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INTRODUCTION 

Visitors to Universiti Teknologi PETRONAS (UTP) would 
travel through towns like Ipoh, Batu Gajah, and Tronoh 
which are in the Kinta Valley (Figure 1) in the western 
part of the Peninsular Malaysia. Along the way, they 
would encounter numerous scenic karstic limestone 
hills on the eastern flank of the valley. The eastern 
flank of the valley is bordered by the granitic Main 
Range which also forms the ‘backbone’ of Peninsular 
Malaysia which runs in a north-south direction for 
more than 400km. The western flank of the valley is 
the northeast-southwesterly trending Kledang Range.

The Kinta Valley is touted at one time as the richest 
alluvial tin-field in the world. It was the largest 
producer of tin-ore, with a total of 1,200,000 tons of tin 
being produced between 1876 to 1950 [1]. This metal 
contributed to the growth of Ipoh, the capital city of 
Perak. In fact, Ipoh is famously known as ‘The town 
that tin builds’. Tin mining experienced a downturn 
in the 1980s when there was a freefall in the price of 
the metal, rendering the industry ineconomical to 
operate. Today, the legacy of the once-thriving tin 
mining industry is evidenced by large tracts of tailing 
sand and thousands of lakes scattered on the floor of 
Kinta Valley (Figure 2).

GEOLOGICAL FEATURES OF THE KINTA VALLEY

Choong Chee Meng1, Benjamin Sautter2, Manuel Pubellier3, David Menier4, 
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ABSTRACT 

Kinta Valley was one of the most productive tin mining areas in the world towards the end of 19th century and 
continued to be so for another century. Due to its thriving economy and affluence, there was rapid development in 
the valley. The geology of the valley has been studied in detail for the purpose of prospecting for new tin deposits and 
more recently, for town planning and urban development. The various rock types and geological structures have been 
mapped but, there was no proper correlation between geology and the geological structures which is important for 
the reconstruction of the regional geological history of the area. This paper will highlight the various rock types present 
in the valley, demarcate the geological structures and study the deformation history of the rocks. Five major lithologies 
(rock types) have been observed, and they are interbedded sandstone and mudstone, shale, limestone, granite and the 
recent alluvium. The age of the former four rock types range from Devonian (400 million years ago/Ma) to late Triassic 
(200Ma) whilst the Quaternary alluvium is very much younger, with an age of less than 2.5Ma. A tectonic event which 
gave rise to compressional force (sometime in late Triassic) resulted in the formation of tight folds and thrust faults in 
the interbedded sandstone and mudstone, shale and limestone. Soon after this, there was a reversal of the forces to 
become extensional. This event is supported by the existence of numerous normal faults along valley which are present 
as long linear features in the Digital Elevation Model (DEM) and also the blind faults found in the drainage anomalies.

Keywords—Geology; Kinta Valley; Lithology; Deformation



3VOLUME TEN NUMBER TWO  JULY - DECEMBER 2014  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

          Figure 1 : Digital Elevation Model or DEM of the Kinta Valley and nearby areas. It is acquired 
     by ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer), 
     which is an imaging instrument onboard Terra, the flagship satellite of NASA's 
     Earth Observing System. The red lines correspond to major normal faults resulting 
     from extensional motion in the Kinta Valley. Take note that the location for Figure 2
     is shown by the dashed box.
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The Kinta Valley is well known for its picturesque 
karstic limestone hills (Figure 3) which pose some 
resemblance to the famous ‘Kwei Lin Hills of China’. 
The karstic hills in the Kinta Valley are punctuated with 
dolines, caves and caverns, and with needle-shaped 
stalactites hanging from the roofs and stalagmites 
growing from the floor of the caves. Many of these 
caves and caverns are occupied by Buddhist or 
Hindu temples, and these temples are thronged with 
worshippers and tourists alike.

GENERAL OVERVIEW

The Kinta Valley, which is located at the center of 
western Peninsular Malaysia, is bounded by 4⁰ 15’N – 
4⁰ 50’N and 100⁰ 55’E – 101⁰ 20’E. It is bordered by two 
Triassic granitic intrusions, the Main Range on the east 
and the Kledang Range on the west, which formed 
a reverse-V shape in topography. There are a large 
number of karstic limestone outcrops on the eastern 
flank of the Kinta Valley, of which some are on the brink 

 Figure 2  :  Satellite image (Landsat) of the area south part of the Kinta Valley. The mining 
           lakes (dark green spots) surrounded by vegetation-covered areas (light green) 
           are clearly visible. The location of this figure is shown in Figure 1.
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of disappearing as they are being exploited for use as 
raw materials for cement factories, as construction 
stones and aggregates and as fillers. 

Besides granite and limestone, Kinta Valley is also 
underlain by clastic sedimentary rocks such as 
interbedded sandstone and mudstone and shale. 
Large masses of hot molten granite intruded into 
the country rocks which then occupied the valley 

during Late Triassic, i.e. 230-193 million years ago/ 
Ma ([2],[3],[4],[5]). The heat emitted by the cooling 
granite magma caused the nearby lithologies to be 
locally transformed (metamorphosed), e.g. limestone 
turned into to a hard marble and shales to schists. The 
Kledang Range and the Main Range are huge and 
massive rock bodies, which are not only found in the 
Kinta Valley, but are also in the neighbouring areas. 
These massive bodies are commonly highly fractured. 

The residual hydrothermal fluids which are rich in ores 
like cassiterite (tin) emitted from the cooling granitic 
magma into fractures and faults which are present 
in abundance close to the granite and limestone 
contact. These fluids solidified to form rich veins 
and lodes of cassiterite. Subsequent weathering 
and erosion of these veins and lodes released the 
cassiterite which were then transported by rivers and 
deposited on the valley floor, forming tin-rich placer 
deposits. The Main Range and the Kledang Range are 
large granitic plutons, with the Main Range batholith 
measuring 400km long and the Kledang Range 40km 

long. These two batholiths are highly fractured and 
weathering and erosion along these fractures gave 
rise to topographic lows along which the streams 
and rivers flow (Figure 1). The major normal faults in 
the Kinta Valley have been deciphered and shown 
in Figure 1. These normal faults form north-south 
(N-S) to northnortheast-southsouthwest (NNE-SSW) 
trending belts (Figure 1). Other than those two major 
plutons, another large pluton nearby is the Bintang 
Range which is found between Taiping to the west 
and Kuala Kangsar to the east.

 Figure 3  :  Aerial view of one of the karstic limestone hills in the Kinta Valley from a 
          helicopter.  (Photo courtesy of MST).
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LITHOLOGIES

Five major lithologies i.e. granite (I), interbedded 
sandstone and mudstone (II), shale (III), limestone 

(IV) and alluvium (V) are found in the Kinta Valley. A 
summary of all major lithologies and their ages are 
presented in a chrono-diagram (Figure 4).

            Figure 4  :  Chrono-diagram shows the different lithologies formed in the various periods. 
        The outcrop images and descriptions of each lithology have also been attached.

A. Granite (I)

Both flanks of the Kinta Valley are underlain by 
massive and homogeneous igneous granitic rocks 
which form terrains with high reliefs and elevations 
exceeding 700m. The Main Range which borders the 
eastern flank of the valley is 400km long, stretching 
from the Malaysian-Thai border in the north to Melaka 
in the south. The Kledang Range which is in the west 
of Kinta Valley, in contrast, is only about 40km long. 
These two batholiths form high mountains in part 
because the granitic rocks are composed mainly of 
weathering-resistant minerals notably like quartz. 
These granitic mountains have high reliefs with steep 
hill sides, many of which actually correspond to high-

angle faults. Valuable information on the underlying 
rocks may be available from the study of drainage 
anomalies which will be discussed in the Section IV. A 
highly conspicuous joint pattern is discernible in the 
rocks. The fractured rocks are highly competent and 
had undergone brittle deformation. 

In the Main Range province, the average age for 
the granite is 230-207Ma based on the results by 
Bignell & Snelling [2] and Darbyshire [3]. The U-Pb 
age in zircons which extracted from granite of the 
Cameron Highland, has suggested Main Range 
granite intruded in the same period, which is 220-
210Ma [5]. The radiometric datings of the Kledang 
Range granite, measured by Krahenbuhl [4] appear to 



7VOLUME TEN NUMBER TWO  JULY - DECEMBER 2014  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

be within almost the same range, i.e. 213-198 million 
years ago/Ma (biotite) and 206-193Ma (muscovite), as 
the granite ages indicated by other workers. Tectonic 
activity results in uplifting of the granitic batoliths to 
form mountain range.

B. Interbedded sandstone and mudstone (II)

Clastic sedimentary rocks such as sandstone and 
mudstone are found in southwest part of the Kinta 
Valley, notably in the Seri Iskandar area. Except for the 
sandstones, which are highly resistant to weathering, 
the interbedded mudstones are susceptible to 
weathering. The interbedded sandstone and 
mudstone strike in a nearly north-south direction and 
have very steep dip angles. Brittle deformation of the 
rocks in response to tectonic activity results in the 
formation of numerous sets of fractures in the rocks. 
North-South (N-S) trending ridges are observed in the 
DEM. These ridges are remnants of sandstone beds 
which are resistant to weathering. These ridges have 
narrow and steep flanks which are indicative of high 
angle dips. 

C. Shales (III)

Shales generally form homogeneous and low hills 
with a relief which is just slightly higher than the flat 
alluvial plain which forming the floor of the Kinta 
Valley. The areal extent of the terrain underlain by the 
shale may cover only a few squares kilometers or reach 
tens of square kilometers, and are mostly located in 
the southern part of the Kinta Valley. Weak jointings in 
these rocks indicate that the lithology is soft and had 
undergone brittle deformation. The terrains underlain 
by the shales exhibit a dendritic drainage pattern, 
which is similar to the drainage network observed in 
the granites. The shales have low permeability and 
do not allow the surface runoff to infiltrate easily, and 
hence, the surface runoff generally carved out well-
developed drainage channels forming a dendritic 
pattern.

Due to the mineralogical and textural composition of 
the shales which are composed of carbonaceous fine-
grained clay minerals, the rocks experienced high 

erosion. This results in the formation of gentle rolling 
hills with a low relief. The texture in the DEM shows that 
this province is composed of thin beds with varying 
hardness and the high rate of erosion contributes to 
the formation of short ridges and troughs which, most 
likely, follow the intrinsic beddings or foliation of the 
rocks. Interpretation of gaps between the short ridges 
would reveal the trend of the beddings and expose 
any hidden structure such as a dome or a broad fold.

D. Limestone (IV)

Along the eastern flank of the Kinta Valley and adjacent 
to the foot of the Main Range granite, numerous small 
karstic hills with steep flanks stand out from the flat 
alluvial plain. Such features are clearly observed in 
the DEM. These hills have heights ranging from a few 
tens of meters to a few hundred meters, and their 
areal extent may reach up to 20 square kilometres. 
Fractures are well developed in these hills, although 
less pronounced when compared with those in the 
granitic ranges. The drainage on the limestone hills 
are simple, and are usually developed along the steep 
flanks of the hills, with some cutting deep into the hill 
sides albeit some may disappear after a short distance. 
The disappearing drainage channels indicate the 
capture of the surface drainage by a subsurface 
groundwater system. Quite often, a subsurface 
river flows through the base of the limestone hill. 
The final product resulting from the dissolution of 
the limestone will be karsts such as caves, caverns, 
dolines, sinkholes, etc.

After the deposition of the limestone, a tectonic event 
occurred in the Kinta Valley during the Triassic (?) 
which led to the deformation (folding) of all existing 
lithologies (Figure 4 shows a wavy line on top of the 
limestone, representing the folding event). Limestone 
also forms the bedrock covering 80% of the valley 
floor. The limestone bedrock displays typical karstic 
features such as pinnacles and troughs. Rich tin ore 
deposits are often trapped within the trough of the 
pinnacled bedrock.
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E. Alluvium (V)

Alluvium covers the floor of the Kinta Valley which is 
almost flat and has a low relief. As such, there are no 
or few geological features which can be recognized 
in the satellite imagery. The alluvium is composed of 
Recent clastic sediments derived from the weathering 
and erosion of the surrounding country rocks such as 
granite in the two mountain ranges which borders 
the eastern and western flanks of the valley, the 
interbedded sandstone and mudstone and the shales 
which form the rolling hills and limestone which stand 
out as karstic mogote in the valley. The weathered and 
eroded clastic sediments were transported by streams 
and rivers together with cassiterite grains released 
from the rich hydrothermal cassiterite-bearing lodes 
in the granite hills and along the granite-limestone 
contact. When the transporting velocity of the river 
flow falls below the critical velocity, the cassiterite 
and clastic sediments settle on the valley floor. Most 
of the cassiterites are trapped within the troughs of 
the pinnacled limestone bedrocks, forming bonanza 
pockets. Most parts of the Kinta Valley are underlain 
by alluvium which are rich with the placer cassiterite 
have been mined either by the modern dredging 
method or the traditional gravel pump method. What 
is left of this mining industry are now large tracts of 
tailing sand and thousands of mining ponds covering 
almost the entire valley floor.

F. Metamophism

In the Triassic, emplacement of the granitic magma 
which formed the Main Range and Kledang Range 
was synchronous with the uplift and compression 
of the interbedded sandstone and mudstone, shales 
and limestone. Locally, heat emitted from the magma 
and the compressional pressure caused some of 
the interbedded sandstone and mudstone to be 
metamorphosed to quartzite and slate, the shale to 
phyllite or schist and limestone to marble.

DRAINAGE ANOMALIES

The Kinta Valley is bounded by high Triassic granitic 
mountains on its eastern and western flanks. It is no 
wonder that most of the drainage valleys would flow 
initially in an east-west direction before joining the 
major drainage river, the Kinta River, which flows in a 
southerly direction. The drainage pattern of the Kinta 
Valley is shown in Figure 5.

The development of the drainage is highly influenced 
by the characteristics of the bedrock such as lithology, 
fracture sets, slope gradient, etc. Information on the 
bedrock covered by sediments may be discerned 
through drainage anomaly study. It provides extra 
evidences to augment results obtained from surface 
outcrop analysis. Linear geological structures such 
as fractures or rock strata planes which existed on 
the bedrock can affect the development of the river 
system. The anomalies of the drainage system refer 
to rivers which are not developed in the normal way, 
for example, flow directions are not following the 
regional slope ([6], [7]). Such anomalies are found on 
the southern and northern sides of the Kinta Valley 
(Figure 5). Based on their azimuths, one group trends 
in the northeast-southwest (NE-SW) direction and the 
second, north-south (N-S).

In the middle section of the valley (near to Chemor, 
Ipoh and Malim Nawar), the NE-SW anomalies are 
significant and they changed to the N-S direction 
at the flanks of the valley (near to Jelapang, Batu 
Gajah, Tanjung Tualang, etc). These anomalies have 
been extrapolated and they show a sigmoid-shaped 
structure commonly observed in rocks which have 
encountered displacement. It is likely that all these 
anomalies represent blind normal faults (shown 
on red dashed lines in Figure 5) hidden below the 
sediments and they were developed during an 
extensional regime.
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         Figure 5  :  Geological Map of the Kinta Valley, modified from [8]. Take note that the red 
                dashed lines are the inferred blind normal faults from drainage anomalies.
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B. Folds

The karstic limestone hills with steep cliff faces in the 
Tambun area are probably remnants of tight folds 
located close to granite intrusion (Figure 6B). The 
limestone is not incised by the granite as is often the 
case in a normal intrusion, but rather was uplifted. 
Tight folds were formed in the limestone beds due 
to strong compression/collision between limestone 
and asperities (intrusion) caused probably by the 
uplifting granitic magma. The compression caused 
a shortening of the limestone beds due to folding. 

Just a few kilometres away from the asperities, the 
bedding of the limestone was not much affected 
by the intrusion and remained gently dipping. The 
competency of the limestone caused the tips of the 
folds to be broken easily and this resulted in the beds 
not to display a bending feature anymore. As such, 
it is hard to identify folds in the satellite imagery. In 
the ‘Lost World of Tambun’, an exquisite water-theme 
park about 15 kilometres to the east of Ipoh, there 
is a unique feature named ‘The Needle of Tambun’. 
This is a thin, vertical karst tower with a diameter of 
a few metres standing 20 metres upright from the 

DEFORMATIONS OF THE ROCKS

A. Fractures (Thrust faults)

Major fractures or discontinuities have been observed 
on the steep cliff face of many limestone hills (Figure 
6A), and they intersect the hill from top to bottom 
with low angle dips. Intense dissolution of the rock 
has made these fractures even more obvious. No 

well-preserved slickensides have been found, and it 
is possible that the slickensides have been erased by 
the dissolution. The fractures have been first observed 
in the satellite imagery as having a triangular shaped 
appearance, and they are interpreted as thrust faults 
which have propagated to the east towards the 
granite. Thrust faults commonly fold the beddings 
and it is no wonder that anticline folds have been 
observed in DEM (Figure 6B).

    Figure 6  :  Deformation of the limestone has resulted in fractures and folding. A. Picture 
           of the limestone hill in Lost World of Tambun. It shows the low-angle fractures 
           or thrust faults (marked by white dash lines). B. SPOT 5 satellite image of 
           Gunung Datok, Tambun, where several folds (anticlines and synclines) have 
           been identified.
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valley floor. This needle results from the erosion of an 
anticline of the limestone beds. The cross section to 

illustrate the setting of the ‘Needle’ is shown in Figure 
7.

     Figure 7  :  “The Needle of Tambun” is a vertical and thin limestone hill. Its mode of
               formation is illustrated on the cartoon at the left.

C. Deformation and Structural History 
 of the Kinta Valley

The structural history has been constructed based on 
the assumption that the relative chronology of the 
lithologies from oldest to youngest are, interbedded 
sandstone and mudstone, shale, limestone, granite 
and alluvium/tailing sand (Figure 4). 

Most of the deformational structures of the Kinta Valley 
are believed to be triggered by an E-W compression. A 
strong compression event occurred together with the 
granitic intrusion during Late Triassic to Early Jurassic, 
i.e. 230-193 Ma. All the pre-existing rocks (interbedded 
sandstone and mudstone, schist and shale, limestone, 
and granite) were affected. The compression caused 
the limestone to be fractured and thrusted, as we 
can see on the satellite image and in outcrops. The 
limestone close to the granite-limestone contact was 
shortened by folding. These folds were eroded since 

that time and left the highly dipping flanks, which 
are essentially the high dipping or even vertical beds 
(Figure 7). Thrust faults are the main structure in this 
area, which contribute to the folding and tilting of the 
beds. Thrust faults are normally deep-seated and are 
connected to the mechanical discontinuity at a few 
kilometres depth. Thrust faults have transferred the 
adjustment or displacement of faulting into the deep 
ductile crust. In order to work, the thrusting system 
needs a decollement layer (an easily deformed layer) 
as its ‘sliding’ plane. The shale is a good candidate 
for the decollement layer, which is one of the major 
lithologies in the valley. It could explain why the schist 
and shale observed on the field are highly deformed 
(can be due to thrust).

The sheared and strongly deformed interbedded 
sandstone and mudstone remain located below the 
limestone and shale, deep into the sequences. That 
explained for the absence of the rocks on the valley 
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surface but surprisingly, it can be found in the western 
side of the Kledang Range which is out of the confines 
of the valley. This has been interpreted as thrust 
faults displacing the deeper older rocks (interbedded 
sandstone and mudstone) on top of younger units 
(shale).

The granites are intensely fractured. When the granite 
was cooling down, it started to contract which led 
to fracturation. At the same time, it became brittle 
as it was probably affected by the E-W compression 
and late deformation. Those deformations resulted 

in a dense fracture network within the granite. An 
extensional regime followed the compression, and 
this is evidenced by the propagation of normal faults 
reactivating existing discontinuities e.g. fractures, 
thrust fault or granite-limestone contact. In the 
overall structural setting in the Kinta Valley, limestone 
sequences are more squeezed at the northern part 
compared to southern part which may correspond to 
the northward narrowing of the valley. A cross section 
showing the proposed geological setting of the Kinta 
Valley is given in Figure 8 [9].

         Figure 8  :  Geological cross section C-C’, across Kledang Range, Menglembu, 
     Simpang Pulai and Main Range, from west to east [9].

CONCLUSIONS

The Kinta Valley that we see at present is the result of 
a series of geological processes which began 400 Ma 
or even earlier. In order to reconstruct the geological 
history of the Kinta Valley, field mapping was carried 
out, and also other unconventional methods such 

as satellite imagery and drainage anomalies were 
employed. 

The geological history of the Kinta Valley is composed 
of two parts: deposition and structural deformation. 
Deposition began with the deposition of sandstone 
alternating with mudstone and eventually formed 
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the interbedded rock unit during Devonian (400-
360Ma). Following this was the deposition of fine-
grained shale laminations which have high carbon 
content during the Caboniferous period (360-290Ma). 
Permian (290-250Ma) limestone was deposited after 
the shales. Granite intrusion occurred after deposition 
of limestone during Late Triassic – Early Jurassic 
(230-193Ma). Finally, the young Quaternary alluvial 
sediments (< 2.5Ma) were deposited and overlay the 
existing rocks. The alluvium was mined for cassiterite 
in the early 19th to the late 20th century, leaving 
behind dumps of tailing sand on the valley floor.

Two events of deformation were recorded which are 
an early compressional event and a late extensional 
event. In the compressional regime, the rocks in the 
valley have been shortened resulting in the folding 
and thrusting of the existing rocks (limestone, shale, 
sandstone). It probably occurred contemporaneously 
with or slightly after the granite intrusion. The granite 
could also be fractured due to the compression if it 
had cooled down and become brittle. Numerous 
normal faults which resulted from the extensional 
event have been identified. They are represented 
by the long linear features in the DEM and the blind 
faults that are inferred from the drainage anomalies. 
The reactivation of pre-existing thrust faults as normal 
faults is a possibility.
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ABSTRACT

This paper describes the design of the voltage doubler stages for Radio Frequency (RF) energy harvesting system 
using HSMS-2850 Schottky diode. The function of the energy conversion module is to convert the (RF) signals into 
direct-current (DC) voltage at GSM frequency band. The design is based on the Villard voltage doubler circuit which 
is designed at 900 MHz band. 3 stages of Schottky diode voltage doublers circuit is designed and simulated in this 
paper. ADS had been used for the modeling and simulation work. 

Keywords— Energy Conversion; RF; Schottky Diode; Villard voltage doubler; Energy Harvesting.

INTRODUCTION 

Energy harvesting is the process of collecting energy 
which is available from different types of sources like 
RF source, solar energy, piezoelectric…etc. Energy 
harvesting of RF is the process of collecting ambient 
electromagnetic energy and converting it into DC 
power [1]. In case of the power from ambient RF 
sources, the amount of the harvested energy is small. 
For this reason a single antenna does not enough 
and antenna array is essential as the incident power 
level low [2-4]. For this reasons, some of the studies 
used the voltage multiplier rectifier to increase the 
harvested output.

The rectifier is a circuit which converts input of RF 
signal which received by the antenna into a DC 
supply voltage [5]. Voltage multiplier can be called 
also charge pump and the basic circuit of a Villard 
voltage doubler is called Cockcroft-Walton voltage 
multiplier[6]. The design and test of voltage multiplier 
circuit is illustrated in many studies [7-11]. A DC voltage 
of twice the peak amplitude of the alternating current 
(AC) signal can be generated at the DC output.

The concept of energy harvesting system is shown in 
Figure 1. It consists of antenna, matching network, RF-
DC conversion and load circuits. The RF input signal 
is harvested using antenna with matching circuit. The 
matching circuit is used to decrease the reflected 
power from the source into the rectifier circuit. The 
rectifier circuit is used to convert the RF input into DC 
and pass through to the DC output load which is used 
in different applications [12].

Figure 1  :  Schematic view of RF energy
      harvesting system.
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This work focuses on designing of Cockcroft -Walton 
Rectifier By using harmonic balance method. As a 
function of an AC to DC converter which rectifies the 
input AC signal and increases the DC voltage level.

Figure 2 shows the block diagram which describes the 
sections of this paper, Section 2 of this paper discusses 
on the theoretical background of the voltage doubler 
circuit and its components, designing and simulation 
of the stages of the rectifier. Section 3 illustrated 
HSMS-285B Schottky diode as a main component 
in the circuit design with its equations. Section 4 
provides the results, analysis and comparison between 
the different stages. The conclusion concludes with a 
discussion on the findings from the simulated results.

Figure 2  :  Block diagram for the sections 
     of this paper.

RECTIFER DESIGN

A. SINGLE- STAGE VOLTAGE MULTIPLIER

For designing the 3-stage voltage multiplier for RF 
energy harvesting circuit, firstly a single stage voltage 
multiplier was designed so that comparison among 
voltage doubler stages can be done.

Fig. 3 represents a single stage voltage multiplier 
circuit. This circuit it consists of 2 diodes HSMS-285b, 
2 capacitors 70 pF and load resistor with value of 
100 KΩ. The circuit consists of two sections; each 
comprises a diode and a capacitor for rectification. 
The RF input signal is rectified in the positive half of 
the input cycle, followed by the negative half of the 

input cycle. However, the voltage stored in the input 
capacitor during one half cycles is transferred to the 
output capacitor during the next half cycle of the 
input signal. Thus, the voltage in the output capacitor 
is roughly two times the peak voltage of the RF source 
minus the turn-on voltage of the diode [15].

       Figure 3  :  Single stage voltage doubles using 
               Schottky diode HSMS 285B.

From this simulation in Figure 4, it can be easily 
observed that the output voltage is twice of the input. 
Schottky diode HSMS-2850 was used in the circuit for 
this simulation, the AC line illustrated the AC input 
signal, and the DC line illustrated the DC output after 
rectifier circuit.

Figure 4  :  Simulation result of the single 
     stage voltage double.
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From the ADS Harmonic balance simulation, it can be 
observed that the output of the first stage is 1.090 V at 
0 dBm. The output is not exactly pure DC voltage; it is 
basically an AC signal with a DC offset voltage. 

This is equivalent to a DC signal mixed by ripple 
content. Equation 7 illustrated the relation between 
ripple voltage (Vrip) with number of the stages[16];

To increase the value of the DC output, matching 
circuit is added between the source of generator 
and the rectifier circuit to decrease the value of the 
reflected power and to increase the efficiency of 
the rectifier, to ensure the maximum power transfer, 
matching circuit will added between the source and 
the rectifier, the value of the matching network will 
calculated using smith tool from ADS to match the 
circuit at frequency of 900 MHz, the same procedure 
is used in reference [17]. 

Fig. 5 shows the circuit after adding the matching 
circuit before the rectifier. Fig. 6 shows the result of 
simulation of single stage voltage doublers after 
adding matching circuit, the value of DC output is 
increased from 1.090 V to 2.672V.

 Figure 5  :  Single stage voltage doubles after
  adding matching circuit.

Figure 6  :  Simulation result of the single 
     stage voltage doubles after adding 
     matching circuit.

TWO- STAGES VOLTAGE MULTIPLER 

To design the 2-stage Voltage multiplier using diode 
HSMS-2850.  The output voltage across the load 
decreases during the negative half cycle of the AC input 
signal. The voltage decrease is inversely proportional 
to the product of resistance and capacitance across 
the load. Without the load resistor in the circuit, the 
voltage would be hold indefinitely in the capacitor 
and look like a DC signal, assuming ideal components. 
The capacitors are charged to the peak value of the 
input RF signal and discharge to the series resistance 
(Rs) of the diode. Thus the output voltage across the 
capacitor of the first stage is approximately twice 
that of the input signal. As the signal swings from 
one stage to another, there is an additive resistance 
in the discharge path of the diode and increase of 
capacitance due to the stage capacitors [17].

Fig. 7 shows the output voltage for the rectifier 
without matching circuit, its result output is shown in 
Fig.8, its value is 2.027 V, Figure 10 shows the same 
circuit but after adding the matching circuit, L = 20 nH 
and C = 1 pF, the result in Fig. 10 shows that the output 
voltage is increased from 2.027 V into 4.222 V, due to 
increasing the absorbed power and decreasing the 
reflected power.
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Figure 7  :  Two- stage voltage doubles using 
  Schottky diode HSMS 285B.

Figure 8  :  Output of two- stage voltage 
      doubler with matching circuit.
 

Figure 9  :  Two- stage voltage doubles using 
  after adding matching circuit.

Figure 10  :  Output of two- stage voltage doubles 
             after adding matching circuit.

THREE- STAGES VOLTAGE MULTIPLER. 

Fig. 11 shows 3 stages of the rectifier circuit doubler, 
which consists from 6 diodes HSM-285B, with 6 
capacitors 90 pF, this circuit is designed without 
adding matching circuit, its simulation result is shown 
in Fig. 12; with output voltage with 2.834 V, the same 
circuit is designed and simulated using the matching, 
the matching circuit is consists from L = 20 nH, C = 1pF, 
its result simulation is illustrated in figure 13, which 
shows that the output voltage are increased from 
2.834 V into 6.335 V. 

Figure 11  :  Three- stage voltage doubles using 
                Schottky diode HSMS 285B.
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Figure 12  :  Output of three- stage voltage doubles 
            without adding matching circuit.

Figure 13  :  Output of three- stage voltage doubles 
             after adding matching circuit.

DESIGN THE RECTIFER USING SCHOTTKY DIODE

Villard voltage doublers designed and simulated by 
Advanced Design System (ADS) software. This circuit 
is optimized and achieved by using Schottky diode 
HSMS-285B; diode pair D (Rs= 25 Ω, Cj= 0.18 pF ,Bv= 
3.8 V) for each diode which is chosen for applications 
below than 1.5 GHz, a bypass storage capacitor C, a 

load resistor R and a choke inductor L, Table 1 shows 
the parameters value [18]. The attractive features 
of this diode are low forward voltage, low substrate 
leakage, fast switching and uses the non symmetric 
properties of a diode that allows unidirectional flow 
of current under ideal situation; Fig. 14 shows the 
Schottky diode with its equivalent model. 

TABLE I

PARAMETERS OF THE DIODE HSMS-285B [18].

Parameters Units HSMS-285B

Bv V 3.8

CJo pF 0.18

EG Ev 0.69

IBV A 3E-4

IS A 3E-6

N No unit 1.06

RS Ω 25

PB(VJ) V 0.35

PT(XTI) No unit 2

M No unit 0.5

Figure 14  :  Schottky diode and its equivalent 
   linear circuit model [13].

The equivalent linear model can be used for the diode 
as shown in Fig. 14 by neglecting the effect of diode 
substrate. When Rs is series resistance of the diode, Cj 

is the junction capacitance and Rj is the junction [19].

 Yz = YCj + YRj  (1)

Equation (8) is related to the frequency of operation 
is given by;



20 PLATFORM   VOLUME TEN NUMBER TWO  JULY - DECEMBER 2014

PLATFORM - A Journal of Engineering, Science and Society

The impedance Z of the linear model is given by

The total impedance ZT is given by;

Where Rs is the series resistance of the circuit and Rj 
is given by [18];

Where:

Ib = Bias current in µA;

Is = saturation current in µA;

T = temperature (K);

N = ideality factor.

In Equation (4), Rj and Cj are constants and the 
frequency of operation (w) is the only variable 
parameter. As the frequency increases, the value of Z 
is almost negligible compared to the series resistance 
Rs of the diode. From this it is concluded that the 
function of the diode is independent of the frequency 
of operation.

RESULTS AND DISCUSSION

From the ADS Harmonic balance simulation, it can be 
observed that the output of the first stage is 1.090 V 
at 0 dBm and the maximum is 2.672 V after adding 
matching circuit. The output is not exactly pure DC 
voltage; it is basically an AC signal with a DC offset 
voltage. This is equivalent to a DC signal superimposed 
by ripple content. Due to this distinctive feature, 
succeeding stages in the circuit can get more voltage 
than the one stage. If a second stage is added on top 
of the first multiplier circuit, the only waveform that 
the second stage receives is the noise of the first 
stage. This noise is then doubled and added to the DC 
voltage of the first stage. Therefore, the more stages 
that are added, theoretically, the more voltage will 
come from the system regardless of the input. Each 
independent stage with its dedicated voltage doubler 
circuit can be seen as a single battery with open circuit 
output voltage V0, internal resistance R0 with load 
resistance RL, and the output voltage is expressed as 
the following Eq. (7) [16, 17]. 

When n number of these circuits are put in series 
and connected to the load, the output voltage 
obtained given by this change in RC value will make 
the time constant longer which in turn retains the 
multiplication effect of two in this design of seven-
stage voltage doubler.

The number of stages in the system has the greatest 
effect on the DC output voltage, as shown in Eqs. (7) 
and (8) [18, 19].

Table II illustrated comparison between the stages 
of the rectifier circuit with/without matching circuit. 
It is clear that how the output voltage is increasing 
by increasing the number of stages from 1.090 V 
until 2.834 V. After adding the matching circuit, the 
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output voltage is increased for every stage, finally the 
rectifier circuit got output voltage by 6.335 V which is 
considered as a suitable value for GSM applications.

TABLE II
COMPARISON OF STAGES OF RECTIFIER CIRCUIT

Matching 
circuit

Stage 1 (V) Stage 2(V) Stage 3 (V)

Before 
adding it

1.090 2.027 2.834

After 
adding it

2.672 4.222 6.335

CONCLUSION

In this paper, a generator of 3-stage voltage multiplier 
is designed using balance harmonic method. Every 
stage is designed with/without the matching circuit, 
every stage is added give a larger output value, and 
also the matching circuit provides better efficiency for 
the system. A theoretical analysis is built to prove the 
results.
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ABSTRACT

The increasing global nature of maintenance projects in the process-based industry has highlighted the importance 
of diversified workforce and the new challenges it brings to project execution. However, there has, as yet, been no 
empirical work that quantifies explicitly the extent to which work-related values and communication determines the 
success of plant turnaround maintenance projects. This paper explores the ability of project managers in Malaysia 
in communicating effectively on projects with diversified workforce. The study examines the individual work culture 
or work-related values influence on communication and it also explores how communication can be made effective 
in project environments with diversified workforce. The study underscores an urgent need for future research to 
investigate effective work values and communication in diversified project teams in plant turnaround maintenance.

Keywords: Diversified workforce, Work culture, Communication, plant turnaround maintenance.

INTRODUCTION 

Managing human resource has posed challenges to 
organizations in recent years due to diverse needs, 
experiences (Musah, Zulkipli and Ahmad, 2014), 
individual differences, values, beliefs, interpersonal 
relationship, conflict management and work-related 
values. Diversified workforce in projects are common 
nowadays and management literature has recognized 
that the management of a diversified workforce is a 
vital part of human resource management. Diversity 
is “any significant difference that distinguishes one 
individual from another,” (Kreitz, 2008, p. 102) and 
recognizing that everyone is different in a variety of 
discernible and non-visible ways. Thus workforce 
diversity entails individuals with wide range of 
characteristics and experiences which is bound 
together by recognizing individual as well as group 
differences and respecting and appreciating these 
differences.

Recent studies (Ochieng, 2008; Baiden, 2006; Cheng 
et al., 2006; Kumaraswamy et al., 2004; Chervier, 2003; 
Earley and Mosakowski, 2000) have reiterated the 
benefits of using diversified teams. For instance, Earley 
and Mosakowski (2000) indicated that diversified 
workforce out-perform monoculture teams, 
particularly when performance entails multiple skills 
and decision making. However, there has been little 
research into plant turnaround maintenance-specific 
diversified workforce, and many process-based plants 
and turnaround maintenance managers do not fully 
appreciate the implications and are often unable 
to respond to cultural factors affecting their project 
teams.

Over the decades, project management has advanced 
significantly with a much better understanding of 
the key variables such as culture, individual behavior, 
skills and expertise, and open-communication that 
lead to project success (Ochieng and Price, 2010). 
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Project management has been extensively studied 
(Baiden, 2006; Cheng et al., 2006; Chervier, 2003; 
Kumaraswamy et al., 2004; Ochieng, 2008), and the 
findings have clearly shown that successful project 
performance is aligned with project objectives and full 
integration of the workforce. Thus, combining both 
the technical and social aspect of projects increases 
the success rate. Plant turnaround maintenance (TAM) 
is very involving and because of this, contractors are 
contracted to manage and implement the projects. 
According to Levitt (2004), Brown (2004), and Lenahan 
(1999), TAM projects are contracted for the following 
reasons: (i) to meet deadlines, (ii) absence of capable 
in-house personnel, (iii) shortage of in-house labour, 
(iv) lack of license for particular jobs, (v) productivity 
that is effective and cost efficient, (vi) specializations of 
contractors, and (vii) experience and professionalism 
of contractors.  This has resulted in more multicultural 
teams with team members with different values and 
beliefs working together.

Although plant TAM is an event that demands huge 
manpower (large-scale workforces are hired with 
diverse expertise and socio-cultural work cultures), 
the effects of work culture on TAM events are yet 
to be well researched (Musah et al., 2014; Zulkipli, 
Mohammed and Shamim, 2014). The need to consider 
work culture in TAM activities does not need to be 
over emphasized because achieving the goals of any 
organization generally depends on the collective 
effort of their members. Because most of the work 
in organizations is performed by individuals working 
together, the compatibility of work culture among 
members to uplift the spirit of teamwork is pertinent. 
This is based on the premise that culture encompasses 
ideas, patterns, attitude, experiences, beliefs, and 
values of the members of organizations (Musah et al., 
2014; Zulkipli et al, 2014).  Relatively extensive studies 
have been conducted on management (Zulkipli et 
al, 2014; Zulkipli, Mohammed and Shahrin, 2008a; 
Zulkipli et al, 2008b; Zulkipli et al, 2008c); technical 
(Zulkipli & Mohammed, 2011; Zulkipli, Mohammed 
and Shahrin, 2009) and structural (Zulkipli, 2010; 
Zulkipli, Mohammed and Shahrina, 2010a; Zulkipli, 
Mohammed and Shahrin, 2010b) aspects of plant TAM 
in Malaysia. These studies contributed greatly to the 

knowledge and management literature about plant 
TAM, but without doubt there is a need for further 
empirical literature on the non-technical aspect of 
work life on TAM site (Musah et al, 2014), specifically, 
on how work-related values impacts communication 
during the intense shutdown and throughout the 
TAM event (Zulkipli et al, 2014; Obiajunwa, 2013). This 
necessitates empirical studies on social dimension 
and interaction in plant TAM.

Researchers in project management in process-based 
industries (Zulkipli et al, 2014; Musah et al, 2014) 
and project management in construction (Ochieng 
and Price, 2010) have urged and challenged fellow 
researchers especially academics (Musah et al, 2014; 
Obiajunwa, 2013) to pay attention to influential factors 
that affect diversified workforce in project teams, 
especially environmental and personal influences 
(Musah et al, in press). There is growing evidence 
and opinion indicating that integrated team work is 
key in project success (Ochieng and Price, 2010; Egan, 
2002) in project management in general. Given the 
distinctiveness of work culture to specific projects 
due to the specializations and experts requirements, 
and culture’s tenacious effect in social and personal 
aspects of an individual’s work-related values, this 
study presents a balance between the experiences of 
plant TAM managers from petrochemical companies 
in Malaysia. Therefore, this study aimed to explore 
how TAM managers manage communications in 
diversified workforce project teams. Specifically, the 
study was designed to explore the value of work 
culture on communications in TAM projects. For the 
purposes of this study, only plants from the process-
based industries which includes petrochemical 
industries in Malaysia are used. TAM projects can range 
from small to very large, and they are usually carried 
out for the client by contractors and sub-contractors 
(Zulkipli et al, 2014; Musah et al, 2014). For this reason, 
contractors and sub-contractors work with a cross-
section of clients in different industries. To ensure 
that the findings capture the key contextual issues 
in diversified workforce, work culture differences 
pertaining to communication between participants 
from East and West Malaysia. 
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LITERATURE REVIEW

Workforce is defined in this study as a work team/group 
with different specializations, expertise and individual 
way of carrying out their duties, not necessarily race 
and/or gender. The word diverse means “varied 
and different” so ‘diversity’ is about valuing variety 
and individual differences and creating a culture, 
environment and practices which respect and value 
differences for the benefit of society, organizations 
and individuals. For the purpose of this study, work 
culture is defined as a system of shared meaning 
held by organizational members that differentiates 
the organization from others (Robbins, 1988). Thus, 
work culture is regarded as the rules, regulations, 
traditions, policies, practices, values and beliefs of 
an organization (Jindal et al, 2013). Work culture is 
manifested in the way of life of a group of workers at 
the workplace. This definition highlights values as an 
important element of culture, the dynamic nature of 
culture influencing behavior and behaviors forming 
culture, and its distinctiveness for different work 
groups. 

Organizational communication is synonymous with 
organizational culture because they help to create 
and refine each other, as communication acts affect 
and are affected by culture. Each culture defines 
what constitutes conflict and the way to deal with 
it (Lee & Rogan, 1991). Such cultural difference has 
significant implication for the management of conflict 
in an organization as it deals with people as well as 
tasks. How an organization communicates is as a 
result of its culture (Sanchez, 2004). Research shows 
that an individual’s willingness to communicate is 
a personality trait that often impacts interpersonal 
interaction in different environment (Richmond 
& Rouch, 1992). An individual’s enthusiasm (high 
willingness) to communicate is associated with positive 
communication outcome, so does an individual 
reluctance (low willingness) to communicate 
associated with negative communication outcome 
(Richmond & Rouch, 1992).

Culture in diversified workforce

Workplace diversity has led to an increased emphasis 
on individual differences on performance, interaction 
and overall organizational practices (Musah et al, in 
press). As plant TAM usually bring different people 
together, the potential for interpersonal conflict 
is increased. Studies investigating the influence of 
organizational culture (Darsana, 2013; Al-Halabi et 
al, 2011), and organizational communication (Spaho, 
2013; Aljasser et al, 2012; Ariani and Chashmi, 2011; 
Aula and Siira, 2010; Bowles, 2009) have demonstrated 
that individual differences, communication and 
culture do in fact influence project success (Musah 
et al, 2014). However, these findings have not been 
linked to the work culture, and communication of 
plant TAM workers in the PETRONAS petrochemical 
companies in Malaysia. This study anticipates that 
a strong parallel exists between work culture and 
communication. The strength of this connection may 
differ from one work culture to another. This study 
aim to explore the relationships between work culture 
and communication among TAM managers.

Working conditions vary significantly by occupations. 
A limited amount of research (Zulkipli et al, 2014; 
Musah et al, 2014; Musah et al, in press; Obiajunwa, 
2013) has identified the need for study into the social 
aspect of plant TAM work environment especially in 
the Malaysian petrochemical industry (Zulkipli et al, 
2014; Musah et al, 2014). Organizational culture and 
work culture are two sides of the same coin and they 
both talk about the manner in which people relate 
and identify with their work, the rules that guide 
their conduct, and how they perceive outsiders to the 
group or organization (Jindal, Bagade and Sharma, 
2013; Antonsen, 2009). The empirical evidence of 
work-related values and organizational culture, and 
communication so far has been fully concentrated 
on Western samples (Darsana, 2013; Jezewska et al, 
2013; Boucher, 2013). Given the crucial difference 
between Westerners and Easterners, especially 
on cultural orientation such as individualism and 
collectivism (Hofstede, 1980; Triandis, 1994; Liu 
et al., 2009), it is important to study predictors of 
project success using samples with a wider range of 
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cultural orientations in power distribution, group or 
individual orientation, task or relationship orientation, 
dealing with uncertainty, and planning for the 
future (Hofstede, 2001). In this study, the researchers 
contend that culture as a shared system of norms 
that guides beliefs, feelings and behaviors (Markus 
& Kitayama, 1991; Liu et al., 2009) plays a key role in 
regulating the perception of interpersonal and group 
communication in collectivist society like Malaysia.

Communication in a diversified workforce 

Axley (1984) describes communication as a figurative 
conduit along which information is transformed 
from one individual to another. Thomason (1988), 
defined ‘‘communication as the lifeblood of any 
system of human interaction as without it, no 
meaningful or coherent activity can take place”. These 
definitions suggest that communication is a multi-
dimensional and vague concept. Notwithstanding 
the complications associated with defining 
communication, it is important that a working 
definition of the concept is established to support 
the investigation of TAM communication practice in 
this paper. In this study, communication is defined as 
a social process of interaction (both verbal and non-
verbal) between individuals. Existing communication 
theory and research suggests that individuals will 
be satisfied with group communication in a manner 
consistent with their individual dispositions. High 
willing to communicate is associated with assertive, 
expressive, confident and friendly individual. The 
opposite of that are people with low willingness to 
communicate who are considered cooperative, quiet 
and melancholic.  In TAM environment where most 
workers may not know each other or be familiar 
with the plant, they could experience apprehension 
communicating their differences and difficulties to 
each other. Depending on the attitude of the TAM 
managers/supervisors, employees could be less 
willing to communicate during conflict episodes. 
This is especially true for introverted workers who 
hardly communicate their worries to others and are 
likely to avoid or cooperate during conflict. However, 
regardless of the atmosphere at work and the 
supervisors’ attitudes, extroverted individual will be 

willing to communicate during conflict, and are likely 
to be assertive and aggressive when handling conflict. 

Background of diversified plant turnaround 
maintenance project teams

Operators of processing plants recognize the 
importance of maintaining their production assets. 
While some inspection, repair, replacement, alteration, 
and minor maintenance work can be done while the 
plant is in operation, others require a complete halt 
of the plant for a scheduled major maintenance work. 
This outage is referred to as “plant shutdown.” The 
management of plant shutdown is known as the 
“plant turnaround maintenance” (TAM). Plant TAM 
is an engineering maintenance event carried out in 
process-based industries. It is an essential activity of 
any continuous process plant (Duffuaa & Ben Daya, 
2004) as it serves to invigorate, sustain, and increase 
plant performance (Zulkipli, 2010). Plant turnaround 
(TA) is necessary because equipment or part of 
equipment have limited life span in comparison to the 
plant (Daya, Duffuaa, Raouf, Knezevic, and Ait-Kadi, 
2009). Plant TAM activity is a prearranged (Zulkipli, 
2010) with a lot of pre-planning and manpower 
(Zulkipli et al, 2014).  Plant TA are the most expensive 
and laborious of maintenance projects because 
of the loss of production due to the shutdown 
and the cost of the TA. They are multifaceted for 
various reasons and as the complexity surges, they 
become more expensive and challenging. A plant 
TA frequently has an undesirable financial effect 
due to both loss of production revenue and major 
expenditure. However, there are positive side to TA 
that includes continued production integrity, minimal 
incidence of unscheduled breakdowns, and increase 
in the reliability of machines and equipment.  Thus, 
it is obvious from the above discussion that the 
importance of plant TAM is unquestionable, especially 
in the process-based industries. Consequently, the role 
of TAM in the process-based industries in ensuring the 
smooth running of machines and boosting business 
efficiency and effectiveness are more evident and 
important than ever. The machines and equipment 
of processing plants must be maintained in ideal 
operating conditions by effective plant TAM.
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Ely and Thomas (2001) and Jehn et al. (1999) 
established that diversity increases the number of 
diverging views, beliefs, knowledge and insights 
that the team bring to multifaceted workplaces. 
Many industries (IT, manufacturing and aerospace) 
have taken advantage of this by embracing culturally 
diverse teams. Unfortunately, the petrochemical 
industry has not sufficiently taken into account 
the issue of cultural diversity and its impact upon 
team dynamics during TAM. Companies have been 
blamed of lackadaisical attitude towards diversified 
work teams by trying to assimilate them into existing 
organizational culture and ignoring their individual 
work values (Ochieng and Price, 2010; Loosemore 
and Al Muslmani, 1999; Loosemore and Chau, 2002). 
Conversely, contemporary views on team integration 
urge organizations to value explicitly diversified 
teamwork, to adapt to it and use it for enhancements 
in project work performance and team effectiveness 
(Ochieng and Price, 2010). However, cautioned must 
be exercised in associating individual work cultures 
to project outcomes as the understanding of the 
behavioral dynamics of diversified project teams in 
plant TAM is still in its infancy (Ochieng and Price, 2010). 
Although project teams with diverse work values 
may bring different perceptions and styles, the basic 
environments, likely values and general implications of 
project outcomes are yet to be universally recognized. 
Thus, diversity in the workplace brings with it a host of 
potential benefits, as well as challenges.

Current literature on cultural diversity focus on team 
members’ demographical backgrounds and other 
factors relevant to their cultural characteristics, values 
and discernments (Ochieng and Price, 2010; Ansari 
and Jackson, 1996; Jackson et al., 1992; Kandola and 
Fullerton, 1998; Watson et al., 1993). Work culture 
of diversified project teams bring with it variety of 
views, skills and personal attributes that multicultural 
team contribute (Ochieng and Price, 2010; Maznevski, 
1994) as is evident in TAM teams (Zulkipli et al, 2014; 
Musah et al, 2014). According to McLeod and Lobel 
(1992), diversified work teams create better quality 
ideas in brainstorming tasks than homogenous 
teams especially when it comes to detecting 
problems and solving them Jackson et al. (1992). 

Organizations that utilize diversified teams make 
important improvements in productivity (Townsend 
et al. 1998). For instance, Ng and Tung (1998) found 
in their study that culturally diverse teams had 
higher productivity compared to their culturally 
homogenous counterparts. Similarly, Marquardt 
and Hovarth (2001) assert that by combining the 
energy and interaction of individuals from different 
backgrounds, organizations could generate creative 
tactics to dealing with challenges that are faced by 
diversified teams in project-based operations.

Communication in diversified teams has been known 
to stimulate the development of an emergent team/
work culture ((Ochieng and Price, 2010). Unlike 
homogenous or monoculture teams, diversified 
teams cannot refer to a pre-existing identity because 
of the temporary nature of project teams ((Ochieng 
and Price, 2010; Earley and Mosakowski, 2000). Their 
temporary work culture develop and depend on a 
team culture of straightforward rules, performance 
expectations and individual perceptions ((Ochieng 
and Price, 2010). Earley and Mosakowski (2000) 
further established that an effective diversified 
work teams have strong emergent culture as shared 
individual prospects facilitate communication 
and team performance. This means that the trust 
and confidence shared by team members boost 
performance and overall team efficiency, especially in 
effective communication among team members and 
help generate strong emergent team culture Pearson 
and Nelson (2003). However, diverse teams are most 
prone to communications challenges that can affect 
team cohesion. Individuals join teams with their own 
cultural ‘baggage’ in the form of different views of 
the environment, motives and behavior intentions 
(Ochieng and Price, 2010). 

Work culture and communication in plant 
turnaround maintenance projects

Though many researchers have studied culture in 
the construction sector (Kandola and Fullerton, 
1998; Meek, 1998; Barthorpe et al., 2000, 1999), few 
have been done in plant TAM (Zulkipli et al, 2014; 
Musah et al, 2014). Thus, understanding personal 
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work values/work culture and communication on 
diversified  project teams is inadequately developed. 
Moreover, the plant TAM industry has not amply 
responded to cultural and interpersonal issues facing 
its workforce within the TAM industry. Plant TAM is an 
engineering project that involve diversified project 
teams with different specializations, expertise, and 
cultural backgrounds. As work progresses the TAM 
environment becomes intense and complex, changes 
occur at a rapid rate, diversified TAM project teams 
must improve their ability to address such external 
challenges. 

While Hancouk (2000) studied cultural dimensions 
of architects, civil engineer and building surveyors, 
Rowlinson and Root (1996) examined architects and 
surveyors at private and public sector in Hong Kong. 
Pheng and Yuquan (2002), on the other hand studied 
construction managers and employees who have at 
least university degrees and work on two continuing 
projects in Singapore and China, in order to derive 
results related with work values. Tukianinen et al 
(2003) examined cultural and institutional differences 
about the management of international construction 
projects in Middle East and Europe (Akiner, 2005; 
2004). The results from these studies (Akiner, 2005; 
2004; Tukianinen et al, 2003; Pheng and Yuquan, 2002; 
Hancock, 2000; Rowlinson and Root, 1996) indicated 
that work culture is unique to each occupation and 
organization. Hence, the need to study the work 
culture of plant TA. 

The relationship between work culture and 
communication is better understood through the 
culture value scale (Yoo, Donthu, and Lenartowicz, 
2011) which measure culture at the individual level:

[1] Power distance defines the relationship between 
the managers/supervisors and employees and 
freedom of employees in asking for their rights 
within the workplace. In high power distance 
organizations, employees are expected to be 
modest, polite and respectful (Devito, 2004). 
The same can be seen in superior-subordinate 
communication where subordinates are less 
likely to challenge the superior or admit they 

do not understand something. The opposite is 
true for organizations with low power distance. 
It is predicted that managers with high power 
distance will be strict and domineering and are 
likely to be confrontational and forceful when 
communicating with subordinates.

[2] Individualism/Collectivism in an organizational 
or work setting basically depicts an 
individual’s desire to work in a group or alone. 
Individualistic and collectivistic tendencies are 
not mutually exclusive, thus, this is not an all-
or-none orientation but rather one of emphasis 
(Devito, 2004). Individual could have both 
tendencies as in practice they help individuals 
and teams to achieve set goals. However, most 
people have dominant orientation, either 
individually oriented or group oriented most 
of the time (Singelis, 1994). Sometimes these 
tendencies may come into conflict. The culture 
of an organization influences the type of 
communication and how it flows. In some work 
environments, the expression of grievances is 
not tolerated while others are open to direct 
communication (Musah et al, 2014). People with 
individualistic tendencies deal with workplace 
challenges by seeking to tolerate demands of 
different sides whereas those with collectivists’ 
tendencies are more likely to call on third 
parties to intervene (Tinsley and Brett, 2001).  In 
terms of organizational communication, those 
with collectivistic tendencies place emphasis 
on personal relationships and oral agreements 
(Victor, 1992), whereas, those with individualistic 
tendencies place less emphasis on personal 
relationships and more on verbalized and 
explicit explanations at work (Devito, 2004).

[3] Masculinity/Femininity in an organization 
is described by work or task orientation or 
relationship orientation. Individuals with 
masculinity  tendencies  place emphasis on 
group working, this means social relationship 
and requires cooperation between employees 
and adaptability to group decisions are 
important. Anxiety level may also increase 
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as employees are responsible for things that 
are done both by themselves and by group 
members (Tankekin et al, 2011; Devito, 2004). 
People with masculinity tendencies also place 
emphasis on success and assertiveness, as 
such they are more likely to confront directly 
and competitively fight out any differences 
and more likely to emphasize win-lose (Devito, 
2004). Individuals with femininity tendencies 
like to socialize and form close interpersonal 
relationships.

[4] Uncertainty Avoidance is depicted in the risk 
people take in their work.  As work gets intense 
so does anxiety, tension and stress levels of 
employees, this could lead them to avoid risk 
and behave in a more conventional way.

[5] Long Term Orientation/Short Term Orientation 
places emphasis on time orientation by 
distinguishing between displaced and diffused 
time orientation. Persons with displaced time 
orientation are exactly on time for work and 
appointments, whereas those with diffused 
time orientation are habitually late. On the 
other hand, one’s position in the organization 
also influences conflict. For instance temporary 
workers like TAM contractors and contract 
workers are likely to avoid or oblige during 
conflict with supervisors and managers for 
fear of losing their contracts or lose not being 
hired for the next TAM event. But these contract 
workers may be assertive or dominating during 
conflict with their colleagues and subordinates. 
Conflicts with supervisors are likely to be work 
related and those with coworkers may be related 
to personal issues (Devito, 2004; Frone, 2000). 
For this reason, TAM employees and contractors 
who wish to win contracts again may be careful 
in the way they behave on their current job.

DISCUSSION AND IMPLICTION

Managing cultural differences and interpersonal 
conflicts is the most common challenge to diversified 

work teams (Elron, 1997), however, there has been 
limited research on ‘‘people issues” within diversified 
work teams in plant TAM management literature. 
People issues in project management has become 
an important topic (Dainty et al., 2007) lately. The 
industry has been urged to pay more attention in 
people management by focusing on cultural and 
interpersonal issues as neglect of these can lead to 
(Ochieng and Price, 2010; Dainty et al., 2007) conflict, 
miscommunication and poor performance (Ochieng 
and Price, 2010; Shenkar and Zeira, 1992). At the helm 
of control is the project team manager, who are tasked 
with developing team cohesiveness; upholding 
communication; coordination and control issues 
(Pearson and Nelson, 2003). TAM project managers 
with different work-related values are likely to interpret 
and respond differently to the same tactical issues or 
team tasks because they have distinct perceptions of 
environmental opportunities and threats.

Literature on diversified workforce focuses on the 
differences in the demographics and not team 
expertise, specializations and work-related values. A 
diversified TAM team can make or break the project. 
Understanding the characteristics of individual’s 
orientation towards work and communication 
has many implications for predicting behavior in 
the organizational setting (Musah et al, in press). 
Recognizing and knowing what to anticipate from 
supervisors will allow subordinates to betters adapt 
and adjust their communication behaviors and verse 
versa. The communicative relationship between 
the supervisor and subordinates has considerable 
potential to affect the satisfaction of both parties.

An analysis of how an individual’s work-related 
values/work culture affects the communication 
process has been initiated (Musah et al, 2014; Zulkipli 
et al, 2014). Thus far, research in this area has indicated 
the importance of studying work culture and how 
it affects interpersonal communication processes. 
However, examining how supervisors work culture 
and communication during TAM affect their working 
relationship with subordinates has not occurred in 
communication research.
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The study is predicted to be of value to TAM managers 
and workers in helping to recognize and appreciate 
diversity. Additional, plant TAM human resource 
managers and policy makers will benefit by having 
information about the work-related values espoused 
by TAM managers which shapes the way they interact 
during the TA event. Such knowledge can ensue in 
reduction of conflict, which will eventually improve 
the performance and productivity of employees and 
in the end profitability for organizations. Additional, 
recognizing, valuing and respecting individual and 
group diversity can foster better understanding of 
one another and foster better relationship and job 
assignments and work allocation for better results.

Theoretically, this paper adds to empirical support for 
work culture and communication. And has implication 
for human resource and TA professionals in showing 
the importance of recognizing work culture and of 
TA managers and importance of communication to 
the success of the project. The study further enjoins 
managers/supervisors to appreciate the need to 
understand employees’ differences and take that 
knowledge into account when assigning duties 
and when handling conflict so as to benefit the 
organization as well as the individual.

CONCLUSION

The present conceptual paper attempts to contribute 
new knowledge to the existing literature work 
culture and communication in plant TAM. It was 
emphasized that there exist relationships between 
work culture and communication in managing a 
diversified workforce. Empirical research should be 
carried out to determine the validity and significance 
of this relationship. The result will enrich the existing 
literature theoretically and practically. And also 
encourage and inform researchers, and practitioners, 
about using the findings to improve interpersonal 
relationship and interaction during TAM and enhance 
the understanding of diversity.

In conclusion, an effective plant TAM manager should 
recognize and understands the work values and its 

effects on communication of subordinates, and use 
this knowledge in leadership and task assignment.
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ABSTRACT

Global annual rice production is estimated at 500 million tonnes where a fifth is in the form of husk. The husk is 
often left to decompose or burnt in the open for disposal which lead to serious environmental and health problems. 
Previous researches have shown that the rice husk ash (RHA) that undergoes controlled burning method possessed 
high amount of amorphous silica. Control burning by microwave incinerator was used to produce MIRHA and has led 
to the research on the possibilities of combining both MIRHA and fly ash in ultra high performance concrete (UHPC) 
known as ductile self-compacting concrete (DSCC) replacing up to 20% of cement by weight whilst improving its 
workability and mechanical properties. Results showed that this combination improved overall mechanical properties 
by 7% while maintaining its self-compacting abilities.

Keywords—MIRHA, Fly Ash, UHPC, DSCC, Workability, Mechanical properties.

INTRODUCTION 

The global paddy output in 2012 is about 500 million 
tonnes [1]. For every five tonnes of paddy milled, about 
one tonne (20%) of husk is being produced. Based on 
this calculation an estimated total of 100 million tonnes 
of husk could be available annually on a global basis. 
Disposal of rice husk has always become a challenging 
problem due to its rough and abrasive surface, which 
is highly resistant to natural degradation. The slow-
decomposition process of this material also generates 
methane gasses. Therefore open burning process is 
used in disposing the rice husk. However, this burning 
process has been closely related to the decreasing air 
quality due to the generated pollutant that can have 
adverse impact to the human health [2]. Rice husk 
ash (RHA) has high amorphous silica that is suitable 
for partial replacement to Portland cement (OPC). 
Under controlled burning method, the ash produced 
contains around 85% - 90% amorphous silica [3]. RHA 

behave very much like silica fume and help in getting 
a better quality concrete [4,5]. In this paper, microwave 
incinerator was selected to produce microwave 
incinerated rice husk ash (MIRHA). The positive 
benefits of MIRHA as partial cement replacement 
materials in concrete mixes reported by Nuruddin et 
al. [4,5,6] has led to the research on the possibilities of 
combining both MIRHA and fly ash as binary addition 
in ultra high performance concrete (UHPC) known as 
ductile self-compacting concrete (DSCC) replacing 
up to 20% of cement volume whilst maintaining 
satisfactory fresh and mechanical properties. 

DSCC is a new generation concrete developed 
through microstructure enhancement techniques. 
It combines both properties of self-compacting and 
high performance characteristics of a composite 
material [4,7,8]. It is a highly flowable, non-segregating 
concrete with a strain-hardening response under 
tension accompanied by multiple cracking. DSCC 
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can be considered as the most successful recent 
innovation in concrete construction that further 
extends the applications of self-compacting concrete. 
The concept of SCC was initially proposed in late 1980s 
in Japan with first significant applications in the 1990’s 
[9]. The ordinary self-compacting concrete however 
possesses low tensile strength, limited ductility and 
little resistance to cracking. Further enhancements 
of ordinary SCC were required to overcome these 
problems and to develop self-compacting concrete 
with special properties, so that the structure continues 
to perfom to their intended purpose. In order to obtain 
the characteristics of DSCC, discrete and discontinuous 
steel fibers were randomly added into the concrete 
mix to ensure necessary ductility. Besides steel 
fibers, other consitituent materials required in DSCC 
production are superplastisizer and higher powder 
content than normal strength concrete (NSC). Unlike 
conventional UHPC, DSCC mixes use MIRHA and fly 
ash as its pozzolan and fillers to improve concrete 
properties. The incorporations of both MIRHA and fly 
ash as cement replacement material (CRM) in DSCC 
are considered as a new type of concrete; therefore, 
it is important to have a complete knowledge on the 
fresh behaviour and mechanical properties of this 
composite material.

EXPERIMENTAL WORK

A. Program of Work

This work was designed to study the effects of 
multiple binders on fresh and hardened properties 
of DSCC mixes. MIRHA and fly ash were selected to 
be the binary blend concrete mixtures in the DSCC, 
in which these materials replaced 20% of cement 
by weight. The optimum amount of CRM used in 
DSCC should be established by testing to determine 
whether the supplementary material indeed improve 
the fresh and hardened properties of DSCC and to 
determine the right quantity for CRM used, as an 
excessive or inadequate quantity can negatively affect 
the fresh and hardened concrete propeties. In this 
work, a total of 11 combinations of DSCC using various 
mixes of CRMs were prepared and its workability and 

mechanical properties were studied. 

B. Material Properties

Ordinary Portland cement and mineral additions used 
in DSCC conform to BS EN 206-1:2000 [10]. MIRHA with 
high amount of SiO2 was produced from incineration 
of local rice husk burnt at 800oc using microwave 
incinerator as shown in Figure 1. Whilst, fly ash was 
obtained from Manjung Coal-Based Thermal Power 
Plant. Images obtained from field emission scanning 
electron microscopy (FESEM) for both MIRHA 
and fly ash are presented in Figure 2 and Figure 3 
respectively at magnification of 50x. FESEM image 
shows that MIRHA particles are angular and flaky of 
different sizes and fly ash particles are composed of 
spherical shapes. MIRHA and fly ash was tested for 
chemical compositions and both results satisfied the 
requirements in ASTM C618 [11] as shown in Table 1.

Figure 1  :  Microwave incinerator

Figure 2  :  FESEM of MIRHA
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Figure 3  :  FESEM of fly ash

Table 1  :  Chemical compositions of fly 
      ash and MIRHA

Oxide
Percentage (%)

Fly ash MIRHA ASTM
C618

SiO2 51.7 89.34 -

Al2O3 29.1 0.45 -

Fe2O3 4.76 0.40 -

SiO2 +Al2O3+Fe2O3 85.56 90.2 > 70

CaO 8.84 0.76 -

MgO - 0.49 -

Na2O - 0.12 -

K2O 1.6 4.98 -

SO3 1.5 0.90 -

Locally available river sand from Perak River with a 
fineness modulus of 2.8 were used in all mixes. The 
sand was washed to remove any dirt associated with 
it and was used in saturated surface dry condition. 
Portable water and Polycarboxylic Ether (PCE) based 
superplasticizer (SP) with a commercial name of 
ViscoCrete®-2044 was used to adjust the workability 
of DSCC. Two types of steel fibers namely straight 
fiber (SF) and end-hooked fiber (EH) in the amount of 
6.5% by weight were employed in this study and their 
properties are shown in Table 2.

Table 2  :  Characteristic of steel fibers

Fiber properties

SF
EH

Aspect ratio (Ɩ/d)
Tensile strength, MPa

100
> 2300

83.33
> 2300

* SF – straight fiber; EH – end hooked fiber

C. Concrete Mix Proportion

The proportioning of the DSCC mix is extremely 
important in developing an effective and quality 
mixture. Not all DSCC mixtures are proportioned the 
same and it is usually influenced by its fresh and its 
hardened properties requirements. A total of eleven 
mixes were carried out to study the effect of MIRHA and 
fly ash on the workability and mechanical properties 
of the concrete. In order to avoid any influence due to 
level of dosage, the total of CRMs used in all mixes were 
fixed to 20%.  Proportion details are given in Table 4. 
All the binders and sand were pre-mixed initially for 
about 2 minutes. Water and superplasticiser were 
then gradually added into the mix until the concrete 
paste is formed. Steel fibers were then dispersed by 
hand into the paste carefully to avoid fiber balling and 
mixed for another 2 minutes. The total mixing time 
ranges from 15 - 25 minutes depending on the type 
of CRM used.

D. Experimental Program

The experimental program consisted of casting 
and testing 33 cubes (100mm), 33 cylinders (100mm 
diameter and 200mm height) and 33 beams 
(100x100x500mm). Workability of fresh DSCC was 
determined using the slump flow diameter, time taken 
for the concrete to spread to 500 mm diameter (T500), 
V-funnel flow time and passing ratio from modified 
L-box test. Modified L-box without rebars was used 
in this experiment as suggested by Groth [12]. Table 
3 shows the recommended limit for slump test, 
V-funnel test and L-box test for SCC concrete. Cubes 
and cylinders were used to evaluate the compressive 
and splitting tensile strength in accordance to BS 
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EN 12390-3:2009 [13] and BS EN 12390-6:2009 [14] 
respectively.  The four point loading flexural test were 
carried out on the beam specimens tested at 28 days 
and in accordance to BS EN 12390-5:2009 [15].

Table 3  :  List of workability tests with recommended 
      limit after [16,17]

Test SCC Properties Recommended 
Limit

Slump Flow
T500mm

Filling Filling 650mm- 850mm
2s-5s

V- funnel Passing 5s-12s

L-box
Passing/ 

Segregation 
Resistance

0.8-1.0

RESULTS AND DISCUSSIONS 

A. Workability Test

Deformability and viscosity of fresh DSCC were 
evaluated through the measurement of slump flow 
time and diameter; modified L-box and V-funnel. The 
results for fresh concrete tests are shown in Table 4. 
As seen in that table, the slump flow diameters of all 
mixtures are within the allowable range given by [16,17] 
of 600–850 mm except for mix M6 and M7. According 
to European SCC Guidelines [17] mixes M1 and M2 are 
categorized as slump flow class 2 (SF2) with slump 
flow of 710 mm and 730 mm respectively. Mixes M3 to 
M5 and M8 to M11 are classified as slump flow class 3 
(SF3) with slump diameter ranged from 750 mm to 850 
mm. The mixes in this class have high filling ability and 
are suitable to be used for vertical applications in very 
congested structures. It also possessed better surface 
finish compared to mixes in SF2. Both M6 and M7 
were outside the allowable limit for SCC with slump 
flow diameter of 880 mm and 890 mm, respectively. 
All slump flow times for all mixes were less than 3.0 
seconds and satisfied the requirement stated [17]. All 
V-funnel (TVF) values tested on all mixes were in the 
range of 5.0 to 12.0 seconds and the passing ability 
(PA) ratios for modified L-box test were more than 0.85. 

Both TVF and PA values are within the allowable SCC 
limit stated in [17]. Therefore, all concrete mixtures are 
considered as SCC except for mixes M6 and M7. 

There was no segregation of aggregate near the edges 
of concrete observed from the slump flow test for all 
mixes except for mixes M6 and M7. Visual inspection 
done on all DSCC mixes indicated that mixes with 
slump flow of over 850 mm possessed unstable mix. 
Static and dynamic segregations were observed on 
both M6 and M7 mix. For mixes M6 and M7, paste 
started to rise upward (see Figure 4) as soon as the 
mixing has completed indicating poor cohesiveness 
between mortar paste and aggregate. Excess movable 
water usage with high SP dosage used in mixes M6 
and M7 was the contributing factor for the unstable 
mix.

Figure 4  :  Segregation due to lower cohesiveness

The DSCC with binary MIRHA mixes (M4-M7) had the 
highest water to binder ratio, the usage of 20% MIRHA 
caused the mix to stiffen and reduced the workability 
drastically compared to the control mix containing 
only OPC. High amount of water and SP is required to 
achieve the SCC properties due to the flaky, elongated 
and angular particles of MIRHA. Addition of MIRHA 
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can be a disadvantage on its workability but adding 
fly ash into the binary mixes can offset this problem. 
Incorporation of fly ash in the ternary DSCC mixture 
of OPC, MIRHA and fly ash reduced the water to 
binder ratio from 0.24 to 0.17. The spherical shape of 
fly ash reduces frictional forces among the angular 
particles due to “ball bearing” effect, which was also 
observed by other researchers [18,19]. Study made by 
Helmuth [18] proved that fly ash reduces the water 
demand in a manner similar to SP. The smooth surface 
characteristics and spherical shape of the fly ash 
improved the workability characteristics of concrete 
mixtures. 

Besides workability testing, testing on the fiber 
verification as seen in Figure 5 was also performed 
during the DSCC fresh state. This test was done to 
verify the amount of fiber content in the concrete mix 
after mixing process was performed. Test method 
for the fiber verification adopted in this work was 
suggested by Busterud et. al [20]. A volume of 5 litres 
(5 kg) concrete was used and poured on a sieve and 
washed down using water. The fiber retained on 
the sieve will be removed by hand and its weight 
was measured. Results showed that the removed 
steel fibers were in good accordance with the dosed 
quantities of fiber used for DSCC.

Figure 5  :  Fiber verification test

B. Compressive, Tensile and Flexural Strength Test

The mechanical strength results are presented in 
Table 4 and also in Figure 6 to 8, which includes the 
28 days of compressive, splitting tensile and flexural 
strength tests.

Figure 6  :  Compressive strength test at 28 days

Figure 7  :  Splitting tensile strength test at 28 days

Figure 8  :  Flexural strength test at 28 days
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Table 4  :  Results summary

Materials Unit M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

OPC (Type 1) kg/m3 1000 1000 1000 800 800 800 800 800 800 800 800

CRM
MIRHA kg/m3 200 200 200 200 100

Fly Ash kg/m3 200 200 200 100

Sand kg/m3 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

SP kg/m3 20 25 30 35 25 30 35 20 25 30 25

 Fiber
SE kg/m3 76 76 76 76 76 76 76 76 76 76 76

EH kg/m3 76 76 76 76 76 76 76 76 76 76 76

Water kg/m3 170 170 170 230 240 240 240 170 170 170 170

Workability Results

Slump flow (SF) mm 710 730 820 840 850 880 890 800 830 850 780

T500 (TSF) sec 3 2 2 3 2 2 2 2 2 2 3

V-flow (TVF) sec 9.5 9 7 12 6.5 7 7 6 5 6 10

L-box (PA) - 0.85 0.85 0.85 0.85 0.87 0.88 0.85 0.85 0.85 0.88 0.88

Mechanical Strength Results

Compressive strength MPa 130 130 120 103 100 93 100 113 110 108 134

Splitting tensile strength MPa 18 15 14 16 11 10 13 17 14 14 15

Flexural strength MPa 18.8 20 13 12 12 11 15 16 19 18 22

As seen from Figures 6 to 8, mix M11 showed the 
highest 28-day compressive strength compared to the 
control mixes of M1 and M2. The lower strength was 
observed for all four mixes with MIRHA as the CRM 
(M4 – M7). Nuruddin et al. [21] have recommended 
5% to be the optimum replacement for MIRHA when 
it is used alone. However when MIRHA is combined 
with fly ash, the replacement of MIRHA is expected to 
increase. Previous studies done by [22,23] on UHP-FRC 
incorporating RHA and fly ash in the mix suggested a 
replacement of 10% RHA and 10% fly ash bringing the 
total to 20% as the best combinations. 

Hardened state results showed that the effect of 
20% MIRHA replacement lowers down the strength 
due to the higher amount of water content required 
for these mixes to achieve the SCC properties. The 
water to binder ratio required for DSCC with 20% 
MIRHA increased 42% from the rest of the mixes. The 
significant increase of water demand for the mix was 
due to the high surface area of MIRHA. While, the 
high water content inside the concrete evaporated, 

it contributed to continuous capillaries and larger 
pore sizes. These effects increased the concrete 
permeability and reduce the concrete strength. 
However, with the combination of fly ash in ternary mix 
of DSCC with MIRHA and OPC (M11), 10% MIRHA and 
10% fly ash replacement was able to give the highest 
compressive strength value with an improvement of 
103% at 28 days and would expect to continue even 
after 28 days. This improvement could be attributed 
by the pozzolanic reactions of MIRHA and dispersing 
effect of fly ash used. 

The pozzolanic reactions occur only after the hydraulic 
reaction of cement was completed. Pozzolanic reaction 
of the CRMs was formed by the following mechanism: 
after addition of CRMs, calcium hydroxide Ca(OH)2 is 
transformed into secondary calcium silicate hydrate 
(C-S-H) gel, causing the transformation of larger pores 
into finer pores. The rate of pozzolanic reaction was 
influenced by chemical content as well as particle 
specific area [24]. Therefore, particle size and surface 
area plays an important role in the rate of reactivity of 
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pozzolanic material. The high silica content in MIRHA 
reacts with calcium hydroxide produced by cement 
hydration to generate additional calcium silicate 
hydrate gel, blocking existing pores and altering the 
pore structures. The combination of physical property 
and chemical composition of MIRHA contributes to 
high rate of strength development in DSCC resulting 
to an improved 28-day compressive provided that 
the water to binder ratio of the mixes remain equal or 
close to 0.17.

Isaia et al. [19] and Paya et al. [24] explained the 
effect of particles shape of fly ash contributed to the 
workability and strength improvement. The spherical 
shape of fly ash improved workability by ball bearing 
effect and enhanced the dispersion of cement and 
MIRHA particles, which then increased the packing 
density of mix M11. An improved pore structure in 
the concrete matrix was achieved by dispersion of 
cement and MIRHA grains and development of more 
gel phases through pozzolanic reactions, which 
translates into improved concrete strength. It can 
be observed that, the filler and dispersing effects of 
fly ash used as CRM in DSCC mixes could offset the 
reduction in strength due to the reduction of OPC. 
The incorporation of MIRHA also produced the filler 
effect due to its fine particle size. As discussed earlier, 
the huge surface area of MIRHA absorbed certain 
amount of free water into its pores and the water is 
released to help the secondary hydration process 
as suggested by Arunachalam and Vigneshwari [21]. 
According to their study, the water absorbed by RHA 
is released from its pores when the relative humidity 
in the paste decreases with progress of hydration 
process, and therefore increases the hydration degree 
of blended cement. Mix M11 also showed comparable 
results to control mix (M2) on splitting tensile and 10% 
increment on flexural strength. 

Generally, the combination of MIRHA and fly ash 
showed better performance than only MIRHA or fly 
ash were used. The ternary blend DSCC (M11) managed 
to maintain the water and superplasticizer dosage 
similar to the control specimen whilst maintaining its 
self-compatibility properties. 

CONCLUSIONS

Based on the results of this experiment the following 
conclusions can be made:

1. The usage of MIRHA alone are not recommended, 
it requires high usage of water due to large 
specific surface particles which leads to lower 
concrete strength and higher chances of concrete 
bleeding. The use of 20% MIRHA in DSCC reduced 
the overall mechanical properties by 35%.

2. The development of ternary blend DSCC with 
compressive strength of 130 MPa under water 
curing was possible using locally available 
ingredients. MIRHA and fly ash of 20% with equal 
distribution were found to be the optimum 
cement replacement value for DSCC mix. The 
workability of DSCC depended mainly on the CRM 
used. MIRHA and fly ash blend DSCC produces a 
stable mix with good self-compacting abilities 
with slump flow diameter of less than 800 mm. It 
is recommended that the slump flow diameters 
of DSCC should be less than 850 mm; beyond 
this value DSCC mix becomes unstable with high 
possibilities of concrete segregation and concrete 
bleeding problems.

3. The used of ternary blend of OPC, MIRHA and fly 
ash improved the overall mechanical properties 
of DSCC by 7%. In general, the improvements 
on concrete strength were strongly influenced 
by the pozzolanic reaction from MIRHA and also 
the synergistic effect of inter-particle interaction 
between OPC, MIRHA and fly ash. 
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ABSTRACT

The purpose of this paper is to provide insights into the importance of managing people within the context of plant 
turnaround maintenance in Malaysia. The apparent emphasis placed on this was the consequent of many failures 
in turnaround maintenance implementation in petrochemical industries. The ‘softer’ human resource concerns were 
too often received little attention. An investigation into issues, challenges, and problems of three large Malaysian 
petrochemical companies is reported. The paper highlights the extent to which the issues and challenges of managing 
contractors, organizing the turnaround, managing health/safety/environment, leadership, communication, resource 
allocation and mobilization, planning and scheduling, and work culture formed the major concerns among the people 
in the turnaround maintenance. The study stressed the importance of capacity building in managing behavioral 
aspects of the people in turnaround. However, as the samples were drawn from three petrochemical companies, 
it would not be valid to generalize the findings to other industries without reflecting the distinctive nature of that 
particular industry pertaining to the management of turnaround. The study has highlighted the great influence of 
people skills in managing the turnaround maintenance successfully. It provides businesses a case to justify training 
investments in managing people.

Keywords—MIRHA, Fly Ash, UHPC, DSCC, Workability, Mechanical properties.

INTRODUCTION 

Three central characteristics common to all 
organization are people behavior, organizational 
structure, and organizational processes. Research 
has shown that focusing on a well-established and 
appropriate structure and organizational processes 
alone does not guarantee a successful organizational 
performance [1]. Avoiding this tunnel-vision is vital in a 
work environment that involves enormous number of 
people. The people make the organization works and 
at the same time influences others in the organization 
that eventually results in either effective or ineffective 
organizational performance. In this respect, the 
organization of plant turnaround maintenance is no 
exception. Plant turnaround maintenance that is the 
focus of this study, is one of the largest, complex, and 

people-intensive activities in petrochemical plants. 
By and large, turnaround maintenance activities rely 
upon contingent and temporary workers employed 
by contractors or manning agencies. The turnaround 
maintenance work environment is characterized by 
diverse groups of people who are brought together 
for a short period of time. They are expected to rapidly 
establish co-operative working relationships and as 
such, appropriate team alignment is vital to ensure 
successful implementation of the turnaround.

As these operatives are employed by the contractors 
and sub-contractors, the ‘softer’ human resource 
issues too often receive little company’s management 
attention at best. By and large emphasis on ‘people 
issues’ were wanting. The importance of issues 
like communication, coordination, motivation, and 
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workers’ welfare to name a few, were underestimated 
by the people managing the turnaround. Generally, 
project management personnel are well-trained in 
technical aspects of the turnaround management 
such as setting objectives, critical path analysis, work 
breakdown structure, resource allocation and risk 
management. Still, the success of a project often rests 
on the sensitiveness of issues related to people and 
people management rather than simply on technical 
issues [2]. Cultural and behavioral issues were reported 
as significant factors for poor project performance [3]. 
This applies exactly to plant turnaround management.

The turnaround management focus was too exclusively 
on the accomplishment of turnaround objectives. 
Integration and alignment of people were too often 
overlooked. Several writers have reported cases of 
turnaround maintenance failures in petrochemical 
industries [4-7] and have argued that managing 
people is critical for the successful implementation of 
the plant turnaround maintenance activities. “All was 
well-planned, but come execution, we still have pockets 
of problems. Why are these problems still happening?” 
This has been voiced out by turnaround managers 
in several petrochemical plants in Malaysia. This is a 
manifestation of the challenges in managing plant 
turnaround maintenance in particular managing the 
people. Turnaround maintenance endeavor is all about 
people. It is important to understand the influence 
of people and that people are central in turnaround 
management. In bridging this gap, the issues and 
challenges in managing people in plant turnaround 
need to be understood and capacity building in the 
relevant skills is inevitable.

OBJECTIVE OF THE STUDY

The primary aim of the study is to provide a narrative 
understanding of the challenges and issues in 
managing people in plant turnaround maintenance. 
This study focuses on the turnaround management 
at operative level rather than strategic or institutional 
level. Central to the study is the contention that the 
skills in managing people are specifically required by 
the turnaround managers, engineers, and supervisors 

to ensure successful execution of the turnaround. 
Excellent people management skills provide the 
centripetal force in holding the organizational 
members together. This study identifies the pertinent 
managerial skills based on the feedback voiced by the 
survey respondents.

PEOPLE MANAGEMENT SKILLS

Managing is the art of getting things done through 
people. It is defined as the effective and efficient 
organization and coordination activities to accomplish 
sets of goals and objectives utilizing the available 
resources. It implies planning, organizing, staffing, 
leading, and directing. Resources includes people, 
money, technology, and information to name a few. 
In this respect, the roles of management consist of 
forecasting, planning, organizing, commanding, 
coordinating, controlling [8]. 

With respect to the turnaround, the focus of the 
management is on planning, preparing and executing 
the turnaround event in conformance with the 
objectives that have been set by the top management. 
The functions among others include organizing, 
staffing, controlling and directing. 

Having said the above, plant turnaround maintenance 
is a multi-facetted process comprising three broad 
elements of engineering, business, and organization 
[9]. Thus, the task of managing is multi-dimensional. 
The necessary skills for managing can be grouped 
into three categories precisely conceptual, human 
and technical. The categories directly relate to 
the three characteristics of organization namely 
structure, behavior and processes [8]. Conceptual 
skills are the ability to see the organization as a 
whole and the relationships with stakeholders. 
Among others, the skills include critical thinking, 
information processing, and planning abilities that 
facilitate decision-making, resource allocation and 
innovation. Human skills reflect the ability to work 
with and through other people and work effectively 
as a team. Ability to motivate, facilitate, coordinate, 
lead, communicate, and resolving conflicts are some 
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of the vital traits. Technical skills include mastery of 
methods, techniques, and equipment involved in the 
specific functions. Specialized knowledge, analytical 
ability and competency in problem solving are 
equally vital. Managers use conceptual, human and 
technical skills in performing management functions 

of planning, organizing, leading and controlling. The 
intensity of the skills varies along the different levels 
in the organizational hierarchy as depicted in Figure 
1. Though the degree of each skill varies, all managers 
must possess them to perform effectively.

  Figure 1  :  Intensity of Managerial Skills levels in the hierarchy 
                      Source:  [8]

Companies designed and established organizational 
structure and organizational processes with the 
intention of influencing and shaping the behavior 
of the organizational members. This is to orchestrate 
behavior to align with the goals and strategies of 
the organization. However, internal and external 
environmental factors influence the way people 
behaves. As such, it is not possible to predetermine 
completely the behavior of the organizational 
members. Hence, it is essential for managers and 
supervisors to plan, organize and control these 
behaviors. Some of the skills identified as relevant 
for the successful management of plant turnaround 
maintenance [7] are illustrated in Table 1. They are 
categorized into technical, conceptual, and human 
skills as developed by Daft [8].

Plant turnaround is an event that demands huge 
manpower from internal and external sources 
on temporary basis to execute the maintenance 
activities. This is essential due to the large amount 

of work that needs to be carried out in the face 
of extreme time constraints. The turnaround 
organization brings together groups of personnel 
who are mostly unfamiliar with each other’s skills, 
but have to work interdependently in complex tasks 
[10]. Hundreds, even thousands of maintenance man-
hours are required depending on the volume of work 
and the window of opportunity available. Adding to 
the complexity, the event consists of multiplicity of 
inter-related activities, performed at the same time, 
in the same place, and at times on different levels of 
the plant. Area congestions increase the chances of 
potential accidents, conflicts, errors, and confusion 
that are greater compared to normal maintenance 
environment. These depictions imply that manpower 
is the most important input to the turnaround 
maintenance organization. Undeniably, to contend 
with the organizational environment and context, 
turnaround activities require efficient organization, 
coordination, and control to ensure its successful 
implementation [1, 11-13].
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Table 1  :  Skills for successful management of plant turnaround maintenance

Technical Skills Conceptual & organizational 
skills Human Skills

1. Planning skills 1. Organizational skills 1. Leadership skills

2. Forecasting skills 2. Management support building 
skills 2. Decision-making skills

3. Use of IT skills 3. Resource allocation skills 3. Communication/presentation 
skills

4. Technical skill/knowledge 4. Administrative skills 4. Motivation skills

5. Contract management skills 5. Managing health & safety of 
others

6. Quality management skills/
knowledge 6. Supervision of others

7. Risk management skills 7. Conflict resolution skills

8. Budgeting & budgetary control 8. Negotiation skills

9. Cost Management 9. HR management skills

10. Time Management skills 10. Control skills

  Source: [7]

The apparent conflicting objectives of the turnaround 
maintenance between cost and duration, and 
duration and safety, for example, leads to conflicting 
demands for organizational resources in the process 
of executing the turnaround maintenance activities 
[14]. The diversity of performance objectives, the 
highly regulated operational environment, the need 
for integration and the coordination of multiple 
interfaces across the turnaround maintenance 
activities further suggest the critical importance of 
managing people. The above narrations suggest that 
managing turnaround essentially require soft skills 
with the capability to understand the situation and 
people apart from technical competencies  [7].

Past studies have highlighted the great influence of 
people skills in managing project successfully [15-
18]. As people are the one who deliver successful 
projects, intense use of relationship management 
skills are inevitable throughout the life cycle of 
the project. Attributes such as communication, 
organizational effectiveness, leadership, problem 
solving, teambuilding, flexibility, creativity and 
trustworthiness are essentially required in managing 
people. Along similar contention, Morris and Pinto 
[19] identified micro and macro behavioral factors for 

successful project managers. Micro factors include 
personal characteristics, motivation, leadership, 
communications and staffing. On the other hand, 
macro attributes comprise of cross-functional 
cooperation, project teams, virtual teams, human 
resource policies, conflict and negotiations, power 
and politics, project organization.

RESEARCH METHODOLOGY

Turnaround maintenance activities involve the 
interaction of physical structure such as plant 
technology, services, and logistics and managerial 
elements and human behavior within the turnaround 
maintenance organization. Some of the later elements 
may consist of non-quantifiable constituents. As such, 
more pertinent information could be obtained if the 
studies are done by qualitative analysis. 

For the purpose of this study, data was collected from 
three large Malaysian petrochemical companies that 
were conducting their plant turnaround maintenance 
in 2013 and 2014. The primary method employed in 
the data collection was questionnaire-aided sample 
survey. The survey respondents were asked to answer 
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open-ended question. The respondents include 
engineers, supervisors and maintenance personnel 
from the host companies and contractors who were 
involved in the turnaround maintenance of the 
companies. The following statement was put forth to 
the respondents:

Please feel free to highlight your opinion or suggestions 
on any issues, challenges, or problems that you faced 
in the recent turnaround that are not included in the 
questionnaires.

There were 211 turnaround personnel responded to 
the survey; 109 were from the host companies and the 
balance was from the contractors. The responses were 
coded and analyzed manually, using a qualitative 
technique as outlined by Blackstone [20]. Every 
response written by the respondent was read in detail 
to really get to know the information and observe 
some trends. Each highlighted issues, challenges, or 
problems were assigned to one or multiple buckets or 
categories. As the sorting progressed, few buckets or 
categories emerged with different observable trends. 
There were cases where multiple ideas were expressed 
by the respondent in a comment. In this situation, the 
comment was assigned to multiple categories. 

After all the responses were bucketed or categorized, 
each bucket was further reviewed to establish if 
some buckets might be combined or separated into 
more than one. The aim was to identify clear and 
distinct trends, issues and ideas suggested by the 

respondents. Following this, appropriate theme was 
classified for each category in order to make the data 
useful for further analysis.

Background of the respondent

Closed to 89 percent of the respondents were male 
and 11 percent were female, reflecting the male 
dominant nature of the turnaround maintenance 
activities. Large majority (75 percent) of the turnaround 
workforce were between 21 to 40 years old. Nearly 
24 percent were older than 40 years and about one 
percent were younger than 21 years. Generally, the 
personnel have good educational qualification. Nearly 
45 percent have certificates or diplomas, 22 percent 
have bachelor degree and above, whilst the balance 
33 percent have upper secondary or lower. Those with 
10 years or more working experience were less than 
30 percent, whilst the rest (70 percent) were rather 
new in this field.

RESULTS AND FINDINGS

This section presents eight themes that emerged from 
the analysis of responses given by the respondents 
of the survey questionnaire. The themes were 
summarized as depicted in Table 2. They include 
managing contractors, organizing the turnaround, 
managing health/safety/environment, leadership, 
communication, resource allocation and mobilization, 
planning and scheduling, and work culture.

Table 2  :  Summary of themes

Themes Company 1 Company 2 Company 3

1 Managing Contractors Managing Contractors Managing Contractors

2 Organizing the turnaround Organizing the turnaround

3 Managing HSE Managing Safety Managing HSE

4 Leadership Leadership

5 Communication Communication Communication

6 Resource allocation and 
mobilization

Resource allocation and 
mobilization

7 Planning / Scheduling Planning Planning / Schedule

8 Work culture Work culture
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THEME 1 : MANAGING CONTRACTORS

It is essential for the company to effectively manage 
their contractors. Managing contractors have become 
important management process of turnaround 
maintenance as reported by large majority of 
refineries and petrochemical plants [10]. Apart from 
contractual arrangement with suppliers and vendors, 
companies that perform turnaround engaged many 
contractors to perform the maintenance activities 
or render specialized services. Company uses their 
services because of resource availability, experience, 
specialization, higher productivity and cost efficiency 
to name a few. A contractor could alleviate a critical 
resource constraint of a company, but if the required 
work cannot be completed on time as planned, the 
benefit of outsourcing the work is diminished. Instead, 
the company has to suffer the consequential financial 
lost due to cost overrun and duration slippages. These 

penalties can be mitigated by prudently managing 
the contractors. Managing turnaround is essentially 
managing contractors. Management has to be vigilant 
on contractors’ availability, contract work packages, 
and contractors’ selection.

Much of the challenges in managing contractors 
performances reside in the execution phase of the 
turnaround. Many instances, these challenges are 
compounded by inexperience contractors’ work 
leaders and workers. Inferior workmanships in 
most cases surfaced during start-up operation and 
consequently lead to many reworks and schedule 
slippages. The following tabulation of brief excerpts 
serve to illustrate the concern of the respondents 
on the contractors’ performance that reinforce the 
importance of managing contractors during the 
execution stage of the turnaround. 

Table 3  :  Managing contractors

Theme Theme Description Excerpts from survey responds

Managing 
Contractors

Respondents reinforced 
the need to manage the 
contractors and their workers in 
view of:

•   Quality
•   Inexperience leader
•   Inexperience workers
•   Ineffective feedback

“Inferior quality of workmanship. A lot of rework have to be done 
during start-up operation.”

“Work leader were inexperience. Much effort was put forth to 
make them understand about the work. As a result, many cases 
of ‘zero rules’ were reported.”

“Less experience contract workers/young work force requires 
different approach. It is better to educate them rather than 
punishing them for first time mistake. HSE personal on site to 
act as good observer not fault finding. Correct mistake done by 
contractor for 1st time mistake, not to punish and dismiss.”

“Incompetent and very poor management of main contractor.”

“Very poor follow up by contactors management on the issues 
raised by operations. Nothing done even after 3 weeks requested 
by operations.”

“The main contractor put too much reliance on the sub-
contractor.”
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Table 3 :  Organizing the Turnaround

Theme Theme Description Excerpts from survey responds

Organizing 
the 

Turnaround

Respondents reinforced 
the need to have a 
good organization 
of the turnaround 
by highlighting the 
following concerns:

•   Need improvement  
    in management
•   Delays
•   Ownership
•   Need good 
    coordination
•   Need full 
    commitment
•   Clear role 

“Generally, the management for 2013 turnaround has a lot to improve.”

“Shared services are the main contribution to delays.”

“Poor in ownership when too many centralized service.”

“To have better coordination between TACS team and company’s TA team. 
To have clear work demarcation between them. Example if contractor not 
well verse about their activities at site i.e. seem do not know what to do, who 
should responsible to take a lead temporarily to correct the situation. Seem 
that nobody from both sides are willing to lead and correct the situation.”

“All parties should give full commitment during planning &scheduling, don't 
highly dependent on centralized department --- CM + TACS + operation + 
3rd party contractors.”

“The TACS is not functioning, very less influence showed by them. Most 
of the time the operations department need to deal with contractors 
directly rather than deal with TACS. No point having them in the middle 
of layer if they can't help the operations.”

“The role or function of the Turnaround Central Services (TACS) is not really 
made the turnaround effective. The TACS HSE team not leading the team 
but only riding beside the HSE department. HSE department is playing the 
overall role. Need to reevaluate the role and function of TACS.”

THEME 2 : ORGANIZING THE TURNAROUND

Turnaround typically exists outside the normal 
business activities of the company. Organizing 
turnaround largely depends on the context of the 
turnaround activities that provides the backdrop 
around which the turnaround activities must operate. 
Organizational structure of the turnaround as it 
pertains to the activities to be accomplished has to 
be established. It is the template that maps the course 
of the turnaround. Reporting relationships, rules and 
procedures that govern the turnaround must be 
instituted. Central to the turnaround is organizing the 
coalition of many parties to execute the voluminous 
activities throughout its lifecycle. Internally, it 
involves the host company’s teams of production, 
engineering, maintenance, procurement and other 

supporting functions. In executing the maintenance 
work, large number of contingent workforce from 
the contractors and sub-contractors, suppliers, and 
other service providers are employed. Enormous 
amount of time and effort have to be devoted to 
develop working relationship among all the coalition 
members and recognizing how the overall structure 
and management of the coalition are expected to 
move on. Meager organization of the turnaround will 
lead to among others, cost and duration overrun, poor 
ownership, lack of coordination, poor commitment 
from organizational members, and to certain degree 
confusion and conflicts as highlighted [5, 21] [6, 
7]. The excerpts of the survey responds illustrate a 
striking coherent of these consequences.
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THEME 3 : MANAGING HEALTH/SAFETY/
      ENVIRONMENT

A turnaround is a hazardous undertaking. It is not 
an overstatement that it harbors potential safety 
hazard to the turnaround workforce, assets, facilities, 
and the environment as well. Potential for accidents 
and untoward incidents abound. Hence, turnaround 
event demands strict adherence to safety systems 
and procedures. Despite the rigorous planning and 
preparation of the event, possible occurrences of 
unforeseen problems abound. Some of the factors 
that contribute to exposure to hazards include lack of 
awareness about the hazards, lack of attention, and 
inappropriate motivation by prioritizing productivity.

Managing health and safety of the people and 
environmental concerns cannot be underestimated. 
The need for sufficient manpower, awareness, 
supervision and inspection, safety guidelines, and 
safety culture are some of the array of facts expressed 
by the respondents. 

Obviously, the fundamental problems, of course, lies 
in the basic principle of adherence and commitment 
of the turnaround workforce towards safety. The 
following voices of the respondents offer detail 
descriptions of the challenges impinged upon the 
management of safety, health and environment.

Table 3  :  Managing Health/Safety/Environment

Theme Theme Description Excerpts from survey responds

Managing 
Health/
Safety/

Environment

Respondents voiced 
their concerns on issues 
in managing safety:

•  The need to have 
   enough people to 
   avoid delay and  
   accidents
•  Need sufficient HSE 
   staff for night shift
•  Lack safety awareness
•  Safe work practices/
   procedure
•  Risk assessment
•  Inculcate safety 
   culture
•  Safety incidents still 
   prevailed
 

“Operation need to ensure enough personal that will responsible for TA 
preparation before handover to maintenance and project. There were many 
case of delay work/project due to system not ready for handover. There 
were case unit/system handover to project where unit/system still not 100% 
hydrocarbon free that caused near missed incident. The longer we operate 
the plant, longer time is taken for preparation i.e. cleaning/pumping/
flushing for handover. This means longer shutdown time as the facility or 
equipment could not be handover on timely manner.”

“Suggest to have more HSE staff under TACS especially for night coverage 
and dedicated plant focal person.”

“Lack of safety awareness most of the workers”

“Person responsible for the safety of workers must work hard to ensure every 
worker follow correct work procedure and safe work practice”

“Risk assessment. Thorough risk assessment to be conducted before 
turnaround activity. Document need to be readily available and use when 
risk identified occur during the turnaround.”

“There is weakness in providing guideline on responding personal injury 
follow-up.”

“Managing and propagating HSE culture to contractors and staff to ensure 
safety is kept as priority at all times despite the schedule/timeline issue.”

“Overall performance for TA 2013 is not good. In HSE there is a lot of 
incidents recorded. Need a lot of improved. The HSE team had do a lot of 
things but still incident occurred.”
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THEME 4: LEADERSHIP

Leadership in the turnaround context is the ability of 
the turnaround managers, engineers and supervisors 
to inspire confidence and supports, and influence the 
team to accomplish the objectives of the turnaround. 
In fact, turnaround is the most “leader intensive” 
undertakings especially during the execution phase 
of its lifecycle. Establishing direction, aligning, 
motivating and inspiring are some of the pertinent 
leadership traits in managing the coalition of large 
groups of people in the turnaround. Fine leadership 
has lasting positive consequences to the team 

members [22]. Even though it is a rather difficult 
concept to examine, consequences of ineffective 
leadership are obviously exposed by the following 
voices of the respondents. Empowerment, empathy, 
guidance, and team-orientation are among the few 
leadership styles that they wished from their superiors. 
This supports the findings of a study on the culture of 
turnaround employees in Malaysian petrochemical 
industries conducted  by Ghazali, et al. [1]. The study 
revealed that collectivism, femininity, and high power 
distance were the preferred leadership styles by the 
employees. 

Table 4  :  Leadership

Theme Theme Description Excerpts from survey responds

Leadership

Respondents reinforced 
the need to have 
good leadership style 
by highlighting the 
following concerns:

•  Need leader to 
   empower the people
•  Stress on team 
   orientation
•  Empathy
•  Prudent in making 
   advice and comment

 

“Guided empowerment could enhance company's response to crisis 
and any obstacles which have been recognized during initial stage 
of empowerment. During TA, guided empowerment could get the 
TA execution becomes smooth and face minimum obstacle. TA 
organization as long as it serves the client OPU with values which has 
been expected will justify its existence.”

“Some of the workers and higher level executives are individualistic”

“Boss need to understand his/her employees strength and weakness 
so that he/she  could bring-up his/her employees potential to 
maximum.”

“Working in turnaround is very stressful – comment need to be made 
in prudent way so that the work can be completed on schedule safely. 

“Turnaround is an activity where you will discover the worst of people 
because of the exhaustion and stressful moment. Take it as a pinch of 
salt and remember that it is not focus on getting the job done. Peace 
about you.”

THEME 5: COMMUNICATION

Communications are vital in managing turnaround 
as there are many stakeholders involve in executing 
the large volume of inter-related activities. All parties 
involved have to understand what are expected 
of them to ensure the goals are met. Without 
satisfactory communication, the turnaround event 
can go off tracts. Principally, every stakeholder of 
the turnaround should be adequately briefed on the 
relevant aspects of the event. Internally they include 
employees of the company, members of the policy 
team, control team, plant personnel, and support 
groups. External stakeholders include contractors, 
emergency services such as fire department, hospital, 
and clinics, Department of Safety and Health 
(DOSH), Department of Environment (DOE), local 

community, local authorities, and other groups likely 
to be impacted by the turnaround. Prior to the event, 
general briefing is delivered to all stakeholders of the 
turnaround event. The idea is to create a common 
understanding of the requirements and to solicit 
commitment of everybody towards the successful 
implementation of the event.

Effective communication is extremely vital during 
the execution phase of the turnaround as well. 
Large volumes of information are communicated in 
ascertaining smooth execution and control of the 
event. In large majority of turnaround, the form of 
communication include written documents such as 
letters, memos, reports, minutes of meetings, charts, 
posters, banners, electronic means such as e-mails, 
walkie-talkie, telephones, mobile, morning briefings, 
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daily progress meetings, and other impromptu 
briefings as and when is necessary. The evidence 
of the importance of communication has been 
witnessed in a turnaround of a gas processing plant 
whereby more than 100 units of walkie-talkie were 
used. Likewise, posters, banners, charts, buntings, 
and notices marked the vigorous landscape of the 
“turnaround village”. Efficient communication is 
equally essential through-out the final life-cycle of the 
turnaround vis-à-vis termination stage. Post-mortem 
debrief is carried out and all the information relating 
the event are organized into a report. This promotes 
the consolidation of large volumes of information that 
will be communicated to the relevant stakeholders of 
the turnaround for future turnaround improvement.

It is evident that without effective communication, 
the turnaround event can go off tangent and caused 
duration and cost overrun. It is one of the critical 
factors in determining whether the turnaround 
is successfully executed or otherwise. Yet, poor 
communication occurred frequently in large 
organization, and turnaround organization is no 
exception. As a consequent, potential of accidents, 

conflict, error and confusion is greater. Therefore, 
everyone involved and who, to certain extent 
influence the turnaround results, must be adequately 
and properly communicated on all aspects and 
requirements. It is not uncommon to hear feedback 
on unsatisfactory top-down communication, bottom-
up communication or lateral communication among 
peers. Inadequate or ineffective communication often 
comes about for a variety of reasons. Communication 
is impeded if the turnaround atmosphere does not 
encourage frank and open exchanges of information. 
Uncertainties on the interdependence among team 
members may lead to unclear inter-relationships and 
information sharing. As the turnaround organization 
increases in size and more differentiated, high chances 
that communication becomes more tenuous. One 
example highlighted by the respondents was that 
directives from top management to the subordinates 
were not properly communicated. This was further 
compounded by tall organizational structure and 
involvement of many parties. The following statements 
bring to light the manifestation of unsatisfactory 
communication among the turnaround members.

Table 5  :  Communication

Theme Theme Description Excerpts from survey responds

Communication

Respondents reinforced 
the need to have 
good communication. 
They stressed the 
importance of good 
communication as 
highlighted below:

•  Not organized in 
   delivering instruction
•  Tall organizational 
   structure impede 
   communication
•  Many parties 
   involved; 
   communication and 
   coordination essential
•  Mode of 
   communication

“Management is not organized in terms of the delivery of instruction 
by top to the people implementing the work (in particular the 
technician and contractors)”

“Too many layers of communication need to be carried out before one 
decision can be made.”

“Too many layers of communications exists during this turnaround 
e.g. Main contractor TACS Operations maintenance.”

A lot of party involve in this TA. So need to have specific or method to 
make sure everyone understand and team work in one instruction.

Cooperation between owner, contractors, sub-con must be built 
based on respect and trust each other.

Ineffective communication between focal person to cascade down 
RTO process flow might cause to delay completion of RTO even the 
jobs are completed

Each project to be implemented should be discussed together with the 
subordinates and shared any decision to be made.

Lack of coordination among the team leaders

A good relationship is needed between the boss and the subordinate 
(executive vs. non-executive) no caste

The biggest problem in this TA is communication & discipline among 
workers (Main & sub con). They not fully ready to adopt with host 
company culture especially why ZERO rules so important during TA.

The preparation of 'walkie-talkies' to the turnaround crew is 
insufficient even though they have made request before TA.
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Table 6  :  Resource Allocation and Mobilization

Theme Theme 
Description Excerpts from survey responds

Resource 
Allocation and 

Mobilization

Insufficient 
resources to 
perform job, 
unskilled workers, 
and issues on 
specification of 
spare parts caused 
duration slippages 

“Preparation team insufficient skills”

“Insufficient materials to perform job”

“Manpower/Resources –Host company needs to look into strategy on overcome 
resource/manpower constraint when several OPU's having shutdown/
turnaround at the same time require mitigation plan.”

“Material and service management and work process are delayed some 
important works and even have to delete or cancel.”

No accurate specification for spare parts

Work delayed due to inexperience third party workers

Inefficient issuance 
of permit-to-work 
that caused work 
delays

“To improve of permit issuance system that somehow contribute to delay 
of work at site. Contractor was complaining about late PTW. Work start at 
site daily between 9 - 11 am, less experience.  PTW Approving Authority also 
contribute to delay of work. Late issuance mean less working hour - delay of 
work.”

“TA 2013 is indeed big in size and shape. What I see is after toolbox, contractors 
took sometimes before assembled and obtained permit from issuer. This may 
cause delayed in overall work progress. We need to have strong contractor's 
supervisor to lead his team from planning, permitting execution and closure. 
With this I feel that TA 2013 can become more effective and productive.”

The operations is not ' SMART ' in dealing with the issuance of permit-to-work 
where many work delay due to permit slow and RTM (red tag master) not 
provided earlier. "

Unsatisfactory 
amenities and 
facilities for workers

“Access road to workplace was bad during rainy days (there needs to be proper 
drainage)”

“Portable toilet service unsatisfactory because smelling and not maintained”

“The basic facilities and amenities for workers are not so satisfying”

“Prepared food is not satisfying”

“The issue of food lunch wasted by employees. Regarding this issue, the superior 
must handle the issue properly in order to avoid food wastage occurring”

Foods that are provided by appointed vendors are not tasty

“Food - MTUC always had an issues for the late start job at evening around 8 - 9 
pm. They need to go out for dinner but operation had dinner at office. Need 
some improvement   regarding this issue. Most of the MTUC people work on 
extended hours up to 11.59pm.”

THEME 6: RESOURCE ALLOCATION AND MOBILIZATION

Resource mobilization and management are 
prominent task in plant turnaround maintenance. 
In fact, inadequate resource is one of the major 
causes of scheduled slippage. Varieties of resources 
are organized and mobilized during the turnaround 
event. Broadly speaking, they encompassed physical, 
financial, and people. Some are measured by the 
hours (days) such as manpower, rental of heavy 

equipment, specialized tools and instruments. 
Others are quantified by weight, quantity, or volume 
that includes parts, materials, and supplies. Other 
temporary auxiliary facilities and amenities are 
provided as well. They include among others parking 
area, site office, toilets, first-aid facilities, cafeteria, 
meeting rooms, assembly area, workers amenities, 
prayers room, and storage areas. It is not uncommon 
that large quantity of the resources is obtained 
externally. 



53VOLUME TEN NUMBER TWO  JULY - DECEMBER 2014  PLATFORM

PLATFORM - A Journal of Engineering, Science and Society

For instance, large numbers of maintenance workers 
are usually supplied by contractors. The rule is to 
have minimum level of resources to perform the 
maintenance work. Two major attributes of resource 
mobilization are quantity and sequence or timing 
[23]. As turnaround is a temporary setting, it is crucial 
to have sufficient resources for the peak need and 
shed them as soon as they are not required. Moreover, 

in view of the fact that turnaround is conducted in 
confined areas of the factory, timing and sequence 
of the resource mobilization is essential to minimize 
congestion. In addition, the turnaround duration 
is compressed. For this reason, the availability of 
resources vis-à-vis the right quantity at the right time 
and place is vital.

THEME 7: PLANNING AND SCHEDULING

Turnaround policies and objectives that have been 
formulated are transformed into turnaround plan and 
schedule. The basic objective is to ensure the right 
job is done, at the right time, by the right people. 
Long lists of work proposals are compiled by the 
turnaround management team. The work proposals 
are generated by the various departments in the plant 
namely Production, Maintenance, Engineering, and 
Projects Departments. Through a series of meetings, 
the work proposals are challenged, reviewed, and 

validated. The validated work proposals are then 
forwarded to the senior management for approval. 
The approved work proposal forms the scope of 
work for the turnaround. The work scope contains 
the minimum amount of work necessary to revitalize, 
maintain, and improve the plant facilities for optimal 
and efficient performance between the current and 
next turnaround. Having said the above, no plan is 
perfect. Challenges do arise unexpectedly caused by 
changes of intent, accidents, conflict, or emergent 
works. Some of these issues were uncovered by the 
respondents as illustrated below.

Table 7  :  Planning and Scheduling

Theme Theme Description Excerpts from survey responds

Planning and 
Scheduling

The underpinning 
concerns of the 
respondents are 
the importance of 
careful planning and 
scheduling. Frequent 
changes and late 
changes were some 
of the major causes of 
delays. 

“Frequent changes to L5 schedule even has agreed to finalize 
between focal person affected manpower and material planning by 
CM “

“Planning and commitment for the planning is the key for success”

“Planning and scheduling - Need to get comprehensive plan and 
improvement especially job that related to multi discipline task”

“Late changes by the person who just join the team on the decision 
that have been made during preparation stage sometimes confusing 
and resulted to delay overall job planning”

“Turnaround activities must be arranged so as not to be chaotic - 
more organized and scheduled”

“To give detail explanation on the work to be carried out”

“The work follow the schedule to avoid delay”

“Schedule available for turnaround by the TACS is irrelevant whereby 
many works ID have been deleted and copy/paste from TA previously, 
many errors without the prior review”
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THEME 8: WORK CULTURE

The pursuit of achieving organizational goals typically 
is a collective effort of the organizational members. 
Most of the work in the organization is performed 
by individuals working together with others in the 
organization. Inevitably, compatible work culture 
among the members is crucial to foster teamwork. 
This ambience influences the action and reaction 
of the organizational members, the way they think 
and feel, and things they say. It is incumbent upon 
the turnaround maintenance manager to build a 
cooperative network among the divergent allies. In 
view of this, focusing on technology and technical 
systems alone in achieving successful turnaround 
deemed insufficient. Equal attention has to be given 

to social dimensions too namely the work culture and 
values of the people involved in the turnaround event 
even though the turnaround organization is temporary. 
It is pertinent for the turnaround management to 
identify and mitigate incompatibility of the company’s 
work culture with those of their contractors and sub-
contractors even though at times some differences 
are unavoidable. The relationships that work best are 
those that foster strong, compatible culture. Much of 
the nature of cultural ambience in the turnaround was 
described by the respondents. It was how they feel 
about the way the turnaround events were organized 
and managed. Teamwork, fairness in decision making, 
blaming/finger-pointing, fair benefits and pay to 
provide a living wage were highlighted with great 
concerns.

Table 8  :  Work Culture

Theme Theme Description Excerpts from survey responds

Work Culture

Collaboration, 
decision-making, 
and blaming are 
some of the issues 
that were the 
concern of the 
respondents. 

Always finger pointing and theory orientated. Typical example if schedule 
delay immediate action/remedial action is to work longer time or add extra 
manpower. It might not the case at all times.

Collaboration between any parties is important to ensure the success of 
something that has been planned.

A decision should be made so as not to strain any party

Collaboration between teams is important for creating a work team quality

Fair living wage is 
their request. There 
is a need to relook 
at the contractual 
agreement 
pertaining to reward 
system and other 
related welfare 
matters.

The salary I got now is inadequate with my work

Contractors need to increased salaries of their employees to commensurate 
with current developments, namely, the cost of living 

The host company must ensure the welfare of contractors employees and 
ensure that their salaries paid properly by the contractors

Salary is deducted with any issuance of personal protective equipment 

Workers need to purchase own safety helmets instead of free issue by the 
contractors

The host company should be concerned about the welfare of contract 
employees.  Please make sure the employer of contract workers pay full salaries 
to all employees

INTERPRETATION OF FINDINGS

The feedback obtained from the respondents suggest 
rather forcefully that large majority of the managerial 
challenges were related to the behavioral aspect 
of the organizational members of the turnaround 
team. These challenges were compounded by 
the contingent nature of the workforce. It is not 
an overstatement that the three companies have 
established and implemented excellent structure and 
processes for their turnaround maintenance activities. 

Nonetheless, the behavioral aspects are equally 
important and merit a fundamental rethinking. Such 
a rethinking is required not only in the upper echelon 
of the turnaround organization hierarchy, but also in 
the middle and lower managerial level. In this regard, 
it is timely to focus on the managerial and supervisory 
skills of the turnaround maintenance vis-à-vis the 
“human skills’. This observation is in accordance with 
Gibson and colleagues [24] whereby focusing on the 
three components namely organizational behavior, 
structure, and processes is not a mutually-exclusive 
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option. The managerial skills necessary to alleviate the 
issues, challenges and problems highlighted by the 
survey respondents include managing contractors, 
organizing the turnaround, managing health/
safety/environment of the employees, leadership, 
communication, resource allocation and mobilization, 
planning and scheduling, and reinforcing positive 
work culture.

A pattern that is exhibited by practically all turnaround 
maintenance activities is that once the execution 
phase begins, the amount of work and the size of 
the organization grow. The authority for decision-
making on the operational aspects of the turnaround 
becomes decentralized. Management control and 
coordination will increase substantially as compared 
to the initiation and planning and preparation phase. 
Managing this change in the organizational process 
inevitably requires more attention to be paid to the 
‘softer’ or people issues. Depending on the size of 
the plant turnaround maintenance, contractors do 
play a major role in the execution of the turnaround 
maintenance activities. As expressed by a turnaround 
manager, one of the important management 
functions in turnaround is managing contractors. This 
is consistent with the view put forth by Lenahan who 
advocated that “contract management is becoming a 
larger part of turnaround management” [9] (pg. 69). 
The contractors provide the company with temporary 
access to large number of specialized maintenance 
personnel such as consultants, technical specialists, 
and tradesmen from various engineering fields 
including civil, mechanical, electrical, instrumentation, 
and control. Secondly, contractors provide the 
flexibility in meeting the requirement for a large 
number of maintenance personnel on temporary 
basis to implement the turnaround maintenance 
activities. 

The contractors are responsible for planning and 
managing their own work [25] based on the agreed 
costs, duration, standard quality of workmanship, 
safety and other conditions that are stipulated in 
the contract. As such, the company’s turnaround 
management team, to certain extent is relieved from 
the supervisory and administrative load of the day-
to-day management of large number of turnaround 
maintenance personnel. However, as advocated by 
Rousseau and Libuser [26], the company’s turnaround 
management team must facilitate the integration 
and coordination of the contractors into the larger 
organization. These contractors are not subjected 
to the influence of the high level of centralization 
in the turnaround organization. Hence, the most 
appropriate form of managing and organizing them 
is through the appropriate level of communication 
and leadership. 

The accumulation of management inadequacies 
in an organization lay a favorable ground for 
organizational crises to occur [27]. Turnaround 
organization is no exception. Managerial ignorance or 
insensitiveness towards the behavioral components 
of the turnaround decreases the managers’ ability 
to mitigate turnaround management imperfections. 
The companies have to take proactive steps to avoid 
the possibility of growing ignorance that keeps 
managers sightless to the presence of the highlighted 
imperfections.

CONCLUSION

Fundamentally, turnaround maintenance harbors 
technical and behavioral challenges. Technical side 
of the turnaround management requires skills in 
budgeting, planning and scheduling, and controlling 
of the activities. However, equally strong challenge 
in managing behavior of the people should not 
be downplayed. Being temporary undertakings, 
require the turnaround managers to bring together 
people from various organizations and mold them 
into effective team, provide leadership and effective 
communication, manage conflict, aligning the 
resources and integrating everything that needs to be 
done as the turnaround evolves through its lifecycle. 
In view of this, turnaround managers, engineers, and 
supervisors cannot, and will not be able to ignore 
the fact that large amount of their managerial effort 
have to be devoted to managing and organizing the 
most important resource namely people. Managing 
contractors, organizing the turnaround, managing 
health/safety/environment of the employees, 
leadership, communication, resource allocation 
and mobilization, planning and scheduling and 
reinforcing positive work culture are management and 
organizational mechanisms for achieving integration 
and alignment of the people in turnaround. Hence, 
developing skills in managing people is as important 
as managing technical aspects of the turnaround. The 
workforce has reached a stage whereby it is no longer 
a simple commodity that can merely be bought 
and sold in the market. The findings of this study 
have contributed to the expansion of organizational 
literature on managing and organizing people in 
turnaround maintenance organization. The results 
of this study suggest the skills in managing people 
are extremely necessary and provide the centripetal 
force in holding the turnaround organizational 
members together. This study has demonstrated the 
importance of managing people in plant turnaround 
maintenance endeavor. Their contributions can be 
harnessed to effectively transform the resources to 
meet the objectives of the turnaround. 
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