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Introduction

* What is forensic engineering?

+ To find out reasons of nhon-compliance
performance (SLS & ULS) of products and the
causation (contributory and triggering factors) of
undesired incident

* Purposes:

» To prevent recurrence and improve reliability &
durability of product

» To attribute responsibility and damage recovery
(litigation)

» To remedy failure/distress based on root cause

-+ Locard’s exchange principle : “Every contact
leaves a trace”

Frameworks

» Desktop study

» Data collection (collecting evidences)
» Incident scene inspection
» Interview with Eye-witness & Specimen collection
» Measurements & Monitoring Data

» Developing chronological events
» Examine cause-and-effect

=« Developing model and failure analysis
» Fault Tree Analysis (FTA) — Deductive

» Failure Mode and Effects Analysis (FMEA) &
Criticality Analysis (CA) — Inductive

« Experiments & laboratory tests




Failure Analysis

+ Evolved from Reliability Engineering (military),
Safety and QA/QC Engineering (but with
perspective of post failure review. i.e. a re-run)

« FTA (Backward logic)
Cantributory Facior 1

Confributery Factor 2

Backward logic (Contributory & Triggering Factor)

Failure Analysis

+ FMEA (Forward logic)
» Functional (Design Requirements)
» Design (ULS, SLS and Material Specifications)
» Process (Method of Statement & Construction)
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Forward logic (Resultant Effects & Consequences)




Common Problems & Myths

Common Problems:
» Inaccessibility to the incident site

» Timing between incident occurrence and
commission of investigation (Destroy of
Evidences)

» Incorporative altitudes of involving parties

» Release of critical information (information on
design, construction records, monitoring results,
maintenance and operation)

» Conflicting data and facts
» Representativeness of interpreted information
» Establishment of event sequences

Common Problems & Myths

Myths:
» Overly simple postulation of potential
mechanisms

» Fundamentals of mechanics & kinematic
movement traces

» Matching of performance data

» Cherry picking of facts to favourably suit
perceptive failure scenarios

» Uniqueness of cause-and-effect relationship
» Soundness of evidences collected or implied

» Compliance of design codes, work statement &
material specifications




ROLE OF GEOTECHNICAL ENGINEER

Civil Engineer

Geotechnical
Engineer

Geotechnical engineer in Malaysia is
ambiguously regarded as *“ "
in the public perception.

Geotechnical engineer is a qualified
civil engineer registered with Board of
Engineers Malaysia as either graduate
engineer or professional engineer
having relevant and competent
experience in geotechnical works

= ability to plan ground investigation &

characterise ground conditions for
engineering processes

= identify & assess the potential geo-
hazards and the possible ground borne
interaction to proposed structures

= offer feasible engineering design
solutions to ensure safety & satisfactory
performance of the end product of the
engineering works including its
surrounding

I wHY APPOINT GEOTECHNICAL ENGINEER?

Why Geotechnical Engineer?

Geotechnical engineer as an underwriter
for risk assessment.

Gl as tools for Geotechnical Engineer

Itis regard as necessary, but not a
rewarding expense. (Uncertainty,
sufficiently accurate design options for
Cost & Benefit study)

= What Risk in Ground & its
Consequence ?

Ground Variability & Geo-hazards.

Financial Viability & Cost Overrun
(Construction & Operation).
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RISKASSESSMENT




Geology
Hydrology

Structural

Mechanics Structural
Support Systems
: €.g. foundations
Continuum

Mechanics

Numerical
Analysis fandfills

Geochemistry

Materials

Ir|h_'-r-r|ati-:-r|

Rock

Mechanics  S°il
Mechanics
Fracture

Mechanics

Public Policy
Underground

Contract Law

Risk
Management

sile Mechanical
i . .
remediation Engineering
Construction

: Ground
Site Movements

Exploration

Modified from Morgenstern (2000)




Geology
composition
Hydrology genesis
Surface fluid flow processes

Structural Mechanics el iales

deformation
failure

member design
. . Structural
Continuum Mechanics rt System

elasticity e.g. foundations
plasticity
idealisation
Numerical Analysis
boundary element
finite difference
discrete element

finite element landfills

Geochemistry
waste
leachates
durability

WEACETS
types
properties
geosynthetics

Surface Geo-structures

£.g. embankments,

Site Exploration
reconnaissance

in-situ testing
laboratory testing

Rock Mechanics

deformation  Soil Mechanics
failure deformation
seepage failure
seepage

Fracture
Mechanics
blasting
quarry
Public Policy
codes
standard

Underground )
laws & compliance

Geo-structures
€.g. tunnel Contract Law
specification
Risk Management
observation method
risk assessment
instrumentation
Mechanical Engineering
drilling
instrument
Ground ConstructioenxcavatIon
Movements  practice
earthquake experience
liquefaction
sinkhole

Ground Improvement
e.g. densification,
remediation

drilling

geophysics

Modified from Morgenstern (2000)

Genesis/Geology

Ground
Profile

Precedent,

Empiricism,

Experience,
Risk-management

Site investigation
Ground description

Ground
Behaviour

Lab/field testing
Observation/measurement

Appropriate
Model

Idealisation followed by evaluation.
Conceptual or physical modelling
Analvtical modellina




» Definition : The operation of the mind,
involving “comparison” and “discrimination”
by which knowledge of values and relations is
mentally formulated. (Webster's New
Collegiate Dictionary)

= Recognition : Engineering judgement as
an acceptable engineering practice

Judgement
Fnowledge of all
kinds & from many
different sources

Experlence
Directly or
indirectly from
others

Knowledge

Familiarity gained
from Experiance




HOLISTICAPPROACH

Project

Ohijectives

Effective
Communication

| WORK SCOPE OF GEOTECHNICAL ENGINEERING

Scope

Soil-Structure
Interactions
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WORKSCOPE OF GEOTECHNICAL ENGINEERING

Natural
Terrain
Instability

Cut Slope

Retaining
Instability

Structure
Slope Fill Slope
Strengthening  Instability

Embankment

Ground
Reservoir Treatment
with Stone
Columns Offshore
Environmental Maritime Structures
Landfill >

Structures

>
Basement

Excavation P;?d
«—> roun
Underground Treatment

y
Space & with oty
Foundation Preloading

Protection

Potential Scope of Geotechnical Engineering (modified from Atkinson, 2006)
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GEOTECHNICALWORKS




UNCONTROLLED DUMP




MATERIALS ATCONSTRUCTION

10 11 12 13 14 15 16 17 18 19 20 21 22

Weathering Profile

= Deviation of material classification between
borehole and excavation

(Claim issue — LR ,,.!_‘

Soil or Rock ?) ' ;a. |




GEOLOGICAL

Difficulties in Identification of
Complex Geological Settings




Difficulties in Identification of
Complex Geological Settings

i

FAILURES




| DELIVERABLES

Review Repart

//__\ .
Anglysis &

// Design Report

Geotechnical Interpretative Report

Ground Investigation/ Geological/
Validation Testing Geotechnical Model

Geotechnical Assessment Report Geotechnical
' Review

Requirements on Validation Report

Recommendatizn on Testing/Monitoring

Mitigation Measures

Geotechnical Analysis & Design Report

Design Assumptions/Design Werksequence/
Analysis/Detailing specification/Drawings

Relationship of Deliverables of Typical Geotechnical Engineering Works
36




SUPERVISION

Babylonian King, Hammurabi (1792-1750BC) -“eye for an
eye” method :

If a builder builds a house for a man and does not make its
construction firm and the house which he has built
collapses and causes the death of the owner of house —
the builder shall be put to death

If it causes the death of the son of the owner of the house
—the son of that builder shall be put to death

If it causes the death of a slave of the owner of the house -
he shall give to the owner of the house a slave of equal
value

If it destroys a property, he shall restore whatever it
destroyed, and because he did not make the house which
he built firm and it collapsed, he shall rebuild the house
which collapsed at his own expense

If a builder builds a house for a man and does not make its
construction meet the requirements and a wall fall in, that
builder shall strengthen the wall at his own expense

- Translated by R.F. Harper

SUPERVISION

CODE CIVIL Napoleonic Code (1804) :
DES FRANCAIS. . o . .
« If a structure had a loss of serviceability within 10 years
LR - Of its completion, due to poor workmanship or

BE L4 PUBLICATION, DES EFFETS "

er or Carrisearion ok to1s foundation failure, then the builder would be sent to
EN CENERAL. prison_
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I Innovation

Challenge
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Forensic Engineering

To learn the consequence of ignorance, design overlooks or overconfidence of an
engineering works.

A complete investigative cycle looking for factual evidences and rational reasoning of the
causation out of the probable possibilities and sequence of the failure events.

Very valuable lesson learnt & unforgettable experience to prevent similar recurrence.

Common problems faced in forensic investigation : overwhelming of either irrelevant or
conflicting information; untimely access to the scene for gathering first hand information.

For problems with complex action-soil-structure interaction, it is essential to figure out the
moment of which certain components in the system reach their corresponding ultimate
limit state condition leading to the unacceptable performance.

Forensic investigation is often tied up with legal proceeding to recover and apportion the
damage and responsibility to the parties at fault. For complicated cases, the loss adjuster
will recommend engagement of geotechnical specialist consultant to investigate the
causation and determine reasonableness of the proposed remedial solution by the insured.
Common findings in geotechnical forensic investigation by the author are as follow:

Poor understanding of ground conditions due to inadequate ground investigation and la
boratory testing,

Technical deficiencies, likes design errors, mistakes in specification or construction/sho
p drawings,

Non-compliance on materials, approved method statement due to lack of supervision,
Lack of maintenance,

Improper usage of structure during construction stage by builder or operation stage by
owner,

Vibration and erosion.
In most cases, the first three factors account for the failures.




Examples of Interfacing Issues with Other
| Project Stakeholder

Focus of Gl
: Piled Bund Wall
in Settling Soil
Civil Engineers

Consolidation .
Settlement . :

Examples of Interfacing Issues with Other
| Project Stakeholder

Unrealistic
Support
Conditions

Code Based Simple
Design Structural Subgrade
Approach Engineers Modulus

Load Cases
(Conservative
loadings)
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(a) Independent Structural Springs
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(b) Mutually Interacting Structural Springs

Actual Overall Structural Behaviour Analytical Structural Behaviour

(with Soil-Structure Interaction ) (with Supports of Constant Stiffness)

Examples of Interfacing Issues with Other
| Project Stakeholdey

Usefulness &
Quantitative
Technical Input

Engineering
Training
(Mon-Mechanics
Orientated)

Geological Focus
5. Engineering
Significance

Engineering
Geologist

Establishment of Hazard

Proper Geological Identification
Model




Roles of Engineers and Geologists

Prowde regional geological
setting & potential geohazards

Detailed study of site geology
and produce specific geological
models and maps

Engineering geology such as
geological formations, slope
conditions, highlight potential
geological constrains and
problematic areas and materials

Engineering geological
assessments provide to engineer,
including during construction, if
required

Geotechnical Engineers

Covers all geotechnical aspects
of a project

Planning and implementing site
investigations to obtain design
parameters for engineering
analysis

Carrying out detailed engineering
analysis for possible failure
mechanism, suitable engineering
solutions

Undertaking detailed engineering
designs of all geotechnical
components, supervision and
advising on monitoring and
maintenance

Example 1. Slope Strengthenlng Design




Example 1: Slope Strengthening Design
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Example 2: Slope Failure Investigation

Ridge
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Dislocated
River .
Channel "%




n Example 2: Slope Failure Investigation

AN

Summary

= Geologists identify geological constraints and
forewarn the Engineers of such constraints.

= The Engineers would then decide on the proper
course of actions to be taken to counter such
constraints with engineering solution to ensure
public safety.




Complexity of Rock Mass
. Rmmiﬁﬁ&:k mass strength ( slope & excavation design)

= Empiricism requiring judgement (involving subjectivity)
= |Information normally only available during construction, not
design stage

Communication Problem




Summary of Geotechnical Engineer’s
Role

Define the role of geotechnical engineering at various project
cycles (project inception, investigation, assessment, design,
construction stage till maintenance after completion),

Highlight potential value adding process by geotechnical
engineer,

Lesson learnt from forensic investigation minimize serious
mistakes & avoid recurrence,

Problems encountered, solution exploration & innovation
achieved in some of the projects,

Interfacing problems with other project stakeholders & highlights
for future improvements with better mutual understanding,

Case histories demonstrate the important role and value of

geotechnical engineer in dealing with the uncertainties in the
ground.

Conclusions

» Application of forensic principles in geotechnical
investigation

+ Difficulties encountered and ways to overcome
* Role of Geotechnical Engineer & Geologist

-+ Professional responsibility to reveal truth of the
causation factors, failure mechanism, effects
and consequences for lessons learnt







SESSION 2: ROLES OF
GEOTECHNICAL INVESTIGATION

Ir. Liew Shaw Shong

I Introduction

= Site Investigation

o Information on Hydrology,
Meteorology, Environment,
Natural Resources, Activities &
Topography

= Ground Investigation

= Information on Ground &
Groundwater conditions

» Monitoring

= Time dependent changes in ground
movements, groundwater
fluctuation & movements




I Introduction

Purpose

Natuwral
HArezowrres

-.‘x‘ (Matemialz)
'&.‘\‘\
Forensic s

Invastigation // —
/!-f__..- ",

-~

Site Sefection

I Introduction

Project Cycle

Ground Investigation

)

Common Problems & Trend

Conclusion




g Why doing GI? Why Geotechnical
Engineer? What Risk & Consequence

Why doing GI?

Itis regard as necessary, but not a
rewarding expense. (Uncertainty,
sufficiently accurate design options for
Cost & Benefit study)

Why Geotechnical Engineer?

Geotechnical engineer as an underwriter
for risk assessment.

= What Risk in Ground & its
Consequence ?

Ground Variability & Geo-hazards.

Financial Viability & Cost Overrun
(Construction & Operation).

WITHOUT S, GROUND IS AN HAZARD

Sink hole triggers dramatic S
Florida viaduct collapse g

SITE INVESTHIATHINS fxled
i plek Wp § & b ol

Source :http://www.sptimes.com/2004/04/16/Tampabay/At_site_of collapse__.shtml



WITHOUT SI, GROUND IS AN HAZARD
ll!lhl saves man m smkhnle scare

1|><JJJ When Lee Pek Sang, 84, got up to
- terday, he

i

lme in Bukit Mertah

New Village, was missing — lost to o sink-
hale

The ~~i|k’|<||1. messuring ‘-I-Illl by

nunn[ g
tment of 'S,

e fallen into the

c ligght outside the toj-
y& switched on.

He also sald he cannot leave his home
because he had nowhere else 1o go.

e last ku:khnh ulml: appeared at the

cobhler’s house on

hie
the ~|nkh«r|n.
The Lahat mines o

" since it »nuhl be DEFF TROUBLE ... Yeong (standing, loft) neemg into the sink-
£ on the new Ipoh-Lu-  hole af what used lo be Lee's foillet yestorday. The MP pledges fo
mut ouler ring road fallow up on the matfer at the Dewan Rakyat in July.

WITH SI, GROUND CAN BE AHAZARD

A LR AT A
=

Source :National Geographic (Jan 2008) 8




WITH 51, GROUND CAN BEAHAZARD

UNDER THE MUD VOLCAND
N began with a bursi of stesm and
o splhurt of mud. But the gloopy swnge
ihat kocals call Lust soon became &
By dewm, the i SEFEWING nightmare. Satallite imagen
[boga) shaw Lusi swaBowing more than
two sguars miles in the Porong District
A cross ssction (right) Mustrates whal
geclogist Richard Davies believes
caused the disaster.

Dirill wirg for gas bored 3,580
laat i inaeried & slial casing
ia s ipitan tha hoba

3. Deilling wend deoper withaul tha shesl
casing. Wabar and pas fifed the hob,
and the retwilling pressurs Fectired
wnpredected rock sirala
Haol, high-pransurms wi
prohabdy brom the Ku it

i, The waler mooed W
as of mudsions
5 Mud surged ihrough ayer of
mrdlsbamn and sandsions and brokn
Fhrough ihe surinoe
Engineers built dies in an atlem
1o conimn the mad

7. Underground, cavarms fanmed and N x .
B e o Source :National Geographic (Jan 2008) °

| Unexpected Blowout of Underground
Gas

= (Gas pockets at 32m bgl
= Flushing out of sand




GOD CREATION & HUMAN CREATION

= How Gl cost

Captain, no worry!
We are still far from it.

Consequence
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Codes & Standards

B5s5530

MSaiogh

Process Diagram of Ground
Investigation

= Appointrent of = Conceptual
Gratechnical Mesign
Specialisl




Process Diagram of Ground
Investigation

& Plan & Wenlily

-’
Scope of Gl . DeirTTaE = Implement &

methadalogy of Interpret Gl
ol

Stage 1 of Gl

c Desk Study

| /‘\. r: Site Walk-over Survey

@ Identify Project Need

-

v « ScopeofGl

= Bid Document & Tender




Stage 2 of Gl

c Field Supervision

f:_j. Sampling, In-situ Testing,
Geophysical Survey

e Monitoring

Laboratory Testing

e Work Certification

Stage 3 of Gl

c Factual Data Compilation

@ Interpretation

Q_ Report Preparation

“Without Site Investigation, Ground is a Hazard”




I Desk Study

Information for Desk Study : , j =T

* Topographic Maps - i [-§ L = '
« Geological Maps & Memoirs TNy - { el )
« Site Histories & Land Use - : [ s el 1

« Aerial Photographs
« Details of Adjacent Structures & Foundation
« Adjacent & Nearby Ground Investigation

--‘""0;'} ~ Project

LEet iﬁf\ﬂim-g site

Project
Site

I Site Walkover Survey

+ Confirm the findings from Desk
Study

+ |dentify additional features &
information not captured by Desk
Study




I Site Reconnaissance

I Gl Planning

= Direct influence beneath the proposed structurefworks
I_ a YO Ut » Distant Impact from the proposed structurefworks

= Light structure
+ Compact structure (3 ~ § points)
F re q U e n Cy . t::.*:lar infrastructure (Representation of each geological

. Slnpe:Tpm#nngperumm’.m

» Foundation : 10% stress bulb ar to competent founding strata
# Slope : Hard slrala or bedrock, nol less Lhan overall slope heighl

Watch out for baulder, cawty, hard pan, neces=ary depth far
weathenng profile

24




Depth of Investigation

Stability Analysis

DEFTH OF INVESTIGATION

Common Problems

= Incomplete Survey Information




I Gl Planning

* Reasonable samples in each soil strata and bedrock

S am pl I n g * Groundwater samples

+ Advance indication on strepgth, stiffness, peomeability
. + [Drirect testing
IN-situ Test R

= |n-situ stress

|
Laborato ry « Sample quality & disturbance

= Late availability of result

-|- = Stress path controlled & effective strength are
ESt possible under controlled environment
\

27

I Gl Planning

\
= Ground movement (sliding surface, settlement/compression)
* Groundwaler heclualion

M D n ito ri n g = Appropriate timing & monitoring duration

= |dentify potential failure mechanism

S f » Preferahly in three stanes (strateqically)
tag E D + Preliminary Glwith contingency provision — Brosd cvendew of groumd conditions
= Uetailed Gl Atcrticad arcas for more information

= Gl i Corsdruc livn Verilialion -Aress nol covesed in previous Glldesiyn
ridilicalivn

= Allow for flexibility of information coverage catering for

F | e}“ b | I | ty option exploration

Investigation

28




Specification

Objectives (study, design, forensic, construction)
Type of investigation, mapping & field survey
Vertical & lateral extent (termination depth)

Sampling requirements (types, sampling locations &
techniques)

In-situ and laboratory testing requirements (standards)

Measurement/monitoring requirements (instrument
types & frequency)

Skill level requirements in specialist works &
interpretation

Report format & data presentation

Specification

= Work schedule & Gl resources planning

= Payments for services, liability, indemnity,
insurance cover




Boring/Drilling

- Subsurface stratification/profile
- Material classification & variability
- Laboratory tests

- Allow in-situ tests down hole (profiling)
- Direct measurement of ground behaviours

- Allow monitoring instruments installed down hole

Direct Method - Boring, Sampling, In-
situ & Laboratory Testing

Medical Applications
- Biopsy sampling

Geotechnical Applications

- Boring, Trial Pitting & Sampling
Thin-walled, Piston Sampler
Mazier Sampler
Block Sample

-In-situ Testing
SPT, MP, CPTu, VST, PMT, DMT, PLT,
Permeability Test
- +  Field Density Test

-Laboratory Testing
+ Classification Test
Compressibility Test (Oedometer/Swell)
Strength Test (UU/UCT/CIU/DS)
Permeability Test
Compaction Test

Chemical Test (pH, Cl, SO4, Organic Content,
Redox, etc)

Petrography & XRD




I Indirect Method - Geophysical Survey
Medical Applications : .-- i .- w , /

- X-ray, Computer Tomography & MRI
- Ultra-sound

Geotechnical Applications
Geophysical Survey
- Electromagnetic Waves
(Permeability, Conductivity & Permittivity)
- Mechanical Wave
" (Attenuation, S-waves & P-waves)
- Resistivity Method
- Microgravity Method
- Transient Electro-Magnetic Method
- Ground Penetration Radar
« Seismic Method

Santamarina, J. C. (2008) - http://www.elitepco.com.tw/ISC3/images/Keynote-03-Santamarina.pdf

* Merits

- Lateral variability (probing location)

« Profiling (sampling & testing)

« Sectioning (void detection)

+ Material classification

* Engineering parameters (Gy & Gyynamic) -
* Problems

-Over sale/expectation

Misunderstanding between
engineers, engineering geologists
" & geophysicists
Lack of communication

*Wrong geophysical technique
used

Interference/noise

AN . 3§

e e L T
34




I Sampler

Split Spoon :
Thin-Walled o3
. 2k 251 mm
Piston Sampler 7o
Mazier Sampler S % % o
. o % E . ree drop tri
Core Barrel 73 5§ g — ﬁi‘fa:(-mgnkz})p
L 8 N g
Wire-line i @Az
F ” - ) [\ T Striker plate
- R B Connectar to
32mm rods
T% :f%:: € %
= = E Round "A' rods
& i or square 32mm
boring rods
8 ,_32 g._ ,/ Split spoen
& g
. AN
& N - Standard
E [ _»Limm cutting shoe
2 »35mm 60° cone for gravel.
99
Split Spoon
Connection to
Thin-Walled il rods
Piston Sampler
Mazier Sampler " Raving 6 minmom ‘o5t seetional
area of 600mm? to allow free exit
Core Barrel | of woter and air obove sample
H . Screws attaching sample
Wire-line : tube fo drive head

f~——— Thin-walled sampler tube, samples
commonly 75 to 100mm diameter
by 1m long




I Sampler

Split Spoon
Thin-Walled
Piston Sampler
Mazier Sampler

Core Barrel
Wire-line
g
I Sampler ]
Split Spoon _ 1
Thin-Walled |

Piston Sampler
Mazier Sampler
Core Barrel
Wire-line




I Sampler

Split Spoon
Thin-Walled
Piston Sampler
Mazier Sampler
Core Barrel

Wire-line

Wwater flush duct ———

Quter tube —

Holding tube

Split inner tubes,
cores commonly
52 fo 102mm diameter
by 1m long—

- Drifl rod connection

Plug to blow out valve

— Bearing housing

Blow out velve

—— Reaming shell

Core liffer
~—— Adaptor
orill bit
39

I Sampler

Split Spoon
Thin-Walled
Piston Sampler
Mazier Sampler
Core Barrel
Wire-line

nor 0

13

. 40




Sample Storage, Handling,

Sample Preparation




I Sampling

» Sample Sizes At Different Stages of SI
+ Representative mass Before During After
(parUCIe SIZES, fabnc, Stress relief Stress relief Stress relief
fISSUI‘eS, jOIntS) Swelling Remoulding Moisture
« Adequate quantity for migration
testing Compaction  Displacement Extrusion
» Sample Disturbance Displacement ~ Shattering Moisture loss
- » Stress conditions Base heave Stone at Heating
. . cutting shoe
« Deformation behaviours
X i Piping Mixing or Vibration
+ Moisture content & void segregation
« Chemical characteristics Caving Poor recovery ~ Contamination
Clayton et al (1982)
43

= Poor recovery
= Longer rest period for sample swelling
= Slight over-sampling
s Use of sample retainer

= Sample contamination




I Sample Quality Classification

Sample
Quiality

Soil Properties

Classification WIS Density Strength Deformation Consolidation
Content

Class 1 \/ \/ \/ \/ \/ \/
Class 2 v v v X X X
Class 3 v v X X X X
Classa v/ X X X X X
Class 5 X X X X X X
BS 5930 (1981) e

I In-situ Tests




?1 L] hwulvlll\ol 1%

& The Seismic Cone
| Penetration Test
(SCPT) is a refiable,
cost effective technique
1o determine the insitu
seismic wave velocity.

» Seismic wavea
velocities give an
indication of ground

charactenstics such as
low strain shear
modulus and Poisson's
ralio,

Data from the cone
penetrometer is used
in delineating the strata
changes identified by
{he seismic resulls,

I In-Situ Tests

+BS1377 : Part9
« Suitable for materials with difficulty in sampling
+ Very soft & sensitive clay
+ Sandy & Gravelly soils
« Weak & Fissured soils
« Fractured rocks
. *Interpretation
« Empirical
+ Semi-empirical
+ Analytical

48




I Applicability of In-situ Tests

Test Strength Stiffness
Ko [0} C, o, E'/IG E, Gpnax k
SPT G © R G C G
CPT/CPTu G © G
DMT G,C G
Borehole PMT © G,R C
PLT © G,R C
VST @
. Seismic G,C,R
SBPMT G,C G @ G,C
Falling/ G
Rising Head Test
Constant Head c
Packer Test R
Clayton, et al (1995) G =granular, C = cohesive, R = Rock 49
SULIMARY ON THE COMMON TYPES OF GROUND BIVESTICATION, FIELD TESTS, SAMPLING & LABORATORY TESTS
Types of Grownd Invesiigation Fiald Tost Ladsssatony Test
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I In-situ Tests

Pressuremeter (PMT)




I In-situ Tests

Dilatometer (DMT)

FLAT DILATOMETER TEST (DMT)

pe= Lift-off pressure (comacted “A" reading)
Py = Exparsion pressure Ccarrected * B” reading)

Calibrations of Membrane ﬁ;em?ﬂg o '
Stifiness in Air: raulic Pu .
af= 1010 30 kPatsuction? & 20 mmis; Stop | 1 Tubing Gage
4B = 3010 80kPa (niate) to test every 200 * *
fbde thoth positive valves mm (or 200 mm) n
Readout
et Panel and
Deill Rod ool

Frieurstically- Flat Plate

Inflated Flesitle =

Steel Membrane ‘_/T D’Hz’gle;;'

{d= 60 mm] apere e
g 86 mm wide s
[ ] by 240 mm ong Wemb rane mbrane
expanded
el Sellapaed Membrene outurard 1.1 mm
st
1. Initial liipig
Plan or Face View Profile Views
2. Push 3. A-reading
4, Breading

4. Deflate Rapidy
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I Geophysics Methods

54




I Instrumentation Monitoring

* Inclinometer

+ Extensometer

* Rod Settlement Gauge/Marker
* Piezometer

« Observation Well




1 AT 1 UlJ WeWivul lliviul wwlikll uug\.

A World First - The G-max Modular CgC

g e b
g o s
e g Y

4000 kg Compact
Geatechnical Centrifuge

Vartical onentaticn
for high speed runming

W bnow what it tsie 1o be 2 Tiget

Source : Life Style Magazine - EDGE




Ground Characterisation

' Geological

I Geological Mapping

Mapping of :

- Geological features (Structural
settings)

- Weathering profile

- Outcrop exposure

- Seepage conditions

- Geomorphology
- Lithology
-Stratification

-Sequence of geological actions &
history




Ground Characterisation

Geotechnical

GEOTECHNICAL MODEL

SUNWAY POND

LIMESTONE




COMMON PROBLEMS & TREND

I General Dilemma of Gl Industry

» Lack of pride & appreciation
from consultant/client in Gl
industry.

« Actions done is considered
work done!
Poor professionalism.

» Financial survival problem
due to competitive rates in
uncontrolled environment
(cutting corner)

= No appropriate time frame
for proper work procedures
(shoddy works)

= Shifting of skilled expert to
Oil & Gas or other
attractive industries

64




I Poor Planning & Interpretation

= Inadequate investigation coverage
vertically & horizontally

= Wrong investigating tools
= No/wrong interpretation
= Poor investigating sequence

I Poor Site Implementation

= Lack of level & coordinates of probing
location

= Sample storage, handling, transportation

= [nappropriate equilibrium state in
Observation Well & Piezometer

66




I Poor In-situ & Laboratory Results

» Lack of equipment » Equipment calibration
calibration (Variation of pH Values)
= Wear & Tear Errors . |mpr0per Samp|e
= Equipment systematic preparation
error (rod friction, = Inadequate saturation

electronic signal drift,
unsaturated porous tip)

* = Defective sensor

» |nappropriate testing
procedures

= |nappropriate testing rate
» |nadequate QA/QCin
testing processes

» Inherent sample
disturbance before testing

67

I Poorly Maintained Tools




I Over-confidence in Geophysics

- We detect everything in geophysical data, but indentify
almost nothing (Rich but Complex).

-Not a unique solution in tomographic reconstruction
(Indirect method)

- Poor remuneration to land geophysicist as compared to
0&G

- - Poor investigation specification
- Lack of good interpretative skill (human capital)
- High capital costs in equipment & software investment

69

Communication Problem




Difficulties in Identification of
Complex Geological Settings

Difficulties in Identification of
Complex Geological Settings




Weathering Profile

= Deviation of material classification between
borehole and excavation

(Claim issue —
Soil or Rock ?)

Complexity of Rock Mass
. Rfﬁﬁ@iﬁﬁﬁck mass strength ( slope & excavation design)

= Empiricism requiring judgement (involving subjectivity)
= |Information normally only available during construction, not
design stage




. Unexpected Blowout of Underground
Gas

= (Gas pockets at 32m bgl
= Flushing out of sand

Supervision

= Work compliance & certification
= Document critical information

= Timely on-course instruction (sampling,
In-situ testing & termination)

i= Checking between field records and
reported information




Future Trend - Electronic Data

! Collection, Transfer & Man

« AGS data transfer format & AGS-M
format (monitoring data)

« First Edition in 1992,
AGS(1992)

« Second Edition in 1994,
AGS(1994)

 Third Edition in 1999
+ Advantages:
- Efficient & Simplicity
. « Minimised human error

+ Gl & Monitoring Data
Management System

+ Record keeping
- Spatial data analysis

http://www.ags.org.uk/site/datatransfer/intro.cfm m

Conclusions

Nature of Gl works & Geotechnical design

( )

Role of Geotechnical Engineer, Engineering
Geologist & Geophysicist

Stages of Gl works (Planning, Implementation,

Interpretation & Report)

Specifications

Methodology of GI (Merits & Demerits)
Fieldworks (Direct/Indirect) + Geological Mapping
Laboratory tests

Common Problems & Future Trend
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SESSION 2: GEOTECHNIC
INSTRUMENTATION

By Ir. Liew Shaw Shong

E;

Course Outline

Planning, Specification &
Contractual Arrangement

e Site Monitoring

e Data Processing / Analysis,

Interpretation & Actions

Common Problems, Applications
& Lesson Leant from Case Study




WHY DO WE NEED
INSTRUMENTATION?

It is a useful tool to
supplement what we
can not identify trend
of behaviours &
quantify the changes
of the crucial
parameters affecting
the bahaviours in the
observation.

7| Texas

conntaL puary Hurriane e s ko Gaheston (abonel, and e winds and aingall drifind

s throvagh Texuns v north it the Midhues, kg at st 51 peope-in 00 stes ane Inavig el
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Tiowies, thovsands crowvaled inte shelters dosd hoteli paid for By the Federal Coorrment, g o3
o sk e ek, Thronaphout the reghon, svoncnices i Rorng M for e, Lt ol .

Albert Einstein - General relativity's
Sir Isaac Newton — Law of Gravity predictions have been confirmed in all
by observation observations and experiments to date.




Design Venfication
& Optimisation

Construction &
Operational Safety

Cost & Time
saving

If you can not get high quality and reliable data, then better
don’t initiate any instrumentation scheme because it will
create more problems than being advantageous.

Owerly Caution of Safety
Potential Legal Evidence

Reslistic Construction
Cost & Time

In some cases, instrumentation results may reveal the
shortcomings or negligence in the design of the project
designer and also those by the work contractor.




Purpose & Objectives

esign Verification

rial Embankment

Forensic Investigation

Failure mechanism, Serviceability, Contributory & Triggering Factors

Stakeholders

Project Objectives -

R

Project Design Instrument Construction Insurance

. Company

Owner Consultant Specialist \ Contractor




Responsibility

Instrument
Installation Data

Collection

Cycle related to high
MEESIIEE  quality Instrumentation
Selection Scheme

Calibration
&

Interpret
Data

Response

Actions

Responsibility

= Instrument (hardware & software) Project Designer

* Factory calibration L?L:T;Tnumn

Imstrumeent
Procurement

» Acceptance tests

* Instrument installation

= Establish baseline reading

= Maintaining & calibrating instruments regulardy
« Orata collection, processing & presentation

* Interpret & report data
= Review necd for response actions & instruction
« Timely implementation of response actions

Progec] Designe
Work Conliscios




Parameters to be Monitored

Ground
Deformation

- Types of Measurement -
N

Water Ground/
Pressure Structural
Stresses

Vibration/
Flow

Planning Cycle

Project
Conditions Controlling

Mechanisms
Response

Actions

.VS. urpose &
Prediction Parameters
to be mea

Every instrument shall be placed at the site to answer specific question. If no
question, then no instrument.




Project Condition

= Construction Control : modify or improve
the initial construction sequence or/and
method.

= Remedy : strengthen the stability, reduce
the negative impacts, repair the damage or
distresses

= Notice : serving notice to project owner,
insurance, neighbouring owners, local
authorities

= Any Questions related to Performance of
the Concerned System

 Deformation of Ground or Structures

Stress or Strain in Ground or Structure

Water Pressure Distribution, Flow and
Changes

Thermal, Vibration, Tidal Effects
Location and magnitude of changes




» Measurement can be either performed on the changes of CAUSES (difficult
to pick up the changes) or EFFECTS (usually too late for response actions).

» Most instruments provide point measurement with dependence on localised
characteristics, hence may not represent the problem in larger scale, unless
large number of point measurement instruments are installed.




Measurement .vs.
Prediction:

Don’t forget to
apply Engineering
Judgement

Hazard Waming Level

Amber —
Cautionary imely
Measures C“”Atg ﬁ;ﬂ <y

Engineering

» Definition : The operation of the mind,
involving “comparison” and “discrimination”
by which knowledge of values and relations is
mentally formulated. (Webster's New
Collegiate Dictionary)

= Recognition : Engineering judgement as
an acceptable engineering practice




Judgement
Knowledge of all
kinds & from many
diffarant sources

Knowledge
Familiarity gainad

indiractly from from Experience

othars

= Construction Control : modify or improve
the initial construction sequence or/and
method.

= Remedy : strengthen the stability, reduce
the negative impacts, repair the damage or
distresses

= Notice : serving notice to project owner,
insurance, neighbouring owners, local
authorities




3 : Doc, his credit
card limit is up to
RM50,000 only.

2 : Well, do you want
me to open up
everything, big or
small one, to check

for fixing.

Dilemma of
nstrumentati

1: Doc, can you
guarantee | have
100% fix of all my
problems?

Over-specified
-High price
-Inadequate
budget with
expectation of
omission of
requirements
-Inexperienced
site staffing

Concise

Project-specific
-Measurement
range

-Duration of
service

Specification

Correct

Under Owner -Prescriptive

-Sufficient Owner accept

baseline data liability, but better

-Avoid price control

slaughter in -Performance

subcontracting Innovation, no bias,
clear liability,

competitive, but
difficult to evaluate




Independence : Good Independence : Fair Independence : Poor

Data Quality : Good Data Quality : Possibly Fair Data Quality : Possibly Poor
Problem : No liability for Problem : Low bid tender Problem : Low bid tender
Contractor Advice : Nominate Specialist Advice : Nominate Specialist

Procurem

= Professional Service

= Lowest Bid Tender
» Independence
) g‘%ﬁ’ Y101 &

g N>

We’re underfunded, but we manage!




Good Practices

» Instrument Life-Cycle Costs : Calibration,
installation, taking readings, maintenance,
data management & interpretation, and
decommissioning.

= Partnership to Instrument
Manufacturers/Suppliers

Good Practices

= Good QA/QC of Personnel Training,
Equipments, Data Management

» Dedicated Team & Equipment for Project

= Measures of Instrument Protection

» Duplicate Instruments for Data
Redundancy




Course Outline

o r—
oo womorng

Measurement

Accuracy Precision

Sensitivity Resolution




Conformance

- Good conformance of instrument and installation procedures
are necessary for measurement of good accuracy.

» Beware of any changes of properties related to parameters to
be measured due to presence of instrument

Accuracy | High | __High | Low | _Low |

Low
Precision High Low High Low
Acceptance Good Fair Systematic Error Bad




Measurement Deviation

Resolution : the degree to which the smallest change it
can detect in the quantity that it is measuring.

Sensitivity : the smallest absolute amount of change that
can be detected by a measurement, usually defined as
the ratio between output signal and measured property

Linearity : The amount of error change throughout an
instrument's measurement range. Linearity is also the
amount of deviation from an instrument's ideal straight-
line performance.

Hysteresis : an error caused by when the measured
property reverses direction, but there is some finite lag in
time for the sensor to respond, creating a different offset
error in one direction than in the other

Noise : Random measurement variations by external
factors

Linearity & Hysteresis

Ctpui

%
Saper =Fin

]

Non Linearity Hysteresis




Type of Error
Gross Error
Systematic Error

Conformance Error

Environmental Error

Observation Error
Sampling Error

Random Error

Types of Errors &
Correcti

Human mistakes

Calibration, hysteresis & non-
linearity

Sources | Corrective Actions

Care, checking & training
Periodic recalibration

Instrument design & installation Appropriate instrument, improve

Weather, temperature,
vibration & corrosion

Variation between observers

Inherent variability & sampling
technique

Noise, friction & environmental
effect

installation procedures

Apply correction with recorded
environmental changes &
conditioning instrument to
ambient environment

Training & automised data
acquisition

Sufficient instruments

Statistical analysis on multiple
readings

Course Outline

Data Processing / Analysis,
Interpretation & Actions




Parameters to be

= Deformation/Movement
» |Inclinometer
= Extensometer
Ground Movement Marker
Tiltmeter
Crackmeter

= Water/Earth Pressure
= Piezometer, Observation Well
= Earth Pressure Cell

Parameters &

= Load/Stress/Strain
» Strain Gauges
= | oad Cell

= Thermal
= Thermal Coupler

* Flow
= V-Notch Gauge

= Vibration
= Accelerometer




Inclinometer

Reading :

= |[nclinometer {+(0+8) — [~(0-)]}/2=0

Checksum Review :
{+(6+3) + [-(6-8)]1}/2=d

Inclinometer

Curesime

Systematic errors can accumulate upward in the cumulative displacement at ground
surface (apparent cumulative displacement).

Total Error = SRandom x V(No. of Readings) + Ssystemaﬁc x (No. of Readings)




Inclinometer

r k = Sensitivity Drift (Drift in Pre-amplifier)

Solutions : Factory

calibration and repair
of probe is needed.
Rare, difficult

to detect, but
easy to correct

Easy to detect
& correct

Bias Shif

Rotation
Error

Diepth

Curvature in Casing, tfﬂ'ﬂfﬂg

Misalignment of Sensor
Vertical Probe Placing,

Cable Stretching,
Ground Settlement

Difficult to detect & correct

Easy to detect
(tlme constﬂng & tetﬂous) J

& correct

Inclinometer

No Correction With Zero Shift Correction
Change Deflection , Change Deflection

Identification & Correction of Bias Shift Error

No Correction Casing Profile, B-Axis Corrected
Deflection, A-Axis (Cross Axis Inclination Deflection, A-Axis

Identification & Correction of Rotation Error




Inclinometer

= Spiral Probe
» Twisted casings lead to incorrect magnitude of
movement in the A and B directions.
= Application :
= To check orientation of the inclinometer

grooves for necessary correction for
direction of resultant movement.

» Readings show movements in unlikely
direction

T B

o 1\0:" =i osa
= Check installation quality A /R P

7H

» Deep casing installation If o= 107

R =A/Cos a =1.015A

Inclinometer

= Error Detection & Correction :

= Double data redundancy with readings
taken in diametrical direction

= 3 to 6m bottom of casing into firm strata
for good fixity to provide calibration
data

= Deeper readings have highest potential
systematic errors : (a) Sensor warming
up, (b) Steepest borehole inclination,
(c) Further distance from top reference




Inclinometer

= Tolerance : Variation of Checksum <5 to 10
units of Mean Checksum

= Correction:

= |f the large variation is localised to one
depth, correction can be performed based
on mean of other checksum.

= |If the large variation spreads over the
entire dataset, it is better to retake the
readings.




Inclinometer
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Data Evaluation

Deflection \ Deflection

-
——-— ~———

Developed Shear Zone with Drastic Creeping Slope with Continuous
Movement Profile Movement Profile

Data Presentation

= Good Practice :

= Use of exaggerated horizontal scale shall
be avoided because “errors” are magnified
& could be misinterpreted.

= Change plot (incremental deformation) is
useful to emphasize the location of
deformation zone.




= Myth No.1 : Instrumentation can prevent bad
thing from occurring.

= Myth No. 2 : Maintenance free instruments
are possible.

= Myth No. 3 : Geotechnical engineer is not
needed to review the instrumentation results
if threshold and action plan are available
(traffic light system).

= Myth No. 4 : Instrumentation does not
require the input from instrumentation
specialist.




Myths in Instrumentation

= Myth No. 5 : Instrumentation can replace
engineering judgement. Everything is fine if
instrumentation is in place.

= Myth No.6 : More instruments and data are
better.

= Myth No. 7 : Instrumentation is costly
investment, hence is unnecessary if the
design is good.

Common Problems

= Instrument : Selection of appropriate
instrument fit for the purpose.

= Contract Arrangement : Interest party for
high quality instrumentation data.

= Data Quality : Poor quality data will neither
reveal the truth of engineering behaviours
nor give correct warning.

= Data Management : Keeping raw data is
essential for future data reprocessing with
new interpretative objectives




Common Problems

= Data Interpretation : Screening & filtering of
problematic data or uninvited events/factors
for a distilled content are deliberately
needed.

» Data Presentation : Data presentation
without connection to records of activities at
site is a discounted information for decision
making.

» Review : Timely review is important to capture
indication of distress development & need for
instrument maintenance/checking for proper
functioning.

» Loss of Feel : Sometimes readings given to person
who is not taking care of the instruments has no clue
to slight variation of the readings, but possible an
important indication of adverse effect. (You will not
know your baby if you did not take care of him/her.)

» Threshold Limits : It is not easy to set a accurate
set of threshold limits for multiple parameters
controlling the behaviours.

» Action : Timely implementation of actions as
identified from interpreting instrumentation results.




= Paradox :

» Appearance of apparently unmotivated
change are often the first sign of distress

» Observations of overall phenomenon
become more relevant than “spot”
occurrence.

Applications

N Slope Fill Slope
N Strengthening  Instability







Tunnel & Underground
s Excavatlon i

N O




Pile Test Interpretation
(using Global Strain Measurement)

» Facts on Axially Tested Pile :

14
>
14

v v v v v w

» Consequences :

»

Free standing portion — No friction interference
Embedded portion — Constant or linearly varying shaft friction with depth

Tensile cracking in tensile loading affecting axial stiffness of composite pile
section

Factors affecting accuracy of pile instrumentation

Linearity of load-strain calibration

Pile shaft resistance profile assumed

Instrument locations for pile axial load measurement

Numbers of pile segment movement measurement

Gauge length of strain measurement (global / local strain measurement)

Interpreted pile axial load at location assigned within the gauge length can
be unjustified (unless no interference of shaft friction)




Identify pllc-soll
Iriclion profile
(Constanl! or
WVarying triction

Bt fit mimamred

Derive pllc axial
load & mobilised
plle-sall triction by
diffcremtiations with
respecl Lo pile-soil
triction profila

vad-movemend
redationshlpof aach
plic scpment for
load Lramsler
miechanlsm

Meacura
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inslrumenled
Mla shgments
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relationship of
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Pile Instrumentation & Interpretation
Approaches
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Tensile Pile Test
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Case Studies for Dewatering &
Seepage Problems




Dewatering

e Case 1:Investigation of Distress Structure due
to Construction Dewatering

e Case 2 : Excavation Stability by Construction
Dewatering & Recharge

e Case 3 : Revetment Design Under Seepage

Case 1 - Initial Site Conditions

Overburden Residual Soils )

109

— 105.0] 1050
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Case 1 : Dredged Pond in Mining
Activities

S

v 95.0
Dredged Mining Pond Residual Soils e

Case 1 : Deposition of Pond Sediments

1C0.0} - ‘ . ~
oo Re;ﬂ'uaTSoﬂ's Pond Water

\\\\\

Residual Soils

Pond Deposits
(Soft Clay)




Case 1: Land Reclamation for
Development

Case 1 : Housing Construction

3 ‘;”: Residual Soifs

GWT at Limestone (LGW Regime) X 5
. Residual Soils
Pond Deposits

(Soft Clay)




Case 1 : Site Preparation Works

GWT at Limestone (LGW Regime)

=<
~~~~~

Residual Soils

Pond Deposits
(Soft Clay)

Case 1 : Groundwater Pumping in
Caissons




Case 1 : Consolidation Ground
Settlement

Surface Ground
Settlement

Residydl Soils

Pond Deposits

(Soft Clay) Limestone

Case 1 : Mechanism of Distresses

* Pumping of Groundwater in Caisson further lower the
water pressure at Limestone Interface (Slump Zone)
from its original hydrostatic head of Lower
Groundwater Regime to probably lowest head of 11m
below (average base of Caisson)

* Huge water pressure reduction at Slump zone resulted
in remarkable consolidation compression of clayey
pond sediments bottom up

* Surface ground settlement is a result of accumulation
of consolidation compression within pond sediments

* Surface ground settlement profile led to distortion of
building frame and occurrence of cracking




Piezocone Results

;/: Upper GWT Regime

= Lower GWT Regime
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Case 1 : Mechanism of Distresses

Pile Foundation
Ground Surface Settlement

Water Pressure Profile

|
Long Term




Case 2

: Dewatering Scheme + Sheet Pile

Sheet Piles&=
&= Peaty Soils

I & Steady State

Drawdown Profile

Mudstone

Case 3 : GEOTECHNICAL REVIEW ON

REVETMENT DESIGN




Subsurface Investigation (SI) Works

* Field Works :-
— 2 nos. of Boreholes
— 9 nos. of CPTu Tests
— 6 nos. of Trial Pits
* Field Tests
— Field CBR Tests
— Field Density Tests
* Instrumentations
— 2 nos. of Piezometer on land
— 1 no. of Piezometer in sea

Soil Improvement Works before Reclamation &
Construction of Concrete Block Pavement

Concrete

Block

Pavement
Reinforced Concrete (RC) Area
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Automatic Water Level Measurement

Groundwater Level Monitoring

Groundwater Level /Tide Level
Day 1 - Day 7 (22-08-09 to 28-08-09)

Groundwater Level /
Tide Level (mCD)

0 12 24 36 48 60 72 8 9 108 120 132 144 156 168
Time (Hrs)

—— PZ1A o PZ2A —+ PZ3]




Difference in Water Level

Difference in Water Level

Predicted Vs Measured Tide Level

/ Tide Level (m)

/ Tide Level (m)

Difference between Predicted and Measured Tide Level Difference between Predicted and Measured Tide Level
Day 1 - Day 7 (22-08-09 to 28-08-09) Day 8 - Day 14 (29-08-09 to 04-09-09)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Time (Hrs)

Difference in Water Level
/ Tide Level (m)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Time (Hrs)

Difference between Predicted and Measured Tide Level Difference between Predicted and Measured Tide Level
Day 15 - Day 21 (05-09-09 to 11-09-09) Day 22 - Day 28 (12-09-09 to 18-09-09)

T
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—+ PZ3 (Measured)

—— Est_T (Predicted by National Hydrographic Centre)
- PZ3-Est_T

Revetment Desigh Check

DESTABILIZING FORCES: STABILIZING FORCES:

F; = Drag force Fr = [rictional resistance (mat / subgrade)

Wsinow = Submerged weight parallel =pFp=p (Weosa— Fr)

1o slope Where:
Fa Normal force
Sliding Force, Fs =t (-7, ) sin 00 W.coset = Submerged weight normal to slope

F. = Lift force
u = Coeflicient of static friction

Resisting Force, Fr = [t (Y, -,) cos oo —F/]
FLOW

Bed slope « Nominal mat

thickness 1

e i
S

Reference: EM 1110-2-1614 (1995), Design of Coastal Seawalls, and U.S. Army Corps of Engineers, Washington




Difference between Tide Level and Groundwater Level
Day 1 - Day 7 (22-08-09 to 28-08-09)

Difference in Water Level (m)

Time (Hrs)

[——PZ3-PZ1A - PZ3-PZ2A]

Revetment Design Check = Not OK

Potential Uplift Forces

Day 1 - Day 7 (22-08-09 to 28-08-09) Day 8 - Day 14 (29-08-09 to 04-09-09)
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Summary of Revetment Design Check

“X” (Grout Filled Mattress) Resting on Inclined Sandfill
slope

Thickness | Angle of Uplift Fs Fr
S/N | of Incomat | Inclination | force (kPa) (kPa) FOS=Fr/Fs Remarks
(m) (degree) (kPa)
‘\"I\vA
1 0 3.228 4.475 :%\1 3| Design of Revetment “X” is
\/ indequate where achieved
2 0.6 22,6 2.00 3.228 3.321 1.029 FOSmaxis less than 1.5 and
: : becomes unstable when

3 2.50 3.228 3.032 0.939 subjected to uplift force of
greater than 2.5kPa

4 0.6 0.1 8.36 0.015 0.023 1.574 Max. uplift pressure that can
be resisted by 0.6m thick
Revetment “X” is 8.36kPa
when placed horizontally.

5 0.6 21.0 0 3.010 4.525 1.503 When assuming allowance for
pressure relief has been made
on the Revetment “X”, the

Sufficient Pressure Relief (Filter Point and/or Weep Hole) IR iiiintaiiiiihim

. be satisfactory if the angle of

is Important to Safeguard the Performance of Revetment IR IR S

THANK YOU




Summary of Pile Instrumentation

Proper planning of instrumented segment of test piles with due
consideration of soil stratification, pile resistance profile (constant or
varying profile with depth)

Tensile cracking of concrete under tensile test load leading to

irreversible stiffness alteration shall be carefully assessed for proper
load transfer

Solutions :
» Identify expected profile of pile-soil friction based on stratification, soil
consistency,

» Gauge length shall be reasonably small where practical for proper axial load
interpretation, instrumented segment assigned for pile load and movement

» Minimum one axial load measurement per material stratum preferably at
the either sides of the stratum interface

» For material strata with varying pile-soil friction with depth, more
instrumented segments are needed for refined interpretation of axial load
& movement (for best fitting the pile movement profile)

» At least one axial load measurement near to pile base for load transfer of
mobilised base resistance
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Thank you

Lord Kelvin (1827 - 1907) :

When you can measure what you are speaking
about, and express it in numbers, you know
something about it; but when you cannot
measure it, when you cannot express it in
numbers, your knowledge is of a meagre and
unsatisfactory kind; it may be the beginning of
knowledge, but you have scarcely in your
thoughts advanced to the state of Science,
whatever the matter may be.
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Ground Improvements

» Case Study 1 : Basal Reinforcement (Distress)

» Case Study 2 : Impact of Embankment on PVD Treated
Ground (Failure)

» Case Study 3 : Performance of Stone Columns Treated
Ground (Not a failure case, but interesting performance)




Role of Extendible Basal Reinforcement for
Embankment Construction Over Soft Soils

» Introduction

» Problem Statements & Distress
» Back Analysis

» Discussions

» Conclusions

» Recommendations

Introduction

< Embankment = Raised fill platform with
side slopes to support structure and
infrastructure developments.

= Stage construction + additional
reinforcement = Ensure acceptable side
slope stability

= Basal reinforcement = To minimise
spreading failure of compacted
embankment fill over weak supporting
subsoils




Basal Reinforcement

Shall be designed in accordance with
BS8006.

Consideration = Strain compatibility
between embankment fill and basal
reinforcement system.

Tensile strain in basal reinforcement shall be
controlled to avoid cracking in
embankment fill.

Basal Reinforcement

If the embankment is strained to excessive
tensile crack, the embankment fill material
strength is doubtful.

Thus, case study of an instrumented
embankment construction with extendible
basal reinforcement have been used.

This may call for a review of the permissible
strain of extendible basal reinforcement
with brittle compacted fill.




Problem Statement & Distresses

» Problem Statements
» Embankment Fill over Soft Deposits
» PVD with Staged Construction
» Basal Reinforcement for Temporary Embankment Stability
» BS8006
» Strain Incompatibility

NEmbankment Distresses

Cracks locations of
distressed embankment




”Embankment Distresses

Embankment Distresses

Alligator cracks
observed on site




Embankment Distresses

1m surcharge removal
after distresses observed

Embankment Distresses

Cracks found after 1m
surcharge removal.




Embankment Distresses

Excavation on cracks found
after 1m surcharge removal

Instrumentation Layout

Instrumentation Layout
Plan at Distresses area
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Instrumentation Results

Fill Thickness and Settlement of Embankment with time monitoring by SG580
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Finite Element Model

Backfill material

Drainage Blanket Basal Reinforcement

- Installed PVD . : Soft
Clay
Layer

VAT AWAT AW AW ST AW AT

Finite Element Model

Back analysis to match lateral deformation and
settlement profiles.

Two cases were modelled for back analysis:-

Case 1: Ultimate strength (600kN/m) mobilized at 10%
Case 2: Ultimate strength (140kN/m) mobilized at 1%




Finite Element Model

Comparison of Back Analysed Settlement Trend With Actual Measurement (Case 1)
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Summary of Back Analyses

Maximum Lateral
Deflection at
Edge of
Embankment
(mm)

Tensile Mobilised Tensile Load

Stiffness | Tensile Strain

Case 1 40.6kN/m / 0.68% 267
Case 2 65.9kN/m / 0.47% (173)
Case 1 41.8kN/m / 0.70% 295
Case 2 67.4kN/m / 0.48% (180)

Case 1 64.6kN/m / 1.08% 400
Case 2 106.8kN/m / 0.76% (253)

Case 1 67.4kN/m / 1.12% 425
110.3kN/m / 0.79%

Probable Mechanism
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Discussion

» Strain incompatibility between basal reinforcement
and embankment fill could potentially cause
embankment cracking.

» Average tensile strain of underlying weak subsoils is
more than max. tensile strain in basal reinforcement.

» Results of back-analysis =» indicated mobilised tensile
strength and strain < conventional assumed values for
LEA stability analysis.

Conclusion

» Longitudinal cracks =» Outcome of plastic straining
of upper weak alluvium within the underlying subsoll
below the embankment loading.

» Review on current design practice by arbitrarily
adopting unrealistic high mobilised strength is needed.

» Wishful high tensile strain assumed in LEA can lead to
misrepresentation on safety margin of embankment.




Recommendations

» Counterweight berm was proposed to solve the
strain incompatibility between basal reinforcement
and the subsoil.

» Instrument on basal reinforcement to reveal the
distribution profile and performance of installed basal
reinforcement.

Case 2: Case study on Piled Supported
Embankment Failure




Site Conditions

» Embankment (maximum 5.4m high) with Piles & Ground
Improvements
Ch3328 to Ch3375 (Top 10m soft Clay, S, = 10~15kPa)

» Distressed Abutment
Abutment A @ Ch3266 (Top 15m soft Clay, S, = 13~18kPa)
Abutment B @ Ch3328 (Top 9m soft Clay, S, = 7~12kPa)

Abutment A Pier P1 Pier P2 Abutment B Piled Embankment PVD + EVD Area

illed Workirl§ Platfgrm
Upper WegakiSoil

Findings from Site Inspection

» Piles & slab of piled embankment suffered structural distress

» Settlement of 0.4 to1.0m beneath piled embankment due to
consolidation of subsoils under the working filled platform.

» Bearing distortions confirmed : Bridge deck moving from
Abutment B towards Abutment A

> 28




Site Inspection Findings

» Piled Embankment 30m from Abutment B shown structural
distress

Site Inspections Findings




Site Inspections Findings

Damaged piled embankment slab damaged & 100mm gap at
slab joint

31

Site Inspections Findings




Site Inspections Findings

Site Inspections Findings

34




P, Active Earth Pressure

, - Action/Reaction Force between Piled Embankment Slab & Abutment

P,: Ultimate Lateral Pile Group Capacity of Embankment Piles FOS
P, : Mobilised Thrust on Stability Soil Mass with Corresponding FOS

o

Abutment A Pier P1 Pier P2 Abutment B Piled Embankment PVD + EVD Area

® Settlement Markers (LDC) : 28 May -31 Jul 2005
© Displacement Markers (by LDC) : 02 Mar - 18 Jun 2006
® Displacement Markers (by G&P) : 25 Apr - 7 May 2007

Ch 3266.02 Ch 3286.72 Ch 3307.42 Ch Ch 3360
Abutment A Pier P1 Pier P2 ABedrh2nt B

M10 M12

! EVD Arew
M6 M5 A

¢= Movement Direction ™

P, Active Earth Pressure + Bearing Distortion
: Action/Reaction Force between Piled Embankment Slab & Abutment @Clockwwe Rotation

Pl
P,: Ultimate Lateral Pile Group Capacity of Embankment Piles @ Anti-Clockwise Rotation FOS Tension Crack
P, : Mobilised Thrust on Stability Soil Mass with Corresponding FOS E;C?‘ Developing Pile Plastic Hinge ension Cracks

Abutment A Pier P1 Pier P2 Abutment B Piled Embankment PVD +EVD




Investigation Findings

» Embankment (5.4m high)
» Ch3375: FOS = 1.0 at Embankment on Ground Treatments

» Causation : Inadequate FOS => Embankment instability exerting
lateral stress to Piled Embankment on free standing piles due to
subsoil consolidation

» Distressed Abutment

» Abutment B : Laterally pushed by unstable embankment behind
piled embankment

» Abutment A & Two piers : Affected by lateral thrust from
Abutment B (No observable distresses at the abutment pile
foundation after exposure of piles)

37

Abutment Remedial Design

» Abutment Distress (Ch3266 to Ch3328)
» Remedial proposal :

Isolation Gap

38




Conclusions

» Weak post-treatment soil strength unable to support
embankment

» Creep movement of weak subsoil beneath embankment
coupled with embankment instability due to low FOS

» Further consolidation of weak overburden soil, the lateral
resistance of piled embankment in free standing pile
conditions is weaken

» Monitored bridge displacement confirmed pattern of lateral
movement of entire bridge & piled embankment

» Structural damage on embankment piles was expected as
structural threshold has reached

» Use of residual strength is needed for rectifying failed
embankment

39

Recommendations

Construct new embankment slab at least 1m below the
failed slab to prevent further consolidation settlement

Extend piled embankment for embankment fill higher than
2m & provide isolation gap at the slab/abutment interfaces
Use of higher strength RC pile for embankment piles

Use of geotextile reinforcement to isolate embankment fill
from both abutments to reduce direct lateral earth
pressure on abutments

40




Case Study 3 : Performance of Stone Columns Supported
RS Wall

Original Topography

Subsurface Information

Adopted Foundation System for RS Wall
Design Consideration

QA/QC During Construction

Design Verification

Conclusion

Original Topography of Site

e Original ground is hilly
e Surface runoff towards natural valley area

e Within proximity of previous water stream

= Weak deposits

Site
Boundary

SSases




Piled Embankment

RS Wall Elevation Profile
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SUBSURFACE INFORMATION

Residual Soil ' .
Granitic Formation
Intermediate Boulders

KENNY HILL
FORMATION

S.1. Layout Along RS Wall
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‘ ADOPTED FOUNDATION DESIGN
SYSTEM FOR RS WALL

= 10m high reinforced soil wall on up to 12m
thick soft compressible subsoill

=>» Stone column
= 1m diameter
= 2m centre to centre spacing

‘ ADOPTED FOUNDATION DESIGN
SYSTEM FOR RS WALL

= Reasons
o Reinforcement of weak subsoil

a Drainage for dissipation of excess pore pressure
generation

o Improving strength and deformation properties of
soil




'DESIGN CONSIDERATIONS

= Bulging of individual stone column
» General shear of stone column

= Stress distribution between stone columns
and subsaoil

'DESIGN CONSIDERATIONS

= Bearing capacity of subsoil and stone column
= Global stability of RS wall

= Overall ground settlement after improvement




QA /7 QC DURING CONSTRUCTION

* Material control

» Appropriate termination criteria of stone
column installation

» Verification test (plate load test)

Material Control

 Clean, hard, durable

* Chemically inert natural materials

Test Standard Criteria Frequency
Stygiing BS 882:1992 <30%
Value
Los Max loss of
Angeles ASTM C131 40% at 500
Abrasion revolutions 1 test per 30,000
o tonnes of aggregate
i BS 882:1992 <30%
Index
Sulphate ASTM C88 <12%
Soundness




‘Passirig by wesight (%8

Material Control
(Allowable grading of stone aggregates)

190 - Skt : Saned =0 | Gravel
] S
80 ,/
e Yibra Replacement
G0
40
20

0002 0006 002 005 62 08 20 G0 20 60100
Particle size {nim)

—— Upper Limit Lower Limit

Range of Soils suitable for Vibro Compaction Methods

(Baumann and Bauer, 1974)

Termination Criteria

* Hydraulic pressure in the vibratory probe = 190 bars

TO BE VERIFIED BY PLATE LOAD TEST DURING
FIRST COLUMN INSTALLATION




Termination Criteria
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Verification Test (Plate Load Test)

Verification Test

1000
900

800
700 -
600 -

500

Applied Loading (kN)

100
0

400 -
300 -
200 -

Load Settlement Curve for 1000mm diameter stone column

<250mm .. OK

0 10 20 30 40 50 60 70 80 90 100 110 120
Column Head Settlement (mm)




‘DESIGN VERIFICATION

* Finite element method (FEM)
analyses using PLAXIS

* Monitoring instrumentation scheme

'PLAXIS Model & Analyses

RS Wall

Compacted Backfill 1 -'L po—— }
o S = S
v VA =

 Soft Clay 1

“CETEN | 10111 ] SR

 Bedrock |

Medium Stiff
Soil Stone Column




Instrumentation Monitoring Scheme
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Instrumentation Monitoring Scheme
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Instrumentation Results
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' Instrumentation Results

Inclinometer at CH84.6m (A-A) @SDM18
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\ Instrumentation Results
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Instrumentation Results

e

Failure Critersom Line

:
-
-

Legend

e Current

e Predicted

(8/pt) Diagram with Factor of Safety (After Matsuo et al, 1977)

CONCLUSIONS

» Successful installation of stone columns within

economical means

* To consider

=>» Design Aspects

=>» Quality Assurance and Quality Control

during construction




CONCLUSIONS

* Use Observational Method and Finite Element
Analysis

» Matsuo plot can also be applied to verify the
FOS of RS wall

Thank You




Session 4 : Case Study of
Slope Failures/Landslides in
Tropical Residual Soils

Presented by:
Ir. Liew Shaw Shong
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Case Studies

(http:/ /www.gnpgroup.com.my/publication.asp)
O Case History Site

A. Creep Movement of Slope, Sabah

Distressed Road




________
'''''''''''''

Road Settlement

Site Background

= RL1335m to RL1500m.
= Terrain : Undulating/Sloping.

= Qutcrops: Granitic boulder/ Grey
Shale/ Sandstones.

= Deposits of Pinosuk Gravel from Mt.
—  Kinabalu.

= Glaciation & Ancient Mudflow.
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= Granjtic Boulder -,

S| & Laboratory Testing

= Six Boreholes & Inclinometers

= Six Piezometers (GWT : 1.5~2.5m)

= C.I.U. Tests & Direct Shear Box Tests
(¢0'=21°, ¢’ = 10kPa).

= Others Properties : w, = 7% to 13%,
Your= 21~23.7kN/m3

= Normally Consolidated




Shear Strength Test Results

Monitoring Results

Inclinometers detected slip surface.
Lateral Movement:

Direction :225°~250°

Max. Movement : 140mm (IN-4)

Rate of Movement : 2~14mm/week
(Max. 21mm/week)




Inclinometer Movement Rate

Lagend

Inglimornales IN-§
e |Mlinomater IN-3
Imelimam a1
Inalinometer IN-2

Engineering Assessment

Interpreted laboratory shear
strength parameters are too high to
cause instability.

Back-analysis shear strength
parameters:

$'=13°~16°, ¢’ = 0~5kPa




Findings

Slip Surface : 6m (higher ground)
to 15m (lower ground).

Movement Direction: almost
parallel to road alignment, towards
river.

Back-analysed shear strength <
Interpreted laboratory test resulits.

R . 9 S5 L 1

Bl L =)

S O




Recommendations

Carry out continuous sampling at
shear plane to collect samples for
testing.

Carry out ring shear test or multiple
reversal direct shear box test to
-+  determine residual strength.

B. Cut Slope Failure in Johor




Site Background

“RL54m to RL106m.

= Terrain : Sloping.

= Geology: Mainly basic intrusive
gabbro and intermediate intrusive.

= Two berms cut slope 1V:1.5H.

= Slope collapsed after heavy
downpour.

el

TenS|on Cracks e




S| and Instrumentations

S| and instrumentation for failure
investigations:

4 boreholes within failed mass area.
3 inclinometers.

3 observation wells and 1 standpipe
piezometer.

S| Layout Plan

SURVEYED- BOUNDARY f."BH'
OF _LANDSLIDE MASSES WEHE
~ oW

—_is

) FROPOSED BUILDING

EHAGN




Instrumentation Results

—  sheared off.

IN-1 and IN-2 were sheared off at
10.5m and 12.0m below ground.
IN-3 sheared off at 2.5m below
ground.

Observation wells were also

Interpreted Slip Surfaces

Max. Movement
Inclinometer 3

AFTER FAILURE
BEFORE FAILURE

Down Slope | HEE ARNE

Max. Movement ~ Max. Movement
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Laboratory Test Results

ClU test :

a. Peak strength — ¢’'=3.5kPa, ¢'=32°

b. Critical state strength — ¢’=0kPa,
$’'=29°

Direct Shear Box test : (fairly scattered)
a. Peak strength — ¢c’=15.7kPa, ¢'=24°
b. Residual strength — ¢’=5.9kPa, ¢$'=20°

Back-Analysis

Back-analyses were performed for 2
conditions:

a. Slope profile after cutting, before
failure. (critical state strength)

b. Slope profile after failure. (residual
strength)

The interpreted slip surface and
monitored groundwater level is used for
back-analysis.




Slope Profile for Back
Analysis

Profile Before
Failure

Failure
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Back-Analysis Results

Back-analyses using PC-Stabl6 and
Plaxis.

Back-analyses results :

a. Mobilised shear strength : ¢’'=0 kPa,
¢’=24°— 25.9°

b. Residual strength : ¢’=0 — 0.5 kPa,
¢»’= 14.4°— 15°




Residual Strength

Comparisons with literature:
a. Residual friction angle — Liquid Limit.

b. Residual friction angle — Clay size
fraction.

Back analysed residual friction angle are
lower as compared to literatures.
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Findings and
Recommendations

The investigation deduced that there is
a thin layer at the slip surface with low
shear strength.

Boreholes are not able to capture the
thin layer and could only be detected by
inclinometer.

Residual shear strength should be used
for remedial design works.




C. Cut Slope Failure at Gua
Musang, Kelantan

*

Site Observations
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Site Background

RL210m to RL330m.

7 Upper berms of 1V:1H Cut Slope & 5
Lower berms of 4V:1H Soil Nailed Slope

Soil Nail = 12m with spacing of 1m(V):1m
(H)
Geology: Shale Facies in Gua Musang

Formation which mainly consists of
Mudstone & Sandstone

A massive slope failure occurred before soil
nails were installed at the lowest berm.

Geological Mapping

‘Line Mapping’ Method

To measure & record discontinuity
along the exposed slope face

To detect anomalous features

Schmidt Rebound Hammer to give
indication on weathering condition




Site Observations

S| & Laboratory Works

T
= 2 boreholes
=3 C.ILU. Tests
= 2 Multiple Reversal Direct Shear Box
Tests

= Grade IV Material

a. Peak strength — ¢’=30kPa, ¢'=33°

b. Residual strength — ¢’=0kPa, ¢'=33°
= Grade Il Material

a. Peak strength — ¢’=30kPa, ¢'=39°

b. Residual strength — ¢’=0kPa, ¢'=33°







Engineering
Assessment

Slope Stability Analyses

«| Local
Stability

FOS=1.08 /

Limit Equilibrium Method




Slope Stability Analyses

. | Global
Stability

FOS=1.01

Full Installation of Soil Nail (Except Berm 1)

Limit Equilibrium Method

Finite Element Analyses
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Finite Element Analyses

Cutting
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Finite Element Analyses
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Finite Element Analyses

Cutting
Earthworks.-

F’ - \_Soil Nails That ! AN
] ,-_/ Y Have Been Installed- - .

Dev. of Plastic Points In FEM

— (After Cutting of 12 Upper Berms) —

Mastic Poinls
O Mishe - ol point Tension cut-off point

Findings

Possible Causes of Failure
Steep upper cut slope of 1V:1H.
Inadequate soil nail length of 12m.

Day-lighting geological structures of
Grade lll to V materials at the upper
cut slope.

Progressive failure have leaded to
develop of a continuous shear surface.




D. Cut Slope Failure at
Kuala Lumpur

_tg Oervations
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Closed Drain a_ |
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Site Background

The cut slope with 6 berms was formed
in 90s

Slope gradient varies from 1V:1.72H
(lowest berm) to 1V:1H (highest berm)

RL75m to RL110m.
Geology: Granite formation.

Slope movement was detected in Nov
2002 and obvious tension cracks were
found at the lowest three berms.

Sl & Instrumentation

S| and instrumentation for failure
investigations:

3 boreholes

22 Mackintosh Probes
2 inclinometers

3 observation wells




S| & Instrumentation Layout Plan
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Laboratory Test Results

8 C.I.U. tests

2 Multiple Reversal Direct Shear Box
Tests

Interpreted Moderate conservative soil
parameters:

c'=2kPa, ¢'=31°

Instrumentation Results

Max lateral movement (IN. 1)

~ 8mm with the depth of shear
plane of about 7m tallies with
stability analyses.




Slope Stability Analyses
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Proposed Remedial Works

Installation of Soil Nails (12m,18m and
27m).
Installation of horizontal drains.

Repairing and re-construction of berm
drains.




Proposed Remedial Works
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Findings

Possible Causes of Failure

= The gradient of the cut slope is steep and is
not stable in long term

= Slope strengthening works with installation
of soil nails and subsoil drainage system
have proven an effective solution to stabilise
the distressed slope.

E. Fill Slope Failure at Salak Tinggi




Site Background

Fill slope over a natural valley to form
platform.

Three berms slope : 20m height.
Another three slopes on top of platform.

Geology: Kenny Hill formation with
interbedded sandstone and siltstone.

Slope collapsed after heavy downpour.




valley.

Failed mass travele s
downhill along vallepEsia ¢

Site Observations

!
Failed Mass
~Traveled-Downhill




S| and Laboratory Tests

3 boreholes were sunk.

Sandy material — weathering from
sandstone.
ClIU tests.

Interpreted shear strength: c’=2kPa,
$’=32°.

Probable Causes of Failure

Valley terrain.

Steep fill slope gradient — steepest
gradient of 1V:1H.

Marginal FOS when groundwater level
rises near to ground surface.

Poor drainage system lead to
saturation and erosion.




Remedial Works

Fill embankment over valley.

Fill embankment comprises of :

rock toe and seven berm slope (1V:2H).
Provision of extensive subsoil drainage:
French drain and drainage blanket.

— Upgrading and construction of new
drainage system.

I =

« e o wEailure Area
e

Construction of

Drainage, %
fBlanket 8




After Completion of
@énstruction Works

-

F. Soil Nailed Slope Failure at
Pahang

7.5 berms soil nailed slope




Site Observations

L=y 1 ——
% i =

Site Background

= Geology: Granite and metamorphic

rocks

= Slope with varying degrees of
weathering: rock to soil.

= 7.5 berms of 4V:1H Soil Nailed Slope
= Maximum height = 45m
= 12m soil nail length at 1.5m c/c




Site Plan showing Failure Area
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S| & Laboratory Works

2 boreholes at the slope.

3 Consolidated Isotropically
Undrained Triaxial (C.1.U.) tests.

6 Direct Shear Box Tests.

Hoek-Brown failure criteria for
weathered rock mass.




Interpreted Subsoil Profile
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Shotcrete Facing as
Constructed at Site
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Facing Failure Mode
for Soil Nailed Wall

W

Failure Mode -

Face failure and "active”
zone shiding off fromt of nais

Face Fallure

Note: Figure extracted from
“The Manual for Design
and Construction of

Soil Nail Walls” FHWA




Slope Stability Analysis

FOS=1.12

Description: Soil 1
Model: MohrCoulomb

Findings

Possible causes of failure:

Inadequate design of shotcrete
facing of soil nailed slope.

FOS against overall failure is
inadequate and marginally stable.

Rainfall/groundwater is not a
triggering cause to failure.




Recommendation & Conclusion

S| and geological mapping for slope are
essential for slope design especially for
soil nailed slopes.

Design shall be reviewed during
construction to verify the design
assumptions especially subsoil profile.

Progressive failure mechanism is
prominent in high cut slope.

Recommendation & Conclusion

4 modes of failure: nail tendon failure, nail
pull-out failure, facing failure and overall
failures shall be checked. Facing failure
check is usually neglected.

Facing design is critical especially when
soil nailed slope is steep and high.

More research is required on establishing
engineering parameters of weathered rock
mass of different formation in Malaysia.




G. Cut Slope Failure at Kedah

Site Background

High ground RL300m — RL350m.

Bedrock : Intact granite bedrock with
prismatic feldspar phenocrysts.

5 to 6 berms : 27m height.
Slope gradient 1V:1H.
Two failure incidents:
a. Localised stretch (50m).

. b. Major slope failure (250m) after 1 month
following heavy rainfall.







Original spgma, #2
Slope Profile
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Laboratory Test Results

Sandy material within failed mass.
ClU test :

a. c,=2kPa, ¢,’=30°

b. cg(max)-1 9KPa, ¢’ ay) =28°
Back Analysis :

a. ¢, =0kPa, ¢,,'=30°




Findings

Possible causes of failure:

FOS against overall failure indicates
the slope is at the verge of failure for
the water level measured during
investigation.

Rainfall leading to rise of groundwater
is the triggering cause to failure.

Conclusions

Main Contributory Factors for Slope Failure (Static) :
Inherent weak strength & sensitive materials
Adverse geological & hydro-geological features
Morphological features
Steep slope geometry
Gravity force
Weathering
Inadequate design & lack of maintenance

Triggering Factors (Dynamic) :
Rainfall/leaking utilities/rapid drawdown (soil saturation/
rise of GWT)

Human disturbance (excavation/surcharge/vegetation
removal/vibration)

Earthquake/volcanic eruption/thunder
Erosion
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Case Study 1 : Reduced Empty Pre-bored Jack-in Pile Capacity in Meta-Sedimentary
Formation

e Overview of pile installation & Performance
e Subsurface Information

e Contractually Scheduled MLT Results

o Additional MLT Results

e Investigation Findings
e Conclusions & Recommendations




Overview Foundation System

e 400mm RC square pile

e Pre-boring was deployed to
- Overcome intermittent hard layer
- Avoid shallow pile penetration

e Jack-in pile installed inside pre-bored hole

Pre-bored Hole Diameter

600mm diameter 500mm diameter 550mm diameter

Pre-bored hole 400mm dia. RC Pile

Too large pre-bored Too small pre-bored Compromised pre-
hole hole bored hole




V0|d in Pre bored Hole Annulus

Collapsed Debrls |n Pre bored HoIe Annulus




Actual Scenario of Installed Piles

9m deep prebored

L — Pre-bored Length

P — Actual Penetration Length

MLT Results

Pile Top Settlement

- Pile Max. Jack-in Achieved
Maintained Pre-bored . ] At Max.
Load Test Diameter Penetration Load at Maximum T T
o e t Working est
(MLT) (mm) below Piling  Termination Test Load

Platform (m) (kN) ) Load (mm) Load
(mm)

2220
MLT 1 600 9.40 2160 (1.71xWL) 14.0 46.00

2220
2 2
MLT 2 500 9.30 2600 (1.71xWL) 23.50 42.00

2600
2
MLT 3 12.50 2860 (2.00XWL) 5.80 21.80

1406
2
MLT 4 9.50 2860 (1.50xWL) 16.50 24.50

1950
MLT 5 13.50 2860 (1.50xWL) 8.50 13.00




Jack-in Pile Termination Criteria

e All piles were jacked to 2.2 times pile working load

e Settlement < 5mm during 30 seconds holding
period for 2 consecutive times

Boreholes Information

Piling
Platform

End of L

Pre-bored

SAND GRAVEL
il sur = shaie [ wo rEcovery
SPT-N>50 B2 cwr 7] oroanc [T MAIOR/MINGR

SCALE 1:500




Photos of Exposed Subsoils

Contractually Scheduled MLT Results
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Additional MLT Results

Additional MLT

e 3 nos additional MLT at various penetration below pre-
bored base:

e MLT6 — 0.5m below pre-bored base

e MLT7 — 1.5m below pre-bored base
e MLT8 — 2.0m below pre-bored base




Additional MLT
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Pile Top Settlement
At Max.
At Working Test
Load (mm) Load
(mm)

Pile Max. Jack-in  Achieved
Penetration Load at Maximum
below Piling = Termination = Test Load
Platform (m) (kN) (kN)

Pre-bored
MLT Diameter
(mm)

600 2160 222y 46.00
= (1.71xWL) '

2600 2220 42.00
- (1.71xWL) =
; 2600
o] n
2860 O by 21.80
1406

2 5
o (1.50xWL) =0

1950
(1.50xWL)
2400
(1.85xWL)

Investigation Findings

Pre-bored

Penetration below
base of pre-bored




Analogy of Footing

P1 P2 > P1 P2

PAD FOOTING
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Bearing Improvement with Toe Confinement

P2
P2 > P1
EMPTY PRE-BORED HOLE
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Conclusions & Recommendations

e Pile performance improved with longer
pile penetration below pre-bored base

e Existence of pile toe softening due to
relaxation of pile tip founding material

e Sufficient pile penetration below pre-
bored base is important

e Recommend to seal the pre-bored hole
with grout

Case Study 2: Pile Heave & Lateral Soil Displacement

» Rapid pile installation in incompressible soft soil induces

» Vertical heave in shallow depth (relatively less confinement from weight of
overburden soils)

» Lateral displacement in deeper depth (with soil confinement)

» Consequences :

» Up-heaving soil movement causes tensile stress on pile & toe lift up during driving &
downdrag after pore presure dissipation

» Lateral soil displacement causes flexural stress on pile & pile deviation
» Excessive combined tensile and flexural stresses lead to pile joint dislodgement

» Excessive foundation settlement in post construction (pile toe uplifting & downdrag
settlement)




Pile Joint Dislodgement

» Pile joints could be dislodged due to excessive flexural and tensile stresses
induced by ground heave and radial soil displacement

» Detectable using High Strain Dynamic Pile Test (HSDPT)

Mechanism of Pile Heave & Soil Displacement




Case Study - HSDPT

Monitoring of pile top settlement during the HSDPT re-strike tests is
summarised as below:

Upon resting 7-ton hammer 80 98 125 103 92
on pile top

At the end of Restriking 275 399 497 186 182
Test

Case Study - HSDPT

Pile B
Initial Blow

500 3.29_

One Pile Length (12m)

was DETECTED with . ‘ ST
Major Discontinuity at 19&%
‘toe’ (reflection) 500 s00_
WD ~wu |
|\Ir\\ T ‘N : 102.4ms

l‘] (W




Case Study - HSDPT
Pile B 500 3{595_
Blow No. 4

First Joint Discontinuity
closed up after few
blows; Two Pile Lengths 18.60\ms | |

was revealed with 500_ 500_
another Major il il
Discontinuity at new ‘toe’

(reflection) i |
Mﬂ = 102.4ms

Il:/ ;\y \\ I»-L,IVV

L 102.4ms

Case Study - HSDPT

Pile B
Blow No. 17

Second Major Joint

Discontinuity also y , P
disappeared; 15.60& i~/ '
Total of Three Pile 600_

Lengths was observed__*" "
WD

102.4ms




Case Study - HSDPT

End of Blow

Minor velocity reflections
were observable at first

102.4ms

and second pile joints

~. 7
\ —
|l)¢"~ \\_’I’/_/k\_‘/\_ = 102.4ms

Pile Heave Monitoring Program




Pile Heave Monitoring Result

. o
i T
AT} =
BN -
V1 -

Summary

Ground heave & radial soil displacement due to rapid installation of
displacement pile in soft incompressible soft clay can pose serious integrity
problem on pile foundation.

Solutions :

» Use larger pile spacing & reduce rate of clustered pile installation for adequate time
for dissipation of excess pore pressure

» Simultaneous pile installation at mirror pile location from centre outwards to
minimise net lateral displacement, but this improves nothing on ground heave

» Stronger pile structural strength & joint to withstand tensile & flexural stresses
» Staggered pile installation sequence or install piles at alternate locations

» Restrike all piles with HSDPT to detect pile integrity if ground or soil heave is
observed.




Case Study 3 - Geotechnical Review on Foundation
Settlement

= The underlying soils are mainly
soft & compressible soils

= Characteristics:
Compressible
Settling under loading (eg. fill) with time

General Subsoill Profile

Blocks 1, 3, 17 (P. 2C), Blocks 1, 2 (P. 2D)

Fill
Compressible

Firm to Stiff
Soil




General Subsoill Profile

Blocks 4 &5 (P. 2C)

Compressible

Firm to Stiff
Soil

Site Observations

= Cracks on wall — mostly diagonal — due to
differential settlement




Site Observations

t
“an

Probable Causes

1. Collapse settlement of unsaturated fill
Occurs when saturation of loose fill (eg. during raining)
S.1. results confirmed existence of fill at most areas




Probable Causes

2. Long term settlement of compressible soft soil
Occurs when filling over soft soil
S.I. results confirmed existence of soft soil

Probable Causes

3. Left-over soft deposits within silt trap & temporary drains
Results in localised soft spots — more compressible
Additional S.I. results confirmed existence of soft soil




Phase 2D1

LEGEMD;
£ MECHINTOSH PROBE FOR BLOCK 2
£ WECKNTOSH PROBE FOR BLECK 1

Al
APz TEMPORSRY EARTH DRAN
DURING EARTHR

iy
[

Temporary
7 earth drain

Probable Causes

Subsoil settlement

y

Additional drag load on pile

v

Pile settlement

y

Differential settlement due
to different load, support,
fill & soft soil thickness

v




Remedial Works by Specialist Contractor

= Grouting has been carried out by specialist contractor at Block
1 of Phase 2C2

= Purpose: Fill in voids and densify compressive soft soil to
eliminate ground settlement

Remedial Works by Specialist Contractor

= Settlement is stabilising after grouting treatment
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Monitoring Results

= Crack monitoring (3 months)
= Settlement monitoring (10 months)

Ground settlement
Column settlement
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Sotlamant Profile Wieh Tima for Block 1 (Phase 30)
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'SESSION 6 : Case Studies of Wall
Failures

Ir. Liew Shaw Shong

TWO CASE STUDIES OF

COLLAPSED TEMPORARY
EXCAVATION USING
CONTIGUOUS BORED PILE
WALL

Ir. Liew Shaw Shong




Qutline of Presentation

[
- Common Probable Causes of Excavation Failure

o Investigation Procedure

n Case Study 1 & Case Study 2
Background
Chronological Events
Causes of Failures
Lessons Learnt

Common Probable Causes of

Excavation Failure
[

o Describe the product or service being marketed

» Natural Disasters : fire, earthquake, tsunami, tremor, wind, rainfall
and flood

e Act of Sabotage: explosive substances

o) Material Defects: reused steel strutting sections with poor
conditions, concrete properties

o) Design: modelling and design parameters, robustness and ductility
5 Construction: sequences of works, excavation depth

r» Maintenance: drainage system, no timely review of instrumentation
results




Investigation Procedure
(B

1. Check safety factor of the original design
2. Check the as-built construction for any deviations from original design
3 |dentify design shortcomings, material defects, workmanship deficiencies, if any

4. Interview design team, construction management team, site personnel and eye
witnesses

s Consult other experts if required, for matters beyond the investigator’s expertise or
knowledge of the facts

6. Identify possible collapse scenarios and rationalise conflicting facts or evidences
7. Determine the major contributory and triggering factors that cause the collapse
s Conduct advanced non-linear analysis /tests to ascertain the collapse mechanism
o, Confirm the collapse mechanism with those from facts and evidences

10, Write report

CASE STUDY 1 (CS1)




CS1: Excessive Movement of CBP Wall

- Two-Storey Basement

- Temporary Excavation with Berms & Raking Struts to
Lower Basement Slab

o Distresses observed in the middle of Temp. Excavation
Ground Distress
CBP Wall tilted and Structurally damaged

- Remedial Works
- Summary of Findings & Lessons Learnt

CS1: Excessive Movement of CBP Wall

Construction stage where
/ ground distresses observed
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CS1: Excessive Movement of CBP Wall
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CS1: Excessive Movement of CBP Wall

B ® _ ©® G r 9 ® . D)
g T T - S S -+ S i ar T 10, 7,80 - B - S S ;- N

Wi | | -

B |= . : .

gg g ! ! S

gg é oo ] ] i T

JE. ! ! T
& i

1 :I
I ‘
t ;
1 T
] o SHEET PILE WML [ * : .
{ - == FENCING - :
i BUILDING - -
1
i W o= WIZH OF CRACK (mm) ¥
1 b= [UI.'P‘I]PI OF SHEMR DROP -
i ) -
1 . ;




CS1: Excessive Movement of CBP Wall

CS1: Excessive Movement of CBP Wall
[

Ground Distress at Active Wedge Repairing of CBP Pile




CS1: Excessive Movement of CBP Wall

ADJACENT SITE

&
BHL @

Adjacent site

CS1: Excessive Movement of CBP Wall

- Back Analysis

o Finite Element analysis (PLAXIS) to simulate the construction sequences
of excavation & to investigate the probable causes of ground
distresses & wall movements.

917mm displacement sheet pile wall)

exc [ | rary
she :’-.':.I" .'

o Ov | " | ateral
resi — e CBP
wa ndition
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fort | !
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o The re [ | ed
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CS1: Excessive Movement of CBP Wall
[

- Remedial Solution

ADIACENT SIE | PROJECT SITE ADIACENT STE 33| PROJECT SITE
3 E
2 248 sooo 4] 7975 @ 7800 Q 143@ 5000 @ 7975 @ 7800 @
2
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(AFTER THE INCIDENT)

CS1: Excessive Movement of CBP Wall

Repairing Crushed CBP Shear Failure of Corbel Support




CS1: Excessive Movement of CBP Wall

- Summary of Findings & Lessons Learnt

o Building platform formed over natural valley containing thick
fill over previous soft deposits provides prerequisite
condition for ground distresses during temporary localized
deep pile cap excavation & removing passive berm
excessively without planned strut supports.

o Occurrence of tension cracks during initial open excavation
and installation of sheet piles suggested that the underlying
subsoil at the valley area are inherently vulnerable to
ground disturbance and hence are prompted to distressing.

o Perched groundwater regime can occur in backfilling over
natural valley leading to unfavourable behaviour of
backfill.

o Desk study of pre-development ground contours is highly
recommended.

CASE STUDY 2 (CS2)




CS2: CBP Wall Failure

CS2: Retaining Wall System
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CS2: Retaining Wall System
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CS2: Important Events Before Collapse
B

Eﬂﬂ: ’ Original struts position for Struts D, E and F with passive berm retained at Gridlines G and H. ‘
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CS2: Important Events Before Collapse

reported.

Water pipe burst incident on Day 227 which caused the steel corbel for strut F being sheared off as

Yoker Plpe Burston Dey 227
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carbel for Strut F

Observations of investigator:

Although strutting subcontractor
did not design the strutting
system for one strut failure
scenario, the retaining wall
system still managed to
distribute the loads from Strut F
vertically to soil and laterally to
Struts D & E and passive berm
safely but with large incremental
movement registered at
Inclinometer I,,.

The water pipe burst incident on
Day 227 could have weaken the
strut corbel connection for Strut
F and stressed the CBP walls
towards its structural ultimate
limit state

CS2: Important Events Before Collapse

reported.

Water pipe burst incident on Day 227 which caused the steel corbel for strut F being sheared off as
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Observations of investigator:

Although strutting subcontractor
did not design the strutting
system for one strut failure
scenario, the retaining wall
system still managed to
distribute the loads from Strut F
vertically to soil and laterally to
Struts D & E and passive berm
safely but with large incremental
movement registered at

Inclinometer I,.

The water pipe burst incident on
Day 227 could have weaken the
strut corbel connection for Strut
F and stressed the CBP walls
towards its structural ultimate
limit state




CS2: Important Events Before Collapse
(B

Strut F was reinstated. After installation of struts G and H, temporary passive berm along Gridlines G and
H were progressively removed.

Unreinfarced

CS2: Important Events Before Collapse
Emeee

mg The removal of temporary passive berm has caused incremental ground movement that led to another
248 . | water pipe burst incident on Day 248. This water pipe leakage had triggered CBP wall collapse tragedy
on Day 248.




CS2: Video Clip on Wall Failure

CS2: Video Clip on Wall Failure
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CS2: Flow of Wall Failure on Day 248

#s - 1) Water pipe burst (behind the CBP Wall)
- 2) Steel corbel connection at Strut F sheared-off

3) Failure of strutting system to re-distribute the failure
load to adjacent struts

— Steel corbel connections at Struts D and E sheared off due
to sudden increased in strut force

— Struts G and H buckled due to sudden increase in strut
force
4) Failure of CBP walls due to loss of lateral supports
(struts)

5) CBP wall failed rotationally and retained earth at
active soil wedge in to the excavation site

CS2: Why Wall Collapse

Triggering Factor of Wall Collapse: Increase of
water pressure due to repetitive water pipe
burst incidents happened at the back lane

Causes of Wall Collapse ??




CS2: Causes of Wall Collapse

1) Adoption of optimistic cohesion parameter by the consultant
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CS2: Causes of Wall Collapse

2) Inconsistency of design intent and site execution between
consultant and contractor




CS2: Causes of Wall Collapse

2) Inconsistency of design intent and site execution between

consultant and contractor P~y

CS2: Causes of Wall Collapse

3) Improper lateral restraint bracing system and non-compliance on
hole cutting at steel corbel by strutting sub-contractor and no timely
review of the retaining wall and strutting designs.
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CS2: Causes of Wall Collapse

3) Improper lateral restraint bracing system and non-compliance on
hole cutting at steel corbel by strutting sub-contractor and no timely

review of the retaining wall and strutting designs.
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CS2: Lesson Learnt & Recommendation

B

= Timely review on instrumentation monitoring
results is important

= Selection of soil parameters shall be done
carefully based on sufficient lab testing results
and local experiences

= Site supervision team to make sure the
consistency between the design intent and site
execution

= Pay attention on the connection details and
strutting bracing system




CS2: Which connection detail is better?

Failure Investigation of Piled Reinforcement
Soil Wall & Excessaive Movemnents of Piled
Embankment at Soft Ground, Malaysia

by Liew Shaw-Shong




Introduction

Two Case Studies on Failure of Piled Supported Wall
under Extreme Lateral Loading

Findings in the Forensic Investigation

Conclusions & Recommendation

39

Case 1: Case study on Piled Supported Wall

Failure

®E 8m RS Wall + 2m L-Shaped RC Wall
EFoundation : Vertical piles + Raked Piles (3 rows each)

E400mm thick RC Slab
E3~3.5m RC Monsoon Drain in front of Wall

B Failure on 4 Jan 2007 - Intense antecedent rainfall
from 10 Dec 06 to 29 Dec 06 & Triggering
midnight rainfall (20mm/hr)

EWhen 120m long RS Wall reached soffit of L-Shaped RC
Wall

40




Site Layout Plan & RS Wall Sectional View

Subsurface Conditions
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Installation of Pil
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Retention pond full of water

Site Observations

Panels
Wet panels & traces watermark

Highest level of observed seeping water below 2m high L-
shaped RC wall

.. Evidence of high water table behind the wall panel
Pile Foundation

Flexural plastic hinge pile damage at 1.75m to 2m below
slab soffit level

.. Likely due to excessive lateral load on piles







Damaged Foundation Piles

Investigation Approach

» Examine induced Axial & Lateral Forces and Moments
on Piles at Design Condition & Failure

» Lateral earth pressure theory
» PIGLET to compute pile group load distribution
» Check FOS against

Pile axial capacity

Pile lateral capacity

Pile structural adequacy (Moment & Shear)
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Schematic View of the Rain Water Infiltration
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View from
Retained
Platform

Design Scenario A (GWT at Monsoon Drain)

Requced Lever
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Design Scenario A Results
GWT at Top o:‘ Monsoon Drain (RL20.18m)
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Design Scenario B Results

GWT at 1/3 of Retained Height (RL22.0m)
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Failure Scenario Results

GWT at Top RS Wall Panel (RL27.0m)
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Remedlal Works
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Additional piles (CH 0 m to Ch 50m)
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Additional Drainage Control on Re-erected

Wall
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Drainage control on Intact Wall
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Conclusions

 Main causation : _ _
- Excessive lateral wall force due to high water table rise from prolonged
intense rainfall

¢ Foundation design under service condition is

* Attention shall be given to brittle behaviour of concrete piles taking
lateral load with rapid increase of wall pressure when rise of
groundwater table within the wall.

Need careful evaluation of design robustness of vertical or sub-
vertical piles in taking lateral foundation loading
Solutions :

» Use more raked piles utilising more robust axial pile strength to resolve
lateral imposed loading

» Extra drainage capacity for temporary drains for large flat retained
platform

» Timely backfilling of suitable fill over granular fill of RS wall




29 December 2006 - Johor was the worst hit. Heavy rain — the highest recorded in
100 years — caused floods in Johor Baru and several major towns.

Lessons Learnt on Stability of a
Piled Retaining Wall in Weak
Sails

Ir. Liew Shaw-Shong
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o Content

© Chronological events
© Distress conditions of wall
© Desk study & subsurface conditions

© Forensic investigation (Geotechnical &
Structural assessments)

© Probable Causations
© Remedial Solution
@ Conclusion

0 Chronological events

@ First SI : Jan 2005 (Within project site)

® Second SI : May 2005 (at wall area)

® Wall Distress : Feb 2006 (After prolonged
rain)

@ Forensic Investigation : Feb to Mar 2006
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0 Aerial View (Pre-devel oprment)
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° Previous 2-Stage Boreholes
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0 Vane'Shear Test Strength Profile

Interpretation of Vane Shear Test Results
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o Stability Assessments
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More prominent in effective
stress analysis, but less for
total stressanalysis




o Pile Structural Assessments

® Rankine Pressure

®Brom’s Lateral Pile Capacity:
= Fixed Head : 32kN/pile (Likely the case)
= Free Head : 20kN/pile

® Ultimate lateral pile capacity reached
when RL42.5m<GWT<RL45m

0 Probable Causes of Wall Distress

® Potential perched water regime in
natural valley terrain after raining

® Rise of groundwater increases the
lateral force on wall

® Inadequate lateral pile resistance

® Reduction of effective soil strength due
to reduction of vertical stress as wall
loading carried by piles




0 Remedial Solution

® Soil Replacement for upper weak soil

® Overcut existing piles below new wall
base

® Construct stabilising berm in front of
new wall

® Provide subsoil drainage behind wall to
control rise of groundwater seepage

° Remedial Solution

¢

Drainage
Blanket

':j: Collector \

v ;:: Pipe Drain

Disconnect piles by over

- et
B u u u cutting below cut-off level
u " o "




o Conclusion

® Potential perched water regime in natural valley
terrain after raining

@ Rise of groundwater (inefficient sub-terrain drainage)
increases the lateral force on wall

® Inadequate lateral pile resistance

® Reduction of effective soil strength due to reduction
of vertical stress as wall loading carried by piles

@ Slender vertical piles not suitable for supporting wall
on weak & compressible soils (Poor lateral resistance)

® Remedial works : Soil Replacement + Subsoil
drainage + Stabilising berm

® Solution : Raked piles in combination of vertical piles
(Serviceability limit state)
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