BRSO A R B S 4Rt > DU 2 AR T & i A s 1
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Notes:
S -

I. The purpose of these Guidelines is to provide information and assist decision making; the

Guidelines are not intended to define a standard of work.
1. Kig5[HEY - B AR E S BB ASRIAEE - A EE M TE T R

2. The Guidelines should not be interpreted as prescribing a course of action or procedure on
model building as there may be variations in approach and method to account for specific

engineering geological and project needs.

2. K455 (R IEW S RS TE T $H BRI R 7" » WA E R AR E R BT E
Ko EER NSRRI A REG AT E -

Background

dbEL
SN

The use of ‘models’ in engineering geology was discussed by Zaruba and Mencl (1954 in Czech) and
Morgenstern and Cruden (1977), although the first time a cross section through the ground was
created to illustrate the geological conditions for an engineering project was, arguably, the first
engineering geological model. An example is the work of William Smith and the development of
geological maps and sections associated with canal construction in the UK in the 18th century.
Fookes (1997) brought the idea of models in engineering geology to a wider audience but referred
to the models simply as geological models. Fookes et al. (2000) refined the approach to include the
concept of the ’total geological history,” that is, that the engineering characteristics of the ground
result from the entire geological and geomorphological history of the area. Knill (2003) suggested
that a ‘geological model’ is inadequate on its own for engineering purposes because it does not
sufficiently define the engineering conditions within the natural ground or help deliver a design. He
proposed that it was more useful to think of geological models, ground models and geotechnical
models, with the type of model being related to the progression of the project. Bock et al. (2004)
provided a perspective on the relationship between the disciplines of engineering geology, soil
mechanics and rock mechanics, the areas of interest of the associated international learned societies

and the nature of geological models and ground models.

BRI E TR EEE R FER 2 —a3 8 > I LUEMIE] 1954 4E5Eve T2 E E25
Zaruba & Mencl (1954) L Kz 1977 4 Morgenstern F1 Cruden (1977) W& sm S 2 fHRE 5w > #EORA

NG 3Ry A HRE 3R IR B BT - BV ] DL B TAR M S AV S et 2 A
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RIEE -/ VERAC LAY William Smith fE3E A EEE T2 T FirSe Ry e ] R AR B it B BT e 5 -
&R AT LAIRIE S - Fookes (1997 )RR AUHIRE & HE TAE M E 1 2 B o SHREE - (B am L
H BRAUH RIS Ry it B ISR - Fookes et al. (2000) 47 A" StET4R S " AR, - BT AY T REAr
PRI B % L 5 LR S B R SRR SR AR AR © Knill (2003)32 B B IS AL A Bl A e PLEL
PERIN TR R - WAERAE T/ EF B 2 IR TR - (N TGt -
Knill B — iR e R S E ISR ~ AR EAURIM TS =R > A1 RpE M — D aE S Bl
SHEFEA RN S MEE RS B RS o Bock et al. (2004)AIEfE i TAEHE S ~ HIRTJ 28
AT = (ERE AR M S HARREME I DARE & > MBI = SEsAH B Y PR 22/ A & e
VSRR » —fFaTam it AR R B A AR R B E G IR -

IAEG Commission C25 published an interim report (Parry et al., 2014) that defined a model as “an
approximation of reality created for the purpose of solving a problem”, outlined a methodology for
developing engineering geological models, differentiated the conceptual and the observational
component of that process and provided examples. This approach has been adopted in recent
guidelines (for example, The Geological Society, London, Engineering Geology Special Publication, 28,
for glacial and periglacial terrains, Giles et al., 2017). However, the EGM approach has not yet been
incorporated in National and International Standards.

IAEG C25 Z B &l A AV 2D # 5 (Parry et al, 2014) » ’EMVE AL E SR Ky Ky 1 R EPE R
MATERYERICATOES” - AL T 2% EGM HYJTAEE » &7y T EGM EHEE AR frilf ke oy B 22
Aoy Z AR AR THES o B TR — 5T [P AR - B MBOESEEY
TARHERF TS 28 5% » KEEFERI R /K [[F1/KEE & (Giles et al, 2017) - ZA(f » 1L EGM HYTJT
TEIERAAN Ry B 5 B PR AR -

Baynes et al. (2021) expanded on the C25 interim report and emphasised that the EGM is a
knowledge framework that can be used to understand and communicate everything that is known
about the geological and associated engineering condition at any stage of a project.

Baynes et al. (2021)3§ /)1 I C25 #2b ¥ fViRiE - WiEEH EGM B —TER HIREZR - o] LAfEET=EHY
HBPEEL - TR TR E BT AR -

These current Guidelines were developed by members of the IAEG C25 - Commission for the Use
of Engineering Geological Models - following the IAEG |2th Asian Regional Conference in 2019 at
Jeju, South Korea. A first draft of the Guidelines was presented at the IAEG 3rd European Regional

Conference in Athens in October 2021.

HATHES 2 H IAEG C25( I EIE A IE 2 S &RV A - 1E 2019 FFERE N B 2 THY
IAEG 55 12 i nr RIS &g AR FTHIET - A5 [HURIAEHY 2021 47 10 H{EHEIERITHY IAEG 55 =
JEBOM & LR -
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The IAEG C25 EGM Guidelines version 1.0 was made available as a freely downloadable pdf on the
IAEG website from 14 December 2022.

IAEG C25 EGM #55[ 1.0 hftf> 2022 = 12 H 14 HE » DL pdf FEZEAR A BHEN IAEG 485 E B T, -

In 2024 the Guidelines were revised in response to comments received and the examples which
were included in version 1.0 were removed. However, some figures from the examples have been

retained in the Commentary.
2024 4 > AFE5 URIEIEEHVEESFETIZIE - W HAFEA 1.0 oA PRy FI=EiER - ETmbREy
s FIERT T E o E R AR BT

Contributors to the Guidelines and their countries of origin are listed in Appendix A.

fifs A B EGM F55 [y ERE & BLEL AT B RS -
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|. ADVISORY CLAUSES
1. EERL
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N IAEG

AIc\JEOL

1.1 EGM DEVELOPMENT PRINCIPLES

1.1  EGM TiEM'EEAERE KBRS

I.1.1 Definitions

L1l %

Important terms that are used throughout these Guidelines are defined here; other terms are

defined where they appear in the text.

BEEEFATE S [T E AV E R FEMEE - TR EF AR ST R E % -
e Model — an approximation of reality created for the purpose of solving a problem.

o RRY - Ry AR AR E BT O

e Engineering geology — The application of geological, geomorphological and hydrogeological

knowledge to engineering.
o TIEHWEER — RHIEER ~ HPEERUK SO E SR ATERIE A i AR S8

e Engineering Geological Model (EGM) — a comprehensive knowledge framework that allows for
the logical evaluation and interpretation of the geological, geomorphological and hydrogeological
conditions that could impact a project and their engineering characteristics. The EGM comprises
both conceptual and observational components and may consist of a number of interrelated
models and approaches. The Geological Model, the Geotechnical Model and a Geohazard

Assessment are outputs from the EGM knowledge framework.

o TREHEMA (EGM) -EGM Ry—(E&Re ~ SeRAVERAIMESR > Frnlst B nl e B TR TR
RETRERF A ~ HP AR BRI S » EfTREERF AT - EGM BLFERE AT
MIRRREST > AT A A AR ELRRMREVIA RN VT VASH & TR - HUEERY ~ i TARIRIHE S
ERPAEE - MR H EGM SRHIBE 2 -

e Conceptual Model — a model based mainly on engineering geological concepts and
interpretations and the knowledge that certain engineering geological conditions and processes
are likely to have certain engineering characteristics. A temporal conceptual model (sometimes
called an evolutionary model) illustrates how ground conditions may have evolved over both

recent and geological time.

o MRS - FEEN TAEMERES - RIS SRR, FLUEIIR E TR R < sEGIR
DURIE FHZ AHBRRAAY o AUt S R oS B (A R Ry (LARAY) - ] DU R AL AT
BB IR RUEE T - AT R4 i B -
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Observational Model — a model based mainly on engineering and geological observations and
measurements that are constrained in space by 3D data (xyz) or in space and time by 4D data

(xyz plus time). Increasingly, the observational model is developed within a digital environment.

BUAMEAY — R AR EANHE B R PRSP i 2 AR - R ZE
FIRY =40 (xyz) BRAENDERFRPR » BOR BRI 22 HIDUSEE R, - E5h - HATAE BRI S
AR AL B R N EHY -

Engineering geological units — volumes of the ground with a similar geological history and similar

engineering characteristics that are established in the context of the project engineering.
THREME BT - ETREERET - BATHCUEFE SR TR MR A i -

Engineering geological mapping — the preparation of a map depicting the distribution and surface
boundaries of engineering geological units, geological structures, gecomorphology and
hydrogeological conditions that are of significance to the project using appropriate symbology
carried out at a scale and level of detail determined by the purpose of the mapping, which might

range from regional resource assessment to confirmation of foundation conditions.
TREMERE - (EAEENTRAG - MEH TRt ERAEEERN TR E T - i
B - PR EECONER S 2 ZER AR - B BB RAVES - Bl
AFIRZE AR Z 1B - HalE] s (e s A SIS AR R R st > HORUEEA
AR LRI B H AT E -

Geological Model — an output from the EGM knowledge framework that documents the

distribution in 3D space of the engineering geological units, hydrogeological conditions and

geological and geomorphological processes.

HEFEAY — EGM RIFAERAVE L 2 —  HPAGCE A B BT i =422 2 o i B IE ~ K
SCHERM - PUEStERI A -

Geotechnical Model — an output from the EGM knowledge framework that provides the
engineering characteristics and/or geotechnical parameters of relevant aspects of the Geological

Model.
Hh TAEAY — EGM BRAINEZRAVEE tHZ — » $Rft B E AU AHRR < TR A (20 T 28 -

Analytical Model — a simplification of the Geological Model and the Geotechnical Model

developed for the purpose of engineering assessment, analysis or design.

R — PRt B AR B it T AR R BARAVEEIR » IERERI PR TAZRYAS o frelaest -
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Digital Model — collation and presentation of data within a software environment to allow
visualisation, interpretation and aid in communication of parts of the EGM, increasingly

developed in 3D.

SRR — EB ERAS IR T TP BN 23RS - Fm LR ~ B - 1R EGM /Y
HoNE - ERBAMS B HEE L =P E -

Digital visualisation — the output of a digital model, usually a graphic display in 2D or 3D of

selected parts of the data.
R - BRI E D 5 BB B IR E B s — SR -

Ground Model — a type of model, often specified as a deliverable in contracts or required by
standards, that provides a summary of the understanding of the ground and groundwater
conditions at a site at a specific point in time. This may include geotechnical parameters for the
various units contained within it. The meaning of this term varies in different codes and

standards.

AR AEAY — FROLHY IR E R LR ERF ARG - B Tk cp AR R T /KRR HYBHBR AL - R
S5 Tt E BTHy rl et T8 WE RS EATERIESCZ AR - AL B e osE
AR AR EREE P A gE & A A R 2 0 -

Geohazards — geological and geomorphological processes or phenomena that can adversely

impact a project, for example, karst development, landslides, underground mining, ground gas,

seismic activity etc.

B KFE - MRS TARE TR A A A B B B (R FHEER 5 - B iR e -
Ll ~ ST ERER ~ 3t REE ~ RN
Project — the purpose for which the EGM is being developed. EGMs are commonly used to

assess the ground response to an engineering project but they are also used for broader

application such as the assessment of natural resources, regional geohazard assessments etc.

HZETHE - BH EGM 2 HAY - KEBSTHY EGM 3% F s —(E TREs Atz S FE -
B AR Z IR » BIANE ZRETRARHS Bt SEE S -
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1.1.2 Fundamental principles

1.1.2 EAFEHE

[.1.2.1 The EGM evaluates interactions between the project and the ground

I.1.2.1 EGM IR (G B s F 5 Bt i ey Z Il P

The purpose of the EGM is to evaluate the ground response to change and usually involves
consideration of the possible interactions between the project and the ground. An effective EGM

should anticipate what might be in the ground and how the ground might respond to the project.

H e P HE TR TE U T TR A AR Y ELHIPE A - LN EGM 2 HHY RS G st iR 7 e st
b - 52%EZ EGM SR RES TRIG IR AR - DU AE TREBH S (&R e A J i -

[.1.2.2 The EGM knowledge framework
1.1.2.2 EGM SRAIfESS

The EGM knowledge framework represents an understanding of the geological, gecomorphological
and hydrogeological conditions that are of engineering significance to the project and that can be
used to solve engineering problems, (Figure I-1). The EGM is not one 'model’ but multiple dynamic
models, as well as being the repository of the underlying data (if that is not held within the models
themselves), the supporting documentation (for example, the site investigation reports) and the
knowledge framework that holds these components together. To the extent that is practical, the
EGM should be based on all available and relevant knowledge, should be logically constructed
following the principles established in these Guidelines, should be focused on the relevant geological,
geomorphological and hydrogeological conditions and engineering characteristics of significance to

the project and should be clearly communicated.

EGM SRAMEAR R KT HETME ~ #fP ~ ACOERICHIERRE - 3 H A DA AR AT
BEHY LIERE(EGM PR e e an EI B EREE 1-1) © EGM ILIRE(E & —(EfEA” -
EGM & "X E"HEN"#E"EL > EGMINEEREFE(EFEIMEFER) - Rt E
S ERA H BIHIRTA BB S (N T A ) - DU BE A BRFTaR E Z HIa
BERE > EGM [EMRIEATA A KA ~ AHBIRYAIEN > 32084355 (A ayE Al - IR M
5 AR - I H R R B TAEE AR 2 S ~ HOE ~ /KCSOHE IR | - S fEER EGM i
B ETIER R LA

Three key outputs from the EGM for a project are the Geological Model, the Geotechnical Model

and a Geohazard Assessment.
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EN/— 1AEG

H—HHEKETREIMNS - EGM = (i EEAEEL Rt EAEAL ~ 3t T LR IE YA -

Project Lifecycle

Inception Investigation Design Construction Operation Decommissioning

| ENGINEERING GEOLOGICAL MODEL (EGM) KNOWLEDGE FRAMEWORK
| Typical inpuls fo the model bullding process |

| Engineering geological mapping |
Geological Project Desk ' Site Design Construction | |Performa
maps & models | requirements Study {} Investigation requirements|  |Opservations Mom";.

! ! ! ! v ¢ i

ENGINEERING GEOLOGY MODEL (EGM) BUILDING PROCESS
Conceptual component

E—d S e
Know‘l‘odoo > Co;:;:flual — Observational Model
Experience | < -
[Assess EGM Development Level | 1k Observational component
Ll ]
¥ Y ¥ v ¢ Y
Site Engineering | ENGINEERING GEOLOGY MODEL
Conceplualisation| |Investigation | | Geological (EGM) DOCUMENTATION
Design Map ||

Data & Interprefive content differentiated |
| Geological hnical I
Assessment Model Model
L|(lroqohd)

Typical outputs from the model

i
building process - will vary 3D digital model
depending on project requirements

g
2

I
Geotec! Observational
Ro%« Mmd.,d’ l:nl':okd amochbH

I

Figure 1-1 A schematic visualisation of the EGM development through the project lifecycle.
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[.1.2.3 EGMs comprise conceptual ideas and observational data
11.2.3 EGM B A st b &

The balance of conceptual ideas and observational data within an EGM will vary depending on the
project type, its scale, the geotechnical complexity of the site and the stage of the project (Figure |-
). Evaluation of the ground at the start of a project is primarily conceptual in that it is based mainly
on knowledge, experience and reference to other published examples of similar geological,
geomorphological and hydrogeological conditions. As the project progresses and increasing amounts
of observational data become available the EGM evolves but the conceptual model remains as the

framework for assessing the interpretation of those data.

f£ EGM HYEE b > BESIUABEEBIER 2 MR P IRATEREHURA R TA2 R -

RS~ THEATHE TARRENE LR TRES T SRR AP B GEIE] 1-1) - fE TRt SHEanPlEL - ST
REAVETAL T Z SRRy HBLEN TR N BV S0 - E5a8Es - DURSRUE MK
SOWERT ~ EABSER A - BTt ENTRE - HEEUIE R B &g - EGM
IR HREHE - RIS AR PR BRI AT SR e MR A LA -

The techniques involved in developing conceptual models and observational models are different.
The first involves the act of conceptualisation and the second involves the act of evaluating data and
assembling information. However, their use in the development of EGMs is so profoundly interlinked
that, in reality, they form two different but essential and complementary tools that must be

combined at all stages of the project to generate an appropriate EGM.

B SR B A R ROty K TR A 2 R BB A ERIIERy - B A RIS E
FhEFEAMEE - ZAMERE EGMVEIRER L > W& RE U - S mEs
& ~ Al NAER L E G TR - £ TR S TSRS e - DIELAEEH
EGM -

At any stage of the project engineering analysis should proceed cautiously until conceptual ideas and
observational data have been reconciled and any residual discrepancies can be managed as project

risks accepted by all relevant parties (Figure 1-2).

TR ERIE— PR TREOITEL AR ER T - ESIRSIUAEBEEEIER —20 5
EMEMARTHA > BHAERAN TR SRR I ZEdrvEE - Hal REI7aiEe - TR
s T8 2 B (A M BB R ] 1-2 -
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ENGINEERING GEOLOGICAL MODEL

DESK STUDY

CONCEPTUAL COMPONENT
based on available information and
experience, models created to anticipate
what might be encountered that has
engineering significance to the project
what ground conditions are anticipated?

OBSERVATIONAL COMPONENT
based on a mixture of geological and
engineering observations acquired
during an INVESTIGATION which
constrain the models in time and space
MAPPING IS AN ESSENTIAL ACTIVITY
what ground conditions were encountered?

AT ANY STAGE OF THE PROJECT

ARE THE OBSERVATIONS NO
COMPATIBLE WITH
THE CONCEPTS?
YES
GEOLOGICAL MODEL
GEOTECHNICAL MODEL
GEOHAZARD ASSESSMENT
suited to project stage
Results of
analysis may Engineering analysis at any stage of the project
provide insights using the analytical methods formulated to suit
relevant to the the EGM and parameters derived from the
EGM Geotechnical Model .

Figure 1-2 Engineering analysis should proceed when observations are compatible with concepts.
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[.1.2.4 The EGM is relevant throughout the project life cycle
|.1.2.4 HE R TRy Ao B 2 EGM

The EGM development should commence at the project inception stage and be revised throughout
the life cycle of the project, potentially passing between multiple owners and consultants, and
provides a transparent and logical framework for developing ground related project deliverables
(Figure I-1). The EGM knowledge framework should also be an integral part of the project
management system because the EGM documents what is known about the ground and, therefore,
should form part of the contract documentation (depending upon the contract delivery mechanism)
and the basis of design.

BB TAEETEE AREHY EGM - EE TR TS ZAaRIiEE T30 - MR (i Tigst &4 dn
PP RFEMELL - SR —EFH - B H & FEEARRERGEE |-1) - R ]
RE S A BUE A F R LB A S 28 - Y EGM ks | E AR FYMHERRF I - RILLIERT
EGM B EN TSt EEE AT - FRFEZ SR S &SI —B1 77 (U R S EIEE A
RIENG G - L

[.1.2.5 An EGM should be developed for all projects

1.1.2.5 {Efn] TREETE EEEE EGM

An EGM should be developed for all projects that interact with the ground and is equally applicable
for very large and very small projects and over a variety of geographical scales. Note that for very
small, simple projects, the EGM can be presented in a single short interpretive report.
ekt RS CARARER N - P G Bt e R O 8 s TR T IEEE —E EGM -
WREBRAUE/ N ~ MEE AN TR S - EGM H R e — AR AV B R -

[.1.2.6 Knowledge of geology and engineering is required to develop an EGM

1.1.2.6 75 EGM FRolih B 52k TR 75 SAlask

Knowledge and experience of both geology and engineering is required to develop an effective EGM
but the emphasis should be on geology. This knowledge should be based on education, ideally
involving at least a first degree in geology or a degree with geology as a major component and
postgraduate training in engineering geology or geological engineering, or a significant period of
mentoring under the supervision of an experienced engineering geologist. In some circumstances and
on simple projects, a competent geotechnical engineer with significant geological knowledge and/or
with valid practical experience in the geological setting of the project should be able to build a
reliable EGM.

FEREETRRY EGM - [FIRF RIS DU TRER R SRR S - (BRI Y REH I E S - G
HYER - R RAERIER SR N E s - it B S e DU 2 R E RV R > FHEGE
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ap LA E Bt 'S TReE AR ~ SR 2 AE S iR S = iy TR B Rl 5 B8 — Eelis
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1.2 EGM DEVELOPMENT PROCESS

1.2 EGMEERERF

1.2.1 Overview of development process
1.2.1 EGM &EEFpifilk

[.2.1.1 The development process

1.2.1.] EGM 2EEF

The EGM development process involves the essential steps listed in Table |-, usually with repeated

iterations of most steps:

EGMAERFFEFER |-| FAYLEEDER » R H P BRECH 75 HE A T

Table |- Essential steps in the EGM development process

% |-1 EGM B ER PRI EER

I. Assemble team, define scope and purpose. Establish the likely EGM development level.

| WHEEERY - ERETEES R HEY - AL EGM HYS R Ea -

2. Assemble relevant engineering and engineering geological information of significance to the
project in a desk study. If possible, undertake an initial reconnaissance mapping by a
competent engineering geologist.

2. REAHE > ERECMEANAE) NN EAAEEER L TE K TR -
WERATLL - BAEHERE By~ TAZHMEAT - STRI20 B & B e T 0% -

3. Conceptualise the likely engineering geological conditions based on the knowledge and
experience and the desk study at the beginning of the project, but re-evaluate using other
information as it becomes available at later stages of the project. Confirm EGM development
level.

3. JRETERMAIEEL - (IBECEAIEE - SRR R EANTAIRVAS R - b B AT RERY LIZHE IR
;J?( © RETEREIEE: - TEE AR CHYEN - STt — A - WY EGM s

4. Identify and document key hazards and uncertainties in an initial risk register. This register is
used throughout the project’s life cycle and needs to be updated on a regular basis.

4. PrERBESEAYSCE RAMEENE  MRFHECERIN VAR bR BER (risk register)tf - HLERE
PERR TAEEt Ay A am i - A A H e ST -
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10.
10.

Acquire observations through investigations (these may include, but will not be limited to,
remote sensing, mapping, geophysics, exploratory holes, sampling and testing); the importance
of engineering geological mapping in investigations cannot be over emphasised.

ZEE A EHER R &R 2/ D E RN HIeg ~ ERYIEEN  $EPR - B Kl
%) > EFEESE R TR A R > HET MR A = Y

Combine the observations and the concepts to develop an interpretation of the site
conditions; define engineering geological units, interpret their distribution and generate a
Geological Model. If necessary, re-evaluate the conceptual model.

BOEAE SRS SR - B THE AR R - RS S BAAYRIRESR B - B ER
%]%E;ﬂz’gsﬁ% » SR BHEAR ZE AR » WEHE T, — (Bt E A - ARONE - FEEEHT
gﬂ =X E%//:’Lk E:i; °

Characterize the engineering geological units, the hydrogeological conditions and the
geological processes using geotechnical parameters developed from the desk study,
investigations and experience and generate a Geotechnical Model and, where required, a
Geohazard Assessment.

Sre = A ~ AR R ARFTEE A TR 28 4 TR B BT ~ KUt
BRI BB RO > DUBE T — B A AR DL RS S5 3 (A TR )

Identify any further significant hazards, uncertainties, gaps and discrepancies within the
knowledge framework; these are potential risks to the project and should be added to the
risk register.

TESRAIIEZE D  SUEPRMIE TS % « FHOENE  FE S RIEI T — B2 -
B BN T TERE R - W BEEECs ERE RS -

Evaluate the risks and, if necessary, undertake additional investigations to improve the
knowledge framework, minimise unknowns and reduce risks or consider alternative
engineering options to reduce risks to acceptable levels.

alils TRV B e (K > AP IIBRSMUTEE T0E > DUFHESRANESR - (EATERERIER TR
b DR EERR - S0eS REAE (T2 BIE DU BB 2l AT 2 Al -

Document all of the above in a series of systematic reports with a significant graphic content.

i EAATE BRI ~ BIRARR G 2B AFECs -
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[.2.1.2 Initial steps

1.2.1.2 ¥4 ER

The following key questions should be asked at the beginning of the project:

Ry T EEE EGM - R AR LA - JESCIRYIL YIRS
e Where is the project located (geography/geology/geomorphology/environment)?
o TREEHERIRIE ! (HEHE )

e What is the type and scale of the project, how will it interact with the ground, what are the key
dimensions and design requirements, including the design life, and what are the key geotechnical

constraints, concerns or consequences of failure for a project of this type?

o TRERTEAVIAI RIS BlthAR 7 B HIRH (R BESE R ST BRI R R (B S SGTEIR)? I TR
sTEE ZBRSE A TAE R ~ BEEREE TARRBHIIR R Ry fr]?

e What existing information with respect to the possible ground conditions is available?
o RS TiEEt S ] e B R AUt AR PRI 275 SRR

e What is the geological/geomorphological/anthropogenic history of the region/site that might be of

engineering significance to the project?
o W TAEFTEAVESE T - BEAEARTEZEIME - s BB
e What geohazards may be present?
o HIRERA B KFE R
e What are the groundwater and surface water conditions and how could they impact the project?
o MFRKEIT/KIIGRME - REB Tt E 228

e What is the current status of the project, for example is it on hold, seeking financial backing,

under construction etc?

o TREFtEHAIAVIRRERMEN G« HATE GHELE - SRV B SR SUEA T4 -

Answering these key questions remains relevant throughout the project life.

e TAgst R 2 A ar BRI - FratERY EGM - [EFRFEREI RS T2 LopH R -
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1.2.2 Choice of development level of EGM

1.2.2 EGM EfSafisis

The level of development of the EGM that should be adopted is a function of the geotechnical
complexity considered in the context of the project complexity and the consequences of failure;
guidance on the choice of the level of development is provided in Tables -2 and |-3. The
development level should be revised if the investigation indicates that the geotechnical complexity is

higher than anticipated.

FEE EGM YL > (R AM TREHERERRRE - DURHARMRIN S TR A A AR AR AT RERY
TRRMIE - FEBVHES (0K 1-2F15% |-3 iR - B REUR A T2 S0
THIARG - AR AL HE B EET -

Table 1-2 EGM development levels related to project and geotechnical complexity. **

% 1-2 EGM EEFRRGETE S A TR R e

Geotechnical complexity of the ground that could influence the project - as indicated by the
conceptual model developed in accordance with these Guidelines
FJRERZEE TAZR T SRAV AR M TR — R B R AL (A5 [ ATEar)
Project SIMPLE/UNIFORM: MODERATE/VARIABLE: COMPLEX/HAZARDOUS:
Complexity™ | 81 —ffy/SEIfy - SRR B S R R B bty
STEEHEE | Gently dipping or horizontal fy - Highly variable folding and/or
strata, uniform soils, no Variable folding and/or faulting, deep irregular soils,
geohazards, few faulting, variable soils, unconformities, considerable
geotechnical constraints unconformities, few geotechnical complexity,
2 175 ] 5 ol ST fy L geohazards, some potential sigljificant ggohazards such as
*Dzﬁft5§+ﬁ7j<fﬂ/ﬂ25 geotechnical constraints major landslide complexes,
~ MBI - M active faults, karst or the
e N S U %Eﬁ{b@ﬂ’ﬂ@’%ﬁ%ﬂ/ poter?tial for geohazards
(LIl s BCEfE ~ RN - magnlt'ude and/or frequenc.y
NI o (< to be increased by the project
REGEE - AE X
& BVRUEERTRM | S B LA SR
TR IRERTE BT AR
T ARGEE - T
Rt TR2MEE ~ U
BB R EE (B
WRAES FEE G -
HENETE ~ TR
1) » BiE SCE RS R/
SR AR N B KT H B
S -
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Minor
engineering
development,
small

footprint, low

consequence
of failure Level | Level | Level 2

/NI TAZRH
& ~ (SHE
v~ THE
FAAER

Medium sized
engineering

development,
with medium

consequence
of failure Level 2 Level 2 Level 3

R TAZRH
%~ THE
S E TR

Major
infrastructure,
large linear
projects,
regional
studies, high
consequences
of failure

B RFEBER
fite ~ RELER
REtE - &
AT ~ T
TRRBAE

=]

Level 3 Level 3 Level 3

** When assessing the appropriate EGM development level, advice should be sought from a competent engineering
geologist.

DRSS B SEAE S BRI TAR M B AR (LAY - AP TAE B R RS S -

#* Project complexity is subjective; low and medium consequence of failure would typically be limited to financial impacts;
high consequence of failure would typically be associated with loss of life; failure is when the project does not perform in
accordance with the design/specified performance.

# TRt EATEMIE R B TEEE VAR o (R TR E —RAERINY EAVRK S TR
RERIE R AR T« TR R E R G T B iR T -
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Table I-3 Guidance on scope requirements for EGM development levels

% 1-3 EGM R AR RIS ZORIES |

Level | Level 2 Level 3
Specialist studies | None None Commission separate geohazard
BEENTST I fir studies (where applicable)
Possibility of specialised geological
studies
Possibility of ground / structure
interaction studies
ZEt B E CETTE(RITT
fF)
Tﬁ?%_ BRI E T
AT i{téﬁ/éﬁ%ﬁ%%ﬁ%
Mapping Minimum of site visit, Engineering geological Engineering geological mapping
reconnaissance mapping, | mapping including cross including cross sections of project
TREHE ] engineering geological sections of site and site and surrounds, at a variety of
4@ sketch map/cross section | surrounds scales
of site
~ | TERAEIE S EE | SR AR B A ]
VRS - SRS e mETHROE | EEE o S TR E T
Bl - S TIEME | ik e E
]

Subsurface Single stage minor Subsurface investigations | Multistage subsurface
investigations subsurface investigations | as appropriate using investigations using methods such
N for example, trial pits, boreholes, cone as boreholes, in situ testing,
N A boreholes as appropriate | penetrometer tests, geophysics etc., instrumentation

» geophysics etc. and long-term monitoring as
—PEE/ NFEEHTT | nstrumentation appropriate. Base line data
Eﬁﬁ BN - 2Ryt o TE collection
e ':‘ B ER i
EHIFEALIEE - n < o
PR }“’T lfﬁ gAsEE | 2R Exiﬂzfuf% PRAHSR
T (CPT) - HiERpEEgE | 3% fﬁiﬁzufc%a ﬂﬂfk%ﬁ;’ﬁj‘ﬂ
R - Bk /EJ%:J? A » FIETE
SR R /EH&%&F%FE i
/EJ ﬁﬂ’% (Rl Es
Laboratory Limited or no laboratory | Laboratory testing as Extensive and possibly specialised
testing testing appropriate laboratory testing as appropriate
Hhr=mln ERARGENER | GEE  ETERE | BEE  ETAREHEREN
EGR A [E&7 2 R R E A B B
Documentation Documentation of the Documentation of the Documentation of the EGM in
EGM in a simple EGM in Data and Data and Interpretive reports.

SRR

combined Data and
Interpretive report

EGM &% R— 13

Interpretive reports

EGM ok L y—2K
IS E R Ry

Consideration of 3D digital
visualization

EGM &gk 0 Ry— B HY
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HEHEGHCEER | TlE CHERMESTHRE - Z &
BT {E I =R A L2 -
Team Possibly a single Small team of engineering | Large multi-disciplinary group
B individual responsible for | geologists and responsible for the works
ElE3 the works geotechnical engineers e ns N
A - responsible for the FHARRAE ~ PRI R,
AREE— ABELE | works EEILEE
==
EEM AT SN
TRRATAH R N
REF LIRS
Review Internal Review"" Internal/External Peer External Review/Panel of
. Review"" Experts*™
i E G - - N
PENSNERIE A | AN A R B o/ N

++ Company specific review requirements may exist.
++ HREFAE & B R E R A ZOK

1.2.3 Details of the development process

1.2.3 EGM &2 E4MeEs

[.2.3.1 Assemble team, define scope and purpose
1.2.3.1 SHEKEIR - e z=aHuis K H AR

The composition of the team will depend on the likely complexity of both the project and the
ground. This could range from an individual with the necessary geological and engineering knowledge
for a small project to a multi-disciplinary group and a review panel for a major project. The roles and
responsibilities of the team, the reviewer(s) and the approvers should be documented. The team
should start off by defining the scope and purpose of the EGM and should take account of any
planned changes to the ownership of the EGM, for example where the EGM is developed by a
government agency then transferred to the winning bidder for the contract. Where the team joins
the project at a later stage, or the project is transferred between contractually separate parties, then

the existing project documentation should be reviewed to identify any gaps or inadequacies.

EBAVAHEHURA N BT E A S R AV - BB N2l B AN ERHE K TIEH
EHEA BT Z/NETE - REFEEENER R EFE/ NI ETE - STER - FEAR
EANRSHNACKBEIERCIER - BRI T SR ERS EGM YR & HE -
i HFEZ T EITHEANN EGM FrAHERSHE > (5il41 EGM HHBUNHERI & T 11% - nIRegif24s1s
FRARBEER - MRBTEIF B FRIIEEAIA - ESEETHEEE G TR E R
Z e - RIRERIXEA a8 - AR A S 2= A e &SR -

’
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[.2.3.2 Assemble relevant engineering and geological information in a desk study
1.2.32 fE=ATHIPS B A B TR R E &S

A desk study is an information gathering exercise to assemble relevant material so that the
maximum value can be derived from existing available sources prior to spending time and money
collecting new information. Primary information will likely be geological maps and memoirs,
topographic maps, any existing site investigation data such as boreholes, remote sensing data,
geohazard information etc. Historical data should not be disregarded as a consequence of being
superseded by more recent datasets or being recorded in a style not in line with current standards.
As part of the desk study reconnaissance mapping should be undertaken where practical. This allows

the evaluation of the desk study data and assists conceptualisation.

EAFHHE LA EREN R B S TEREREAEE - INIEITEE - ToRF R
BEANERZAT - ZRFHA R DIEBTA UM E R B RS R A8 « EEHSURE R T REE
HEE ~ HELCER « WP E ST BRA R THEREER - e - EIER - #E SEEHRT -
FE SRR RE N R A TR AT DAL BRECERA B SRR M BT E 2RI AR = AR AT
TEMET B BN A4 F Ry = AR —8E 7 - BRI EHEE N BRI -

[.2.3.3 Conceptualise the EGM
1.2.3.3 fif%{E EGM

Conceptualisation is the process whereby all the available information is considered and an
understanding is developed of what the ground conditions at the site are likely to be and how they
developed over time. This should take place initially after the desk study but then should be carried
out periodically as additional information is acquired. Conceptualisation allows an assessment of
what conditions and what variations may be present and the geological and geomorphological
processes that have produced them and that could be of engineering significance to the project. It is
sometimes useful to develop a temporal conceptual model to illustrate how ground conditions may

have evolved over both recent and geological time.

B bR - FEEEEET - BATA &N RS - BRI — St AT AR
{RAFRTRER AR > PUR ARSI T34 e 225 - M LIEAEIAIE Be E IBTHIR HETT > (I
BRI ENAVAUS - FREHAVETBES R R - SR bR DEHEPE S iR R A TR
FAVRFEEAL « USRS LRI EEE b 2 B BB - RS » 2 — (R &
RIARB R EAT B B IR ] KU > MU RO a S e A BB -
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During conceptualisation the following aspects of the site should be considered:

FERESERVERE T - RS IR MY (E 5T
[.2.3.3.1 Project Setting

1.2.3.3.1  TFEETE50E

This should be based on an appreciation of:

ENEZ AN LU R -

e  The overall tectonic setting and regional geology of the project location.

o TREHEETERTE LHAYERe N BRGSO EEHE -

e  The current, past and potential future climatic settings of the project location.
o TAERTERFATETUEHYIRAE » A LURRA AT RERTRIELRT: -

e  The requirement to look beyond the immediate site area, for example the evaluation of

landslide hazards originating from outside the site.
o FHEEFEFIHAINY THEEIRLIIMIEEE - GIsFbsE R THES MY IR EE -

1.2.3.3.2 Stratigraphy — rock and soil types and relationships

1.2.3.3.2  Hijg-A S I8 DL S 7 e

This requires an understanding of rock-forming and rock-modifying processes as well as the

processes of soil origin and transportation and deposition that produced the rock and soil types in
the project area. This allows consideration of rock mass and rock and soil material properties, the
likely characteristics of engineering geological units, including the boundary conditions of the units,

plus their likely geometry, distribution and relationships - both with each other and with the project.

RE TR ERE SO RS LrEls - DU TBERERE - U - BRI RE A
AR DUR TR - B 5 EEIER » ah - MTIEMRIEE - TR E R THY R RERE &
& LIEHE BRI SRR ~ TR BT Al RERVRE PN ~ 704 ~ AR A-E & 5 R Y
IR - DUk s SRy e SRR -

The stratigraphical age of the materials and the identification of the sequence of geological events
that the materials have been subject to since their formation should be understood. This supports
the application of the total geological model approach in which all of the engineering characteristics
of the ground are interpreted as resulting from the entire geological and geomorphological history of

the area.
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FERZ T st AR - Sl pt eI A P dS R E B RIERS - 15 ] LARBIER] i E fE
ST AR - MUERHIRTA TR 2 L S R st A S R

1.2.3.3.3 Geological Structure

12333  HERES

An understanding of geological structures should be developed, including the presence of tectonic
features at all scales and the nature of the boundaries of engineering geological units and the
discontinuities within them, their origin, geometry, spacing, persistence, extent, characteristic
features and their engineering significance. This understanding should also include the timing and
sequence of rock and soil forming events, deformation phases, landform development and stress

relief effects.

FEREIT TR THEM B IS 2 580 /\T\HEf AVERA RS - TR E BTTHYEST « DU
Bz AEEm - HAR ~ %P - [ ~ Sl - et - RS TR Z EEME: - 1
ne At % B & HIRELS PRI ~ DURIPRCEFIRR? ~ BPFSE: - sk s - eI

2
=

1.2.3.3.4 Surface and subsurface processes

1.2.3.3.4 R e LiEE

Identification of possible active or potentially reactivated geohazards and an initial evaluation of their
likely variations in magnitude and frequency over time is required. The surface and subsurface water

conditions and how they might change over time should also be evaluated.

sl L P RE 3 AR B PR AR BRI K > 3 AE Eeath B S S IR A 1T 5 A B R REARUARL KR
RELHEITYIDSHE - ERREHEHTR R N ACLIR A T B e AL -

[.2.3.3.5 |Initial engineering geological characterisation

12335 @A TR E R IEREUL
It may be possible to attribute geotechnical parameters to parts of the conceptual model, based on
existing data or knowledge, insofar as is reasonable given the data available, for example, soil and
rock strength, stiffness, permeability, ggcomorphological process rates, etc. Evaluation of potential

geotechnical risks (and possible project opportunities) can be used to populate an initial risk register.

ERBEA BRI A - USRS B i) &) - A DU Rt TRE S B(PI B f s s ~ &
J& ~ KM ~ Mg SR AR) S 4 A\ B St A A — 0 73 » PEAE A TR e (R AT RERY B ZE
sTEEHRE) BRI A AR MRAY B E 2R -
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[.2.3.3.6 |Initial Geological Model

1.2.33.6 WaaHEHL
Conceptualisation will generate an initial Geological Model that can be used to plan the site
investigation. The initial Geological Model is then refined by acquiring observational data from the

site investigations.

b Vs E AR - AT RS T AT - ik CaksaE S BUI &R =] DU
PRI 56 w4 A HE AR -

[.2.3.4 Acquire observations of the project area through investigations
1.2.34 iR S G ST EE N BUIIGE R

Information acquired during the desk study is the starting point for developing both conceptual and
observational models. However, most observations are acquired during the site investigation stage(s)

of the project. Further observations should be added during construction and operation.

WS BRI A E - #OEZ S L= NS HY &R IR Rl aakh - 2800 KRS8
BINGE R B AR E LU SR &Y o i TAVE RS B o e S I — P o A
HIESE

A geological interpretation of the environment of deposition and/or the stratigraphic age should

accompany all material descriptions in the logs of boreholes, test pits, exposures etc.
Tl ~ BUIECR B EL T - FrA R AN A ) (R R B S e - Cr S e g

Site investigations that consist solely of observations and interpretations without the use of a

conceptual framework are likely to be fundamentally flawed and should not be accepted.

Thb-FE B AR AT EBUNG R DU » MR TR E IS AU, A fEE K
RAFAEARAVERBRYS - HATESEEZ -

Following conceptualisation there should be a broad understanding of the possible characteristics
and distribution of engineering geological units at the site, the nature of any geohazards and any
suspected gaps in the knowledge framework. This understanding should then be focussed on the
ground characteristics that are critical for design and used to identify investigation targets and plan

investigations that will improve the understanding and reduce uncertainty in those critical areas.

PRPEE TR EM S b 2% - FERRE B2 7 ARERRE A Tk iy TAZH S BT PR EA ST A
B SEERME - URAE TR B IR TP BRI AE AV ERIRECE 2 I T AR e ER
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1]

a2 BH B AR R - 0 FIZiCHETT ThE S AR I i B A H AR R R AR B LA SE Z R
T AREEERA > A -

The importance of systematic mapping in investigating any project is emphasised. The mapping
should include acute, insightful observations over the entire project area and reasoned well founded
interpretations of those observations. All projects should have an engineering geological map
compiled and 'owned’ by the team responsible for carrying out the investigations. Essentially, such
maps must be developed out in the field, although increasingly the field component involves includes
ground truthing of maps prepared in the office by combining observations derived from various data
sets within a 2D or 3D digital environment or from interpretation of remote sensing imagery. It is
essential that any engineering geological mapping also capture geological patterns (for example,
lineaments, structural patterns, discontinuity types and contact traces etc.) as well as the

geomorphology.

BRI RIS 2 2 BN RE R IR A - NG RE e ST 4
THEERIBSHET TR IIHY ~ SRZIEVEMN > 3 H ST RE L & AR - At
TR E LIFE A EZ AR E A B B O Ry LAt E E - S AT SE B S I THEE
HREENER > BEZNFIA 2D 2¢ 3D B BRss & A FREB SRR BT ~ 5h
FHGHARMEGS - BREAA L B8 T EERZR LA L B Bt E EE0H - S5
W2 - FrAa TS BB S EIE R (140 - &8 - I ~ AN R As T
%) DR

For larger projects or more complex sites or critical structures, the site investigation is usually
multi-staged with the acquired observational data being compared to the conceptual model to

determine which areas of uncertainty and which risks remain to be evaluated in successive stages of

the investigation.
BIRRBIETE - BIIAER Tk sREE SAS YY) - Tk EE AR Y - S IE B RERE
FHVEEBUNE R RS LT - DU T R TS A TR E M - RS M R P E
THERER 2 -
The investigations will acquire observational data that typically includes:
A TS B R ERE A
e  Topographic survey, and increasingly using LIDAR (Light Detection And Ranging) generated
DEMs (Digital Elevation Models).
o HPMELSR - DURAGEZ i ) EE (LIDAR, Light detection and ranging) FT2ERVEL
EEEHY (DEM) -
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Engineering geological mapping at various scales ranging from regional studies, project area
studies, geotechnical component studies and individual foundation studies. All mapping should

be seamlessly integrated into the one data set that can be viewed at a variety of scales.
SRR TAZHEE - OIS - S T TR A TR T2
FIE RSBy ERERE - F—(E&rHEEREREAEEATFR B » WAEEAFEEEFIRT
R -

Information from intrusive investigation techniques such as boreholes, test pits, shafts, adits etc.
RAMGERERER - FIansEss - St - B~ s -

Downhole data such as borehole imaging, geophysics and other tools.

FREE - PIalFL RS ~ sthERPELH A A TR -

Installed instrumentation and the results of monitoring.

E B AR RS R B AIAE A

Laboratory and field test results.

HipE s Rt R -

Groundwater and surface water measurements.

R KRR ACHI R &R -

Geophysical survey results.

HOERPERER AR -

Descriptions and classifications (for example, rock types, rock strength classes using recognised

systems and terminology).
AT AERCER. (B0 A~ BRI S R AR L R TSR ) -
Measurements such as intersection depths of engineering geological units in a borehole, strikes

and dips on strata and discontinuities.

BAEENRR - BIansEH T TR E BT/ SR ~ i DR e A I 2 A A -
Remote sensing techniques such as InSAR (interferometric synthetic aperture radar).
ENBMTIE A > PIATER TGRS UEEEE (INSARVERLZ EHk} -

Other observational data including temporal observational models (for example, time series of

seismicity, rainfall, landslides etc) that are critical for predicting the frequency of future

geohazards.

HANFEEUIE R - AR TR ACH S S TR 22 o] B S R g MY (e > i
= R LIBREAE RS -
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[.2.3.4.1 Input data verification

12341 # ABRHYERS
Before any interpretation of the observational data there should be a data review and collation step
where the key questions of accuracy, usefulness and representativeness should be tested for each
dataset. Any concerns about accuracy and representativeness of the dataset should be documented

with possible explanations discussed.

LR EBNE R TIRE 2 Al > EHEEERE TR E ALY - B E S SR A
RGP HEMERE ~ AR ~ (AR o (M E R EMEE AR ARSI - FIERCH: T
2 > At s AT AEH AR o

[.2.3.5 Combining conceptual ideas and observational data together in the EGM
1.2.3.5 RS AR AMIBEE &GS & £ EGM

Combining the conceptual and observational components involves interpretation.
RIS GRS S AU R 7y 2 A T A S M T A

This iterative process of combining the conceptual and observational components of the EGM in an
interpretation should be traceable, documented and structured. Subjective judgments by those
responsible for developing the EGM should be avoided and replaced with objective and assessable
sources (for example, models and case histories from literature, mapping, geotechnical investigation,
geotechnical monitoring, etc.) together with the reasoning behind their adoption in the

interpretation.

HEFTHUE R > 455 EGM REREC AR BB AV R UETE - DR A B  SCskss
f(LHY - BE EGM IpfERt o A RS N B2 TEHET - BRBREAN T H i 2 AsHVE
SHACTR(BTAN - P14 B SRk ~ #EEE ~ A TAR & N 2 AR B ZE BT FE) R ELATER Al it
B 1% 2 i -

[.2.3.6 Defining and characterizing engineering geological units

1.2.3.6 UL TAEME BT

A key product of any EGM is the definition of engineering geological units that are based on an
understanding of their engineering geological characteristics/geotechnical behaviour and are
appropriate for the project engineering. The definition of engineering geological units supports the

development of the Geological Model.
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EGMVEH EH Z —RER TIEME R T > b—TIE/52RENEE TRt BRI BN T2
NETRZ TR DML TTE & TR S0 EN > R TEE BT e
HE AR RLAE -

A common approach is to adopt engineering geological units based on the distinctive litho-
stratigraphical divisions identified on the site (that is, the units of soil and rock that can be
differentiated) that are usually subdivisions of the chronostratigraphic units (age based units)
provided on the geological map. However, lithostratigraphic units may not correspond to the most
useful engineering geological units (that is, they may not take into account distinctive
geomorphological processes, geotechnical behaviour, hydrogeological characteristics etc.)

Furthermore, the resolution of stratigraphical units may not suit the purpose of the model.

R TARME BEITH Tk » BRI R e M e TE 7y (FRrtRl Al sy HI% e
TS RETT) o WIEAEE E2 B AR AREREAH R T (Dt EFEAE YR
Te) © 2RI AV B T AT R IR E AR A E BT (A Mt e BE T AT R Rt
{EFHEURE(LERE ~ A TR T R ~ ACCHEREEE) - AN SV BT E s
INAREN G R E TR E A B -

Nevertheless, engineering geological units should not cross lithostratigraphic boundaries.
Lithostratigraphic unit contains a distinct geological history and different geological histories should
not be combined in a single engineering geological unit, even if the geotechnical characteristics are
similar. The exceptions to this are fault zones that may need to be considered separately and that,
by definition, cross the lithostratigraphic boundaries. Note that these boundaries will be scale
dependent — the boundaries for a regional model may be different from the boundaries for a site

scale model.

FEAL > TIEHE BT A RS RUE Mt SR - atEit g BT E S TR e E RS - BIfE
AU TR EL - BAFRIME R LAt A S OF B —(E TR E BT - ZAmErerr fish -
RigER  BEwgofeatttgest - BEBERITUSEINERE - FEEEL TEMEHETE
FHRFACAR BRI EEAIR - RHEE ~ BN TR BT s R v se B NailE] ~ TR THEE
Ay TR S BT A -

The engineering geological units chosen should reflect those conditions that are of significance to the
project and may include geological controls such as weathering, alteration and faulting. Figure 1-3
outlines the operations involved in establishing engineering geological units and thus developing the
Geological Model. As with other aspects of the EGM, the resolution and scale of the engineering
geological units should be clearly linked to the EGM scope and purpose. The engineering geological

units adopted should be reviewed as additional data become available.

32 of 64

IAEG C25 EGM Guidelines v2.0 9 August 2024

EN

AIGI

IAEG

EOL




EGM Development and Application 9 August 2024

TRt BT HY BRI S I TR 2 TR B R R AIOR(T » EEEL - ehE g E (F
F o [ 1-3 ML T 4 (AT iy TR BE T AN — P i E M A - B EGM Y H I [ — 22 -
AR HE BT E Iy 2 AR AT AR M B EGM HYHEN K H HDITERRSS - EERE S E R - JE
F et AT PR H Tt B BT E e e

STAGE 1 - GROUPING AND DIVISION

From knowledge of the project and the regional and site
scale conceptual models, identify the main issues and
the most obvious engineering geological features that
may be of significance to the project and GROUP the
ground into broad regions with similar characteristics

1

CHECK

DIVIDE up the broad regions into engineering geological
units bounded by stratigraphic or structural boundaries
with distinctive engineering characteristics that are
of significance to the project engineering

1

STAGE 2 - GEOMETRICALLY CONSTRAIN AND
CHARACTERIZE THE GEOLOGICAL MODEL

Assemble all observations acquired from investigations

relating to the distribution of the engineering geological

units and interpret the 3D distribution of boundaries and
the relationships between them

Describe and classify the materials and structure of the
engineering geological units within the boundaries,
characterize the hydrogeological conditions, assess the
activity and process rates of identified hazards

REVIEW THE GEOLOGICAL MODEL

IS IT REASONABLE, ROBUST. CONSISTENT?| NO

YES

PROCEED TO ENGINEERING
CHARACTERIZATION

Figure 1-3  Establishing engineering geological units and the basis of the Geological Model.
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E—MEER - SHEBAETIS
EEET%ﬁé Eiﬂi&liﬁﬁf‘ZTﬁ%Aﬁ'ﬁi P ERET
EEFEERRNTIEN T BN ERE RPN T2 E R -
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[.2.3.6.1 Geotechnical complexity

1.2.3.6.1 Rt TREHREM:
In geotechnically complex areas, geotechnical properties may vary rapidly, potentially across a wide
range, within the project site. Geotechnical complexity should, where possible, be reflected in the
Geological Model in the form of sufficient engineering geological units with appropriate distributions
and interrelationships. Where this is not possible, simplification may be necessary and the EGM
documentation should describe the geological processes and geological history that produced the
geotechnical complexity, the nature of any simplifying assumptions used in generating the engineering

geological units and illustrate the potential complexity using a visualisation of the conceptual model.

FER M TR RIS - 3th TR T RE S o S R B T i B et LAk B R B bR
AL - sth TR MENE SR AT RERY RO E B A o > I DL T AR RS BR 7T 73 A Rl ey 5 =
i 2B TAERENE o ASRAA R TR e R B A o > AT RE R TG (L -
A EGM S i S sty T MRS F P B B PR 5 ~ RskEe 2 TAEh B BT
(ETR BEYBGY > DR RIS B S AL A0 B A AR R

1.2.3.7 Engineering characterisation

1.2.3.7 THEREUL

Engineering characterisation involves evaluating and assigning geotechnical parameters relevant to
the project engineering to each engineering geological unit in the Geological Model, that then

develops into a Geotechnical Model.

TAZFHEU LB STl Blds & Bt AR KM TR S E B A g — (8 TR B BT - &
FHEEHBRETR n S8 Rl R A TREARAY -

The process commences during conceptualisation although any parameters assigned at this stage will
probably be associated with considerable uncertainty. The site investigation involves in situ and
laboratory testing to assist with the evaluation of the relevant geotechnical parameters that will vary
depending on both the ground conditions and the type of project. The results of the investigations
will thus improve the characterisation of the engineering geological units and reduce uncertainty and

will probably be an enhancement of what was envisaged in the conceptual model.

TREFFERF I ERE B R EPE B - BRI —PEERFTéa E S BT REAHE RAVAREENE - Tk
i EE S BN i EslE - HEHEHER TE28 > B2 IR KGR frORIET ST
JAIME - THERES RN EDOE TR S BOTAVRME B DA e M - H e REErTuEmbS:

TARIHEAE -
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The Geotechnical Model might involve a simplification of the details contained within the Geological
Model, for example, with respect to a complex fault zone, this might reduce to the bounding
surfaces and some simplifying assumptions on the strength, stiffness and permeability of the entire
fault zone. However, any simplification should not remove key engineering geological units that need

to be considered separately due to their geotechnical behaviour.

Hh TAEAT AT RE K R LI B R ch AT B SRR - DIERERVER i i B R > A TAZ A ]
FEA EIR BT AR - WHEETHISRE - SN2 EREHEERE - 28m > EIEE
A FEMHI 3 PR ot 77 Ry SR T i 22 B A= e Rl TR ¥R T

The following approach should be adopted:

TRERF MR EBULERR LU T 77 -

e The focus should be on engineering characteristics that are relevant to the project.

o EREREHEE TSI IRENEL -

e Group the laboratory and in situ test results for each engineering geological unit identified.
o JEFHEIR A TAEHE BT T E B SR RIS SR R B R el

e Material properties and geotechnical parameters should be assigned primarily from the site-
specific investigations. However, these may be supplemented with values derived from
experience, theory, correlation or empiricism provided that the method of determination is

explained, justified and referenced.

o MORMEBENIN T 2845 LR EMEIRS THERESR - 2840 - EE/Ra] Bl - M
MHREPEEEE SR RTINS > BT HIER T AR S TE I Eﬁéﬁ%ﬂ%[ﬁﬁ °

//

lil’

e Consider bias resulting from sampling and testing difficulties and the number of tests for each
unit and decide the range of representative values for the engineering geological unit. Averaging
of material properties that masks the presence of significant weaker zones should not be
undertaken, and the full range of results must be assessed to identify the probability of values

being higher and/or lower than the representative values.

o FBEAUE K ERINEE L AHE TR E BT R SR - STES LR E T2
BRI RN - (AN - AEHHY S AR R R TP > R R 0
R R 2 dilE > DR SBR E S B ER R ERY AT REM: -

e Compare the representative values with experience and published values for similar units.
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o sl R 2R E - BRI TS BT 2 &g (E K Ead Rk 2 (AR E TR -

e Consider and explain any anomalous or extreme results. These may indicate that the engineering

geological units may need refining.
o NIRRT R il 2 45 R o B RE AR AR E BT nI R R TR B Uk -
e Highlight any limitations in the data or the analysis.
o TRHBEREGIHTHHIPRA] -

Note that the choice of engineering parameters for use in analysis by the designer should be based
on the above information, ideally presented graphically, coupled with considerations of project

engineering objectives, risk and possibly code requirements.

AR SGTEEFEAN O TS B DR Bt &N - BN ENER & E%
23 [FN TIESEeREESE T2 B - BT sEAyR#E =K -

1.2.3.7.1  Zoning

12371 53&

Once the engineering geological units have been defined and the geotechnical characteristics
assessed it may be useful to define zones or domains with the same geotechnical characteristics. The
zones may be defined by geomechanical behaviour, seismic velocity, rock mass classification etc. but
may also be based on any attribute of engineering significance to the project, for example acid
sulphate potential, landslide susceptibility, or groundwater geochemistry, so that the EGM can be
used for a variety of engineering analyses, risk assessment, constructability assessment etc. The
decision on appropriate zoning should be made in conjunction with designers and the broader

engineering team.

—HEFR T TIEME B Tliar S 7t TR - BIelE—2 e s BA R TR S et E -

B ] USRI E AT Ry ~ MR ~ SR HSACER - AR ERATEERE
BB ACESR - PIARELEESS - (WARBRME S MK LEEME - (i EGM A IR

TR ~ EBad ~ E TMEEHES - WE Z B EERETEN TR ERILERE -

The scale at which zoning is undertaken should reflect the nature of the data and how the outputs

are to be used. Zoning should neither be more detailed nor less detailed than the data allow.

ST RIS TER B ERIAE LA R - B BERE AT OEER > A 1E
EEE R - A ECEERPIE -
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A common mistake is to zone the ground at, say, borehole scale, then try to ‘join the dots’ between
boreholes. It is almost impossible to factor in the broader geological setting and total geological
history using this method. For the EGM to effectively contribute to engineering analysis and design,
the sensitivity of the analyses to certain critical zones defined by the model should inform the

resolution and scale of the zoning.

B0 — {5 RAYFERR SR PR RS ST T 0 - MRS LR DI LA RE - PE7R%8F
AR R Z UM By SR B S A B8 » B T EGM ARUE AR LA A Alasest - 152
RUrh e AR T S B AT SR 2 B - FERERU R AL IR 2 22 -

[.2.3.8 Uncertainty, gaps and discrepancies in the EGM
1.2.3.8 EGMAYAHEENE « BRUEZEA —5L

During the development of the EGM there should be periodic assessments of the degree of
agreement between the evolving conceptual ideas and the progressively acquired observational data.

These assessments will typically take place at agreed project reporting stages.

TR E EGM HyiEf2 - B E HHR AL M S A BLZ i EASHY S AR &k 2 IR A AR
S LR G G T L E P BT -

If there is a disconnect between what is anticipated to be present and what has been found during
investigations, the reasons for this need to be identified and the EGM improved. If during design the
EGM does not allow a realistic prediction of how the ground will respond to the project with the
required level of certainty, then more information is needed to improve the EGM. Improvements to
the EGM to mitigate identified risks may take the form of further investigations or design strategies

such as increased conservatism or the adoption of the observational method during construction.

YR TRHATE W B FIRE A FE 2R - BEFERHGE R FEAN S EGM » (15RAER
STHART EGM SRR SR ST A3 nT AR ISR 2 AR S FE - fd AR (s 8 o e B AR T 2 FEOMI
AR CE 2 & HAGE EGM - B ZHVIRE - PRIIR T ot B THARTRAUR 225 (8
Tt TS FE LA Bl gt t) 0520 - AT LAREE EGM G R A s EIAY i -

As a project moves into the construction phase, the exposed ground conditions should be evaluated
against the conditions anticipated by the EGM. Then an assessment must be made as to whether or

not these variations could potentially impact on the design or construction methodology and

whether or not these methodologies need to be changed or if the risk register requires updating.

EETEE AN TR - FER EGM TRIG R PRI BLERIS CMERT AR (R E TR 5P &
ARG B L AELTEERE - DURIE TR B it 7R b B R -
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Throughout the development of the EGM uncertainty, gaps and discrepancies may be manifested as
risks. Where potential risks to the project are judged to be significant, these should be recorded in
the risk register. Management of those risks should be based on an understanding of the level of risk
that is acceptable to the client, the general public and as determined by any legislation. The risk
appetite/risk tolerance of the client should be based on an informed understanding of the known

ground conditions that should be communicated using the EGM.

£ EGM HyR (e EEIE T - AHEEE « BRlUE 2 A B iy - WRFETIEEET
Hlgh A BB ER R - TR E R - b BB 56 £ 8 — R RO
P BB A R 2 T > WAT SRR - SR BT b (i B K 2 T M = AR A
EGM i SR (PR R B AR IR T Y -

1.2.4 EGM and Eurocode
1.2.4 TREMEREA K ER IR

The approach described in these Advisory Clauses is an overarching process suited to developing an
EGM knowledge framework for engineering decision making on any type of project at any stage of
the project lifecycle. The Eurocode approach has a more restricted application to select stages of
certain types of projects and there are terminological differences notably with respect to the
components of a ‘ground model’, whilst the concept of an Engineering Geological Model developed

throughout the project lifecycle is not mentioned.

AERIR G T775 - BE 2R ~ BRI EGM BURIEREZRAVIRR - DIAFE At 55 AY
THE ~ et EEan B S FE BT TR R 2% - BRMEATETE 20575 > ISR et
SHVEHEIEE A 2 MERIIRA] - FrRlERIRY MR AR A E R LAY 5 - HIE
PR B EEt A an B S IS B 1L TR B RS — 0% > WORFIEEIMRE T e & -

Refer to Commentary Section 2.2 EGM DEVELOPMENT PROCESS for further information

ﬁﬁaﬁiﬂ@%ﬁﬁﬁﬁﬁ% 2.2 ﬁf‘j : EGM }%ﬁifip?;
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1.3 ASSEMBLY AND COMMUNICATION OF THE EGM

1.3 EGM4HELEFE

1.3.1 Introduction

1.3.1 &

The EGM should be documented in a format that can be used to communicate the various

components of the EGM, principally to consultants and contractors, but also to other audiences.

EGM JELLRT [ RAR A F] ~ ARG R H A =2 G s 2 P A ECsk - BN AL EGM B 4HRK
AN

The documentation should include text, maps and sections as a minimum but more often will consist
of detailed text and accompanying diagrams, tables, logs, photographs, maps, sections, data sets,
processed data and digital models that should each be essentially transparent, self-explanatory, self-

contained and be able to be clearly and easily understood.

ECECUERE D ERESCR ~ P EERIFmEE - B GRS EE -~ & - S
DECEE ~ IR~ SPHEEFIEEE - ERHE - mEBHTER - RE(ERE - gl E R sE R E R
B~ ASHV - SR ERESEW S TE -

All encoded EGM data should be processed/preserved within a centralised, standardised and
integrated data management and presentation system. The data can range from hand-drawn maps

and sections to 3D (spatial) models including, sometimes, sophisticated software-generated models

and 4D (spatial and temporal) models that describe process rates.

FTA 4Rt IZVEGME R B B R fRfFAE SR ~ BB bR GV E R EHE R R &S - BRE
TR RE S T48 P I E IS EFI3D (Z2fd]) A > GG 2 o] RE R E AN HY-UHE AT 42 s Ay 5
SR E (2R 4D (ZERINIRG ] ) A -

1.3.2 Brief for documentation of EGM components

1.3.2 EGM AR 2 &Csk A

Table 1-4 is an example brief for consultants to follow when documenting the various components
of an EGM. For small projects many of these items could be described in single paragraphs and the

entire documentation presented in one brief report.

| -3 PR LA 2 I ESCSREGMAY B (B AR 7 Z A ZRAVERP - ¥/ NS - HEFSIH
H o] DU BE Bttt > BE(EEGMAC$% S R ] DUE— (o A s -
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In some circumstances, a site investigation may be designed using an EGM but upon completion of
the investigation the contractual requirement may the production of a Data Report only. The result
will be that documentation of the EGM will be incomplete because it is lacking an interpretive

content and this should be acknowledged and documented by all parties to the contract.

FEHEENESE T - EGMARE] T THEFRE - [EAEFHESERUR - BT REEECRIEIHCHE BRI E -
BEIE TP ATRE EEEGMIVAL S-S A #5525 - INEERZ BRI - S4E T HER RNk
B -

For large projects there may be several volumes of different reports in which the EGM components

are included.
N AREIGETE > TR AT M BIEGM S 4H AR o 2 s

When tendering for geotechnical services for large projects the provision of all of the components
of an EGM should ideally be a separate scope item alongside and related to the provision of Data
and Interpretive Reports. In those circumstances, the Request for Tender documents should
specifically describe the EGM development expectations, whilst the Tender evaluation process
should consider the proponent’s EGM capabilities and appropriate budget allowances should be

made at project inception.

S TAHRE 2 KBS A - EGMAVATASHARNE - HAR LIER SO &Rl RS e
HEILH - AEETEIEI T - ISR B A EGMEE R TRIIRR - AP EiEE
Hhamiit s R EEGMAVRE ) - WAE R R E T 4wy E HEHTT -

1.3.3 Project procurement implications

1.3.3 EBEEEREIEM

Documentation of the EGM components prepared in accordance with these Guidelines should
ideally be included or referenced within the project documentation. Depending on the Client’s
project procurement strategy, there should be identifiable preservation points within the project
schedule when the documentation of the EGM components should be completed and preserved as a
record of what was known at that time. As the project progresses, the documentation of the EGM
components can then be revised to reflect the changing knowledge. The following are typical

preservation points:

TRIEFES [FTEILHVEGMA R T Z A0 S AR B 2 T E S e a5 S0 5 [ -
RIEE LA SRR RS - fEst ERER T EHIGTEGMEITL EEL - DI AREGMSE Rl ]

EERZ A - BEETEAER > TR ZRREIFUEIEEGM » DU 2 BIAYEIL R
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e For small projects there will be a single preservation point, usually at the completion of the site

investigation.

o VRIS o AR THEEE S IR B —(E BB EALRS -

e For larger projects some, or all, of the following preservation points may apply:

O

At the completion of the Desk Study.

At the completion of each stage of the Investigation.
At completion of each stage of Design.

At finalisation of the contract for the Main Works.

At the agreement of Baseline Conditions, if applicable.

At agreed milestones during construction related to the completion of various project

elements, for example, dam foundations, tunnels etc.

o HPRAIIETE - DUNER B R AL nI RE A

O

FEZE PIWTHFISE R ©

FEF AR E PS4SR -

FE TAE ST EHE P L Se iy -

AN ERETIEHHAVERMEE -
FEALAER (T (Baseline Conditions) ¥t (415) 1%iE Tk

T THART 25 et 2520 H Aioh e Y EEARRR e R - BRI AR ~ RS -

When tendering for the main works the contract documentation should ensure that the EGM is

transferred to tenderers, where contractual arrangements allow.

FES 1 TR TR SRS EEREIR EGM rIfE S VEE NG IR E A -
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Table 1-4 Brief for documentation of EGM components

% 1-4 EGMHRA T Z S 3RS T

Documentation of the EGM components should follow the IAEG Guidelines for the
development and application of engineering geological models on projects.

EGM 8HR AR S Z SE 8 ST IEEAE |AEG 4551 > EUFERTS T2 BN TR B2 &
ZIEH -

The EGM Development Level agreed with the client (the scope of the study) should be
indicated.

FESRIHEEZE E e (WTFEdis ) 1Y EGM stk -
A Data Report should be presented that provides the results of all investigations, observations
and laboratory testing including information from all previous studies.

LCEEMRESERMFTARE - BOAINZEAsERAER - WA RAETA & -

An Interpretive Report should be presented (possibly as separate reports) that includes:

R (AIRE(E R EBH S ) FERLAE |
(i) The findings of the Desk Study.

FEAWFHRYEER -

(ii) The Conceptual Model and the initial key risks identified.

PRI EA P s < WTAARA SR R e -
(iii) The rationale for the site investigation design taking into account the conceptual model and
the key ground risks.

5 8 M AR BR e St A e P AR B ERS a Aaa T 1 R -
(iv) The identified Engineering Geological Units - volumes of the ground with a similar geological
history and a similar geotechnical behaviour in the context of the project engineering.

TIEEBITHEI SR - EEXTEZENEREE T - AL ERE LA
M TR MR AR ek ]

(v) A Geological Model that documents the distribution in 3D space of the engineering
geological units, hydrogeological conditions and geological processes and how those might
change in time.

FEILAEACER LR E BT ~ AKCCHEGIRSONIE 1812 2 3D 22 7341 DA R Btk ] S22
B {E PR A -

(vi) A Geotechnical Model that presents the engineering characteristics and relevant
geotechnical parameters of every aspect of the Geological Model. For every engineering
geological unit identified an engineering description and geotechnical parameters should be
provided.

FENLRE (CRHNE AL o % BT T AR MEADAHRAM T2 By A TAZRAL > 32 fa(E
AR E BT AR AR Al St T 228

(vii) Maps, plans and sections at appropriate scales should be provided to illustrate the
interpreted Geological and Geotechnical Models and to inform the engineering assessment
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of all geotechnical elements of the project. The combination of geological, geotechnical and
project engineering information in the one drawing or set of drawings is often useful.

fEft S CE BRI B S - PARE A AR % - B RAUAA st TAZAAY > DL
%/\nigﬁﬁ‘ié’]ﬁﬁﬁiﬂzi%ﬁiZIi AHERTES o feft—TRE—4HBSHE ~ TR
THERETEENRNER - BERA -

(viii) A Geohazard Assessment if needed

(ix)

FEFT R THE S S
If a 3D digital model forms part of the documentation a 3D Digital Model Report should be
provided.

WIER 3D BEHI Ry EGM &L§fo0fF 2 —H# oy - FEFR L 3D BUEBAIRE -

1.3.4

1.3.4

Reporting the EGM

EGM #5

The reporting should be clearly differentiated into:

e FERREE 7 Ry

Data information and observations.

o LEERENAFEE

e Interpretations, including conceptualisations.

o EREEAL > BIEMERE

e Opinions.

o BE

The recommended reporting requirements for the following report types are described below.

DURA M EA Rl i A R R -
[.3.4.1 Data Report
341 EEERES

A Data Report should include, but may not be limited to, the following information:

aLEE

Sl s > [EATRIYEL N &SRR -

Obijectives and agreed scope.
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AIc\JEOL

o HHYRIEHY I #E -
e Location and description of the project site.
o HEEFETHAYAL B BT IR -

e Description of the regional and local geology and any anthropogenic modifications to the

project site based on pre-existing data.

o MUBBPEZR OIS T W - BUE - DU R SETERE T
kel -

e Details of any previous investigations at the site or in close proximity.
o AR THBGHATAH (IS (T3 &R -

e A plan showing existing and current investigation locations.

o BEANHARENEZ PHE -

e Investigation methods employed.

o PRHHVERETTA

e Results of investigations and information acquired.

o HAEMRSIERATEG -

e Laboratory and in situ testing carried out and a summary of the results.

o PRAAVENGEERAIER SR - DU Halbass Ragss -

Any interpretation undertaken as part of the Data report, for example, the assigning of lithological
or stratigraphical units, or geophysical interpretation, should be clearly recorded as such and the
uncertainty associated with it, including alternative interpretations, documented. A ’limitation
statement’ relating to any interpretive aspects of what is primarily the Data content of the report

may be included.

CHEE RS PR - f1a - sttt g BATAVE] ) - SERYEE R IGE SR A
B HOFEIIMER SO HAREE M R T RIS - AR B BRI EE N BN MR - Ea
FEE PR -
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AIc\JEOL

[.3.4.2 Interpretive Report

1.3.42 BRI

The Interpretive Report should include, but may not be limited to, the following components:

R S E AR EA TR LU N EIA ¢
e Reference to the data upon which the interpretation is based (the data or a Data report).
o HIEMFERAFSEHIEN (LEERRLCEERNERSE) -
e The findings of the desk study.
o FEWHHRIRCR
e The conceptual model and the initial key risks identified.
o RSIEIUEA TR T HARH i E e -

e The rationale for the site investigation design taking into account the conceptual model and the

key risks and uncertainties.
o HREMSIEA - TatRHSRE R R A > FTAREIRIR SR A (R 2 e

e Based on the findings of the investigation, sufficiently detailed and documented information

relating to the following aspects of the project is required:
o IRIFSHEGSH - FE TYIEETEARN - RHRAA R EVER
o Stratigraphy, lithology, age, weathering and alteration.

g - atE -~ R BEbAReS -

(0]

o Structural setting, defect or discontinuity characteristics.

o Wi - RIS B AVEFE -

o Geomorphology and relevant surface and subsurface processes.
o HEFUAIELH SRR 2 HFRAIHNER N EA -

o Surface and groundwater conditions.

o HUFRIKHI T KRN -

o Total Geological History relevant to the likely ground conditions.
o LI RIFAHRBAAY B RS -
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o Details of any anthropogenic modification to the project site.

o HEFETHPEM A REB G &R

The identified Engineering Geological Units and the basis for their adoption.

FIREH TAZHNE B8 7T R &7 PRIV -

A Geological Model that documents the distribution in 3D space of the engineering geological
units, hydrogeological conditions and geological processes and how those might change in time,
their controls and boundary conditions and groundwater, geomorphological processes and
geohazards that have been observed or interpreted to occur on and around the site. The
Geological Model should characterise units of the ground with similar engineering properties
and describe boundaries where changes in conditions may occur. The regional context of the
Geological Model should be discussed. Uncertainty in the Geological Model should be
characterised. Depending upon project and reporting requirements, the Geological Model that
is presented may have a specific project-related focus and may be better described as, for

example, a hydrogeological model or a rock mass model.

REEI TR E BT ~ AKSOHE RO E (R FIHY 3D ZE R0 LU e P T sty ] 22
bzt ERER ~ HAZERINZENEE R ~ #K ~ (e A Tak DU AR e ER 25
s R G AR E (KF - R RAEREE AR TR RV IT - Wi aiss A Ry ih 2
{EAYIR S - VBRI ERIsi it B R P - DA S - SR (R 2 b) B AR R A A T e T
RIZSHEZGETEREEOK > Frigthinyth B A fEEda 50 R e EERHRE - P EEE
Io6] LB R Ry /KOS S A A e = e R

A Geotechnical Model that presents the engineering characteristics and geotechnical
parameters of every relevant aspect of the Geological Model, considering the project to be
procured. For every engineering geological unit identified an engineering description and
geotechnical parameters should be provided. The range of material properties should be
described and the typical range of parameters provided. Uncertainty in the Geotechnical Model
should be characterised. The choice of engineering parameters for use in analysis should be

based on the above information.

RE R AT M A B T H T AR M KRR 2 3t TS 3t TR - S S5y

M TR BT - FEE FR Mt TAZRr MR Rt T 28 > MG FER AP R MR B Rt

Eﬁﬂﬂ@%ﬁﬁ%ﬁ@ i TR A i E Mt R R (R () © oo (E IR TR 2 B
ACEERINELESE -
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Any zoning that has been used or domains that have been defined and the basis for their

adoption.

EMEFEH T EEE RIS > LUERHE T HIRE -

A Geohazard Assessment where needed.

B G G L ET)

An engineering interpretation of the implications of the ground conditions for the project.
iR (R m] RE R B B A TR HUMH B AR ke -

Maps and sections at appropriate scales covering the site and surrounds should be provided to
illustrate the interpreted Geological and Geotechnical Models and to inform the engineering
assessment of all geotechnical elements of the project. Depending upon the project, the
combination of information relating to the Geological Model and the Geotechnical Model in
the one drawing can be useful as the basis for providing presentations to clients, shareholders,

insurers, or the general public.

JES (e bR o [ st 2 o PR 9 R SV T B A T ] - ARG B e ey s B Y
FSE TAEAY > S0 Ryt S ATA sth TS IH iy TRESHE PR (&N - (R FEETEAVRIE - FIAEE
BB TERAEE - AAREREDL - BE - fRe AT BRI R -

If a 3D digital model forms part of the documentation a 3D Digital Model Report should be
provided that communicates digital model uncertainty and reliability. All relevant database files
that include interpreted data and the 3D data files (for example, the mesh files for the

engineering geological boundary surfaces) should be included.

AR 3D BUE B RSk ST 2 — 7y - et 3D EyEEA s DR A A HEE I
FIR]SEE - BAERFREEORIA 3D BRHE (B4 - TIEE B REAVAS &R ENHY
FrAHRE RS ZE e fE ft -

Recommendations for further work, if relevant or necessary.

WIFAERHBON 2 - FEFED TR B AR AR 48 TRy -

Uncertainties remaining.

SRR AT ETE -

A ’limitations statement’ relating to any aspects of the report, where this is deemed necessary.
WIRRHANE > BRI EHTARAY TR -
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[.3.4.3 Geotechnical Baseline Report

1.3.4.3 AHh TREEL EA

In some larger projects, particularly underground works, the Owner and their engineers may opt to
prepare a Geotechnical Baseline Report (GBR) to allocate the risks associated with the ground
between the employer and the contractor. The EGM knowledge framework supports the
development of ‘numerical baselines’, ‘characteristic values’ and ‘ground reference conditions that
are all components of GBRs linked to contractual clauses.

FE—LEERHETE T > Rl AR - 36 R AR AT o] DU i R tth TR R
(Geotechnical Baseline Report, GBR) » &7 52 F° A1 Bl g 7 [ET st 5% AH R RS - EGM H15%
FEZE A DIFRft “8{E EL45 (numerical baselines)” ~ "$5{£{{H (characteristic values)” ~ "HIf% S 4R
(ground reference conditions)”fV3 @ 2% » 5t EEL S QIR HREIY A TAZ R AR 25 40 Ak
J— o

1.3.4.4 Engineering Geological Maps and Sections
.3.4.4 TRt e e B 5] e ]

Engineering Geological maps and sections are a fundamental part of the EGM knowledge framework

and should be prepared in accordance with these Guidelines.

TR E RIS A E S EGM HIEHEARAYE A RE 7T - e AT 5 4R -
1.3.5 Creating and visualising a 3D digital model

1.3.5 EIZDAKARERE 3D Bifirtiiy

There has been a recent but fundamental shift to using software to create 3D digital models, typically
for medium to large scale projects or where complex geology is encountered. This, in turn, has led
to a step change improvement in the interoperability of the EGM knowledge framework with other

disciplines. A typical 3D digital model development process is shown in Figure |-4 below.

AT I ERE A 1L 3D B ALY % > RpIEAE ORI B S et B (R0 » JR(E EGM
RIER A 2R B L B S Sy B PR ot - BURUEY 3D B AR TR AR A0 E 1-4 Frors o

[.3.5.1 Modelling Software

1.3.5.1 RS

There is a wide range of software packages that can be used to produce 3D and 2D digital models.

BACAA SEEREEE AT DU 3D & 2D HYSfirisa! -
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N IAEG

AIc\JEOL

[.3.5.2 Data Sources and Management
1352 ERACRELE

Clear, retrievable records of how datasets are created/modified/interpreted/stored, as well as of
verification and other stages of the development process should be retained. To assist in the
check/reviewl/verification/approval process it is important to retain clear, retrievable records
(metadata) of how datasets are created/modified/interpreted/stored. The linkages between original
datasets and the modified model datasets are useful to maintain consistency, accountability and to

provide insight into model uncertainty.

JE ORI 40T B ME AU AR (- R BB B DU B A B 5 AR HLA P BV I5 It ~ mIieRAv4C
% o By Tt E A SRR AAEAE - (R RN O TS AR R B UR SR IE ~ W]
fRHCH GeRER) JFRER - UGB B BN - AR R 2 e A — 2
T~ AR (E RN - HRE A B EZE YA EE T

[.3.5.3 3D digital model documentation

1.3.5.3 3D S HERIECHRSLIT:

Each significant version of a 3D digital model should be accompanied by a 3D Digital Model Report.
Tl TR 3D BRI AE ERT A 3D B Rl -
The 3D Digital Model Report should document:

3D B AR IERC R -

e The project, the purpose and the scope of the model.

&\H{H

o HIZITEM - BT HAVRIFE
e A summary of the site engineering geology.

o Lhbz THEMESwIL

e The geographical extent, scale and applicability of the model and the coordinate system used.
o PR ZAATERST - DURAHARIAY PR ZE geE] - EEEIR AR -

e The inputs into the model, including subsurface data, map data, surface and subsurface point data
and surfaces and meshes that have been used to formulate the digital model, an assessment of
the quality and reliability of the different datasets and what manipulation/transformation has been

undertaken for them to be incorporated into the model.
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LRI i AR, - BREH NER ~ sl R - s R ER DL R E R
RIS ~ BIA R EREA B AT SEMEAYEHEGER - UGB E M AR T T
T URREE SR A -

The units and bounding surfaces shown in the digital model, that may be geological, engineering

geological, geomorphological, hydrogeological or geochemical, depending on the model purpose.

SRR TP DR TAZHY S BTN IR Sl - ApE e~ TREHE - #i » /KO E =
HOER(EERFFMEBE T - BIGHUARY AR HEY -

The data that have not been used and why they have been omitted.
REEFHIER LA A LA S BRI R A -

The reliability and status of the model and an outline any other assumptions and uncertainties in

the model, including model reliability and related risks.

AT T SEFENLIRAE > MARACEE R h A ET T BN A EE M - B RS AR o] SR AT B
JE\fzz -

Evidence of verification.

HECERE 5 -

A summary of outputs produced from the model, including any limitations.
SRl AR AL 2 B R - IR S S R 2 (TR PRA -

The Model Decision Register and a listing of the data management/version development of the

3D digital model including:

o Date of decision.

o Detail of decision/change.

o Justification for the decision/change.

o Verification/review comments.

AR R SRAE TR 3D B A AN TE RV E B OARRSEE 5 - EFE
o ATHH -

o AR/IEEHYFAEN

o RIEIFEIHYELH EMEMERTAS -
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W S

The 3D Digital Model Report should be updated each time the 3D digital model is re-issued. On
larger projects where investigations are occurring on multiple fronts the model can be updated daily
as the model can be linked directly to databases and new data are automatically incorporated. A
competent engineering geologist should check new data when they are imported to confirm the
appropriateness of the existing interpretation and to perform any manual editing required to

incorporate the new dataset.

BRE TS 3D BB - EOE ST 3D B BRI - EZ TR EN AR E - &

A ] DU E RS E R R B S fFEkt - NEERn IR E R - R A SR &R
I - FESCHIRE (R B3R A B Ey) ~ TRIRHY AR E B &k The e - DIt 5 EhH
REERAVGHENE > FR T BRI R RAINE -

[.3.5.4 Review of 3D digital models

1.3.54 3D BRIz E

Review of 3D digital models should demonstrate their reliability with emphasis on the quality of the
process involved in their construction, clarity of understanding and transparency with respect to
uncertainties. Above all else, the review should demonstrate the agreement between the outputs of

the digital model and the reality of the observed and interpreted engineering geological conditions.

3D B AR A E LR [ 5E - SRR EE 3D B RS RZAY G E R BN HEE PR
HREIMEAEHE - RN SR A EE IR - B F A s R B AR AU DU fike
A E R TREMER - W Z MR — 2R -

Whenever 3D digital models are developed, it is recommended that illustrative 2D plans and
sections should also be generated to ensure that linkage to the underlying EGM is transparent and
can be explored without the use of proprietary viewing software. The development of illustrative
plans and sections is also often a useful way of detecting engineering geological ’irregularities’ in the

model.

Hok

= E 3D B AT - e — PR RIS 22 HY 2D P EE A EE - HEfREL EGM 2
B - 0 ATEA 5 A SRS 2 0L T IR EGIM o S i 51 T 2 7 2 Aol
R P AN I H BRI A U7

X1

The checklist in Table |-5 below provides specific items for consideration during review and

verification where a 3D digital model has been developed.

2% |-5551 3D B AN E RS RS iR e H -
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Subsurface data

Penetrative investigations

(e.g. boreholes, CPTs)
geophysical data

Map data
Historical maps,
engineering geological
mapping, GIS outputs,

Surface and subsurface
point data
Drone point cloud, laboratory
data, discontinuity data,

Surface and meshes
Processed LiDAR/INSAR
proposed project
engineering, interpreted

topographical survey

Database(s)
Preference to

use a single
database

|

(downhole or transect). remote sensing. surfaces

Ch:ctk adm: 5 > Informed by project

update data oose appropriate : . .

interpretation modelling software engineering requ'rements
and the conceptual model

Input into
modelling
software
(preferable live
link to database)

Modeller to be familiar
with project requirements,
relevant geology, and the
selected modelling

Clarify the scope
and purpose

of the EGM software
v
Creation/modification
of 3D digital model
representing Check/review
¢ engineering geological [~ |cycle
units or parameters

4

Check and Review of

Model Surface and volumes

decision [« (independant of

register Modelling)

4
/ Outputs - presented in an interpretive report
25 3D 2D

3D Model Digital Report o::ge:;DF TR ces - cross/long sections
- summary of model TS - meshes - maps
- purpose and findings O - analytical inputs - figures
- indications of uncertainty| | -augmented reality - analytical inputs.

Figure 1-4 Typical digital 3D digital model development process.

53 of 64

IAEG C25 EGM Guidelines v2.0 9 August 2024



EGM Development and Application 9 August 2024

~1AEG

EGI EOL

R E HWEER | | R TR amamEn | |
o EHEE ° EXEE o MAMEE o FEIRE=REX - | |
EEAER - CPTZ) | | @ TRMER oﬁﬁéﬂ%éﬂ 324 ZLiDAR / |
o HIKYIEER o GISELEE | | @ REEEER INSAR Z !
(BB S ) o EHER o S o FRERIE[E AN |
\ l l |
7 I
EHRE(2 M) |
| B AE BN |
RBELEHER
REBRR |
X AR SR E TR |

KR E R E

WA ERIEEGE
=R R B At () 45 F—
ZRABRAM B IR -
EBEGMEY REEEN RS
HEMEM
A 4
/3D MR ‘——E
TRINEETISH bl i
\ 4
r wzREET2ihEE
BEVEERRE mF%&%WﬂEﬁ/umf
Hl%= HENZEHBILNE
BTE)
/ WHAR - RBERSPREY
3DEMIEEIRE Hith 3D 2D
- EEIE - 3D-PDF - HE - RETE/AETE
- BRI - 3D 3lEN - HBAE - TEE
- MEAREEEME - FEIBEIR(AR) - BENBANS || - HiER
- BENEANS

|-4  BUAURYEEA7 AL 3D B A i B i e
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Table 1-5 Checklist for review of 3D digital models.

R 1-5 BIHRIEAVEE

N IAEG

AIc\JEOL

Key activity
EEIHH

Status
X
LA

Has the purpose of the model been clearly defined?

B IHEER TR HEY ?

Does the model extent cover the area of interest to the project and the extent of possible effects of
the project, if the model is to be used for assessments of effects?

WERAERIE R G BT BN - BAREE S & O E R R BT ORI ATRE
2 LT

Have the sources of data used to formulate the model been clearly identified?

(s FHRY R E RHE A MR B AR 7

Is the quality of the data available sufficient for the purpose of the model?

{5 R E R E T S A A e B 1R AU R H HY 2

Do any other potentially useful data sources need to be incorporated into the model?

A HAM AR RV E R R R S A T 2

Are data that have been specifically omitted from the model reasonable to disregard and have
reasons been given why these sources have not been considered applicable?

AR A IV ENE G G - S RS &R A N B HAVEL 7

Are there an adequate number of data points and a reasonable distribution of points across the
model area to make a reasonable representative interpretation?

AT E R R R S A e 5 REHY 2 5 e DU S BRI R TR 7

Is the manipulation of the data that has been used applicable and geologically reasonable?

HEMEAERRE RS EA - e E AR E RS Gy ?

Has the model been reviewed in accordance with the EGM Development Level?

BRI EGM G FAMRA R TR & ?

Has the Reviewer been 'walked through’ the model by the Modeller?

HERE A U T S M A R 2

Have illustrative maps and cross sections been provided?

BT B B A A B~ 1F e A T ] 2

Has a 3D Digital Model Report been prepared that includes a Model Decision Register, identified
uncertainties and associated risks and recommendations to improve reliability?

A 3D B S - P EEEAARERIRR - SR e T A B
bz DA f e T SRR R 2
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[.3.5.5 Outputs of 3D digital models
1.3.5.5 3D Hfir BRI

Once the 3D digital model and the outputs have been checked and verified and are ready for issue
the digital model itself and the specified outputs can be delivered. The nature of the outputs will
influence how the information is presented. They might be 3D or 2D outputs (or both) depending
on the project requirements but there may be no need for visualisation software if this is not the
most effective method of communication — maps, charts, cartoons, presentations etc. may be more
effective. The form in which the outputs are presented, and the level of detail included, should be

tailored to the audience.

— H. 3D S A R AR A b Bt AE (i S84 > A DA S AR A AR B A5 2 HY
LA - 3D B A Ay M R B E 23R G20 - IRIBEEETEEOR - " LUZ 3D
22D it (W EER) - BURENSRAVAVEEIE - IR REAG LS - A
Rp et ~ %~ REE - SRR FE IR E AR - A [EZLUES 2R AT 2 Y
AR EFAIREE -

Refer to Commentary Section 2.3 ASSEMBLY AND COMMUNICATION OF THE
EGM for further information

MHEERFES RS 2.3 £ : EGM AV4HRERS
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1.4 MANAGING EGM UNCERTAINTY

1.4 ‘B EGMHYAHEEN:

1.4.1 Introduction

1.4.1 &5

Uncertainty within the EGM has the potential to reduce the reliability of the project engineering and
increase the potential for project risks. The uncertainty should be assessed and strategies developed

to reduce the uncertainty and the associated project risks to agreed levels.

EGM EI’JT\E%?E‘@% AIREMH R K TR TR AT SRR - WA E R - EYS EGM HYR T

TENVEHE TR - BT AT ARLE A i 1 B A ] B 2 L B 2 Tl 2 R » DA (22 A PR

& e

1.4.2 Sources of uncertainty

1.4.2  FHEEMHRIF

The way that the knowledge is accumulated within the EGM reflects the dynamic relationship
between the conceptual component and the observational component. These two fundamental
components of the EGM are characterized by different sources of uncertainty: conceptual

uncertainty and observational uncertainty.

EGM RIS R A 5 U T 1S sl o AR 22 5 oy Z IR BNRERA (4 © S RI(E EGM B AZHERE! 7>
BAARFENAHEEEAN © TReAwEEN: ) M DB HEEM:, -

e Uncertainty occurring in the conceptualisation process is due to a lack of knowledge or bias.
This is also known as epistemic uncertainty but for ease of reference these Guidelines have
adopted the term conceptual uncertainty. Conceptual uncertainty primarily reflects the
appropriateness of the concepts underlying the EGM that, in turn, are heavily dependent on the

knowledge and experience of those involved.

o BAEEMSLBETHAEN  BHNRZHEERRR - WL " AREAENE, o B
THER2%E > 155 T RS TEENE ) BEiTEE - S TEE M B T EGM ATk
BRARESHVEENE - SRS XAERAREE_ ERUA R SR A SRR -

e Uncertainty in the data within the observational model is due to variability and randomness of
the intrinsic properties of the ground and the measurement accuracy of the testing devices. This
is known as aleatory uncertainty but for ease of reference these Guidelines have adopted the

term observational uncertainty. Areas with fewer direct observations are likely to be more
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uncertain than areas with frequent direct observations. Note that any interpretation of the data

within the observational model will be associated with conceptual uncertainty.

o ENEIEREAEETE > S HHUEE AR IR MR B DU SR Y &= RS
FEIERCHY - B T BTSN, > B TENS2S - AESIHRAT TEHATHEN:
—&d o BRI E RV H I T RELLIS E AR SV AN EE - SRR B
R B iR AT B A e PR BRI

1.4.3 Holistic assessment of EGM reliability by review

1.4.3  FIFHZFEEY EGM Ay SERE TRARRFAS

Review of the project should assess the reliability of the observational and conceptual components
of the EGM holistically, rather than separating them. The Development Level of the project provides

guidance as to the type of review (Section 1.2.2. — Tables [-2 & |-3).

FEE AR - ESTE EGM HUEH EBNR I AR p o Y AT SEE TR G TS - AR E
Py BaRES - STEAVBHEEAR (et @ SollEieERE) e rEE = (5 12261 - & 12
FI1-3) -

e For Level | projects internal reviews will provide a basic check of EGM reliability. Another
engineering geologist from the project team responsible for the EGM should undertake a check
of the development and refinement of the model. The reliability of the conceptual component
should be benchmarked against appropriate conceptual analogues derived from education,
experience and the literature and the compatibility of the observational component with the

conceptual component evaluated.

o BPE | Gt EGM ESRRIAVHAE TN SRR - TTHK EGM i
IR TR TER » AR RIS - MOt Y P SRRET BRI 1 55 - 48R
FOSCBte 4 RS M TEERE » 5341 HURBL L eIk 53 SR OB i O
2k

e For Level 2 projects the review will be as for Level | but undertaken by external reviewers.

These may be external to the project team or external to the organisation itself.

o BINEE 2MRAVETER - FARER | G - ERHSINIEEZ BT - ELNREEETE
HNERHY - TR R A SAS S I MY

R

(73

e For Level 3 projects an expert review panel consisting of acknowledged experts should ideally

be used to assess the reliability of an EGM by independently reviewing and commenting on the
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content, completeness and reliability of the project documentation. These should be appointed

by the client as independent specialists.

o NG 3PWIETE - mIFHAGERMERIERE/ N - S PEN R E G E
CSFOLMFHIANES ~ EREVERIAISERS » DAGTAl EGM AV I FER « SR IERE PRIk E R
BILER -

1.4.4 Other methods of assessing the uncertainty and reliability of the EGM

1.4.4  HAhEFE T2 E RN e ORI AT SERERY U774

All the information that contributes to the EGM needs to be assessed to evaluate both uncertainty
and reliability. For the observational component of the EGM, such checks are relatively
straightforward and can be undertaken either quantitatively or qualitatively. However, quantitative
methods cannot realistically assist in reducing reliability errors stemming from inaccuracies in
conceptual understanding. Only by checking the veracity of the concepts through qualitative

approaches can this component of the EGM be assessed and, thus, its level of reliability confirmed.

AT EGM HYE N AT AR 2O T A HEE VAT I SRS © $1HY EGM AVFREEINIR Y - FEte
KSR ERE > I DUE BECEMERETT - 28 - RS RRETE M SR i S R - fRE
HBE BT A e R EEREERR - EGM AYREZR Y rISERACE » HaEd e A e E M anE
% > A RETLAERD -

[.4.4.1 Assessing the reliability of the conceptual component
|.4.4.1 SHERESRTHY A SRR

An approach to the assessment of the conceptual component of the EGM is illustrated in Figure |-5.
This approach should be adopted at all stages of the project by individuals, peer reviewers and
expert panels. However, basic qualitative checks of the conceptual reliability of an EGM should also
made by the individuals involved as it is developed. Whenever self-checking or internal checking is

carried out the results should be documented.

|-5 5200 T a¥E EGM USRIV IT7E « BEETEAIFTAIEE: - a2 EA ~ FERrENH
F/ANHAEEE - HESRFERE A - 2810 > 1£ EGM Bs% e T > S HifHsEHEY EGM Il
AISEFDETE AR E M biad - Tacek H e E N e a s R -
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~1AEG

What features of significance to the project
can be anticipated from the conceptual

component of the EGM knowledge <
framework at this stage of the project?

Compare the anticipated features against real
world catalogue examples presented in many
textbooks and pubiications, historicai records
of geo-hazard occurrence, personal
experience and the knowledge of experienced
independent engineering geologists

Y

Are there any features or conditions that Review
have been observed that are not anticipated | YES | conceptual
in the conceptual model ? model

NO
Y

Consider the conceptual component of
the EGM to be reasonably reliable for
this stage of the project

Figure 1-5 Approach for assessing the reliability of the conceptual component of the EGM.

EEXREERERER  ATEEEN

== saasolrEeMasER | < |
S B R PR REAIA?

U

BEGMTEMBAIEN - BHRE -

AR ~ 3 "‘“‘*J_Enﬂﬁt 8 A
A BB RAICAS B S RO T8 T AT I
135’]%!].:‘&%%,\%1@%*@ 1IEEE

Iy} N
BRATINBEEAmENENE At
1B A B R BB ? = {57

&
U

REHEEERE - BRI BEGMAH
ZEHSAE - TR
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I-5  5F{li EGM BE& oy P SEEHY 5024
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1.4.4.2 Assessing the reliability of observational component - qualitative approaches
1442 PSR EENEOTHY AT SEE - EMTTA

The reliability of the observational component of the EGM can be communicated qualitatively using

methods such as thematic maps and the classification of the reliability of datasets.

A RGP ~ BB ER Y R SRR E A o Bl EGM AR A R FEE -
1.4.4.3 Assessing the reliability of observational component - semi-quantitative approaches

1.4.4.3 SHEFHEBMROTHIA]SEE - FERTTA

Various methods have been devised in which the components of the EGM are graded and the

various scores combined to provide an ordinal numerical assessment of reliability.

HATE&H 21774 FT $HE EGM HYFEEEHIE > ATSEREHE T 0 & > AR SR BsH Sl sk
DIEET)ETHRE -

[.4.4.4 Assessing the reliability of observational component - quantitative approaches
| 444 FELETEBUNROIAT IS - E R

Quantitative assessments are limited to evaluating the observational components of the EGM, and

three families of tools can be employed:
TEERHHERER TR EGM HYFREBUNR - rIDMEH =T AEf

e Random Field simulations and Random Finite Element Method (RFEM involves the use of
random virtual ground combined with finite element analysis within a Monte Carlo

simulation).

o [BHSEEIEMATRTZRE (RFEM Z ISR B P HIREHSE BEt i A TR TR
) e

e Geostatistical methods (both stationary and non-stationary, such as kriging methods).
o MELETTE (BIREHEEEIEEREM: - P10 kriging75)

e Stochastic simulations.

o [EPRIEAE -

Refer to Commentary Section 2.4 MANAGING EGM UNCERTAINTY for further information

THEERE S E RS 2.4 6 “E¥ EGM AU FHEE 4"

M
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1.5 ENSURING EGM QUALITY

1.5 ##fRr EGM /B

1.5.1 Checking the quality of the EGM development process

1.5.1 EGM BASZFAER B intx

An EGM of appropriate quality should be achieved if these Guidelines are implemented. A QA/QC
(Quality Assurance/Quality Control) checklist for adherence to these Guidelines is set out in Table

[-6.

Bk

% E EGM f55 [HEERR - M a] DUSE—{H RirfEHY EGM - 3% 1-6 ZARIE EGM 155 [Fral
VLAY RS R (QA/ QO % TR 3% -

Table 1-6 EGM QA/QC Process Checklist

% 1-6  EGM SnE {rad/ B PEh itz ie &

Key activity Status

FEIEH ELFRE S

Has an effective, competent team, including a reviewer, been assembled?

B T AR TR ERR (EEE )

Has the scope and purpose of the EGM been clearly defined?

B CIHEE PR EGM JE A HYHElE & HAY?

Is the EGM compliant with the tender documents/specifications?

EGM B &5 G RSB AR A

Has the relevant engineering and geological information of significance to the project been
assembled in a desk study?

EETEENHHAIISEL I C A A B S BRI TR Bt B

Has an appropriate geographical extent and scale been defined to present the EGM?

A EER EGM BT Ay E BLEEF R

Has an appropriate conceptual model been documented and is it reasonable based on the desk
study?

AT E RIS - il AR E PGSRBS A S Y

Was the ground investigation designed to reduce the uncertainties identified in the conceptual
model?

T A S S S DR DR S AR B e ek L AR AT R B E 122
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Have observations been acquired through investigations and documented as data?

BONGEREDREFEGRE TR - T LIS E sk B E R

Are the sources of data used to formulate the EGM clearly identified?

TEAE R M EE 1T EGM Firs | IV ERIARJR?

Is the quality of the data available sufficient to meet the purposes of the EGM?

FTE BRI B A e EGM 7Y HHY?

Are there any other potentially useful data sources?

A EA HA T RE R AV E R

Have data been specifically omitted from the EGM and is that reasonable?

EOHBER IR 4 RS RS G

Have observations been related to the concepts and a range of engineering geological
conditions been conceptualised and interpreted?

S A BUHIAE FUE A3 RE B AR B RO & 1 H T TR B IR 2 &5 R S B

Have engineering geological units and their engineering characteristics been defined?

A EER TAEME BT R H TR E?

Has a Geological Model been presented?

EAte i E A

Has a Geotechnical Model been presented?

TS R TR

Has a Geohazard Assessment been presented?

ARt E S ERF L

Have significant risks, gaps and discrepancies in the knowledge framework been identified?

TR FEESR T EA R ER - &g 2= A —BZR?

Has information for use in engineering analysis been provided?

Eateft TR AT &R

Has the entire EGM knowledge framework been documented?

HAREHE 4L EGM HYAISHEZS?

Have maps and sections been provided to illustrate the engineering geological conditions that
are of significance to the project?

T LA e B R 1 o i 2 S B e 2 R B Ry R IR 2

Has further knowledge required to improve the EGM, reduce the risks, facilitate upgrade to the
design or deal with claims been indicated?

AR A TR R R R B
i
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If a 3D digital model has been developed has the checklist in Table 1-5 been completed?

WAL T 3D BiisAl - BEEMKE |-5 sEpidafz?

Has the EGM been reviewed by a suitably qualified and experienced engineering geologist
appropriate to the level of complexity of the geology and the project?

EMG Bh4E &8 HAhR S e TREt B A T3 & F A HEREUCRCH ILE a8 KAyt
EBL TR -

Refer to Commentary Section 2.5 ENSURING EGM QUALITY for further information

AN % SRR 2.5 B ¢ BE(R EGM 5K
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