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Abstract: Geotechnical engineering is a specialised profession in the realm of civil engineering works and is gi
gaining popularity and acceptance from the civil engineering fratemibalaysia As a result of ngid economy growth,
civil engineers are facing increasing technical challenges than before in performing their professional duties. Muc
challenges are coming from the uncertainties in the ground conditions, avkiebmetimes the product of mothaf nature or
manmade, and the ability to adopt timely effective measures to reduce the inherent geotechnical risks. To recog
understand gebazards, and formulate solutions to solve the issues, it takes a geotechnical engineer to starsaiffin
learning of good fundanmtals, practical experience in executing the design in field, lessons learnt from case stud
failures, risk management and communication skill to convey the design content and proposed solution. This pape
the career development of a geotechnical engineer from the real experience in the past, present and vision for t
Some experience on the irfecing problems with civil engineers, structural engineers and engineering geologists in ¢
with issues in projecs will also be highlighted
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1 INTRODUCTION ground One major distinction of geechnical engineermn
Malaysia is still a developing country, which requires practices as compared to general civil engineering practices
extensive infrastructures and industrial developmentis that geotechnical entgering requires competent relevant
supporting its economic growth;and commercial experiencefor sound judgments and relatively less reliance
developments and residential to cope for the populationto code based design. Along the way, engineering practices
growth in the metropolitan city Most of the favourable in desiging andsolvingconstruction, problems encountered
lands with strategic locations had been developed andnd exploing solutions in innovative ways, and
leaving only the more challenging grounds for the present communication interface with other project stakeholders are
and future developments. These challenging grounds arbriefly discussed.

either hilly terrain or land with underlying materials of

notarious mechanical characteristics, such as soft2 DEFINITION & SCOPE &

compressible deposits, loose granular deposits, brown fills, GEOTECHNICAL ENGINER

karstic limestone, waste dumpgeaty soils,etc. In

addition to these inherent unfavourable ground properties2.1 Definition

project clients and local authogt have also demanded a The definition of geachnical engineer in Malaysia is still
more tebnically challenging criteriafor the designsto somehow ambiguous in the public perception. It is often
ensuresafety. The forms of structure proposed in this confused with the role of geologist as the public media tends
modern day demands taller and heavier structures, deepé¢o relate failures in the ground teajogy when reporting
depth of foundation and underground exa®n. There  ground related failure event. Neveldss, among the
are alg structural forms and problems on the other oppositeprofessionals, geotechnicalnggneer usually means a
scenarios requiring technical atibns dealing with reverse qualified civil engineer registered with the Board of
actions from the grounds. Therefore, for projects involving Engineers Malaysia as either graduate engineer or
substructure works with foundation and underground spacerofessional egineer having relevant and competent
excavation; site forman with cut slope, fill, retaining  experience in geotechnical warkwhich shall encompass
structures and ground improvement works, geotechnicathe abilityto plangroundinvestigaton and characterise the
engineer is usually engaged in ground investigation andyround conditions for subguent engineering processes,
geotechnical designs. identify and assess the potential dexrards and the
This paper aims to present poshilde gountl tome slastionrtetheipmposed dtructerk e r
a geotechnical engineer ithe involvement of mult and offer feasible engineering design solutions to ensure
disciplinary engineering projects nowadays and how thesafety and satisttory performance of the end product of the
value adding process in identifying the foresdgde gee engineering works including its sounding.

hazards and mitigating the inherent geotechnical risks in th&kelevant experience means the experience gained via the



engineering process cycle in diag with the specific nature
of the geotechnical worksnstilling such experience in the
forthcoming project with siitar geotechnical naturend

In establishing the ground profile, proper planniagd
implementationof the ground investigationprogrammeby
the geotechnical engineer with ocdceml input from

assuing the satisfactory performance of the end product andgeologist advising on the genesis of the ground (depend on

its surrounding. Such relevant experience magsist of
lessons learnt; compilation of statistical representation
engineering data and ground/structural behareio
performance; val idati on

performance; good engineering practices;
successful engineering apmtion and etc. Figure 1

geotechnical engineering.
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Fig. 1 Realm of Pertinent Knowledge for Geotechnical
Engineering (Modified from Morgenstern, 2000)
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2.2 Working Methodology
Through the training gained from the earlier
development of a geotechnical engineer,

geotechnical works will be best illustrated by therlBuod
Triangle (Morgenstern, 2000) as showrfigure 2
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Fig. 2 Typical Working Approach of Geotechnical
Engineering (Morgenstern, 2000)

the ground complexity) will
ofinterpretation of the ground

be necessary. Careful
investigation results by

career
the working
approach commonly adopted in dealing with the routine

geotechnical engineer is crucial for establishing

It lOommon

the

r eperatiortalsgeotextrat mddel sandgidentificatiore of gent 6 s
evidence ohazard for subsequensk reduction strategy.

in geotechnical professional worldwide that local experience
presents the realm of the pertinent knowledge in the field ofand practices with localempiricism cannot be easily

replaced by advanced investigation and nhiodg without
local geotechnical input The inherent variability and
uncertainty in the ground lead to great difficulty in

describing the ground in quantitative manner and provoke

the nature oprobability in geotechnical problemsMost of

the project stakelders dislike very much the nature of such

uncertainty lying in the geotechnical assessment and designs
as compared to the more deterministic approach achieved by
Because of the inherent uncertainty,

the structure engineer.
it is somehow difficult to hae a unified code based
geotechnical design.

2.3 Scope ofGeotechnicalWorks

The scope of works of a geotechnical engineer for a civil

engineering and structural building works usually involves

the fdlowing categories of works:

1 Earthworksi Basement excavain, trench excavation,
earth lateral supporfor underground spageearthwork
re-profiling for site fornation at hill site involving

stability of ground with different levels and gradients,

settlement of fil] retaining structures
Foundationsi Any means b geotechnical treatment

(piling, ground improvements, buoyancy effect) intended

to counter support the structuose land orunderground,
off-shoreunder individual or combined loading actions
(gravitational or imposed loadindgsom external factors
or ervironmental forcesto ensure its stalify

1 Soil-Structure Interactioni The interaction effect
between the ground and any structural element{i)
expected design loadings or environmental fordes
contact withnaturalearth materials (soils or rockshan
made materials, groundwater vitrag impact to the

performance of structural elements partially or entjrely

usually affecting either or both the ultimate and
serviceability limit state conditiaof the stretures or
supporting ground

1 Time dependentdhaviour of the ground response or/and
ground disturbance of external sources relevant to the

structures.
fill

potential distress of building
consolidation, creep deformation,
densification, liquefaction, sink holes)

1 Groundwater relatedroblemsi Drawdownand seepage
in underground excavation, fluid containment,
trarsfusion of contaminants, soil liquefaction, well yield
or recharge problems

(soll

Figure 3 illustrates the overview of potential scope of

geotechnical engineering with the abovetiwred nature of
worksnot only in Malaysia, but worldwide
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Fig. 3 Potential Scope of Geotechnical Engineefimgdified from Atkinson, 2006)



2.4 Deliverables for Geotechnical Works 2.5 Supervision for Geotechnical Works
Gererally, the expected deliverables for a geotechnical workin the past history of construction, very simple but harsh
in Malaysia can be cladid into the following formats punishment with the philosophy of retaliation was applied to
A. Geotechnical Interpretative Rep®riA report describing  the builder, who is also the designer. erkl are the two

the approaches and standards taken tosiipate the  case:

geotechnical aspects of thdtesand its surrounding 9§ Babylonian King, Hammurabi (17927/50BC):- fi | f a

where applicable, the interpreted gedba model contractor builds a house and it collapsedirgl its
(extracted from geological report as supplementary owner, the contractor will be killed. If the son of the
report if appropriate) with due highlight of potential geo owner is killed, then so will be the son of thewcar act or .

hazards and geotechnical model characterising the] Napoleoniccode (1804). 0 | f a structure
ground with appropédte engineering parameters for serviceability within 10 years of its completion, due to
engineering ssessment or/and analysis.Sometimes, poor workmanship or foundation failure, then the builder
interpretative report is also produced for the assessment woul d be sent to prison. o
of the validation tests or instrumentation results in Presently, the professional liability of a professional
reviewing or reassessing the geotechnical design. engineer to theproject he/she undertakes is perpetual in
B. GeotechnichAssessment Repoit A report describing Malaysia. The same applies to the professional engineer
the approaches and standards in assessing thpractices in geotechnical works including swpson of Sl
geotechnical risks, options to mitigate the undue risk,works. Usually, geotechnical engineer is considered as
recommendations of provision on design vatioh specialist assisting the principal civiand structural
tests/inspection during construction, precautionary consultant, who is usually the submitting person to the local
measures ra monitoring requirements  dog authorities and is assuming the fulbfassional liability for
construction and postonstruction. his project submission. Unless for advisory role, the
. Geotechnical Analysis & Design Repoit A report geotechnical engineer shall beccauntable for the
presenting the design assumptions for specificconstrucion compliance and correctness of thebast
geotechnical design elements with caution notes fordrawings of geotechnical works by the workngactor.
validation requirements, design calatibns, analysis This can only be done if the works are supervised by the
results, design detailing, critical work sequence, geotechnical engineer, who desighe works.
specification  requirements, drawings/sketches for
geotechnical element design. 3 NATURE OF GEOTECHNI@AL WORKS
. Geotechnical Review Repoit A report presenting the The value of appoiimtg a geotechnical engineer in a project
independent review on interpretation of sufeste would be illustrated in this section. It is important to
condtions, engineering assessment, design detailing byunderstand the role of the geotechnical engineer in relation
other qualified person in the form of above mentionedto the term of reference of the appointment when performing
documents, specifications, drawings and etc to ensuréhe geotechnical design with differe parties.  Such
compliance to norm standard and safety aspects. illustration can be divided into gdwazard identification and
In some cases, Documents A, B and C can bepproachstaken to mitigate thaentified risks, how value
combhned in one comprehensive report addressing alengineering procesand innovationcan be incorporated in
the respective contents in the individual report asthe design process, andell though terder strategy and
aforementioned. Figure 4shows the relationship and contract arrangemerfor competitive pricingand possible
sequence of the respective deliverables of typicalalue engineering by the tendeters
geotechnical works.

O

O

—

3.1 Gechazard Identification and Mitigath Measures

Geotechnical Interpretative Report The basic training of a geotechnical engineer is to have the
e E— capability to identify the po_tential gdmz_arc_:l a_sociated in
Validation Testing Geotechnical Model the ground where an activitgr constructionis intended to

happen there. Within the practical financiahllocationand
constraints given, the geotechnical engineer shall be able to
propose risk mitigatin options for project client to conside
Review Ability tq explore _cptions on the pptential _mitigmh
G=°:::::m:i::a'::=::="' Requirements on Validation Report measuress alvyays important as_the_re is no unique way of
Mitigation Measures Testing/Monitoring handling the identifiedgeotechnicalrisks. This aspect of
works has been addressed in the earlier Section T2e
common geotechnicalproblems encountereth Malaysia
wi t h t he aut hor 0 seithgyr s projecta |
engineer or forensic investigator in failures related to

Design Assumptions/Design Work Sequence/ geOteChnical workare pBented n Table 1.
Analysis/Detailing Specification/Drawings

Fig. 4 Relationshp of Deliverables offypical Geotechnical
EngineeringNorks
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Table 1 Common Problemef Geotechnical Works in Malaysia

Geotechnical

Elements

Common Problemsin Malaysia

Ground

Investigation

Improper drilling technique to advance borehole causing disturbance before samplprglaads forin-situ testing

Poor recovenyn disturbed and undisturbed sampling

Unsatisfactory ample disturbanc@énadequatarilled-hole cleaning, handling and storage of samples)

Lack of alvanced testing equipment (ring shéarresidual strengtlresonance columfor small strain stiffneseneasuremeit

Lack of knowledge in engineering geolodyringplanning and interpretatiosf ground investigation.

Improper use of geophysical methodgj@estionableapabilityin interpretationof geophysical data by pure geophysicist without geological knowle
Unattractive remuneration in ground investiga industry(losing skilled and knowledge professionals).

Shifting of skill personnel to more blooming oil and gas industry

Geotechnical
Testing &

Instrumentation

E e R R

E ]

Project client not willing to invest in validation testing and construction monitorirthigssspect is perceived as necessary but not rewairditigir
project feasibility plan

Real time monitoring for critical works is still uncommon in Malaysia.

Often threshold criteria of the measurement were not specified by the designelygererl to be included in the interpreted output.

Usually lack of timely review of the monitoring data as the interpretation process is boring or slow in making availabditpanitoring report.
False alerts due to unavoidable measurement fluctuatiaicedtie sensitivity of the decision maker for necessaryytiagions. It is ofterexpeced
thatt he true result of the ferratic measurement o may bw®nsshown i n

Earthworks

]

=a =4

Material clasHBication on soils, hard matials and rockgauses serious dispute in eartitks contract as thick weatherimyofile in overburdemmaterials
are common in Malaysia. Rightfully, the rates for excavating different materials shall tie with the physitalfe#moval or excavation, i.e. wheth
by common excavation, scrapping, rippimggchanicahacking or blasting. However, the contract rates for removing more difficult materials wi
drastically and attract the work contractor to use excavatiethod for removing hard materiads even rocks without serious consideration of los
work efficiency. Therefore, a study conducted by Public Work Department (PWD, 2005) has suggested to classify theypeabsritiet productior
rate in additionald the conventional method of adopted method for material removal. This will encourage the work contractor to adopttst
efficient method with consideration of the heavy penalty from the liquidated ascertained damage imposed in the contract.

Improper site clearingsalvaging topsoil, left over tree trunks, roots, @tidr to major contract production works.

Filling over naturalvalley with potentiakexistingdeposied soft materials and natural seepdgsuallyno design provision of subsoil dnagefor natural
seepage within the natural valjey

In earthwork compaction desigstandard compaction practice, i.e. either standard or modified Proctor compaction stendavadly adopted. The
specified compactiorequirements havieardly been cheked against thactualstrength requirements and stiffness required for the project.
Uncontrolled ed tippingpractice can be an issue in normal earthwork construction if method statement is dully reviewed or the works are ned.s
Compaction inrfench excavation is usually poorly carried out.

Soft Ground

Engineering

=A|=a =

=a =4

After the development of the bowhaped settlement profjlpoor discharge efficiency of prefabricated vertical drain in the drainage bliartketlitional
PVD ground treatment issually observed The simple method to improve the discharge efficiency can be done to place the perforated collecti
within sand blanket to a collection sump for pumping.

Improper design and analysis of stone columns causing failure to embar{iduer& Tan 2005)

AMushroomo problem (uneven surface with | arge di ff er e rstandiaglof tleeoi
arching effect for embankment supported by individual gales in soft compressible gral (Gue & Tan, 2005)




(Continue Table 1)

Geotechnical

Elements

Common Problemsin Malaysia

Slope

Engineeing

= =4

E ]

= =4

Subjectivityin determiration ofrock mass strengtior the instability assessment of weathered & fractured rock ¢$lope & Liong, 2006)
Interpretation of soil strength envelopeusually oversimplified, i.e. the nature of Rperfectly linear failure envelope and inappropriate stress rang
the problem.

Stress relief due to excessive earth cutting pragressive failurglue to differentdvel of strength mobilizatioaf stiff residual soil slope. Progressi
failure mechanism associated to strength brittleness of stiff residual soils is not addressed in slope stability afdsessment, 2004 & Liew,
200%).

There are primarily thee types of soil strengths, namely peak strength, critical state strength and residual strength. Current practiceéatiliio
assessment in Malaysia is to apply the specified safety factor to the interpreted peak strength. It is cruciaFerdatveadiety factor requirements f
different strength adopted in the design. For instance, it may {oengervative to use peak strength for soils with high brittleness index, in
progressive failure can be prominent or egenservative to applthe specified safety factor to residual strength for failed slope.

Large scale slope creep movement is costly to stabilised (Liew & Gue, 2001).

Perched water regime in overburden soils above bedrock is not identified for slope design (Liew et al., 2004b)

Relict joint/structure are usually undetected during the investigation and considered in design stage. During construction stage, litita warifioa]
design assumptions on these potentially undetected structural geological features is carried out.

Risk assessment and prioritization.

Misused or abuse of prescriptive method in slope design. Bastdigning slopes bgpecifying slope angle without proper analysis. (Gue & T
2007)

Improper design of soil nail facing causing failure to the iaill slopes. (Tan & Chow, 2009)

Retaining

Structures

=A =4 A |1

Piled wall with poor lateral pile resistancBro unfortunate casdsCases E & Rvere reported in a technical paper by Liew, 2008

Reinforced wall distress due to groundwater buitdin the wall. (Ta et al., 2007; Tan & Khoo, 2007)

Un-integrated design approach of reinforced soil walk¢®anicalReinforced EarthGeosyntheticwall). This practice is common in the alternati
design offered by a proprietary wall specialist to replace the compliataiaing wall design in the tender. The proprietary wall specialist assum
external wall stability (bearing, overturning and sliding failures) should have been considered in the original desigin r@sgdhsibility is solely o
the internal walktability. This might not be always the case as assumed if the original retaining design is not the gravity wall type.

Large deformation of gesynthetic raiforced soil wallcan be an issue when building the wall right to the land boundary. The dtformdae to
mobilized extension strain of the gegnthetic reinforcement can cause land encroachment with its bulging wall profile and structural distress
concrete elements, likes drains or concrete fencing wall, built over theygdwetic ranforced zone.

Brittle masonry walis not appropriate if proper foundation support with acceptable differential settlement is not allowed in the design.

Basement

Excavation

=a =4 A =1

=A =4 -4 -4

Leakageof water carrying utilitieslue toor causing the movements of retairggdund.

Improper strutting desigimember sizing, support and bracing detailing-giressing strut loadjnd connection

Inadequate wall embedmedte to design provision or installation obstruction causing excessive seepage inflow or even pipingrfaderpiate
passive resistance.

Basement wall leakag® wall joints, honexcombing in concrete of wall body in slurry trenched wall.

Lack of understanding on the soil moddlil strength & stiffness parameters used in the FEM analysis causing tdihmeement(Tan & Chow, 2008)
Importance of control of groundwater level in the retained ground to prevent affecting the adjacent structures an@Guidi8e$an 2004a)
Inadequacy of geotechnical destgncheckfor various modes of failurgg.g. oveall stability, basal failure, hydraulic failure). (Gue & Tan 2004b)
Lack of construction control and site supervision by Consultant such agxnaration (e.g. excavate deeper than designed depth) and uncor
surcharg at retained soil (e.g. stadg of excavated materials or other materials behind the wall at the retainedGige® Tan 2004b)




(Continue Table 1)

Geotechnical

Common Problemsin Malaysia

Elements
Foundation I Pile group effects are either not considered or overly emphasizeei(rendnrealistic pile differential settlements) in the pile foundation design.
1 Pile heave & lateral soil displacement problems due to installation of closely spaced piles and rapid pile installa¢igmamfsoils are not consider
in pile design pocess
1 Downdrag orfoundationpilesin settling groundGueet al, 2000 & Liew 2002c)
1 Raftsoil interaction effect for raft or slab on grade foundation design is commonly treated by structural engineer by requekt;@f subgrad
modulus from geoteatical engineer.
1 Strong association of construction method to the design pile resistances in bofaesitastoncrete piles is difficult in foundation design.
1 Soluble limestone problems and its treatment prior to foundation installation.
9 Piling problem elated to karstic features of limestone. (Tan & Chow, 2008)
Mar itime 1 Improperuse of proprietarghore protectiosystem leads to uplifting of the protection layer from the side slope underneath wharf deck and mig
hydraulic fill from upperslope to slope toe as a result of unbalance water head between the sea side and the reclaimed land. The primargr
Works uplifting of the protection layer is the potential clogging of the-gygathetic filters of limited provision in the protectioratarials.
Environmental | T Landfill materials are fairly difficult in characterizing their engineering behaviours, particularly the compressibildyeagyth due to heterogeneity
material composition and time dependent decomposition rate. uipeedictable differential settlement at the landfill closure surface resu
Works unacceptable serviceability limit condition of the gravity flow of surface runoff and leachate, damage of maintenan@n@actesare lining cove
tilting of landfill gasvents, etc.
1 The side slope of the uncontrolled landfill is usually very steep and high without benches as a result of dumping peodetispiryg and pusbver.
Encroachment of waste line with steep side slope of the waste leads to the need ddsigapiofiling of the waste dump for stability.
1 Hydro-geological aspects of the leachate contamination of the unlined landfill is very challenging because the hotspots falednieowliill are

usually valley in the remote plantation land, existiriging ponds, riverbank, coastal lines.




3.2 Innovation and Value Engineering

Innovation on analytical methodology and construction
techniques can only be materialised with some degree of
flexibility of the control imposed by authority.
Geotechnical engineeits Malaysia have been enjoying such
flexibility without much governance controfrom the
authority on the design and construction methodology for
geotechnical works. Some examples of innovaé
application in geotechnical engineering works are given here
to illustrate how to think out of boxn the process of
innovation.

Case 1- A compressiveéP-waveapplicationto determire the
asbuilt lengths of constructed piles in abandoned projects
being reviveds presented ifrigure 5 In this case the as

built pile construction records were unavailable and the
interpretation of normal dynamic pile testing was difficult
because the pile wasructurallyconnected by theoncrete
capping beanwith other piles forming a contiguous bored
pile (CBP) wall which was iturn connected to the concrete
basement slab. For thproposed innovative method to
investigate the pile lengtha borehole was drilled 300mm
from the edge of the pile reaching a depth beyond the design
length of the pile. An array of hydrophones at 1nerwdls

in the borehole filled with water detected the seismic signal
created with a sledge hammer impacting at the upper portion
of the pile. The test was repeated with the hydrophone array
raised by 0.5m in the hole. Figure6, the first arrivals from

the two tests are combined and plotted against the depths of

the hydrophones to yield the equivalent of a single set from Section of the CPB wall

a string of 48 hydrophones of 0.5 m intervdlss assumed
that the first arrival of the travellinggave picked up by the
hydrophons located within a similar soil layering will be a
linear line on the plot asigure 6 The boundaries between
the three subsoil layers were identified by offsets (flatte
sections) of the resultingirst wave arrival of every
hydrophoneeachoffsetindicating a change in velocity from
one soil layer to another. The depth of the pile toe was whe!
the plot deviated from a straight line because seismic wav £

| Time (msec)

travels at lower velocity in the soil beyond the pile toeg

compared to the higher velocity in the pilencrete material.
The lower graph inFigure 6 shows the Rvave travelling
path through pile and various layers of subsoils.

and hydrophone array P-wave travelling path

Layer 1 End of pile

N p P 8 y 1 2
Vertical Distance Of Hydrophone Below Shotpoint (m)

Fig. 6 Pile Toe Detection by-®ave technique

Case 217

An innovative nstrumentation scheme for

downdrag measuremenf two hollow circular prestressed
spunpiles at a bridge abutment as reportedGye et al.

(2000.

Liew (2002c) has further demonstrated the

significance of downdragn pilesin settling soils with this

case history The instrumentation results yield useful

findings thatdowndrag does exist in residual spivhichare
capable ofsupporing a 9m high Rinforced Earth wall
approachembankmenand thefhangup 0 e f f ec t
between the middle pile and the edge jpileong the group

Fig. 5 Contiguous Bored Piles with Structural Concrete piles Figure 7 shows the sectional and perspective views of
the proposed scheme for downdrag measurement.

Capping Beam and Skin Wall
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