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FOREWARD
Alhamdulillah, I am grateful to Allah SWT that Faculty of Civil Engineering (FKA) has successfully
produced this FKA-Research signature book. It contains all relevant information on various research
disciplines at the faculty which are represented by 17 research groups. UTM was rewarded and
established as Research University in 2010. Therefore UTM needs to comply with the requirement of
Kementerian Pengajian Tinggi (KPT) to produce good academic data output. One of it is research
component. Research in UTM focuses on four major disciplines viz. Frontier materials, Health and
wellness, Resource sustainability and Smart digital community. To keep up with the output demand,
the task was cascaded to the faculty and Deputy Dean of Research, Innovation, Commercialisation
and Network (TDPI) to coordinates the activities.
Sufficient funding and good post graduate students are among the reasons for the research to
flourish. At the moment 70% of our research funds acquired by the FKA staff are from public sector
and internal funding from Research Management Centre (RMC), UTM. In future, staff would need to
strive for funding from international and private sectors. Thus recognition, collaborations and
understanding of the staff and credibility of the faculty are needed to secure research grants.
By producing this research book, more infomation can be dissemeinated to government agencies,
public and private sectors so that the research are highlighted on various research backgrounds
conducted by FKA staff. FKA do welcome cooperation with any agency on research and consultancy
to closely work together with our experts in various disciplines who are currently actively working
with public and private sectors.
I would like to acknowledge and extent my greatest appreciations to TDPI (Prof. Dr. Mohammad bin
Ismail) and team, Assoc. Prof. Dr. Norhisham Bakhary, Puan Siti Aishah binti Md Johari and Puan
Noor Ezatliarti binti Muda for initiating this project to produce this FKA-Research signature book.
May this book brings more benefits to the faculty and all.
Thank you.

Prof. Dr. Khairul Anuar bin Kassim
Dean
Faculty of Civil Engineering
Universiti Teknologi Malaysia
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Research Areas






Development of high performance composites
and bio-composites materials.
Application of high performance composites
and bio-composites materials as load bearing
structure.
Enhance the use of green materials for civil
engineering applications.
Etablish the design and construction
procedures of the composites and biocomposites for buildings and other structures.

Kenaf/HDPE Bio-Composites Profile Deck
This study focuses on Bio-composite materials containing Kenaf fibres and
a High-density Polyethylene (HDPE) Polymer matrix, formulated and
fabricated to produce a structural section for a profile deck. This project
was conducted by UTM researchers and a local manufacturer (Everise
Crimson Sdn Bhd). The products have been studied in all aspects of
structural requirements and tested in the laboratory (UTM) to investigate
their overall performance. These products are mainly used for noncorroded platform structures and building elements.

Kenaf-Glass Hybrid Fibres Polymer Composites for High Performance Composites and Load-bearing Structures
Hybridization of a bio-fiber with a synthetic fiber
could improve the mechanical properties of
composites. The aims of this study are to
characterize and evaluate the properties of Kenaf
fiber composites and their hybridization
behaviour with glass fiber, and also to investigate
the performance of bio-composites as the
strengthening plate for structural applications.
The flexural tests of Reinforced Concrete (RC)
beams showed the equivalent performance of
the hybrid Kenaf/glass bio-composite and the
glass fibre composite strengthening plates. The
analytical model of this study, based on the
nonlinear stress–strain curve of concrete,
predicted well the moment capacity of RC beams
as compared to the ACI 440.2R guideline.
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Kenaf Bio-fibrous Concrete Composite (KBFCC) for Buildings and Seismic Resistance Structures
Kenaf fibre is a cellulosic fibre, which is
environmentally friendly, biodegradable, and
economical, as compared to non-renewable
synthetic and metallic fibres. The objective of this
research is to investigate the application of Kenaf
fibre as reinforcement in concrete to enhance its
ductility and tensile strength in earthquake resistant
structures. It was proven that the inclusion of Kenaf
fibre enhanced the density, ductility and tensile
strength of the concrete specimens. Also, the study
shows that Kenaf fibre reduces the flexural and the
uniaxial tensile creep deformation of concrete
composites, which improves their resistance to
vibration and impact, as compared to plain concrete.
The outcome of the study will enhance knowledge of
the static, dynamic and time dependent properties of
KBFCC. This will aid the acceptability and widespread
application of KBFCC in engineering practice.
Additionally, the concept of sustainability in the
construction field and earthquake structures is
widely promulgated by the application of Kenaf in
concrete composite.

Kenaf-Sawdust Sandwich Bio-composites for Panelling and Platform

Sawdust

Kenaf Fibre

Polyester resin
Catalyst

This study is conducted to investigate the structural
performance of sandwich composites incorporating Kenaf
fibre-polyester resin as skins material and sawdust-polyester
resin as core material respectively. The Kenaf fibre-polyester
skins are fabricated in a unidirectional orientation with fibre
volume fraction at 0, 10, 20, 30, 40 and 50%. Laminates are
tested to failure in tension and flexure. Consequently, the
sawdust-polyester core is produced in a random arrangement
with fibre volume fraction at 0, 5, 10, 15, 20 and 25%
respectively while varying the core thickness. The core is also
tested to failure in flatwise compression, edgewise
compression and in flexure. Consequently, a bio-composite
sandwich is fabricated, based on the optimum quantity of
material and geometry of samples that are established from
the Kenaf fibre-polyester composite and sawdust-polyester
composite. Mechanical testing, such as of flatwisecompressive strength, edgewise-compressive strength and
flexural strength, is carried out on the bio-composite
sandwich.

Impact Test
for Dynamic
Properties of
Kenaf
Fibrous
Concrete

Plain Concrete
Beam

Kenaf Fibrous
Concrete Beam

Polymer Bio-composites
Strengthening Element
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 Self-healing/Self-curing concrete.
 Green and sustainable concrete
materials
 Bacteria/EM in concrete
 Wastes materials in concrete
 High strength and high performance
concrete
 Fibre reinforced concrete
 Geopolymer/Polymer concrete
 Fire resistance concrete
 Element (Block) for dynamic loading
 Numerical/Finite Element analysis

Palm Eco-Crete
Palm Eco-Crete is a product of composite materials that utilizes biomass waste, which
is abundantly available at relatively low cost. This product can help reduce the market
demand for commercial cement and consequently reduces environmental pollution.
The product is highly cost effective, durable and eco-green for building materials and
the construction industry, as 80% of production employs waste from the palm oil
industry. Palm Eco-Crete can be produced at three density levels, i.e., lightweight
(low strength), medium weight (normal strength) and normal weight (high strength),
making it a product with a wide range of applications, as well as being low cost and
environmental friendly.

Eco-Green Brick (EGB)
Eco-Green Brick (EGB) is one of the Cement Free Concrete (CFC) products,
manufactured using Pulverized Fuel Ash (PFA) and Palm Oil Fuel Ash (POFA),
with optimum proportions of lime and gypsum. As an alternative to clay bricks,
it is proving to be a revolutionary invention that produces bricks without a
sintering process, hence no greenhouse gases (CO2) are emitted.

Cera Eco-Block
Cera Eco-Block (CEB) is a product that uses more than 80% of waste, including
ceramic waste from ceramic manufacturing industries and Bottom-Ash from
power plant generation, and offers improved strength and durability,
especially in aggressive environments. Besides, helping ceramic manufacturing
to reuse and recycle waste products, the Cera Eco-Block also helps to reduce
the CO2 emitted by cement production.
Bio-Polycrete
Bio-Polycrete or micro polymer concrete is an innovative product, which does not
use cement and water as the main ingredients. It utilizes agro-industrial waste,
namely palm oil fuel ash acting as a filler and iron ore tailings as sand
replacement. Bio-Polycrete has been tested and found to have superior
engineering properties, to be more durable and to have higher early strength
when compared with conventional concrete products. No water curing is
required in the process of producing Bio-Polycrete.
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Smart soil monitoring
Slope investigation
Application of GIS in
landslide monitoring
Tunnel
Hydro-mechanical

Development of Slope Monitoring System By Automatic Wireless Accelerometer Monitoring System
The Automatic Wireless Accelerometer Monitoring System (AWAM) is a new product containing a combination of
geotechnical instruments, a self-sufficient power supply and data transfer via wireless. It automatically monitors the
deformation of slopes, free from human input, by using a combination of its gyrometer and accelerometer. AWAM is
able to operate and gather readings through obstacles and constant climate changes.

I KM RADIUS
SENSOR

RECEIVER

DATA ANALYSIS

SLOPE TO BE
MONITOR

ALARM
SYSTEM

Faculty of Civil Engineering
Forepoling Pre-support Design Chart for Tunnel
Ground conditions are not always favourable for tunnelling due to major displacement, especially when excavating in soft
soil and/or weak or weathered rock formations. A forepoling umbrella arch pre-support can be used to reinforce the
ground. The three dimensional (3D) finite element analysis of the Pahang-Selangor raw water transfer tunnel (which
encountered Grade III weathered granite having a shallow overburden cover) was selected as the reference case. Modern
computational tools allowed the inclusion of multi-stage excavations and pre-support. This will respect the establishment
of guidelines for a forepoling pre support system.

Soil-Tunnel Interaction: Joint Effect
Investigation of the effect of a joint between the segmental tunnel lining and the overall tunnel lining on performance
(flexural moment and tunnel induced ground movement), circumferential and longitudinal. The fully numerical tunnel
lining with a soil model is based on the construction tunnel profile of the Singapore Circle Line Stage 3.
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Smart Soil Slope Monitoring Using Distributed Optical Fibre
Distributed optical fibre strain sensing (DOFSS) technology on the basis of Brillouin Time Domain Reflectometry/Analysis
(BOTDR or BOTDA) provides a new platform in a slope monitoring programme, due to its ability to detect the location of
a slip failure. BOTDR technology is based on the transmission of light signals into the optical cables; it detects the
returning back-scattering light from one end and produces a full strain profile along the length of the optical fibre cable.
While the BOTDA system is functioning, the Brillouin scattered component is amplified, using the interaction of two laser
beams, a pump pulse, of unique wave profile, and a continuous wave probe light, which are injected into an optical fiber
from both ends.

Hydro-mechanical Behavior of Unsaturated Compacted Southern Malaysia Tropical Residual Soil
The influence of soil structure associated with different water contents and also the initial stress state on the mechanical
behavior of unsaturated compacted Southern Malaysia Tropical Residual Soil, especially in shear strength and
compressibility behavior, were investigated. Preliminary experimental results suggest that hydro-mechanical behavior is
significantly influenced by the different initial compaction water contents. Establishing a model of hydro-mechanical
behavior will be useful for practicing engineers to estimate the mechanical behavior of the residual soil for different loading
and initial compaction water content.
.

Faculty of Civil Engineering
Pile-Soil Interaction Effects on Low Strain Integrity Test of Piles
A theoretical model simulating a low strain pile integrity test based on the numerical solution of the wave equation was
formulated in this study. Soil reaction at the pile toe was found to be inversely proportional to pile length, while the total
amount of material damping and friction force were found to be inversely proportional to pile diameter for a fixed pile
length. The research helps in assessing the applicability of a low strain integrity test based on pile size and subsurface
soil conditions.

Characterisation of Marine Clay Using Fines Obtained from Demolished Concrete Material With Microstructural Verification
There is an emerging trend of using waste material; crushed concrete, which is available in large quantities, results from
the demolition of old structures and waste concrete from new structures. This material can be used in soil stabilizing or
soil strengthening. This study investigate the potential of fines obtained from Demolished Concrete Material (DCM) as a
stabilizing agent of marine clay as a subgrade layer with micro-structural verification. It helps to reduce the hazardous
environmental impacts of the waste and improves the engineering properties of soil, which ultimately reduces the cost of
construction and increases the life of the structure built on the stabilized soil.
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Innovative solutions of hydrological
problems in the context of global
environmental
changes
using
statistical and mathematics models
Characterization and forecasting of
various hydrological processes and
water related disasters, modeling
climate changes and their impacts
with associate uncertainties, multicriteria
decision
making
in
adaptation and mitigation planning.

Modeling Climate Change
A non-local model output statistics (MOS) downscaling approach is developed for projecting climate change at a local
scale. The applicability of a non-local MOS is tested through downscaling of an ensemble of general circulation model
(GCM) simulated rainfall for Sarawak. The projections reveal changes in annual precipitations in the range of -7.9% to
19.6% in the last part of this century (2070-2099), under all representative concentration pathways (RCP) scenarios in
Sarawak.

Modeling Irrigation Demand under Climate Change Scenarios
Irrigation is the major user of water in most developing countries. Knowledge of future changes in irrigation demand due
to climate change is very important for the long term planning and management of water resources. A modeling
framework is develped to estimate the changes in demand for irrigation water under various climate change scenarios.
Application of the framework in the Muda Irrigation Project of Malaysia revealed high variability in future irrigation
demand and, therefore, the major challenge in water resource management will be handling this uncertainty. The
modeling framewrk can be used to project seasonal and annual variations in irrigation demand, which can be very helpful
in operating reservoirs and the sustainable management of water resources.

Faculty of Civil Engineering
Designing Low Impact Development Practices
Low impact development (LID) is regarded as one of the most suitable solutions for urban stormwater management. The
existing modeling tools cannot consider the optimal or best physical specifications of LID design and planning suitable to
an area of interest, nor can they instantly derive the best combination for multiple LID designs and plans. An approach is
developed for the identificaiton of the most effective specifications of design and planning parameters for LID structures.
Application of the proposed approch in the catchment of the University Technology Malaysia campus (Johor Bahru,
Malaysia) showed that the effective specification of LID design parameters can reduce peakflow up to 20.95%. The LID
design and planning parameters can help decision-makers establish better strategies when developing urban areas.
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Optimizing Reservoir Pumping For Adaptation to Climate Change
Reservoirs are widely used in Malaysia for different purposes, such as hydropower generation, water supply, and flood
control. Reservoirs are operated based on the skill and experience of reservoir managers, who generally provide
operational strategies in the form of a general operating curve. Such operating practices, however, have been found to be
unsuitable for changing hydrological and climatic conditions. Climate change will cause more variability in the climate and,
therefore, in reservoir inflow, which may eventually influence a reservoir’s functioning. Therefore, a more systematic and
acceptable approach is developed for reservoir operation in the context of climate chagne. The method developed to
derive pumping operation curves to optimize the total volume of water to be pumped from various sources to a reservoir
can be useful for reservoir operations and management in a changing environment.

Droughts under Climate Change Scenarios
Assessing water stress or drought, along with uncertainties due to climate change, is a major challenge in hydrology. A
methodology using statistical tools is developed to characterize droughts for different crop growing periods. The
methodology can be used to derive drought severity-area-frequency (SAF) curves with uncertainty, which can be used to
assist in guiding operational responses in terms of drought risk reduction

Faculty of Civil Engineering

PTRG
Pavement Transportation
Research Group

Group Members

Research Area

Prof. Dr. Mohd Rosli Bin Hainin (Group Leader)
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 Innovative Asphalt
 Green Technology in
Highways
 Interlocking Block
Pavement
 Recycled Asphalt Pavement
 Transport Safety
 Transportation Facilities
 Traffic Noise
 Driver Behaviour

Reassessment of Thickness Design for Rural Roads
Local authorities and road agencies are using high volume road guidelines and specifications to design the pavement
thickness for low volume rural roads. This has caused difficulties for contractors in achieving the required compaction.
Moreover, remote sites contribute to rapid reduction of the temperature of hot mix asphaltic concrete, hence hampering
the compactibility of the road surface. This study involves laboratory and site experiments aiming at utilizing the correct
design for rural roads and identifying green technologies, such as warm mix asphalt, to overcome the problem of the
cooling rate while hauling hot asphalt mixtures.
Impact
Cost savings in maintenance and construction of rural roads of up to 30% are estimated. Improvements in road quality will
upgrade the quality of life of rural society.
Stakeholders
Jabatan Kerja Raya, InfraDesa Johor, Majlis Daerah and other road agencies.

11

12 Faculty of Civil Engineering
Innovative Asphalt Concrete From Steel Slag & Copper Mine Tailings
PRODUCT FEATURES
NEEDS
 The incorporation of Electric Arc Furnace (EAF) steel slag  About 115 kg of steel slag per ton of steel is
and Copper Mine Tailings (CMT) as aggregates in asphalt
produced during the steel making process
mixture improves the Marshall properties of the mix
 Steel slag satisfies all the requirements of aggregate
 80% EAF steel slag and 20% CMT mixtures significantly
in terms of strength and shape.
improved the strength, rut resistance and permanent  About 128 tons of copper tailings are turned out for
deformation susceptibility of the mix
every 1 ton of copper manufactured
NOVELTY
APPROACH
 Copper mine tailings and EAF steel slag had not been  Aggregate testing and characterization
previously used in the production of asphalt mix
 Blending of aggregate to obtain desire gradation
 Considered the effect of different types of binder on the  Blending of aggregate with bitumen
asphalt mix incorporating EAF steel slag and copper mine  Evaluation of asphalt mix performance
tailings
 Focused on the environmental safety of the asphalt mix BENEFITS
produced from metallurgy and mining by-products
 Low cost but better performance
 Reduction in the problem of waste disposal
APPLICATION
 Greener
technology
and
environmental
 Applied in the construction of roads and highways
sustainability will be enhanced
 Environmental pollution caused by unhealthy waste
UNIQUENESS
disposal will be minimized
 Produced mainly from industrial waste products
 Cost of road construction and maintenance will be greatly COMPETITION
reduced
 The construction industry can be identified as the
major competitor but the product is superior to the
POTENTIAL MARKET
present asphalt mix being produced by the
 Road agencies such as JKR, Municipality, Malaysian
Malaysian construction industries
Highway Authority, asphalt suppliers, consultants and
contractors

Faculty of Civil Engineering
Sustainable Bitumen From Waste Materials
PRODUCT FEATURES

Waste cooking oil, waste tire rubber and Palm Oil Fuel Ash (POFA) are used to replace up to 15% (by wt.) of bitumen.

Improve fatigue resistance and stability.

Physical properties are similar to bitumen 80-100.

Suitable for state roads in Malaysia where speed limit is 60-90 Km/h.

Applicable for all kinds of road in low temperature regions of the world.
NOVELTY

Product needed for the construction of flexible pavements.

Answer to the environmental need for waste management.
APPLICATION

To obtain a binder for flexible pavements.

To introduce a new method of blending.

To utilize waste materials.
NEEDS

Product needed for the construction of flexible pavements.

Answer to the environmental need for waste management.
ENVIRONMENTAL FRIENDLINESS

Reduces air pollution as less carbon emitted (up to 15%).

Reduces the use of natural resources.

Less hazardous than neat bitumen fumes.

Mixing temperature is less than the conventional hot mix asphalt temperature.
APPROACH

Collaboration with industry – deliver technology and knowledge.

Hot mix asphalt and blending method.
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Research Area


The research area for PCRG is mainly
focused on precast concrete
technology and construction. This
includes composite action on precast
concrete
structure,
connection
design between precast components,
pre-stressed concrete technology
and the failure mechanism of precast
structures

Steel Fibre Reinforced Concrete Topping in Precast Hollowcore Slabs
Prefabricated welded wire mesh (PWWM) has been utilised as a secondary reinforcement in concrete topping in the
conventional construction of a precast composite slab. Nevertheless, shortcomings have arisen, such as the lack of
concrete cover, storage areas, labour and crack control, suggesting the need for an alternative. Therefore, steel fibre
reinforced concrete (SFRC) is utilised to replace PWWM in the concrete topping. Experimental work is carried out in
three stages. Emphasis is placed on the aspect ratio and volume fraction to choose the most suitable type of steel fibre
to be applied in concrete topping. The findings also suggest that the ideal types of steel fibre to be applied in concrete
topping are SF60 and SF33, with an optimum volume fraction between 0.75% and 1.00%. Further clarification in the
third stage of the full scale test shows that the SFRC concrete topping has improved the shear capacity of the composite
slab by 17%. Finally, analytical models to predict the ultimate shear capacity of the composite slab with SFRC concrete
topping are proposed, where comparison with the experimental results are found to be approaching the 1:1 level.

Proprietary Bar Splice Sleeve for Precast Concrete Construction
Precast concrete structures, such as multi-storey buildings and bridges, are preferred in construction because of the
speed and modularity of constructing them. A connection is one of the more important structural components for joining
prefabricated precast concrete components. The connection must be able to transmit forces to avoid failure and
instability in the overall structure. The main objective of this research is to investigate the performance of precast
concrete sub-frames built with the proposed connections. Destructive tests of the sub-frames in progressive collapse
mode were carried out. This connection has been granted with a patent MY-115220-A. The connection has been tested
comprehensively and is viable for use in construction. The grouted connection uses common mechanical parts, namely
a hollow tube, tapered nuts attached to the threaded ends of the reinforcement bars and a spiral element, to form a
rigid continuous concrete structure.

Faculty of Civil Engineering
Finite Element Modelling of Composite Precast Flooring System
Interface shear strength between two concrete layers cast at different times plays an important role in developing the
composite action of the floor slabs. Most previous studies did not take concrete cohesion into consideration when
quantifying the interface shear strength for an interface of concrete with projecting steel. In contrast, an interface of
concrete without projecting steel depends solely on the concrete cohesion when quantifying the interface shear
strength. 3-Dimensional Finite Element Modelling (FEM) using ABAQUS is applied in this research to study the stress
behaviour between the precast concrete slab and the concrete topping.

Shear Strength of Steel Fibre Self-Compacting Precast Corbels
.This study presents test data of Steel Fibre Self Compacting Concrete (SFSCC) precast concrete corbels in which
experimental testing is performed and thus its findings will have theoretical and practical significance. The benefits allow
cost savings compared to precast manufacture and the inclusion of steel fibres within the concrete matrix leads to a
more ductile response in the structural members. Furthermore, the approach of using Self Compacting Concrete (SCC)
over Normal Concrete (NC) not only leads to advantages in the terms of economy, but the performance and quality of
the concrete could also be increased.
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Soil & Marine Corrosion
Microbial Corrosion, Risk
Assessment & Management,
Structure Reliability
Pipeline Composite Repair
Fatigue Assessment
Fracture Mechanic
Statistic & Probabilistic
Ocean Engineering
Offshore Structure Modelling
Hydrodynamic Wave.

Intelligent Pipeline Integrity Management System (i-PIMS)
The integrated pipeline integrity management
system (i-PIMS) requires great capability in
analyzing inspection data, minimising embedded
noise and modelling the growth of defects, to
calculate the probability of failure based on a
probabilistic
framework.
Thereafter,
the
probability of failure will be linked with its
respective consequences, based on a new
quantitative risk-matrix for risk assessment. The
overall i-PIMS framework can effectively utilize
big data from real-time systems and historical
data sourced from pigging inspections to assist
decision-making procedures with less human
intervention (Petronas Research Sdn Bhd –
RM750,000)

Pipeline External Corrosion Growth Study
The reliability of a buried steel pipeline is strongly
influenced by external corrosion due to soil. The
problems are that these factors do not affect the
pipeline equally at all locations and corrosion
does not grow at the same rate throughout a
pipeline. Therefore, this research aims to develop
a predictive model for underground corrosion
with improved multi-parameter models, in which
several soil characteristics are considered,
without the need for a return trip to the field, onsite excavation and the presence of technical
expertise. Moreover, the models developed in
this study are based on empirical results
reflecting a wide range of exposure conditions
suitable for Malaysia’s site conditions (Petronas
Gas Bhd – RM 379,430)

Enhancement Of Epoxy Grout Properties As Composite Infill Material For Steel Pipeline Repair
The main aim of this research is to investigate
the performance and behaviour of modified
epoxy grouts used as infill material in composite
repairs for steel pipelines subjected to external
metal loss. The infill performance was enhanced
by modifying the composition of the three-part
infill, by removing the sand from the mixture.
According to pipeline burst testing, material
testing and finite element analysis, the modified
epoxy grout has increased the capacity of burst
pressure by a small margin of 3%. Even though
the increment is marginal, the results show that
the modified filler is less brittle, hence reducing
sudden ruptures of the pipeline (UTM GUP – RM
50,000)
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Detection and Repair of Corroded Reinforcement in Concrete
Reinforced concrete is one of the most preferred construction materials worldwide. This is due
to its versatility and ease of construction. At the same time, reinforced concrete lasts a long
time in serving its intended function. However, one of the common problems faced by
reinforced concrete structures is corrosion of the reinforcement. Hence research on inhibitors
to delay or halt the corrosion process is necessary. Work on devices that detect early corrosion
is also very much needed. Hence, this group is actively doing research on
i.
Green corrosion inhibitor
ii.
Corrosion detection sensor
iii.
Impermeable concrete cover
POTENTIAL PROJECT / TRAINING / COURSE:
1.
Corrosion testing in laboratory and on site
2.
Assess and evaluate structure condition using non-destructive testing methods
3.
Materials and structural test

Structural Health Monitoring Systems
For decades, engineers have relied on non-destructive tests (NDTs) to assess the condition of
in-service structures. Despite wide application in civil engineering practices, most NDT
techniques suffer from major shortcomings. For instance, NDTs are a local damage-detection
method and, when they are applied to large structures, they become costly and timeconsuming. To overcome NDT problems, Structural Health Monitoring (SHM) systems have
been developed. The aim of SHM systems is to localise damage and estimate its severity by
using measured structural responses via sensors. The main focus of current research is on the
following areas:
I.
Seismic damage identification using output only data
II.
Real-time structural health monitoring via wavelet transforms and artificial neural
networks
III.
Optimal sensor placement in structures
Potential Project / Training / Course:
1. SHM systems and their application in civil engineering
2. Structural retrofits using fibre reinforced polymers
3. Structural assessment for seismic induced damage to structures
4. Seismic design of buildings and bridges according to Eurocode

Steel Strapping Tensioning Technique
Background/Previous or Current Projects:
High-strength concrete (HSC) performs better than conventional concrete. However, it is
non-ductile and its failure is sudden and explosive. Active confinement using hydrostatic
pressure has been proven to enhance the ductility of HSC. Existing confining methods are
mostly passive-typed and ineffective in confining HSC. Therefore, steel straps are pretensioned around HSC and the confining pressure is active-typed. Against this background,
this group is actively doing research on
i.
Feasibility of this confining technique
ii.
Improvement of the confining technique
iii.
Design of confined structures
Potential Project / Training / Course:
1.
Repairing damaged structures
2.
Strengthening weak structures
3.
Structure design of confined structures
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Numerical Investigation into Structural Integrity of ISO Shipping Container Modified for Transitional
Shelter
Transitional shelters are a cost-effective and sustainable dwelling system for postdisaster reconstruction and slum area habitation, where they can be set up earlier
for emergency usage and gradually be improved into a permanent dwelling over
a longer time period. Reusing ISO shipping containers as shelters for their second
life purpose could be a sustainable construction solution. Modification of an ISO
shipping container would change its structural integrity, which is beyond the ISO
standard coverage. Collaboration between Universiti Teknologi Malaysia (UTM),
Malaysia and École Polytechnique Fédérale de Lausanne (EPFL), Switzerland has
investigated the structural integrity of modified ISO shipping containers via
experimental tests on two physical specimens. This project aims to investigate the
structural integrity of modified container shelters, and to create operational
guidelines for the usage of containers as transitional shelter. Researchers from
both universities will continuously collaborate through numerical investigation
and laboratory testing.

Smart Lightweight Innovative Modular Panel System (SLIM) Using Cold-formed Steel Section
In Malaysia, cold-formed steel sections are frequently used in roofing systems, such
as roof trusses and purlins. The light steel framing system has yet to be utilised in
Malaysia. It is necessary to investigate the economic impact of the light steel
framing system on our local industry, conduct comprehensive testing and
parametric studies to develop guidance and procedures for the analysis and design
of such buildings. This research proposes a composite lightweight system for wall
panels, made of innovative material. The material comprises cold-formed steel
sections as the primary structural components and lightweight board sheathing for
composite sections. The proposed panel should take into account the optimum
design for the intended lightweight structure that is easy to produce, fabricate, and
install.

Solar Home UTM (Datong, China)

Development of New Technologies for Interlocking Brick Block Construction

UTM EcoHome

Traditionally, buildings are designed using timber, steel or concrete as construction materials.
With the increase in material costs in the construction industry, there is a need to find more
cost saving alternatives, so as to maintain the cost of constructing houses at prices affordable
to clients. This research proposed a new interlocking brick system, using red soil and sand as
the core materials. The methods used from traditional techniques are being further
developed to improve the quality of the brick, hence broadening the potential for its
application. Construction using an interlocking brick system is very cost effective, energy
efficient (excellent thermal properties and low energy input required for production) and
environmentally friendly.

Columns at Elevated Temperatures
Fire represents one of the most severe environmental conditions to which
structures may be subjected and, hence, the provision of appropriate fire safety
measures for structural members is an important aspect of building design. Under
fire conditions, the loading on a structure does not significantly change, but the
capacity (strength) of the member decreases with the length of time it is exposed
to fire, due to increasing temperatures in the steel. This decrease in strength
continues until the time at which the member’s capacity is below the applied load,
at which point the member fails. This type of response is contrary to what happens
under other conventional loading conditions, where failure is due to a progressive
increase in loading. Therefore, full-scale fire tests have been conducted for
foamed concrete filled steel tube columns and cold-formed built-up columns.
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Effect of Particle Size and Grading Characteristics of Sand on Liquefaction Resistance of Sand Matrix Soils

Reconstitute samples of sand
matrix soil.
a) Coarse sand; b) Medium sand ;
c) Fine sand ; d) Kaolin

Microscopic view of Kaolin

Monotonic and Cyclic Test Machine

One of the critical problems confronting the building industry in Malaysia
today is the potential for seismic threats. Soil liquefaction, as the secondary
effect of an earthquake, may cause devastating failures to sub-structures.
Currently, research into soil liquefaction engineering has been mandatory,
focussing on the liquefaction resistance of sand matrix soils, sand with
limitied fines content. However, previous research trends are biased, as
they only look into the role of fines in the liquefaction resistance of sand
matrix soils. Although the research findings agree, it is not conclusive
enough to be applicable to all types of sand with different physical
characteristics. This research aims to investigate the effect of particle size
and gradation characteristics of sand on the liquefaction resistance of sand
matrix soil. A series of laboratory tests, comprising an index test,
microstructure test, monotonic triaxial compression test and two-way cyclic
triaxial test, will be conducted. The laboratory outputs will be analysed
statistically.
The research findings are expected to contribute to the
fundamental theory and engineering practice of evaluating soil liquefaction
for the construction industry. This study will provide a better understanding
of the role of parent sand in the liquefaction resistance of sand matrix soil.
By incorporating the theoretical framework of critical state soil mechanics,
the fundamental understanding of how particle size and grading
characteristics influence the liquefaction resistance of sand matrix soils was
improved. Besides, it will be a revised practice to reinforce the limitation of
current engineering guidelines for construction industries worldwide,
including in Malaysia.

Fundamental Study of Bearing Capacity of Geothermal Energy Piles in Tropical Soils
Energy pile technology has been used throughout the world, in countries like
Switzerland, Austria, China and the United Kingdom. This technology is
similar to sustainable technology, which aims to save or minimize the use of
energy, such as electricity. Nonetheless, the technology has not been widely
implemented in Malaysia, due to a limited amount of research. Therefore,
additional testing and new analyses are required to better understand the
mechanisms of thermal soil-structure interaction in energy piles.
The objectives of the research are (1) to determine the impact of
thermal loads on the bearing capacity of the scaled model energy piles in
tropical soils; (2) to compare the bearing capacity values of geothermal piles
for various plasticity conditions of soil; (3) to develop preliminary charts on
the performance of geothermal energy piles in tropical soils.
The main part of the research is the material characterization for
the soil samples & other related materials to be used in the preparation of
the pile model and its corresponding tests. Field temperatures of tropical
soils will be determined and a laboratory scale energy pile system will be
tested under axial, thermal and thermo-axial loads. Work will include the
design and fabrication of the test box and relevant instrumentation, such as
the loading system and corresponding instrumentation like linear variable
displacement transducers (LVDT), thermocouple and strain gauges in
respective soil medium and model pile. The significance of the research
outputs will be a better understanding of the mechanisms of thermal soilstructure interaction through the behavior and performance of geothermal
energy piles installed in tropical soils, particularly in Malaysia. In other
words, the bearing capacity of geothermal piles in various types, strength
and density of Malaysian soils will be assessed and compared.

Soil Sample (Kaolin) Preperations

Vane Shear Test of Kaolin

Axial, Thermal and Thermo-axial Loads
Test Machine
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Strength and Cyclic Behaviour of Recycled Blended Tiles Treated Soft Clay

Soil Sample
Preparation marine
Clay

Samples preparation
for UCS and CU Triaxial
Tests

UCS Results(Marine clay + 0.15 mm RBT)

Marine clay is well-known for its poor characteristics, such as
excessive settlement and low bearing capacity. Nowadays there are a
lot of existing infrastructure projects that create cyclic loads, such as
high-speed railways, canals and motorways. These projects will
involve areas that consist of marine clay. Recycled blended tiles (RBT)
are the wastage from ceramic tiles at construction sites, collected and
crushed into a fine powder to be used as a soil additive. Tiles are one
of the major construction materials that cause a lot of wastage during
construction. Treating marine clay with RBT will also solve the
problem of the wastage of tiles. They are usually thrown into the
environment without any concern for their impact, such as affecting
the fertility of the soil and consuming a large space.
This research looks at the possibility of treating soft marine
clay with RBT and studies the behaviour of treated and untreated
marine clay under two-way cyclic loading, using the triaxial testing
equipment. The optimum percentage of RBT to be used will be
obtained first through Unconfined Compression tests. Results will be
verified by evaluating the microstructure and chemical composition
of treated soil. It is hoped that RBT will increase the soil strength and
alter its properties to give better performance. Hence, the treated soil
will become a good foundation for building structures or a good subgrade for pavements of roads or highways and will enable those
infrastructures to stand the cyclic loading generated either naturally
by earthquakes and wind or by traffic loads. It is expected that this
research will solve the problems associated with marine clay, besides
the waste problems. If it works, the projects that use this method for
soil treatment will be expected to be cost-effective projects and help
with sustainability problem.

Research and Development of Screw Driving Sounding Test (SDS)
Soil investigation is a very crucial task at the beginning of each civil
engineering project. Therefore, it is a great opportunity to engage with
industry to understand more about this task. In the Memorandum of
Agreement (MoA) with JHS, UTM via the Soft Soil Research Group (SSRG)
has been appointed to help verify an innovative new machine for soil
investigation. This year-long project required the team to investigate five
different soil properties at various selected locations.
This machine has the potential to expedite the process of site
investigation and it is easy to maneuver at the field site. Its futuristic
mechanism, which allows users to upload the captured data to the cloud,
has also set a new benchmark in the field. If data measured by this
machine is successfully verified, it can be used worldwide, significantly
improving the quality of workmanship in site investigation.
This research is aimed at developing the correlation between
the properties of soils in Malaysia obtained from conventional soil drilling
using a deep boring machine and the Mackintosh probe, with the results
obtained using Screw Driving Sounding (SDS) tests.
The research findings are expected to give a correlation of the N
value obtained by the SDS method with the Standard Penetration Test
(SPT), and SDS method with Mackintosh Probe Test (MPT) method. Hence,
it will develop the SDS-based correlation equation of the N value of soils
in Malaysia. Other than that, the correlation between the geotechnical
properties of soils would be improved when derived from the SDS
parameters and it will also be possible to establish the characterization of
types of soil.

Start-Off Project Ceremony at BoreHole 1 near to
UTM Swimming Pool on 8 March 2017

In-house training for SSRG members by
representative of Japan Home Shield Corp.
(February 2017)

(a)

(b)

(c)

(d)
(e)
(f)
Pictures on each site. a) UTM Stadium;
b)Pasir Gudang; c)Batu Pahat;
d) Setiawangsa; e) UTM KL; f)Cheras.
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Strategic Noise Mapping Prediction for Workplaces (S-NMS)
This project has been carried out, in collaboration with the Malaysian Social Security Organisation (SOCSO), to improve
noise mapping technology in workplaces. In current industrial practice, the technology used to produce noise maps is
inaccurate and unreliable, with no standardized procedures or guidelines. Undeniably, the problem of occupational
noise exposure has been increasing dramatically every year. Many workers were exposed harmfully to noise and suffered
negative effects on their hearing, due to ineffective noise abatement in workplaces. For these reasons, this research
project developed a tool to predict the strategic noise map and noise risk zones in workplaces, namely S-NMS. The
automation and simulation of S-NMS use stochastic modelling and were coded using MATLAB software. The system in
S-NMS could effectively deal with complex working environments, the randomness of working activities in a working
area, such as random movement, and the operation of machinery. The noise risk zones indicate the potential risky areas
and workers themselves can recognize the noise risk in their working area and increase self-efficacy in using hearing
protection devices. Thus, S-NMS could be used in all noisy workplaces/industries where hearing loss is a major problem.
This project has won national and international awards, including 4 gold medals.
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Noise Induced-Hearing Loss Compensation Model for Construction Industry
This project has been carried out in collaboration with the Malaysian Social Security Organisation (SOCSO). Noiseinduced hearing loss (NIHL) is considered a chronic occupational disease, very prevalent among construction workers.
The severity of NIHL is influenced by multiple factors that should be incorporated to produce an accurate and
comprehensive compensation system for construction related industries. The current compensation model depends
upon the audiogram results and there is a lack of guidelines on measuring the risk factors’ synergistic involvement. The
research project aims to develop a new NIHL compensation prediction model for the construction industry by taking risk
factors into account. The research established the risk factors for NIHL and the relationship between risk factors and
hearing loss. NIHL risk factor data were extracted from the SOCSO data base which include noise exposure, area noise,
chemical and heat exposure, smoking habit, medical condition, risky hobby, and working environment of site. Feedback
from related industry and academic experts were also recorded. It was found that significant NIHL risk factors were daily
noise exposure, area noise, smoking habit, cardiovascular disease, and age. Three NIHL compensation models were
developed using linear multiple regression methods. The best model was obtained when daily noise exposure and
smoking habit were incorporated as follows:
NIHL Compensation Model = (0.442(Daily Noise) +7.089(Smoking) – 20.750)/100) x (Salary/30) x 90%x Age Factors
This model gave the lowest value of disparity between prediction value and actual compensation value awarded by the
SOCSO. This study proved that risk factors are the essential factors that need to be highlighted when calculating
compensation for NIHL and, indirectly, this could be taken as an indicator that more effort should be carried out on
prevention actions, to slow the increasing number of NIHL cases.

Hearing impairment vs age of workers

Hearing impairment vs daily noise exposure

NIHL Compensation Model vs SOCSO model
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Transverse Rumble Strips Profile for Environmental Acoustic and Driver’s Comfort

Optimum TRS Thickness (mm)

TRS Profile Types
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Transverse rumble strips (TRS) are a common choice to reduce
vehicle speed and increase driver alertness on roadways. They
function by assisting drivers to become aware, through optical,
vibration and audible effects, thus encouraging drivers to
reduce speed and increase their alertness in order to face any
hazard that may exist ahead. Generally people living in the
vicinity are annoyed when traffic crosses rumble strips. The
project aims to determine the optimum profile that gives less
annoyance to neighbourhood but maintains the driver’s
comfort. Researchers investigated several types of TRS and
evaluated the factors that influence the external noise when
TRS are being crossed by traffic and by a single vehicle; they
analysed the possible tyre-TRS vibration mechanisms that are
involved in the generation of TRS noise and evaluated the invehicle sound and vibration due to TRS. The study found that
TRS can be categorized as raised rumbler, middle overlapped
and multi-layer overlapped. External noise from TRS depends
on the factor of traffic volume, speed, TRS thickness and width.
It was found that the raised rumbler type generates noise as a
result of an air pumping tyre-pavement mechanism. TRS
vibration is influenced by vehicle speed and TRS thickness. By
considering both neighbourhood and drivers’ comfort,
optimum TRS thickness curves were established that could yield
an acceptable environmental acoustic and provide optimum
vibration without compromising drivers’ and passengers’
comfort. This study helps road planners and engineers in
determining the thickness that provides appropriate vibration
and a ‘quieter TRS’ for the residential areas or ‘noisy TRS’ for
the roads far from residential areas to maximize its warning
effect on the road.
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Agricultural Biomass for Mushroom Cultivation
Malaysia generates abundant agricultural waste every year from agricultural
activities, such as oil palms and paddies. Palm oil is the most important product from
Malaysia that has helped to change its agricultural sector and economy. Several
agricultural residues have been used in mushroom cultivation. Most of the
agricultural residues, such as sugarcane bagasse, maize straw, maize cob and sawdust,
Process of compacting, refilling and are wasted, while the majority constitute environmental hazards. One of the best uses
packed in special container or
is as growth media for mushroom production, since mushrooms are easier crops to
plastic bags
grow. Kavitha et. al. (2013) proved that Empty Fruit Bunch (EFB) and paddy straw
show potential as viable substrates for mushroom cultivation, either alone or in
combinations of both as substrate for the cultivation of Pleurotus florida. Cultivating
oyster mushrooms using a combination of paddy straw and wheat straw as
mushroom substrate without nutrient supplementation had been proven in
California. Cultivating edible mushrooms using agricultural waste is one of the most
efficient biological ways in which these residues can be recycled and become
Samples of agricultural biomass
environmental friendly.
waste as the main substrates
Therefore, this research aims to develop a study on the optimum ratio for
agricultural substrates, such as EFB, pineapple, cocoa and paddy straw, and the
carbon optimization to be reused for other plants growing This study involves
technology and knowledge transfer on the development of mushroom bed
composition that employs these types of agricultural wastes, which cater for different
types of agricultural waste abundant in Malaysia and also innovation in order to
minimize the production of CO2 during the development stage of the mushrooms.
The success of this research would contribute towards adding commercial value to
Incubation and maturity growth of the local agricultural sector that is environmentally sound, in tangent with developing
the mushroom
a sustainable nation in the year 2020.
Cool Island Pavement
The research is to define the value of color coding reflectivity (solar reflectance) in the market
to promote the new smart and simple innovation of the Cool-Island phenomenon. Most of the
temperature reduction is based on several factors and the objectives of the research are as
follows:
1. Investigation of the public selection in the Malaysian context of color choices for roofing
materials (e.g. clay roof, concrete roof and metal deck)
2. Determination of solar reflectance by the proposed Urban Heat Island (UHI) paint color
and correlate with the surface temperature (Ts) of various materials

Tiles wasted materials to be
used as the main ingredient for
Cool-Pavement

3. Propose a selection of perfect color coating for the actual house, to determine any
significant impact of ambient temperature reduction (Ta) and energy saving.
The study emphasizes the importance of integrating gravel stone paver (GSP) material as
enlightening the reflective principle in any city. This method can be applied in a conventional
asphalt structure for a paver block or parking lot. In addition, the proposed research will also
investigate the brightness of GSP, to enhance solar reflectance by lowering the cost application,
compared to the usual impact of construction work. This study can be used as an alternative
option for roadworks and the construction industry. Outcome of the project:
a.
New GSP formulation can be applied, based on the usage of natural stones and
chemical content that comply with the reflectance principles
b.
Based on current data it is hoped that the new cool-paver of GSP can be applied in
any paver block or parking lot and should be cheaper than the ordinary cool-pavements
existing on the market. The thermal reduction can be achieved similar to the existing one,
with less maintaince and it is easy to construct. Furthermore, the standard surface
temperature reduction achieved by the GSP technique will be developed
The best cost reduction can be implemented in producing the new cool-pavement material.
GSP could reduce at least 60% from the total cost of production.

Constructed and Preparation of
the Site Pilot Testing

Completion of the Paved
Materials for the Cool-Island
Pavement® Signature
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Cool Island Coatings for Urban Heat Island (UHI)
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Figure1: Heat Reduction based on the Coating Color Material Selection

Figure 2: Various Types of Color-Coated on Selected Roofing Tiles

a. Investigation of existing metal/paved
materials/constructed roofing tiles by
observing the surface temperature (Ts),
ambient (Ta), humidity and thermal image for
different colors of metal deck/roofing material
surfaces.
b. Evaluation of the effect of color selection used
for its potential to improve thermal comfort
inside the metal cabin.
c. Propose any selection of perfect color coating
for the actual house, to determine any
significant impact of ambient temperature
reduction (Ta) and energy saving
d. Selection of the preferable color coating
choices
for
roofing
materials
by
public/stakeholders
e. Development of preferable solar reflectance
and surface temperature formulation
f. New improvement of temperature reduction
in the building can be determined via color
coating

Lipid Production from Palm Oil Mill Effluent by Microalgae
In Malaysia, palm plantations currently occupy a large acreage of farmed land and
the palm oil industry is growing rapidly. Without proper treatment, wastewater
will pollute the surrounding watercourses. The current treatment technology of
palm oil mill effluent (POME) typically consists of biological aerobic and anaerobic
digestion. Furthermore, the common conventional treatment is unable to meet
the regulations set by the Department of Environment (DOE) with the level of BOD
at 100 mg/L. The discharge of improperly treated POME has an adverse impact on
the environment. However, the substances in POME are able to support the
growth of microalgae. Moreover, culturing microalgae in wastewater offers an
inexpensive alternative to the conventional forms of wastewater treatment. At
the same time, microalgae can utilize the nitrogen and phosphorus compounds in
wastewater to generate a microalgae biomass for different types of lipid
production, which can serve as a substrate for biofuel production. This study will
aim to isolate and identify the potential microalgae isolate from the palm oil mill
located in Johor, Malaysia (which has existing POME that are capable of producing
high lipid using microalgae). The scope of this study is to assess the main
component of POME to be used as organic carbon for microalgae. The research
will mainly focus on developing a lab scale prototype and actual ponding system
to produce high lipid content from the microalgae.
The main objectives of this study are as follows:
a. To isolate, identify and screen the algal species that can grow in different
concentration of POME.
b. To investigate the growth and optimize the physio-chemical parameters in
achieving higher lipid production from the selected micro algal species.
c. To determine the lipid content from the selected microalgae based on
different optimum conditions (carbon to total nitrogen ratio, photo periods,
and organic loading rate).
d. To quantify and characterize the fatty acid content of the selected microalgae
to sever as substrate for the production of biodiesel.

Yield (%)
25.69 21.34

21.52

28.28
30.83

Chlamydomonas incerta

chl. Vulgaris

Tetraselmis sp

Chl. Sorokiniana

Chl.pyrenoidosa

Percentage of lipid content for different
types of microalgae

Prepare lab scale
and biomass from
the culture

Separation of
biodiesel and
glycerol during
transesterification

Collaborative of Research between
IPASA, UTM – Tsukuba U, Japan
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Use of Electromagnetic Field (EMF) to Maintain Performance of Wastewater Treatment at Low Dissolved
Oxygen
The stable operation of an activated sludge process (ASP) is always
plagued by the occurrence of sludge bulking. Existing control approaches
have led to various drawbacks. The most common approach taken is to
increase high dissolved oxygen (DO) throughout the aeration phase.
However, this approach leads to high operational costs, due to aeration
energy consumption. Relatively, very little attention has been paid to the
possibility of applying a magnetic field to control sludge bulking
problems. Application of a magnetic field could stand a great chance of
minimizing the sludge bulking, despite the low DO concentration.
Therefore, this study is aimed at evaluating the performance of ASP under
sludge bulking occurrence using an electromagnetic field (EMF) in a
sequential batch reactor system.

Development of Baseline Data on Sludge Bulking in Selected Sewage Treatment Systems
The performance of activated sludge processes (ASP) often deteriorates due to sludge bulking. Such occurrences can become
severe, as it has the potential to cause the overall treatment system’s performance to collapse. According to recent knowledge,
no research has been carried out to investigate the severity of the sludge bulking occurrences in sewage treatment plants in
Malaysia. No recorded data is available on the occurrence of sludge bulking, especially data on sludge settleability. Hence, the
aim of this study is to investigate the level of severity of sludge bulking occurrence in terms of settleability of activated sludge.
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Optimization of Coagulation Activity for Micro-pollutant Recovery in Wastewater Using Jatropha Curca
Micro-pollutants in wastewater are currently one of the most important issues. The continued release of micro-pollutants is
believed to cause long-term hazards, as the contaminants are bio-accumulating and even form new mixtures in the receiving
water. Current wastewater treatment processes are optimized to remove bulk organic matter and nutrients, but are not
designed to remove these micro-pollutants. To date, there is little research on determining microbial removal using natural
coagulants. Therefore, this research discusses the recovery of micro-pollutants in wastewater using a natural alternative, which
is Jatropha curca.

Effect of Intermittent Electromagnetic Field (EMF) to Remove Nutrients in Municipal Wastewater
The over-enrichment of nitrogen (N) and phosphorus (P) compounds can lead to the excessive growth of algae and other
photosynthetic organisms. This causes a negative impact, including reduction in photosynthetic activity and depletion of oxygen
others. Removal of these nutrients in wastewater treatment systems is of major importance. Not many studies have been
conducted on the usage of electromagnetic field (EMF) for degrading nutrients in sewage. The understanding of the application
of EMF for sewage treatment has not yet been explored. Hence, an intermittent electro-magnetized sequential batch reactor
system (EM-SBR) system is design for nutrient removal in sewage.
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Struvite Precipitation for Ammonia Recovery from Landfill Leachate
Struvite (MgNH4PO4.6H2O, MAP) precipitation is an effective method to
recover ammonium nitrogen (NH4-N) from wastewater into a valuable and
environmental friendly material. It is crystallized by a chemical reaction
between NH4-N, Mg and P, which is affected by several factors, mainly pH,
molar ratios, foreign ions and mixing intensity (G). Landfill leachate (LL)
contains high concentrations of NH4-N that should be treated properly to
avoid environmental pollution problems. Therefore, the aim of this study
is to develop a sustainable approach for NH4-N recovery from municipal
LL via MAP precipitation technology.

Hydrodynamic cavitation using multiple orifice plate for tertiary treatment of palm oil mill effluent
Hydrodynamic Cavitation (HC) is an Advanced Oxidation Processes (AOP), which
generates and utilises hydroxyl radicals (HO·) as its oxidising agent. It has been
studied for different applications: to treat pharmaceutical waste, seawater and
microalgae, where much effort has been put into enhancing its performance,
for example, by using pH, aeration and hydrogen peroxide (H2O2). However, the
production of HO· using a multiple-plate combination has not yet been studied.
The use of pH, aeration and H2O2 has been proven to significantly improve HO·
formation, but these have not been studied previously using a multiple-plate
combination. The use of HC as a tertiary treatment for POME has not been
reported before. Therefore, in this study, the enhancement of HC has been
investigated using double and triple orifice plate configurations and
arrangements. The best system was then tested on biologically treated POME.

Treatment of textile wastewater using hybrid biogranules system
In the past decades, studies have shown that textile wastewater can be
treated by the sequential combination of anaerobic and aerobic processes.
These processes have been carried out using either separate anaerobic and
aerobic tanks or a single sequential batch reactor (SBR) with biomass either
in the form of suspended flocs or biogranules. Nevertheless, most of the
studies were carried out on laboratory scale, by using either single dye or
synthetic wastewater. Studies using actual textile wastewater at a bigger
scale are apparently missing. As the characteristics of textile effluent are
well known for high variation, many practical aspects of the treatment need
to be explored. In this study, a pilot-scale hybrid biogranule system has been
developed for the textile industry which utilizes the concept of sequential
anaerobic and aerobic biological reactions for complete degradation of the
textile wastewater. Furthermore, the operation is low cost, simple to
operate, environmentally friendly (using microbes only) and has a small
footprint (as only one reaction column is required).

Enhancement of Anaerobic Degradation of Landfill Leachate Using Zeolite
Anaerobic degradation of landfill leachate can produce methane gas for
energy recovery. Nevertheless, the refractory nature of leachate,
especially its ammonia toxicity, largely inhibits the most sensitive
methanogenic consortia, thereby hampering methane production. The
used of zeolite as a sorbent for ammonia removal has been widely
reported. Mainly characterised by its large surface area, a zeolite, such as
clinoptilolite, provides high affinity for microbial immobilisation, and high
ion exchange capacity for ammonia removal. Therefore, in this study,
clinoptilolite was added in batch anaerobic system to reduce the
ammonia concentration, to reduce microbial lag phase and to enhance
methane production.
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Seer-Sag
Digital Tri-axial Seimo-Accelerograph, to measure Richter magnitude &
distance of earthquake & ground motion acceleration.
Status: Patent granted (MY-143030-A)
Awards: Gold (Geneva, 2005), Bronze (IENA, 2004), 1st IHL-MSC BPC,
Bronze (Inatex2004), 2nd UTM-MDC 2005, MCIEA R&D Project of the Year.

Seer - Isolator
A seismic isolation system made of natural rubber with spiral
steel plates to provide structural decoupling from ground
motion.
Status: PI201270005153
Awards: Silver (Pecipta, 2009)., Gold (Nuclear, 2012)

Seer-Sac
3-in-1 device: seismometer, accelerometer & crack detector.
Status: PI20064351
Awards: Gold (MTE, 2013), Gold (Inatex, 2012), Silver (Nuclear, 2012).

SEER-iPlat
Seismic isolated platform to isolate essential floors of structures from seismic
excitations, reduce required ductility demand & structural capacity to resist earthquake
loads.
Status: PI201200013
Awards: Bronze (Pecipta, 2009), 3rd UTM-MDC, Merit Awards MSC-IHL Competitions
2011.

Seer-Intel
Artificial Neural Network based computerized intelligent system for structural inspection.
Status: Copyright 2007/13/55
Awards: Gold (MTE, 2008), Silver(INPEX, Pittsburg, USA, 2008). , MCIEA R&D Project of the
Year (2008), INPEX
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SEER-iBlock
Wall inter-locking block damper system to reduce building vibration &
swaying, increase human comfort & reduce building stresses.
Status: PI 2013701975
Awards: Bronze (Pecipta,2009), Finalist MCIEA R&D Project of the Year
2015, Product of the Year (2013) British Invention Show, London, United
Kingdom

Seer—Monalisa
Intelligent system for seismic inspection, monitoring and analysis in
application of structures management system.
Status: PI201100969
Awards: Bronze (Pecipta, 2009), 3rd UTM

Seismology and Earthquake Engineering-Sustainable Rubberized Fiber Concrete (SEER-SURFCRETE)
This research presents the mechanical and dynamic properties of
Seismology and Earthquake Engineering-Sustainable Rubberized
Fiber Concrete (SEER-SURFCRETE) by replacing the fine aggregates in
concrete with treated crumb rubber from waste tires and steel fiber.
The main objective of this research is to utilize waste materials from
waste tires to enhance the dynamic performance of concrete,
especially when exposed to dynamic loading (seismic loading). The
water cement ratio has been improved to get a similar strength to
Normal Concrete (NC). Analysis has shown a substantial
improvement in damping performance by 109% compared to NC.
SEER-SURFCRETE has huge potential for concrete structures in
earthquake prone areas.
The Use of a Non-Probabilistic Artificial Neural Network (ANN) to Consider Uncertainties in Vibration-Based-Damage
Detection
A non-probabilistic ANN is studied to address the problem of uncertainty in detecting vibration damage using ANNs. The input
data for the network consist of natural frequencies and mode shapes, and the output is the Young’s modulus, which acts as an
elemental stiffness parameter. Through the interval analysis method, the noise in measured frequencies and mode shapes are
considered to be coupled rather than statistically distributed. This method calculates the interval bound (lower and upper
bounds) of the elemental stiffness parameter (ESP) changes based on an interval analysis method. The ANN is used to predict
the output of this interval bound by considering the uncertainties in the input parameters. To establish the relationship between
the input parameters and output parameters, a possibility of damage existence parameter is defined for the undamaged and
damaged states. A stiffness reduction factor is also used to represent changes in the stiffness parameter.
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Sungai Pulai Seagrass Bed Surviving in Changing Environment
The Pulai River Estuary situated in Johor Bharu, is the largest
seagrass bed in Malaysia. Seagrass is recognized as an
important bioindicator that reflects the overall health of
coastal ecosystems because of its sensitivity to changes in
water quality. The importance of seagrass beds in ecological
and economic functions has been widely acknowledged. The
number of seagrass species found in the area had reduced
from 11 species in 1994 to 7 species in 2011 i.e. Enhalus
acoroides, Halophila minor, Halophila spinulosa, Halophila
ovalis, Thalassia hemprichii, Halodule uninervis and
Cymodocea serrulata. In 2014, during reclamation works in
Forest City, only 4 species were found in the area i.e. Enhalus
acoroides, Halophila minor, Halophila spinulosa and Thalassia
hemprichii. This shows that development has affected the
seagrass bed ecosystem. Over the years, changes in the
surrounding environment and reclamation works have
affected the number and coverage of the seagrass species.
Currently the size of the seagrass bed is reduced by half and
the amount of seagrass found in the area fluctuates
seasonally. Part of the seagrass bed divided by reclamation is
covered with seaweed. This research also studies the
bioaccumulation of heavy metals in the seagrass.

Local Index of Biological Integrity for Tropical River Assessment
There are several ways to assess water quality in either lotic or lentic water bodies. The most common methods focus on
physicochemical properties or toxicity tests. Physicochemical parameters only describe the state of water bodies, but do not
interactively measure the overall stream health and, at the same time, identifies impaired water. In contrast, biological
monitoring provides a comprehensive and integrated assessment of the health of water bodies over time. Therefore, integration
of biological monitoring is necessary to complete the information. The integration of physicochemical and biological assessment
gives a broader perspective to describe the state of the environment.
Biocriteria are effective monitoring tools in protecting the ecological integrity of water resources. They describe the
conditions that should be present in a particular habitat, thus providing a standard for comparing the evaluation data. The
results can be presented as a narrative description or numerical values to protect the biological condition of aquatic life that
inhabits the water bodies which have been given certain designated aquatic life use. Beforehand, the index of biotic integrity
(IBI) needs to be developed to assess the biological integrity of the river. IBI is an approach using multiple metrics that, when
combined, depict the overall biological integrity or condition of a system.
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Conch Strombus as Bioindicator of Metal Contamination in Southern and Eastern Johor Waters
The water quality of the Johor coastal areas, especially from the Straits of Johor, has long shown high levels of metal
concentration. Conch Strombus, which colonizes the ecosystem near the shore, is exposed to metals in the aquatic environment.
This study was carried out to evaluate the use of Strombus as an indicator of metal contamination in the Johor coastal area.
Moreover, Strombus is also a popular food source, with a high commercial value in the southern part of Peninsular Malaysia.
Therefore, assessment of the metal status is crucial since direct consumption of contaminated seafood would have an adverse
effect on human health. There were three species of Strombus found during this study i.e. Strombus canarium, Strombus urceus
and Strombus aratrum. Strombus canarium turned to be the most abundant and widely distributed compared to the other
species. The metal concentrations (As, Cd, Cu, Pb and Zn) in the sediment, seawater and soft tissues of S. canarium were
analyzed using inductively coupled plasma mass spectroscopy (ICP-MS). Concentrations of all the metals except As exceeded
the permissible limit of the Malaysia Marine Water Quality Criteria (MMWQC) for Class E. Overall, high concentrations of metals
were recorded at the western part of Johor Straits.

Eyestalks

(a) before exposure

(b) after 48 hours exposure

S. canarium’s long eyestalks protruding
from the shell
Ulva lactuca for Nutrients Biofiltration in a Recirculating Shrimp Effluent Treatment System
An outdoor tank scale shrimp cultivation system was developed with integration of green macroalgae species, Ulva lactuca.
Intensive shrimp farming produces large amounts of waste nutrients, due to excess uneaten feed and excretion. Prior to
harvesting, shrimp effluent is discharged without proper treatment and reduces the water quality of the receiving water bodies.
Coastal water degradation consequently causes negative environmental impact. This integrated system with U. lactuca greatly
reduced the nutrient loads and incorporated into its biomass. Phosphate removal was 90%, followed by ammonium and nitrate
with removal efficiencies of 70% and 42%, respectively. The mean specific growth rate of U. lactuca was 2.25 ± 0.9 % day-1 and
shrimp was 0.76 ± 0.09 % day-1. Shrimp growth rate in the control tank was significantly lower compared to the treatment tank
(P<0.001) and survival rate declined throughout the experimental period. Integration of U. lactuca significantly enhanced the
dissolved oxygen with mean value of 5.49±0.06 mg/L and created a stable pH value compared to the control treatment tank.
Thus, U. lactuca is a prominent biofilter with a rapid growth rate and greatly reduces the overall environmental impact of
aquaculture water degradation and stabilizes the culture environment; this study highly recommended utilization of U. lactuca
as a biofilter component in an integrated multi-trophic aquaculture treatment system.
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 Industrialised Building
System (IBS)
 Smart structure

Smart Industrialised Building System (IBS)
An Industrialised Building System (IBS) is a modular coordinated building construction system that includes planning (RnD and
design development, sourcing and manufacturing) and utilization (supply chain, assembly, finishes) to create a useable
structural system for fabrics, envelope, internal partitions (permanent or movable) and utilities (permanent or movable) for
construction. It supports innovation and modular coordination, mobilizing various common building materials such as steel,
concrete and fibre.
The components of IBS can be manufactured on site in a small factory or at a permanent dedicated factory, utilizing supply
chain and quality management systems. The components of SmartIBS can be formed to become various buildings, such as:
i.
ii.
iii.
iv.
v.
vi.

single, two and three storey terrace houses
shops and houses, up to six storeys
flats and living quarters, up to six storeys
temporary disaster shelter buildings
moveable, buildings, easy to assemble and disassemble, for the armed forces
public buildings, such as schools, government and private offices, up to a height of six storeys.

The complete building can be strengthened with earthquake dampers for higher earthquake effects, besides its inherent
specially designed system that can perform at a damage level of immediate occupancy, without any additional damping
devices. The system has common parts that enable it to co-exist with a sustainability perspective, as the components can be
assembled, disassembled, repaired and reused for other purposes. The SmartIBS is an Open Building System that can expand
horizontally and vertically for up to three storeys for residential houses. The patent for SmartIBS is currently managed by
UTM and SmartIBS Sdn Bhd.
Smart Toilet

Smart Columns

Smart walls with
door
or windows
openings

Extended Smart
Wall
Smart slabs
components

Standard Smart Walls
components

Smart Columns

RC stumps and footings or raft type of
foundation

Figure: Single Storey Link House Using Spatial Industrialised Building Components
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The Component of SMART 185
The Smart Industrialied Building System consists of 5 components to form buildings ranging from one to six storeys high. The
components are:
1.Smart Columns
The column is a major building supporting unit. The
columns are precast reinforced concrete, ranging from 1
meter to 4 meters high, but the preferred heights are 1.2
meters, 2.4 meters, 3.6 meters and 3.8 meters. The cross
section of columns range from 200 mm to 900 mm in
width and they are spirally reinforced for earthquakes.
Both ends of the column are steel sections that can be
slotted in between column ends to form storeys. The
columns can be glue-joined along their height using
epoxy, bolted or steel encased bracket.

Top Steel
connections

Connection-less
column
Bundled columns

Slots for fixing
walls
components

Short
column

Bottom Steel
connections

Figure : Smart Columns Component
2. Smart Beams
The beams are used to transfer the load from the slabs
to the columns. The beams are precast reinforced
concrete at various concrete and steel strengths,
ranging from 2 to 9 meters in length. The primary beam
lengths are 3.5 meters and 7 meters center to center
when connected to columns to form a building. Beam
sizes range from 200 to 600 mm wide by 200 to 900
mm deep and the beams are spirally reinforced for
earthquake protection. The primary sizes of the beam
are 200 mm x 300 mm and 300 x 300 mm. Both ends
of the beam are designed to be connected to column
ends for fastening.

Diagram is cut due too
long scaled figure

Long beams

Steel
Connections to
connect to
columns
Short beams
Figure : Smart Beams Component

3.Smart Walls
The walls are used to enclose space and can
help in distributing the load from beams and
slabs. The walls are precast normal concrete or
of lightweight concrete and reinforced with
mild or high strength steel. The primary length
of walls are in the range from 1.1 meter to 4
meters long, thickness from 50 to 300 mm and
height from 1100 to 3300 mm. The preferred
size of the walls is 150 mm thick by 3200 mm
long and 1100 mm high. Walls may be doubled
in between column and beams for greater fire
protection, durability and stability. The walls
contain a void and a fixture at the end to
connect them to frames, columns and beams.
The walls can be prestressed in groups to form
strong walls, connected using an epoxy or
concrete mortar, layered with bituminous
materials or rubber compound for earthquake
and vibration protection.

Walls furnish with
cornice for ceiling
support

Walls furnish with
openings for lighting
sustainability

Walls furnish with openings for airflow and
lighting sustainability

Walls furnish
with openings
for airflow
sustainability

Standard smart wall
components

Void for lifting electrical
wiring or facade

Slot to fix key to
columns

Assembly of
walls with
windows
openings
Short walls

Assembly of walls with door
and window openings

Figure : Walls Component
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4. Smart Slabs
The slabs receive vertical loads as well as
transfer lateral loads to beams and columns
and simultaneously to the foundation. The
slabs are normal weight or light weight
reinforced concrete with mild steel or high
tensile steel insert. The primary lengths are in
the range from 1.1 meters to 7 meters. The
slabs’ depth range from 100 mm to 300 mm.
The preferred sizes of slab are 3400 mm
length by 1100 mm width and 150 mm or 200
mm depth. The slabs are connected to each
other through metal butterfly anchors

Slabs standard
component

Slabs ends
reinforcing
bars and
prestressing
cables

Void in slabs for
electrical wiring
and weight
reductions
Slab with inverted view with keys to hang ceiling
components

Figure : Smart Slabs
5. Smart WC and Septic Pod
These components can be assembled to form septic tanks or toilets if openings are made through the walls. The toilet
component and septic tank component are basically the same components. All thickness of the walls is maintained between
50 mm and 200 mm, using ordinary reinforced concrete, light weight concrete or ferro-cement. The height of each
component is in the range from 100 mm to 1500 mm. The width and length of each component are in the range from 1 meter
to 4 meters.

Assembled
components of toilet
compartment

Assembled components
of septic tank
components

Components of toilet

Flat roof and
cover

Flat roof for water
tank sitting

Top
component

Openings for
ventilation

Middle
components

Middle
components

Bottom
components

Bottom
components
Multiple voids for piping
Figure: Smart Toilet and The Components

Discharge voids
Figure: Smart Septic Tanks and The Components
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Assembly of SMART IBS
Many spatial components are required to form a three- dimensional structures to suit its functional usage. The components
are manufactured inside factories, cured for several days, transported to sites and assembled using mobile cranes, fork-lift
trucks, frames and chem-locks, various lifting devices and they can also be lifted by several humans.
At sites with pre-made foundati ons, either raft footing, individual or combine footing, the components are connected
together to form buildings, with the assistance of temporary support structures, and can be grouted using epoxy or mortar
if permanent structures are needed. Temporary structures can also be built with no grouting, for disassembly.

SmartIBS Single Storey

SmartIBS Double Storey
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Hydrodynamics & Oil Spill Study at PTP
Establishing a numerical model and engineering assessment to:1) Support the Marine Data Center at Johor Port Authority with up to date hydrodynamic profiles for port operations,
maintenance and strategic planning for future expansions.
2) Enable response teams to predict and plan mitigating actions using oil spill simulations.
3) Establish a monitoring station for real-time waves, tides, current and atmospheric conditions at PTP (available at JPA
website)
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Seasonal Variation of Groundwater and Swash Zone Profile at Desaru
1) Investigate how the groundwater table from seasonal rainfall and swash zone sediment transport are related
2) A beach station was established at Desaru and monitored over a period of 24 months
3) Provided better understanding of the erosion-accretion process at seasonal beaches
4) Collaborations with Desaru Development Holdings One S/B

Steel Rod

OBS
PT

Current
Meter
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Hydrocheese Porous Breakwater Reef System
(1) The hydrocheese is an engineered reef-breakwater modular system by Center for Coastal and Ocean Engineering
(COEI)
(2) Dual-function as a submerged breakwater and as an artificial reef for marine habitat
(3) Installations and monitoring at Pulau Sibu, Redang, Payar and Perhentian

Mangrove Migration due to Sea Level Rise (SLR) at Kukup Island
This study is conducted to determine the Coastal Vulnerability Index (CVI) and develop the mangrove vegetation map for
Pulau Kukup using World View-2. Finally the mangrove migration under different SLR scenarios (years 2025, 2050 & 2100)
is predicted. Bakau species include nyireh bunga, bakau kurap, lenggadai, tumu merah & tumu putih

Zone 0

Zone 1

Zone 2

Zone 3

Zone 4
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Salinity Intrusion in Kelantan River Estuary
Provides a preliminary understanding of the longitudinal salinity profile and vertical salinity structure along
approximately 12km upstream of Kelantan River estuary, to study the intensity of salt water intrusion in the Kelantan
River Estuary prior to the Northeast monsoon. Salinity measurements prior to the wet season suggest that the tidal
intrusion under normal conditions is up to about 6km upstream. Kelantan River is classified as weakly stratified or
partially mixed estuaries.
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The Rainfall Return Period of Major Flood Events In Peninsular Malaysia according to Homogeneous Zones
Rainfall return periods are used for designing flood defense structures such as dams, drainage systems and for flood risk
management. Reliable estimations require very long station records, if single station data are to be used. Considering
pooled frequency analysis, by combining data from sites within similar homogeneous regions, might improve the return
period values, where these sites trade space for time to increase the effective length of the data set which in turn
increases the precision of the data.

Flow chart of the methodology

Example of result: Rainfall returns period at
Zone 2(South)
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