
1 INTRODUCTION 
Malaysia is still a developing country, which requires 

extensive infrastructures and industrial development 

supporting its economic growth; and commercial 

developments and residential to cope for the population 

growth in the metropolitan city.  Most of the favourable 

lands with strategic locations had been developed and 

leaving only the more challenging grounds for the present 

and future developments.  These challenging grounds are 

either hilly terrain or land with underlying materials of 

notorious mechanical characteristics, such as soft 

compressible deposits, loose granular deposits, brown fills, 

karstic limestone, waste dumps, peaty soils, etc.  In 

addition to these inherent unfavourable ground properties, 

project clients and local authorities have also demanded a 

more technically challenging criteria for the designs to 

ensure safety.  The forms of structure proposed in this 

modern day demands taller and heavier structures, deeper 

depth of foundation and underground excavation.  There 

are also structural forms and problems on the other opposite 

scenarios requiring technical solutions dealing with reverse 

actions from the grounds.  Therefore, for projects involving 

substructure works with foundation and underground space 

excavation; site formation with cut slope, fill, retaining 

structures and ground improvement works, geotechnical 

engineer is usually engaged in ground investigation and 

geotechnical designs. 

This paper aims to present the authorôs review of the role of 

a geotechnical engineer in the involvement of multi-

disciplinary engineering projects nowadays and how the 

value adding process in identifying the foreseeable geo-

hazards and mitigating the inherent geotechnical risks in the 

ground.  One major distinction of geotechnical engineering 

practices as compared to general civil engineering practices 

is that geotechnical engineering requires competent relevant 

experiences for sound judgments and relatively less reliance 

to code based design.  Along the way, engineering practices 

in designing and solving construction, problems encountered 

and exploring solutions in innovative ways, and 

communication interface with other project stakeholders are 

briefly discussed. 

 

2 DEFINITION & SCOPE OF  
GEOTECHNICAL ENGINEER 
 

2.1 Definition 

The definition of geotechnical engineer in Malaysia is still 

somehow ambiguous in the public perception.  It is often 

confused with the role of geologist as the public media tends 

to relate failures in the ground to geology when reporting 

ground related failure event.  Nevertheless, among the 

professionals, geotechnical engineer usually means a 

qualified civil engineer registered with the Board of 

Engineers Malaysia as either graduate engineer or 

professional engineer having relevant and competent 

experience in geotechnical works, which shall encompass 

the ability to plan ground investigation and characterise the 

ground conditions for subsequent engineering processes, 

identify and assess the potential geo-hazards and the 

possible ground borne interaction to the proposed structures, 

and offer feasible engineering design solutions to ensure 

safety and satisfactory performance of the end product of the 

engineering works including its surrounding. 

Relevant experience means the experience gained via the 
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engineering process cycle in dealing with the specific nature 

of the geotechnical works, instilling such experience in the 

forthcoming project with similar geotechnical nature and 

assuring the satisfactory performance of the end product and 

its surrounding.  Such relevant experience may consist of 

lessons learnt; compilation of statistical representation of 

engineering data and ground/structural behavioural 

performance; validation results of design elementôs 

performance; good engineering practices; evidence of 

successful engineering application and etc.  Figure 1 

presents the realm of the pertinent knowledge in the field of 

geotechnical engineering. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Realm of Pertinent Knowledge for Geotechnical 

Engineering (Modified from Morgenstern, 2000) 

 

2.2 Working Methodology 

Through the training gained from the earlier career 

development of a geotechnical engineer, the working 

approach commonly adopted in dealing with the routine 

geotechnical works will be best illustrated by the Burland 

Triangle (Morgenstern, 2000) as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Typical Working Approach of Geotechnical 

Engineering (Morgenstern, 2000) 

In establishing the ground profile, proper planning and 

implementation of the ground investigation programme by 

the geotechnical engineer with occasional input from 

geologist advising on the genesis of the ground (depend on 

the ground complexity) will be necessary. Careful 

interpretation of the ground investigation results by 

geotechnical engineer is crucial for establishing the 

operational geotechnical model and identification of geo-

hazard for subsequent risk reduction strategy.  It is common 

in geotechnical professional worldwide that local experience 

and practices with local empiricism cannot be easily 

replaced by advanced investigation and modelling 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 of probability in geotechnical problems.  Most of 

the project stakeholders dislike very much the nature of such 

uncertainty lying in the geotechnical assessment and designs 

as compared to the more deterministic approach achieved by 

the structure engineer.  Because of the inherent uncertainty, 

it is somehow difficult to have a unified code based 

geotechnical design. 

 

2.3 Scope of Geotechnical Works 

The scope of works of a geotechnical engineer for a civil 

engineering and structural building works usually involves 

the following categories of works: 

¶ Earthworks ï Basement excavation, trench excavation, 

earth lateral support for underground space, earthwork 

re-profiling for site formation at hill site involving 

stability of ground with different levels and gradients, 

settlement of fill, retaining structures 

¶ Foundations ï Any means of geotechnical treatment 

(piling, ground improvements, buoyancy effect) intended 

to counter support the structure on land or underground,  

off-shore under individual or combined loading actions 

(gravitational or imposed loadings from external factors 

or environmental forces) to ensure its stability 

¶ Soil-Structure Interaction ï The interaction effect 

between the ground and any structural element(s) with 

expected design loadings or environmental forces in 

contact with natural earth materials (soils or rocks), man-

made materials, groundwater having impact to the 

performance of structural elements partially or entirely, 

usually affecting either or both the ultimate and 

serviceability limit state conditions of the structures or 

supporting ground. 

¶ Time dependent behaviour of the ground response or/and 

ground disturbance of external sources relevant to the 

potential distress of building structures. (soil 

consolidation, creep deformation, fill compression, 

densification, liquefaction, sink holes) 

¶ Groundwater related problems ï Drawdown and seepage 

in underground excavation, fluid containment, 

transfusion of contaminants, soil liquefaction, well yield 

or recharge problems 

Figure 3 illustrates the overview of potential scope of 

geotechnical engineering with the abovementioned nature of 

works not only in Malaysia, but worldwide.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3  Potential Scope of Geotechnical Engineering (modified from Atkinson, 2006) 
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2.4 Deliverables for Geotechnical Works 

Generally, the expected deliverables for a geotechnical work 

in Malaysia can be classified into the following formats: 

A. Geotechnical Interpretative Report ï A report describing 

the approaches and standards taken to investigate the 

geotechnical aspects of the site and its surrounding 

where applicable, the interpreted geological model 

(extracted from geological report as supplementary 

report if appropriate) with due highlight of potential geo-

hazards and geotechnical model  characterising the 

ground with appropriate engineering parameters for 

engineering assessment or/and analysis.  Sometimes, 

interpretative report is also produced for the assessment 

of the validation tests or instrumentation results in 

reviewing or reassessing the geotechnical design. 

B. Geotechnical Assessment Report ï A report describing 

the approaches and standards in assessing the 

geotechnical risks, options to mitigate the undue risk, 

recommendations of provision on design validation 

tests/inspection during construction, precautionary 

measures and monitoring requirements during 

construction and post-construction. 

C. Geotechnical Analysis & Design Report ï A report 

presenting the design assumptions for specific 

geotechnical design elements with caution notes for 

validation requirements, design calculations, analysis 

results, design detailing, critical work sequence, 

specification requirements, drawings/sketches for 

geotechnical element design. 

D. Geotechnical Review Report ï A report presenting the 

independent review on interpretation of subsurface 

conditions, engineering assessment, design detailing by 

other qualified person in the form of above mentioned 

documents, specifications, drawings and etc to ensure 

compliance to norm standard and safety aspects. 

In some cases, Documents A, B and C can be 
combined in one comprehensive report addressing all 
the respective contents in the individual report as 
aforementioned.  Figure 4 shows the relationship and 
sequence of the respective deliverables of typical 
geotechnical works. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4 Relationship of Deliverables of Typical Geotechnical 

Engineering Works 

2.5 Supervision for Geotechnical Works 

In the past history of construction, very simple but harsh 

punishment with the philosophy of retaliation was applied to 

the builder, who is also the designer.  Here are the two 

cases: 

¶ Babylonian King, Hammurabi (1792-1750BC): - ñIf a 

contractor builds a house and it collapses killing its 

owner, the contractor will be killed. If the son of the 

owner is killed, then so will be the son of the contractor.ò 

¶ Napoleonic code (1804):- òIf a structure had a loss of 

serviceability within 10 years of its completion, due to 

poor workmanship or foundation failure, then the builder 

would be sent to prison.ò 

Presently, the professional liability of a professional 

engineer to the project he/she undertakes is perpetual in 

Malaysia.  The same applies to the professional engineer 

practices in geotechnical works including supervision of SI 

works.  Usually, geotechnical engineer is considered as 

specialist assisting the principal civil and structural 

consultant, who is usually the submitting person to the local 

authorities and is assuming the full professional liability for 

his project submission.  Unless for advisory role, the 

geotechnical engineer shall be accountable for the 

construction compliance and correctness of the as-built 

drawings of geotechnical works by the work contractor.  

This can only be done if the works are supervised by the 

geotechnical engineer, who designs the works. 

 

3 NATURE OF GEOTECHNICAL WORKS 
The value of appointing a geotechnical engineer in a project 

would be illustrated in this section.  It is important to 

understand the role of the geotechnical engineer in relation 

to the term of reference of the appointment when performing 

the geotechnical design with different parties.  Such 

illustration can be divided into geo-hazard identification and 

approaches taken to mitigate the identified risks, how value 

engineering process and innovation can be incorporated in 

the design process, and well though tender strategy and 

contract arrangement for competitive pricing and possible 

value engineering by the tenderers. 

 

3.1 Geo-hazard Identification and Mitigation Measures 

The basic training of a geotechnical engineer is to have the 

capability to identify the potential geo-hazard associated in 

the ground where an activity or construction is intended to 

happen there.  Within the practical financial allocation and 

constraints given, the geotechnical engineer shall be able to 

propose risk mitigation options for project client to consider.  

Ability to explore options on the potential mitigation 

measures is always important as there is no unique way of 

handling the identified geotechnical risks. This aspect of 

works has been addressed in the earlier Section 2.2.  The 

common geotechnical problems encountered in Malaysia 

with the authorôs personal experience either as project 

engineer or forensic investigator in failures related to 

geotechnical works are presented in Table 1.  

 

 



Table 1 Common Problems of Geotechnical Works in Malaysia  

Geotechnical 

Elements 

Common Problems in Malaysia 

Ground 

Investigation 

¶ Improper drilling technique to advance borehole causing disturbance before sampling and problems for in-situ testing.  

¶ Poor recovery in disturbed and undisturbed sampling. 

¶ Unsatisfactory sample disturbance (inadequate drilled-hole cleaning, handling and storage of samples). 

¶ Lack of advanced testing equipment (ring shear for residual strength, resonance column for small strain stiffness measurement). 

¶ Lack of knowledge in engineering geology during planning and interpretation of ground investigation. 

¶ Improper use of geophysical methods & questionable capability in interpretation of geophysical data by pure geophysicist without geological knowledge. 

¶ Unattractive remuneration in ground investigation industry (losing skilled and knowledge professionals). 

¶ Shifting of skill personnel to more blooming oil and gas industry. 

Geotechnical 

Testing & 

Instrumentation 

¶ Project client not willing to invest in validation testing and construction monitoring as this aspect is perceived as necessary but not rewarding in their 

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 designer or overly general 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 availability of the monitoring report.  

¶ False alerts due to unavoidable measurement fluctuation reduce the sensitivity of the decision maker for necessary timely actions.  It is often expected 

that the true result of the ñerratic measurementò may be shown in the next monitoring trip and might therefore lose the timely actions. 

Earthworks  ¶ Material classification on soils, hard materials and rocks causes serious dispute in earthworks contract as thick weathering profile in overburden materials 

are common in Malaysia.  Rightfully, the rates for excavating different materials shall tie with the physical effort of removal or excavation, i.e. whether 

by common excavation, scrapping, ripping, mechanical hacking or blasting.  However, the contract rates for removing more difficult materials will rise 

drastically and attract the work contractor to use excavation method for removing hard materials or even rocks without serious consideration of losing 

work efficiency.  Therefore, a study conducted by Public Work Department (PWD, 2005) has suggested to classify the material type by the production 

rate in additional to the conventional method of adopted method for material removal.  This will encourage the work contractor to adopt the most cost 

efficient method with consideration of the heavy penalty from the liquidated ascertained damage imposed in the contract. 

¶ Improper site clearing (salvaging topsoil, left over tree trunks, roots, etc) prior to major contract production works. 

¶ Filling over natural valley with potential existing deposited soft materials and natural seepage (usually no design provision of subsoil drainage for natural 

seepage within the natural valley). 

¶ In earthwork compaction design, standard compaction practice, i.e. either standard or modified Proctor compaction standards is usually adopted.  The 

specified compaction requirements have hardly been checked against the actual strength requirements and stiffness required for the project. 

¶ Uncontrolled end tipping practice can be an issue in normal earthwork construction if method statement is dully reviewed or the works are not supervised.  

¶ Compaction in trench excavation is usually poorly carried out. 

Soft Ground 

Engineering 

¶ After the development of the bowl-shaped settlement profile, poor discharge efficiency of prefabricated vertical drain in the drainage blanket in traditional 

PVD ground treatment is usually observed.  The simple method to improve the discharge efficiency can be done to place the perforated collection pipes 

within sand blanket to a collection sump for pumping. 

¶ Improper design and analysis of stone columns causing failure to embankment (Gue & Tan 2005). 

¶ ñMushroomò problem (uneven surface with large differential settlement like mushroom on the road surface) due to lack of understanding of the soil 

arching effect for embankment supported by individual pile caps in soft compressible ground. (Gue & Tan, 2005) 

 

 

 



(Continue Table 1) 

Geotechnical 

Elements 

Common Problems in Malaysia 

Slope 

Engineer ing 

¶ Subjectivity in determination of rock mass strength for the instability assessment of weathered & fractured rock slope (Liew & Liong, 2006). 

¶ Interpretation of soil strength envelope is usually oversimplified, i.e. the nature of non-perfectly linear failure envelope and inappropriate stress range for 

the problem.  

¶ Stress relief due to excessive earth cutting and progressive failure due to different level of strength mobilization of stiff residual soil slope.  Progressive 

failure mechanism associated to strength brittleness of stiff residual soils is not addressed in slope stability assessment (Liew et al., 2004a & Liew, 

2004b). 

¶ There are primarily three types of soil strengths, namely peak strength, critical state strength and residual strength.  Current practice on slope stability 

assessment in Malaysia is to apply the specified safety factor to the interpreted peak strength.  It is crucial to have different safety factor requirements for 

different strength adopted in the design. For instance, it may be un-conservative to use peak strength for soils with high brittleness index, in which 

progressive failure can be prominent or over-conservative to apply the 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/structures are usually undetected during the investigation and considered in design stage.  During construction stage, little verification on the 

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. Basically designing slopes by specifying slope angle without proper analysis. (Gue & Tan, 

2007). 

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

Retaining 

Structures 

¶ Piled wall with poor lateral pile resistance (Two unfortunate cases ï Cases E & F were reported in a technical paper by Liew, 2008) 

¶ Reinforced wall distress due to groundwater build-up in the wall. (Tan et al., 2007; Tan & Khoo, 2007) 

¶ Un-integrated design approach of reinforced soil wall (Mechanical Reinforced Earth/Geo-synthetic wall). This practice is common in the alternative 

design offered by a proprietary wall specialist to replace the compliance retaining wall design in the tender.  The proprietary wall specialist assumes the 

external wall stability (bearing, overturning and sliding failures) should have been considered in the original design and their responsibility is solely on 

the internal wall stability.  This might not be always the case as assumed if the original retaining design is not the gravity wall type.  

¶ Large deformation of geo-synthetic reinforced soil wall can be an issue when building the wall right to the land boundary.  The deformation due to 

mobilized extension strain of the geo-synthetic reinforcement can cause land encroachment with its bulging wall profile and structural distress of brittle 

concrete elements, likes drains or concrete fencing wall, built over the geo-synthetic reinforced zone. 

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

Basement 

Excavation  

¶ Leakage of water carrying utilities due to or causing the movements of retained ground. 

¶ Improper strutting design (member sizing, support and bracing detailing, pre-stressing strut load) and connection. 

¶ Inadequate wall embedment due to design provision or installation obstruction causing excessive seepage inflow or even piping failure, inadequate 

passive resistance. 

¶ Basement wall leakage at wall joints, honey-combing in concrete of wall body in slurry trenched wall. 

¶ Lack of understanding on the soil model, soil strength & stiffness parameters used in the FEM analysis causing failure of basement. (Tan & Chow, 2008) 

¶ Importance of control of groundwater level in the retained ground to prevent affecting the adjacent structures and utilities. (Gue & Tan 2004a) 

¶ Inadequacy of geotechnical design to check for various modes of failures (e.g. overall stability, basal failure, hydraulic failure). (Gue & Tan 2004b). 

¶ Lack of construction control and site supervision by Consultant such as over-excavation (e.g. excavate deeper than designed depth) and uncontrolled 

surcharge at retained soil (e.g. stacking of excavated materials or other materials behind the wall at the retained side). (Gue & Tan 2004b) 



(Continue Table 1) 

Geotechnical 

Elements 

Common Problems in Malaysia 

Foundation ¶ Pile group effects are either not considered or overly emphasized (rendering unrealistic pile differential settlements) in the pile foundation design. 

¶ Pile heave & lateral soil displacement problems due to installation of closely spaced piles and rapid pile installation in fine grain soils are not considered 

in pile design process 

¶ Downdrag on foundation piles in settling ground (Gue et al., 2000 & Liew 2002c) 

¶ Raft-soil interaction effect for raft or slab on grade foundation design is commonly treated by structural engineer by requesting a value of subgrade 

modulus from geotechnical engineer. 

¶ Strong association of construction method to the design pile resistances in bored cast-in-situ concrete piles is difficult in foundation design. 

¶ Soluble limestone problems and its treatment prior to foundation installation. 

¶ Piling problem related to karstic features of limestone. (Tan & Chow, 2008) 

Mar itime 

Works 

¶ Improper use of proprietary shore protection system leads to uplifting of the protection layer from the side slope underneath wharf deck and migration of 

hydraulic fill from upper slope to slope toe as a result of unbalance water head between the sea side and the reclaimed land.  The primary reason of the 

uplifting of the protection layer is the potential clogging of the geo-synthetic filters of limited provision in the protection materials.   

Environmental 

Works 

¶ Landfill materials are fairly difficult in characterizing their engineering behaviours, particularly the compressibility and strength due to heterogeneity of 

material composition and time dependent decomposition rate.  The unpredictable differential settlement at the landfill closure surface results in 

unacceptable serviceability limit condition of the gravity flow of surface runoff and leachate, damage of maintenance access and closure lining cover, 

tilting of landfill gas vents, etc. 

¶ The side slope of the uncontrolled landfill is usually very steep and high without benches as a result of dumping process by end tipping and push-over.  

Encroachment of waste line with steep side slope of the waste leads to the need of significant re-profiling of the waste dump for stability. 

¶ Hydro-geological aspects of the leachate contamination of the unlined landfill is very challenging because the hotspots for uncontrolled landfill are 

usually valley in the remote plantation land, existing mining 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 engineers in Malaysia have been enjoying such 

flexibility without much governance control from the 

authority on the design and construction methodology for 

geotechnical works.  Some examples of innovative 

application in geotechnical engineering works are given here 

to illustrate how to think out of box in the process of 

innovation. 

Case 1 - A compressive P-wave application to determine the 

as-built lengths of constructed piles in abandoned projects 

being revived is presented in Figure 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 was structurally connected by the concrete 

capping beam with other piles forming a contiguous bored 

pile (CBP) wall which was in turn connected to the concrete 

basement slab. For the proposed innovative method to 

investigate the pile length, a 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 1m intervals 

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. In Figure 6, 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 

a string of 48 hydrophones of 0.5 m intervals. It is assumed 

that the first arrival of the travelling wave picked up by the 

hydrophones located within a similar soil layering will be a 

linear line on the plot as Figure 6.  The boundaries between 

the three subsoil layers were identified by offsets (flatter 

sections) of the resulting first wave arrival of every 

hydrophone, each offset indicating a change in velocity from 

one soil layer to another. The depth of the pile toe was where 

the plot deviated from a straight line because seismic wave 

travels at lower velocity in the soil beyond the pile toe 

compared to the higher velocity in the pile concrete material. 

The lower graph in Figure 6 shows the P-wave travelling 

path through pile and various layers of subsoils. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5  Contiguous Bored Piles with Structural Concrete 

Capping Beam and Skin Wall  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

Fig. 6  Pile Toe Detection by P-Wave technique 

 

Case 2 ï An innovative instrumentation scheme for 

downdrag measurement of two hollow circular pre-stressed 

spun piles at a bridge abutment as reported by Gue et al. 

(2000).  Liew (2002c) has further demonstrated the 

significance of downdrag on piles in settling soils with this 

case history.  The instrumentation results yield useful 

findings that downdrag does exist in residual soils, which are 

capable of supporting a 9m high Reinforced Earth wall 

approach embankment and the ñhang upò effect is observed 

between the middle pile and the edge pile among the group 

piles. Figure 7 shows the sectional and perspective views of 

the proposed scheme for downdrag measurement.  

Section of the CPB wall 

and hydrophone array P-wave travelling path 


