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, Engmeer'mg design is defined as a creative, iterative

- and open-ended process, subject to constraints imposed
~ through legislative codes, project economics, health,
safety, environmental and societal considerations.
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Engineering Design & Problem Uncertainty

“Geotechnical
“are

:'e'rig'ir:lee'r'sf rouﬂnély deal with natural conditions that

own and must b e inferred from

Structural engineering is largely
|| deductive: we start from reasonably
| well known conditions, where models
| are employed to deduce the behavior |
| of a reasonably well-specified problem. |

| In contrast, geological/geotechnical

| engineering is both deductive and

| inductive: we start from limited

| observations, and use judgment,
experience, knowledge of geology and
| statistical reasoning to infer the

‘| behavior of a poorly-defined universe. |
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do you think are typically encountered on
large engineering projects, for example the
design of a large open pit mine? ,




Geoloq:cal Uncertainty: represents the unpredlcfabtllty associated with the
_identification, characterization and interpretation of the site geology and

hydrogeology.

~Parameter Uncertainty: concerned with spatial variations and the lack of
~data for key parameters. , , ,

| Model Uncertainty: arises from gaps in the scientific theory that is
_required to make predictions on the basis of causal inference.

—Human Uncertainty: ranges from subjectivity and measurement error to -
_differing professional opinions.

Prediction competition - collapse height of
slope in soft clay. A substantial amount of
shear strength data was provided to the 31 - i e
participants. . 1£15 1 within '
I R B B B 450% -25%  -25% $50-100%
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Classification = block cave copper mine
i ition fo underground mining
ing completion of open pit
30,000 tons/day
=07%Cu




subsidence zone

pre-mining
topography

undercut =7 caving angle

(angle of break

Z0Ne

continuous
subsidence

fractured | *

fracture angle of
) initiation  subsidence
angle
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Florgs & Karzulovic (2002)
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Reserves = 1.624 billion tonnes
Grade = 1.47 % Cu
Development cost = $6 Billion
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~ What makes Geological Engineering unique is the complexity and
~ uncertainty involved when interacting with the natural geological
~ environment. '

| Often, field data (e.g. geology, geological structure, rock mass properties, |
| groundwater, etc.) is limited to surface observations and/or limited by
1 inaccessibility, and can never be known completely.
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~ driving

Data collection provides us
with a means to manage
uncertainty, but not to
eliminate it!

Operations (Performance)
Observed/Monitored/Back-Analyzed

""" Feasibility (Investigated)
Quantitative/Measured

Pre-Feasibility (Inferred)
Qualitative/Empirical
I

e Heek(991)  Value ——
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Stiding plane

+, = unit weight of water |-
v = unit weight of rock

Geometry Free body disgram

P ¢’(H —z)cosecy, + (W cosy, —U —Vsiny )tang¢’ )

Veosy, +Wsiny,
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, ‘. R S S S S s s
"~ | Weak rock under high stresses may lead

| to squeezing ground conditions, which may

result in damage/failure to the ground :
| support system, or require the costly re- /' e
| excavation of the tunnel section.

| In strong brittle rock, high stress

| conditions may lead to rockbursting (the
~ | sudden release of stored strain energy).
| Bursts manifest themselves through the
| sudden ejection of rock into the excavation
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Course Overview & Learning Goals

This course will examine
different principles,
approaches, and tools used
in geotechnical design. The
examples and case histories
reviewed will focus
primarily on rock
engineering problems,
although many of the
analytical, empirical and
numerical techniques
reviewed are also used in
other areas of
geological/geotechnical
engineering.
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Course Overview & Learning Goals

Through this course, you will
develop an awareness of the
different design methodologies and
tools available to practicing
geological engineers. More
importantly, you will learn how to
approach problem solving in the
context of geological complexity
and uncertainty. Emphasis will be
placed on the importance of using
design tools to aid in the thought
and decision making process, as
opposed to relying on them for

it

outright predictions.

> < 200f46 Erik Eberhardt - UBC Geological Engineering

EOSC433/536 (2017)

10



professional ethics.

' 2)

ecognize and differentiate the adverse effects that geology

and geological processes can have on site conditions and
engineering designs, and that engineering designs can have on

1.

he site conditions and natural environment.

~ 3) Assess the limitations of “textbook approaches” to Geological
Engineering design and means to manage uncertainty and reduce

r

isk related to geological variability and uncertainty.
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- 4) Compare and contrast different analytical, empirical and
_numerical tools-used-in-geotechnical design,-and-demonstrate how
~ these should not be used as a substitute for thinking but as an

d to the engineering thought and decision making process.

B) Justify design assumptions and level of detail in design

-+

et tage (from prefeasibility
hrough to construction, implementation and performance), and

update accordingly through iterative design as new data and
knowledge is gained.

- 6) Compare and contrast examples of true life Geological
Engineering design problems, solutions implemented and lessons
learned, and argue the value of case histories and need for
lifelong learning and professional development for Geological

E

ngineers.
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EOSC 433 - Geotechnical Engineering Practice i
(2017/18 Course Material - PDF Downloads) T
Week Lecture e [ttt e
Week 1i Lectwre | - Introduction Lab 1 - Pr OW'I Set o)
(8o 7) Besource Material - Strass B Straln Wesiew |l
Resource Maleriai- E‘_; ezl Eavigw
Weak 3! Lectwie 2a - Mew Tools for Data cnllln.llm Lab 2 - Problem Sd!
(Sap. 14] Lectare 2b - Instrumantation Flannin, fResource M ir..Halk.ml...iﬂu'.-.cr,.l’.axk Magg 0 ottt e e e
Eioperties
Weak 3 Locturs 3 - The Observatiensl Approach Lk 3 - Open-Ended Dasign Bratlema: Induction |
(Sep. 71}
|1 Weak 41 Lecture 4- Xinemathc Analysis 0 Desource Material - Wedge Volume Caleutation 00 |t
{S+p. 28) fexsurce Material - Stersanet Bxlen
-
Design Probiem I - Wedges & Rock Balting Moo b
Detign Probiam 1 - Grading Rubrie
Week 51 Lecture 5 - Empirical Design Methods Lab 5 - Problem Set #3
.y e e e
Weak 6: Mo Lecturs - Opan Ended Design Freblam Work Sassion. tio lab. Dwsign problem drop-in.
(ot 12)
‘Waak 7; Lactsrs 6+ Limit Eqelibrium Anakysis Lab & - Limit Equillbrium Asgignmant | e e
{Ocr. 19) o X, 2 Lak 6 - Limit Equilibrium Analysis
Seswuce Matecial - Joho Keabo ga Uit esulincius [Tf) e e s
Week 81 Leciure 7 - In Situ Stress Lab 7 - Dasign PMIH“ MH km """"""""""
(Dt 26) Design Propiem 2 -
Dasign Problam 2 - Pllr Il I-Dn Gfi“ln Rubrie
Weak 9 Lactisrs § - Strass Ansiysis Lab & = Boun -t B | S B R At e St
[Wev. 2} gosnurce Material - Evert Hoak oo Numarical Methad m] Lab 8 - Bou nw; :l-mm Analysis Answer Shaet
Design Problem 1 - Cromn Pillar Problem
Denign Probiem 3 - Cradimg Rubrle 0 Jro oo e e e e e e e
Week 10: Lecture § - Rock Stabilization Principles Lab 9 - Rock-Supeort Interaction Assignment
[nev, ) Lab 9 - Rock-Suppedt Interaction Anwwar Shest || 100 b0 b b
Week 111 Lacture 10 - Deformation Amabysis and Elasto-Plastic vield Lab 10 - Finite Element Assignement T T T Ty
tharv. 16} Lab 10 - Finite Elamant Anabysis Ansmer Sheet i i i i i e
Design Prodiem 4 - Cromn Pillar/Pit Wall Interaction Prodlem
Dasign Problem 4 - Gradig Rubele . N
Week 121 Lectwre 11 - Analysis and the Dé Lab 11 - Distinct Elemant Assignment
(Wov. 23) Mathod Lab 13 - Déstinct Clamant Anabysis Amgmersbest | 0000000
Waak 13 Lecture 12 - Stress-Induced Brittie Falers Wa Lab Scheduled
(o 301
j https://www.eoas.ubc.ca/courses/eosc433/lecture- maTer‘naI/eosc433 downloads hTm |
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Week 1: Introduction —Lab 1 - Problem set #1.

- coarse overview; rock as an engineering s USSR SOSS SN JSSS S -
materlal des:gn methodologles S S NS S NS SO NS SO NS S0 It

Week 2: New Tools for Data Collection Lab 2 - Problem set #2. !

-~ data quality and confidence; remote sensing | . . | | | |
tools for dlscontmu:ty mappmg N SN NN SN NN SN NN SN NN SN

Weeh( 3: Observational Approach ~_Lab 3 - Lab Introduction

-~ phenomenological vs mechanistic ~ to Design Process.
_approaches; Terzaghi's observation method; . . . . . . . . | | |
_use of monitor'ing data in design. (o

‘Week 4: Kinematic Analysis ~ Lab 4 - UNWEDGE

- structurally controlled failure; wedge __exercise & Design Problem

-volume calculations. key block theory. B2 P U T A
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,Week 5: Emplrncal Desngn

- derivation and application; rock mass ~Lab 5 - Problem Set #3
~classification vs. charqcterization; 68T, i

:Week 6: No Lecture Lab - No lab. Design

- Des:gn problem work session. ,P"Ob’em drop-in.

,Week 7: Limit Equilibrium Analysus 1 :La'b' 76' ' '.S'L'ID'EV/L'EM' | L
- factor of safety: back & forward analysis; _exercise & Design Problem
_probabilistic analysis. o #2
:Week 8: In Situ Stress ~ Lab 7 - Design Problem

"Peer Review.

_ - stress as a boundary condition; direct
vs. indirect measurement methods.

‘Week 9: Stress Analysis ~ Lab 8 - ExAmM=>/Bem-
T . - —exercise & Design Problem
- Kirsch equations; boundary-element method. 3
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'Week 10 Rock Sfablllza'non Pr'mcuples ’ 'Lab 9 - RocSuppor't

- support vs. reinforcement strategies; ground éexercise. L L1 1
r'esponse curves.; support interaction curves.

rWeek 11: Analysis of Yielding Rock Lab 10 - RS2/FEM

- constitutive behaviour; failure criterion; —exercise and Design
- elasto-plastic yield; finite-element analysis. - Problem #4.

‘Week 12: Analysis of Jointed Rock ~ Lab 11 - UDEC/DEM

- joint stiffness & strength; scale-effects; ~exercise.
distinct-element analysis. I A S R A A A B A

'Wéek 13: ‘Sfre‘ss-‘-Cbnfro‘lled Faiiuré - Lab -‘Né Idb_‘

- brittle fracture processes: spalling; rock 1 |
- bUI‘Stiﬂg, ................ § / .....
—>[Z|< 260f46  Erik Eberhardt - UBC Geological Engineering  EOSC433/536 (2017)
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~Lectures: Thursdays from 13:00 to 15:00 (ESB 2012)

~Labs:  L2A-Fridays from 14:00 to 16:00 (EOS-M 203)
: L2B-Thursdays from 16:00 to 18:00 (EOS-M 203)

|—TA’s:——Afshin Amini (aamini@eoas.ubc.ca)

~Grades: problem sets (2) 10%
, lab assignments (best 5 of 6) 10%
open-ended design problems (4) 307%
final exam 50%

Con'ract Info - Office: 251 EOS South
E-mail: erik@eoas ubc.ca

~Course Web Page - /eoas.ubc.ca/courses/eosc433/eosc433. htm
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‘Lecture Notes - PDF's of these Powerpoint slides will be made
“available for download via the course web page.
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W Course Notes & Books '

Dr. Evert Hoek's Practical Rock Engineering (2007 ed ) is a vital reference tool for engineers
working in rock.

A free set of notes that are based on a number of case histories - each carefully chosen 1o
illustrate the concepts and practical approaches used. From tunneling in Scuth America to slope
stability in Hong Kong, Practical Rock Engineering is an invaluable reference tool.

The notes are available in their entirety, or by chapter, below.

A number of other publications from Dr. Hoek are also available here. See the left sidebar for
more information
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~In the context of the mechanics problem, we should consider the
-~ material and the forces involved. As such, five primary geological
- factors can be viewed as influencing a rock mass.

- TL .
— We have the intact rock which is -j';?.’,“_,f{,;;,w
£

""" itself divided by discontinuities
to form the rock mass structure. | 7

' —" 'We find then the rock is already -
- Isubjected to an in situ stress.

influence of pore fluid/water
flow and time.

With all these factors, the geological history has played its part,
altering the rock and the applied forces.
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Uncertainty & Variability

Aleat
(Natural variability)

o Temporal
S - e.g. Groundwater level
E = Spatial
> = atia
< I edg. Jo#ut strength
= o
S K Epistemic
T a (Knowledge uncertainty)
o = = =
8 > Site characterisation
e.g. Sampling
Model . .
eqgd. Strengﬂw criterion
arametler
L] e.g. Empirical inputs
Baecher & Christian (2003)
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Sn‘e Inveshqahon & Data Collection

Willenberg et al. (2008)

Geologucal Geophysical
<::>

geologlcal model

!

Rockmass
processes
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Integrated Risk Assessment

Diizgiin & Lacasse (2005)

Data Collection

Hazard Assessment

~
|

Deterministic

Probabilistic Modelling _\.

+
Uncertainty Analysis |

e _ _ 2

—o[ Vu]nel'abi]‘j'ty Assessment ]
|

Risk Assessment
( Analysis + Evaluation )

——m e m e m— i ——— -y

| Data Collection [EEE—_G_G

- Geology
- Geometry J
- Strength i

- Groundwater
- Dynamic loads
- Elements at Risk

~Fl-
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Horzontal displacements
B A [em]

I 50
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| [ £ T / -
9 2 .-ngt % ,1/ A Geotechnical Stability
\ L i _I'I monitoring analysis
= . = - :/ _J'i
120 - e Controlling
4 - .
b / / e mechanism(s

Geological Geophysical
investigations investigations

NS

geological model

|

Rockmass

processes

1
1
1
t
1
1
1
1
I
t
'l
1
| I
1
1
T
i
¢

failure
kinematics

Willenberg et al. (2008)
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Design Methodology

Successful engineering design involves a design process, which is a
sequence of events within which design develops logically. Bieniawski
(1993) summarized a 10 step methodology for rock engineering design
problems, incorporating 6 design principles:

o | DescheTION A= | Step 1: | Statement of the
Vi | e e i e z SR | problem
2 al and ints (dosign
variabie and design issues) 1
D | Roonontes. prmome b i swvioss 2 performance
@ Concept 3 o) SN objectives
3 Analysis of salution components (anakyticel,
numanical, smpirical, shssrasional mathods) 3.4
3 solutions i:i'::m. sizos, lo-:.ab:;. anentations s'fep 2: Funcﬁontﬂ
of axcavations| .
7 Enluauoln |mtnu.-.-anu- rereT— :4 requ""emenfs and
0 § constraints L
9 Recommendation & )
10 (edficient icn, and [] (o))
2
Design Principle 1: Clarity of é
design objectives and S
functional requirements. S
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Design Methodology

Bieniawski (1993)

Step 1: | Statement of the problem | Vi,
performance % Design Principle 1: Clarity
objectives of design objectives and

functional requirements.
Step 2: Functional requirements &
/ A\
and constraints

design-variables &
design _issues

v Design Principle 2: Minimum
Step 3: | Collection of information | ﬂl]l::> uncertainty of geological
[] geological characterization, conditions.

rock mass properties, in situ
\/ Stresses, groundwater, etc:

Step 4: | Concept formulation | Iﬁ%

design variables & Design Principle 3:

design-issues Simplicity of design
V components
Step 5: | Analysis of solution \\Xﬁ (e.g. geotechnical model).
components
> < 360f46 Erik Eberhardt - UBC Geological Engineering  EOSC433/536 (2017)
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'Sfep'St' | Analysis of solution | "/Z7‘ o
P ‘ components ‘ ‘

S S O R ] shapes & sizes of excavations, |
ool o rock reinforcement options and

| ‘S"te;‘)7:: 7 Step 8 R
R | Evaluation |~| Optimization ’ Tl]ljli:> '

. performance

consideration of non-rock:

Design Principle 3:
Simplicity of design
- components.

'Sfeb's:' | Synthesis and specification \“ﬁ

N | for alternative solutions |

|| assessment !eheiﬂeeriﬂg aspects (ventilation,

) STep 9 | Recommendation k -

lessons |

_power supply, etc.) |

- preliminary & final designs | |

""""" T l—'feusibiii‘ry sfﬁdy' Sl SR

Design Principle 4: State of
the art practice.

| analysis results, monitoring,

Design Principle 5:
Optimization of design

(through evaluation of

etc.).

Design Principle 6:
Constructability (can the
design be implemented

efficient excavation &

monitoring |

safely and efficiently).

B Step 10:[ Implementation | g/ L SArey anc eTncenty). |
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9 4 h _ SYSTEMS
[ g STABILITY ANALYSES
5] ROCK STRESSES N NUMERICAL
% > or > MODELLING ROCK SUPPORT ESTIMATES
= STRESS LEVEL
<7 _ANALYTICAL EXCAVATION PROCEDURES
»| GROUND WATER » POSSIBELE BEHAVIOUR CALCULATIONS :>
OF THE GROUND — TBM EVALUATIONS
\ ——— /
\omnd ) ' OB?‘ES,",;‘SDO;"A" GROUTING EVALUATIONS
PACJECT RELATED FEATunEs}—b L ooy | L OGATION AND LAYOUT
ENGINEERING H
i, _l OF THE PLANT
s e T LY
,,,,,,,,,,,,,,,,,,,,,, Palmstrém & Stille (2007)
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