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Abstract

Structural rehabilitation works, either in the form of structural conservation,
upgrading or repair, have been on the rise in both developing and developed
countries. Besides a proper assessment of existing structures, structural
rehabilitation involves the selection and execution of techniques that are not only
technically sound, but also economically viable. The emergence of innovative
materials and methods such as fibre-reinforced polymer (FRP) systems and
external post-tensioning is therefore of significance. FRP composites, comprising
high-performance continuous fibres such as carbon, aramid or glass fibres
encapsulated in a matrix resin, are available in the form of ropes, bars, grids,
sheets, plates and shells. They have excellent properties such as high strength and
low unit weight, and are an excellent candidate as a strengthening material.
External post-tensioning, on the other hand, refers to the installation and post-
tensioning of tendons outside a structural member to strengthen it primarily in
flexure. Both innovations offer speed and labour savings in applications, leading to
substantial economic benefits. In this paper, the concept and application of FRP
composites and external post-tensioning in structural strengthening is highlighted,
and basic design principles and issues pertaining to FRP-strengthened concrete
structures and externally post-tensioned structures are discussed.

Keywords : External post-tensioning; fibre-reinforced polymer systems; structural
rehabilitation.

1. Introduction

Building and civil engineering structures deteriorate due to ageing and environmental
elements. The amount of structural rehabilitation works which include conservation of
national heritage, and upgrading and repair of infrastructure, repair and retrofit works, is
expected to increase as a portion of total construction work in many countries. This has
brought about the need for rehabilitation techniques that are effective and economical to
execute.

As illustrated in Figure 1, structural rehabilitation could be achieved in four major ways:
(a) by addition and/or replacement of structural members; (b) by member or section
enlargement; (c) by externally bonded systems; and (c) by external post-tensioning.
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while members such as columns and transverse girders could be added to support

additional loads.

The enlargement of sections or members using concrete jackets and additional
reinforcement entails proper surface preparation and supporting formwork, and is labour
intensive. However, it usually resuits in a stiffer and more robust structure. Externally
bonded systems using steel plates or fibre-reinforced polymer (FRP) reinforcement provide a
less labour intensive method:.. In particular, FRP reinforcement, with its low unit weight
about one-fifth that of steel and high strength and modulus, is becoming a popular method
in flexural and shear strengthening.

External post-tensioning is usually applied to beams or girders and sometimes to columns
and piers to increase their load carrying capacities. Both steel and FRP tendons may be
used, with the latter having the advantage of being a “non-corrosive” material with a lower
elastic modulus.

The externally bonded FRP systems and external post-tensioning are emerging as popular
methods in structural rehabilitation because of the use of high-performance materials and
the speed of application.

2. Fibre-Reinforced Polymer Systems

FRP composites, comprising high-performance continuous fibres such as carbon, aramid or
glass fibres encapsulated in a matrix resin, are available in the form of ropes, bars, grids,
sheets, plates and shells. They have excellent properties such as high strength and low
unit weight, and are an excellent candidate as a strengthening material.

Figure 2 shows the stress-strain relations for FRP reinforcement compared to conventional
steel reinforcement. While normal steel reinforcing bars and strands exhibit a elastic-
plastic behaviour, FRP reinforcement typically exhibits a linear elastic stress-strain relation
up to brittle rupture of the material. Carbon FRP (CFRP) generally has high elastic
modulus comparable to that of steel, aramid FRP (AFRP) has lower elastic modulus but
comparable tensile strength, and glass FRP (GFRP) in generally has lower elastic modulus

and strength but higher strain at rupture. The brittle nature of the material is a concern in
its use in concrete structures.
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Figure 2. Stress-strain relations for FRP reinforcement

FRP sheets or fabrics are usually bonded to concrete members using a so-called “wet lay-
on” procedure. Typically, the surface of the concrete member is first prepared by blasting
or grinding. A primer is then applied to improve the bond characteristics of the adhesive
resin. The FRP sheets are then impregnated with the resin and then bonded on to the
concrete surface usually using the same resin. In other cases, the FRP composite is
available in precured sheets or shells. It is then bonded to concrete members using an
€poxXy mortar.

2.1. Concept of Strengthening with FRP
FRP systems could be used to strengthen concrete members in flexure and shear, or to
provide ductility. The concepts for flexural and shear strengthening are illustrated in

Figure 3.
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Figure 3. Structural Strengthening using FRP Systems

To strengthen a member in flexure, typically FRP sheets or plates are bonded onto the
tensile face, as shown in Fig. 3(a). Attention is required of the end anchorage of the FRP
composites so as to prevent premature failure due to debonding of the composites. This
could be facilitated by providing an development length beyond the point of contraflexure,
by anchoring with transverse sheets, or by anchoring with fibre bolts. The ultimate
moment of resistance could be evaluated by the principle of strain compatibility and force
equilibrium (JSCE 2001, fib 2001, ACI 2002). Usually, safety factors are applied to account
for the durability of the material, the lack of ductility and uncertainty associated with the
member behaviour. Some codes further limit the stress or strain in the FRP composites to
prevent debonding of the composites at cracked sections. The degree of flexural



strengthening is limited to the reserve capacity of the concrete compression zone,
serviceability requirements, and the requirement for fire resistarice. '

For shear strengthening, typically FRP reinforcement are bonded transversely on the web
of beams, or wrapped around the web in a U-shape; or completely around the member in
the case of isolated columns (see Fig. 3(b)). The shedr strengthening effect is basically
accounted for using the conventional truss analogy, that ia, the contribution of FRP
reinforcement to shear capacity is quantified by a term $intilar to that contributed by
conventional stirrups, with the stirrup stress replaced by an effective stress in FRP
reinforcement. ‘ ;

FRP systems are also used to enhance the ductility of members, in particular that of
axially loaded members, to withstand seismic actions. This is facilitated by wrapping FRP
sheets or fabrics around the members as shown in Fig. 4, which confines the concrete
section when the member is under load. The confinement effect leads to an increase in
axial load capacity as well. It is more effective in circular or near square sections than in
rectangular sections. For the later cases, the corners of the sections are usually chamfered
off to relieve stress concentration in the FRP reinforcement.

Figure 4. Confinement effect in circular and non-circular sections

2.2. Special Applications

FRP systems may also be used to strengthen special members such as dapped beams or
half joints, and beams or slabs with openings. In such cases, the strut-and-tie method and
strip method may be used to design the required reinforcement. Figure 5 shows the case
of a half joint strengthened with CFRP sheets (Tan 2001). The sheet configuration is
determined by considering a strut-and-tie model which transfers the applied loads to the
supports. The sheets are placed in amounts that provide the required tensile forces in the
tie members. They are anchored to the concrete beam at the free top end using fibre bolts.
A U-shape horizontal sheet may be bonded to provide additional anchorage for the system.

50 mm long fibre
Fibre bolts bolts of dia. Fibre bolts
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Figure 5. Strengthening of dapped beam using strut-and-tie Method

_The strengthening of slabs with openings could be designed following the strip method, as
ﬂlust;rated in Figure 6 for a one-way slab (Tan and Zhao 2003). Strong bands or strips are
considered to border the opening, and FRP reinforcement could be provided along these
bands to transfer the applied load to the supports.
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Figure 6. Strengthening of one-way slab with opening using strip method

2.3. Future Development and Challenges

To capitalize on the high tensile strength, the FRP reinforcement may be prestressed prior
to bonding in strengthening works. For this purpose, several prestressing and anchorage
systems have been developed for site applications (Stoecklin and Meier 2003, Basker et al.
2003). Also, the fire resistance of FRP-strengthened members is of particular interests,
although this could be taken care of by protective coating or layer, and by adopting proper
design strategy. The durability of FRP systems under ultra-violet radiation and rain and
shine (Liew and Tan, 2003), also warrants attention as some FRP systems are known to be
susceptible to deterioration under such environmental effects.

3. External Post-Tensioning

External post-tensioning refers to the installation and post-tensioning of tendons outside a
structural member, as shown in Figure 7, to strengthen it primarily in flexure. The
tendons could be placed in appropriate configurations using deviators to maximize the
strengthening effect. The method offers advantages such as speed and labour savings in
installation. As the tendons are placed outside the concrete section, it is possible to
monitor the condition of the tendons, and re-tension or replace the tendons during the
service life of the structure.

1 8 38 8 B8

External
tendons tendons
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Figure 7. Concept of external post-tensioning

3.1. Design Concept

Under applied loads, the stress in the external tendons is the same at any location between
the deviators and the anchorages. A member analysis with the total elongation of the
tendons equal to that of concrete at the level of the tendons is generally required to assess
the tendon stress, from which the resisting moment could be evaluated. Empirical or semi-
empirical equations for the tendon stress at ultimate flexural limit state of beams are
available; however, as a simplified method, it is possible to evaluate the tendon stress using
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the principle of strain compatibility and force equilibrium by accounting for the unbonded
nature of the tendons using bond reduction coefficients (Naaman and Alkhairi 1991).

Two aspects have to be further accounted for in beams or girders strengthened by
external tendons. First, as the portion of the tendons between the deviators and
anchorages is free to move relative to the concrete section, there would be a loss of tendon
eccentricity, termed second-order effects, under the action of applied loads. Second, as the
strengthening effect in flexure may not be accompanied by an equivalent increase in shear
strength, the strengthened beam may become more susceptible to shear failure (Tan and
Tjandra 2003a).

3.2. Special Applications

In a way, external tendons have been used in circular concrete structures commonly used
for liquid or bulk storage (ACI 1997). In such structures, circumferential prestressing is
achieved by wire or strand wrapping. The wire or strand is wrapped round the core wall
and fully tensioned before they are covered by shotcrete for protection purpose.

Similarly, external tendons could be applied to strengthen piers and columns, as shown in
Figure 9. In Figure 9(a), a twin-pier connected by a reinforced concrete (RC) wall is
strengthened by first transforming the square concrete section of the pier into a circular
section with built-in vertical buttress. Prestressing wires are threaded through the
buttresses and the RC wall continuously in a spiral direction, prestressed using jacks and
anchored against the buttresses. As a result of the confinement effect induced by the the
cirumferential prestress, the axial load capacity of the pier is increased.

Figure 9(b) shows the case of a square column being strengthened using straight tendons
or wires that are placed parallel to the sides of the column at regular spacing along the
height of the column (Li et al. 2003). Again, the prestressing forces in the tendons result in
the confinement of the concrete section, resulting in higher load carrying capacity.

Jack A Prestressing Jack A
RC | wire

Buttress

Buttress

Jack B Jack B

]
Pl !im Elevation
(a) Strengthening of twin-pier using external post-tensioned spiral reinforcement

Buttress

Prestressing
tendon Column

(b) Strengthening of square column using external straight tendons

Figure 9. Application of external post-tensioning to axially loaded members

3.3. Future Trends

It is.possible to strengthen a reinforced concrete girder by installing external tendons over
portions of the member, such as over the negative moment regions of a continuous beams
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(Tan et al. 2001). In addition, it is also possible to strengthen precast girders by providing
moment continuity using external tendons over the interior supports (Tan and Tjandra,
2003b). In terms of materials, FRP tendons. have also been used successfully. Such
tendons have the added advantage of a lower elastic modulus compared to steel tendons,
leading to smaller loss in prestress due to elastic shortening; however, the possibility of
creep rupture, that is rupture of FRP tendons under a sustained static load, has to be
carefully evaluated.

4. Conclusions ,
Structural rehabilitation works are aon the increase in many countries due to heritage
conservation, and deterioration or change of usage of structures. Externally bonded FRP
systems and external post-tensioning works are two economically viable innovations. With
a good understanding of their advantages and limitations, these methods could. provide
versatility and many challenges in application.
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'Educating Engigeering Educators - Challenges?
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Abstract v _

Engineering education is currently undergoing a lot of changes due to
the global economy and ever changing technology. Academicians have to
cope up with this change to ensure that their engineering programmes
are relevant and meet the demands of society. As such, they cannot lay
back and depend on their own educational experience but rather to pick
up the pace and set new trends and targets. Professionalism is another
issue that must be handled properly so as not to mar the image of
engineering educators. Engineering graduates are the benchmark of the
success of any engineering programmes. The challenges faced by
academics are highlighted in this paper with possible suggestions for
improvement. ,

Keywords : engineering education, curriculum development, professionalism

1. Introduction

Question:

“Do engineering educators really need to be educated when they have obtained
qualifications far beyond the first degree?® ‘ _

This paper does not pretend to know the answer to the above question. The author
will shed some light on the issues at hand and provide some insights and
suggestions. Academicians, engineers in particular, have long been debating on the
techniques and methodology in the creation of graduates who can fulfil the
requirements of their professions. The question of how best to educate and train
has been the drive behind the organization of numerous national and international
conferences. Even the United Nations under the umbrella of UNESCO’s
International Centre for Engineering Education (UICEE) has organized an annually
convened conference on Engineering Education around the world.

Countless papers have been presented and debated in the pursuit of improving
or innovating methods in engineering education. Leading engineering journals would
publish from time to time special issues on this topic. Internationally renowned
IEEE has the Education Society with the sole task of disseminating trends in
engineering t:duca.tion through its quarterly Transactions. Yet, with all this fervor
towards engineering education, one still finds the diabolical question, "why are
engineering graduates not qualified?” not gratifying.

The fate of engineering in the country lies in the hands of the educators. The
late Y.-A.B. Tun .Abdu.l Razak, second Prime Minister of Malaysia clearly sums up the
objective of engineering when he said “...the future of engineers is not only to built
bridges for troops and traffic to cross over; one of your main tasks is also to bridge
the gaps of our economic imbalances between the ‘haves’ and ‘have not’.”

This paper focuses on the creation of the engineering educators themselves, sort

of looking m the mirror, to see if the above question can be answered. It may raise
more questions than answers.
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2. Revitalizing Engineering Education S : . '
In general, there is a need to revitalize education to keep up with the times. This is
more so for the engineering curriculum because it is coupled with the
industrialization of the Nation. Failure on the part of the engineering programme
would be dramatic and can cause failure in manufacturing (Valkenburg, 1990). To
overcome this, Valkenburg argued that a course on design should be taught early in
the programme as it requires minimum use of physics and mathematics.

The Malaysian accrediting agency for engineering education, the Engineering
Accreditation Council of the Board of Engineers Malaysia, requires that one-third of
the required minimum of 120 credits be spent on non-engineering courses (BEM,
2002). The main motivation here is to produce engineers who are balanced and
"well-rounded”. Educators on the other hand feel that students do not receive
enough material depth. Some would like to reduce the humanities aspect, while
others would just go for more credits in the engineering content. Where is the
dividing line? s

3. Who educates who :

Unlike the primary and secondary education system where teachers need to have a
certificate or diploma in education before they can teach, engineering educators do
not generally have formal training in education. Most would have postgraduate
degrees in their field of interests. Others top that up with a practicing license as
professional engineers. Is this considered a drawback or the converse? Academics
is one of the only vocation where one is not trained to carry out the job. For
instance, a policeman is trained as a policeman and a physician is trained to
practice medicine. As a matter of fact, an engineer is trained to practise his or her
engineering skills. I have not heard of an academician earning a degree in lecturing.

That is the predicament. To my belief, engineering educators are not
teachers per say. They are masters in their discipline and students are artisans
looking for a good coach. This was the practice when blacksmiths would have
apprentices. Knights in golden armours would have wards who long to serve their
masters and gain entry into knighthood. How they go about coaching and educating
the students are left to their own skills. Where does that place engineering
educators?

3.1 Education vs. Training

The main purpose of education is to develop character or mental power. It does not
matter what the discipline is. Training on the other hand brings a person, an
animal, etc., to a desired state or standard of efficiency by instruction and practice.
Circuses train tigers, bears, and monkeys to perform circus acts, They, the animals,
normally carry out their job well. However, the animals are not educated.

The role of university is for the advancement of knowledge. This is achieved
through research and accumulation of knowledge. On top of this, universities
produce the next generation of citizens to take on the responsibility left by their
predecessors. This is done through education. Last but not least is for universities
to contribute to society in whatever form.

Thus, one can say that education is the process to produce functionally literate
citizens. In this world, the ability to read and write with a vocabulary of a few
hundred or so words may render one technically literate, but does not equip one to
participate productively in a dynamic technologically society. This means that the
ability to understand, interprete, analyse, create, and communicate information, not
just read it or look at it on a television. A nation must have a functionally literate
population to be successful in today's world (Abbott, 1990).
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. g:onnectedf to the needs and issues of the broader community through
integrated activities with other parts of the educational system, industry,
. and government. - . IR

6. Conclusion . v :

It is an onerous task for engineering educators to ens that their profession
generates citizens who are experts in their field, but at-the same time humane and
professional. The ability of the nation to develop into an industrialized country rests
on the next generation of engineers who understands and practice "green"
engineering albeit pressures from outside. This honourable duty has no immediate
rewards and cannot be measured in Ringgit and Sens. Self-satisfaction on the part
of the professors alike would be the only key to the running of a successful

engineering programme.

S
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THE EFFECT OF RUBBER COATING ON THE STRENGTH OF ASPHALT
CONCRETE

Thongchai Fongsamootr
Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, 50200 THAILAND

Abstract

The purpose of this paper is to study the use of rubber as a coating layer at the asphalt-concrete interface.

The effect of the thickness of coating layer on the tensile strength of asphalt-concrete is studied by the finite

clement method (FEM) and the TALA (Thin Adhesive Layer Analysis) method, when the models are

subjected to static loading. The 2-D spring elements are used to simulate the tensile properties of rubber. It

is found that the coating layer reduces the maximum tensile stress in asphalt-concrete. Comparing the

model with and without a coating layer, the maximum tensile stress increased as the thickness of rubber is.
increased. At a 20-mm thickness of rubber, the maximum tensile stress is approximately equal to the peak

tensile stress of case of no rubber coating.

Keyword: FEA, TALA, asphalt-concrete, rubber

1. Introduction

After roads have been used for a while, cracks may appear on the asphalt-concrete layer surface [1]. There are
some reasons that can explain why the cracks occurred. The first explanation is thermal fatigue. Throughout
the day, temperature can change about 15-20 degree Celsius. This may cause thermal fatigue to the asphalt-
concrete layer [2,3]. Because there is water present underground, corrosion may occur at the bottom surface of
the asphalt concrete layer [4,5]. Finally, the most significant reason is vehicle load. The roads are subjected to
the weight of the vehicles that pass over it. This applied load is not static in nature but it is cyclical, and this
causes the fatigue cracking on the asphalt concrete layer. Vehicle load is the major factor that influences the
service life of an asphalt concrete road. Cracking usually starts from the bottom of the asphalt concrete layer
and propagates up to the surface [3,6,7,8). From the record in 1978, the Department of Highway (Thailand) had
to pay 600 million baht to maintain the highways [9,10]. From Kim’s work [11], they showed that when they
coated the bottom surface of asphalt concrete with 270 microns of polyester, the maximum stress was reduced
and the crack growth rate was also reduced. From that work, we can see that the thickness of polyester was very
thin. This is difficult to do in the real work. Therefore, the purpose of this work is to study the use of rubber
instead of polyester as coating layer at the asphalt-concrete interface, and to study the effects of the layer
thickness.

The first objective of this study is to understand the effect of rubber coating on the tensile strength of the asphalt
concrete layer by using the FEM. The maximum stress and maximum strain that occurred in the asphalt
concrete layer for the case of with and without rubber coating were compared. The second objective is to
understand the effect of rubber coating thickness on the tensile strength of the asphalt-concrete layer. To do
this, the thickness of the rubber coating was varied. Because the rubber layer is very thin, when compared with
the asphalt-concrete layer, and in order to avoid creating a huge model, the TALA method was used to simulate
the rubber layer to the road model [12,13].

2. TALA method

The general idea of TALA (as shown in Figure 1) is that each pair of coincident nodes between two contacting
surfaces in the finite element models is connected by spring elements. The normal stress (a,) and shear stresses
(T Tzy) ATE changed into normal force, and shear force, respectively. The normal and shear strains (€2 Yays Yax)
are changed into normal and shear relative displacements in spring i. The equations used for converting the
stresses and strains in the solid element to forces and displacements to define the properties of the spring
clement are presented below.
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Figure 1. Schematic of a spring representation of a solid adhesive element.
In the normal direction: (Tension and Compression Springs) : F,; = Ko Vni and K, =E*(A/h)

In the shear direction: (Shear Springs): F t=Kg*uy and Ky =G*(A/h)

where: :
F,; is the normal force transmitted in spring element i, v,; is the relative displacement of spring
" element i in the normal direction,
K. is the local stiffness of spring element i in the local normal direction, and E is the secant elastic
modulus of the adhesive.
F;; is the shear force transmitted in spring element i, ug; is the relative displacement of spring
element i in the shear direction,
Ky; is the local stiffness of spring element i in the shear direction, and G is the secant shear modulus
of the adhesive.
3. FEM model

The FEM model of the road without rubber coating consisted of 4 layers: asphalt concrete, crushed stone,
aggregate subbase and subbase, as showed in Figure 2. For the case with rubber coating, the rubber layer is
added between the asphalt-concrete layer and crushed stone layer by using TALA method. Table | and Table 2
show the mechanical properties of materials for each layer and the properties of rubber, respectively. The left
side edge of model was constrained against motion in the x-direction (to represent an axisymetric model). The
bottom edge was constrained against motion in x- and y-direction (to represent the rigid ground).

Asphalt- ] r10mm

crushed stone
200 mm

Rl A

Figure 2 The FEM road model

Table 1 Thickness and Modulus of each layer

Layer Thickness (mm) | Modulus (MPa) Poisson ratio

Asphalt-concrete 100 34475 0.30




Crushed stone ' 200 167.0 0.35

Aggregate subbase 200 106.8 0.35
Subbase 200 344 - 0.45

(Ref: Yang H Huang, “Pavement analysis and Design [4])

Table 2 Properties of Rubber
Properties
Tensile strength (MPa) 17.23
Elongation (%) 750

(Ref: Harper, “Handbook of plastics and Elastomers [14])

4. Results

Table 3 shows the results of the finite element calculations. The maximum tensile stress, maximum tensile
strain, and maximum deflection that occurred in the asphalt-concrete at several thicknesses of rubber coating
were compared to show the effect of the rubber coating on the maximum stress and strain that occurred in the
asphalt-concrete layer. Figure 3 and figure 4 illustrate the stress distribution in the asphalt concrete layer
without rubber coating and with rubber coating, respectively. Figure 5 and Figure 6 showed the strain
distribution in the asphalt concrete layer without rubber coating and with rubber coating, respectively. Figure 7
and Figure 8 compare the maximum tensile stress and maximum tensile strain that occurred in the asphalt-
concrete layer between the case of road with rubber coating and without rubber coating.

Table 3 The FEM results
Rubber thickness Max. Tensile Stress | Max. Tensile Deflection
(MPa) | Strain(x10) (mm)

No rubber 1.097 2.9622 0.4504
0.5 mm 0.825 2.2680 0.4188

1 mm 0.837 2.2945 0.4214
2mm 0.858 2.3445 0.4264

4 mm 0.895 2.4352 0.4362

6 mm 0.928 2.5165 0.4457

10 mm 0.986 2.6586 0.4638

15 mm 1.046 2.8092 0.4854

20 mm 1.098 2.9394 0.5062

= s
1.097 MPa

Figure 3 Stress distribution in asphalt-concrete layer in case of without rubber coating
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Figure 4 Stress distribution in asphalt-concrete layer in case of with rubber coating
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Figure 5 Strain distribution in asphalt-concrete layer in case of without rubber coating
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Figure 6 Strain distribution in asphalt-concrete layer in case of with rubber coating
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Figure 7 Compared maximum stress results Figure 8 Compared maximum strain results

5. Discussion

From the results of Figure 5 and 6, we can see that the maximum tensile stresses occurred at the center of the
applied load region and at the bottom of the asphalt concrete layer. That causes the cracks to propagate at that
region. This agrees with the previous work that concluded the crack usually started at the bottom of asphalt-
concrete layer. The results also showed that with the 1.00-mm rubber coating, the maximum tensile stress was
decreased from 1.097 MPa to 0.837 MPa. It reduced the maximum stress by approximately 23,7 percent. The
stresses were reduced because the rubber layer may help the asphalt-concrete layer to dissipate the tensile stress.
We can see from the deflection distance of the asphalt-concrete layer that it decreased also. The deflection
distance is proportional with the applied bending stress. When the deflection is decreased, it means the bending
stress in the asphalt concrete decreases too. From Table 3, it is also shown that with 1.00-mm rubber coating,
the deflection of asphalt-concrete layer was decreased from 0.4504 mm (when there is no rubber coating) to
0.4214 mm. Another parameter studied was the rubber coating thickness. From Figure 7, it is seen that when
the thickness of the rubber coating is increased, the maximum tensile stress increased correspondingly. The
maximum stress varied between 0.837 and 1.100, when the rubber coating thicknesses were change from 1.00
mm to 20 mm. It was determined that with a rubber coating of 20-mm, the maximum tensile stress was equal to
the maximum stress for the case with no rubber coating. With a thick rubber layer, the ability to help the
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asphalt-concrete to receive the tensile stress of the rubber layer was reduced, because the rubber can deform
casier. That causes the deflection distances to increase. Therefore the bending stress also increased.

6. Conclusion

Coating the bottom surface of the asphalt-concrete layer with rubber helps to reduce the maximum tensile

1.
stress and maximum tensile strain that occurred in the asphalt-concrete layer.

2. When the thickness of rubber layer increases the maximum tensile stress and maximum tensile strain
increases. At 20-mm rubber thickness, the maximum stress and strain were higher than the case without
rubber coating.

3. This work studied only the finite element analysis method. If we would like to understand the effect of
rubber coating more, the experimental aspect has to be investigated. :
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An Energy Efficiency Survey in Air-Conditioned Office

Buildings in Kuching
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Abstract
Malaysian office buildings tend to be poorly designed from the perspective of energy efficiency and as the
result Malaysian office buildings tend to have some of the highest energy consumption in the world -
around 269 kWh/m?/ year (Lawrence Berkeley Laboratory, 1992).
To have energy efficiency in buildings is important for long term lower running cost and for minimal
pollution contribution to the environment. The most important is to the problern of limitation of natural
resources fundamental to the generation of electricity in the future.
This is a preliminary study on energy consumption in office buildings in Kuching, Sarawak. The main
objective of the project is to investigate the energy efficiency in office buildings around Kuching areas and to
identify the significant criteria of their inefficiency.
The surveys were carried out on six fully air conditioned office buildings to find the energy indexes in each
of them for comparisons. The indexes gained also are compared with the index targeted by Malaysian
Department of Energy - around 135 kWh/m?/year. The analysis is also justified through the characteristics
of fagade design, applied technologies inside and the age of the buildings.

1.0 Introduction

In Malaysia context, one of the main objectives in building construction is to build
cheaper and spectacular, but try to sell or rent out at higher price in order to gain
maximum returns. For the tenants or potential owners of a building, the aesthetic
values and attractive prices are top of their list in making decision despite of the
awareness of the energy inefficiency and associated daily running costs.
Consequently, they often end up purchasing or renting buildings with high-energy
consumption and expensive energy bills.

The power or energy in Sarawak is generated through four major power stations.
The generation of power mix for the year 2001 comprised of 1,174.6 GWh (33.0%)
from gas, 503.3 GWh (14.2%) from hydro, 425.1 GWh (12%) from fuel oil and
1,451.0 GWh (40.8%) from the independent power producers. One of the largest
method used by the independent power producers is through burning of coal which
is also one type of fossil fuels and it is located at Sejingkat Power Station in Kuching
(SESCo Annual Report 2001). The whole most power generation in the Sarawak is
reliant on the burning of natural resources such as fuel, coal and gas (Kong, 2003).



	Image00001.tif
	Image00002.tif
	Image00003.tif
	Image00004.tif
	Image00005.tif
	Image00006.tif
	Image00007.tif
	Image00008.tif
	Image00009.tif
	Image00010.tif
	Image00011.tif
	Image00012.tif
	Image00013.tif
	Image00014.tif
	Image00015.tif
	Image00016.tif
	Image00017.tif
	Image00018.tif
	Image00019.tif
	Image00020.tif
	Image00021.tif
	Image00022.tif
	Image00023.tif
	Image00024.tif
	Image00025.tif
	Image00026.tif
	Image00027.tif
	Image00028.tif
	Image00029.tif
	Image00030.tif
	Image00031.tif
	Image00032.tif
	Image00033.tif
	Image00034.tif
	Image00035.tif
	Image00036.tif
	Image00037.tif
	Image00038.tif
	Image00039.tif
	Image00040.tif
	Image00041.tif
	Image00042.tif
	Image00043.tif
	Image00044.tif
	Image00045.tif
	Image00046.tif
	Image00047.tif
	Image00048.tif
	Image00049.tif
	Image00050.tif
	Image00051.tif
	Image00052.tif
	Image00053.tif
	Image00054.tif
	Image00055.tif
	Image00056.tif
	Image00057.tif
	Image00058.tif
	Image00059.tif
	Image00060.tif
	Image00061.tif
	Image00062.tif
	Image00063.tif
	Image00064.tif
	Image00065.tif
	Image00066.tif
	Image00067.tif
	Image00068.tif
	Image00069.tif
	Image00070.tif
	Image00071.tif
	Image00072.tif
	Image00073.tif
	Image00074.tif
	Image00075.tif
	Image00076.tif
	Image00077.tif
	Image00078.tif
	Image00079.tif
	Image00080.tif
	Image00081.tif
	Image00082.tif
	Image00083.tif
	Image00084.tif
	Image00085.tif
	Image00086.tif
	Image00087.tif
	Image00088.tif
	Image00089.tif
	Image00090.tif
	Image00091.tif
	Image00092.tif
	Image00093.tif
	Image00094.tif
	Image00095.tif
	Image00096.tif
	Image00097.tif
	Image00098.tif
	Image00099.tif
	Image00100.tif
	Image00101.tif
	Image00102.tif
	Image00103.tif
	Image00104.tif
	Image00105.tif
	Image00106.tif
	Image00107.tif
	Image00108.tif
	Image00109.tif
	Image00110.tif
	Image00111.tif
	Image00112.tif
	Image00113.tif
	Image00114.tif
	Image00115.tif
	Image00117.tif
	Image00118.tif
	Image00119.tif
	Image00120.tif
	Image00121.tif
	Image00122.tif
	Image00123.tif
	Image00124.tif
	Image00125.tif
	Image00126.tif
	Image00127.tif
	Image00128.tif
	Image00129.tif
	Image00130.tif
	Image00131.tif
	Image00132.tif
	Image00133.tif
	Image00134.tif
	Image00135.tif
	Image00136.tif
	Image00137.tif
	Image00138.tif
	Image00139.tif
	Image00140.tif
	Image00141.tif
	Image00142.tif
	Image00143.tif
	Image00144.tif
	Image00145.tif
	Image00146.tif
	Image00147.tif
	Image00148.tif
	Image00149.tif
	Image00150.tif
	Image00151.tif
	Image00152.tif
	Image00153.tif
	Image00154.tif
	Image00155.tif
	Image00156.tif
	Image00157.tif
	Image00158.tif
	Image00159.tif
	Image00160.tif
	Image00161.tif
	Image00162.tif
	Image00163.tif
	Image00164.tif
	Image00165.tif
	Image00166.tif
	Image00167.tif
	Image00168.tif
	Image00169.tif
	Image00170.tif
	Image00171.tif
	Image00172.tif
	Image00173.tif
	Image00174.tif
	Image00175.tif
	Image00176.tif
	Image00177.tif
	Image00178.tif
	Image00179.tif
	Image00180.tif
	Image00181.tif
	Image00182.tif
	Image00183.tif
	Image00184.tif
	Image00185.tif
	Image00186.tif
	Image00187.tif
	Image00188.tif
	Image00189.tif
	Image00190.tif
	Image00191.tif
	Image00192.tif
	Image00193.tif
	Image00194.tif
	Image00195.tif
	Image00196.tif
	Image00197.tif
	Image00198.tif
	Image00199.tif
	Image00200.tif
	Image00201.tif
	Image00202.tif
	Image00203.tif
	Image00204.tif
	Image00205.tif
	Image00206.tif
	Image00207.tif
	Image00208.tif
	Image00209.tif
	Image00210.tif
	Image00211.tif
	Image00212.tif
	Image00213.tif
	Image00214.tif
	Image00215.tif
	Image00216.tif
	Image00217.tif
	Image00218.tif
	Image00219.tif
	Image00220.tif
	Image00221.tif
	Image00222.tif
	Image00223.tif
	Image00224.tif
	Image00225.tif
	Image00226.tif
	Image00227.tif
	Image00228.tif
	Image00229.tif
	Image00230.tif
	Image00231.tif
	Image00232.tif
	Image00233.tif
	Image00234.tif
	Image00235.tif
	Image00236.tif
	Image00237.tif
	Image00238.tif
	Image00239.tif
	Image00240.tif
	Image00241.tif
	Image00242.tif
	Image00243.tif
	Image00244.tif
	Image00245.tif
	Image00246.tif
	Image00247.tif
	Image00248.tif
	Image00249.tif
	Image00250.tif
	Image00251.tif
	Image00252.tif
	Image00253.tif
	Image00254.tif
	Image00255.tif
	Image00256.tif
	Image00257.tif
	Image00258.tif
	Image00259.tif
	Image00260.tif
	Image00261.tif
	Image00262.tif
	Image00263.tif
	Image00264.tif
	Image00265.tif
	Image00266.tif
	Image00267.tif
	Image00268.tif
	Image00269.tif
	Image00270.tif
	Image00271.tif
	Image00272.tif
	Image00273.tif
	Image00274.tif
	Image00275.tif
	Image00276.tif
	Image00277.tif
	Image00278.tif
	Image00279.tif
	Image00280.tif
	Image00281.tif
	Image00282.tif
	Image00283.tif
	Image00284.tif
	Image00285.tif
	Image00286.tif
	Image00287.tif
	Image00288.tif
	Image00289.tif
	Image00290.tif
	Image00291.tif
	Image00292.tif
	Image00293.tif
	Image00294.tif
	Image00295.tif
	Image00296.tif
	Image00297.tif
	Image00298.tif
	Image00299.tif
	Image00300.tif
	Image00301.tif
	Image00302.tif
	Image00303.tif
	Image00304.tif
	Image00305.tif
	Image00306.tif
	Image00307.tif
	Image00308.tif
	Image00309.tif
	Image00310.tif
	Image00311.tif
	Image00312.tif
	Image00313.tif
	Image00314.tif
	Image00315.tif
	Image00316.tif
	Image00317.tif
	Image00318.tif
	Image00319.tif
	Image00320.tif
	Image00321.tif
	Image00322.tif
	Image00323.tif
	Image00324.tif
	Image00325.tif
	Image00326.tif
	Image00327.tif
	Image00328.tif
	Image00329.tif
	Image00330.tif
	Image00331.tif
	Image00332.tif
	Image00333.tif
	Image00334.tif
	Image00335.tif
	Image00336.tif
	Image00337.tif
	Image00338.tif
	Image00339.tif
	Image00340.tif
	Image00341.tif
	Image00342.tif
	Image00343.tif
	Image00344.tif
	Image00345.tif
	Image00346.tif
	Image00347.tif
	Image00348.tif
	Image00349.tif
	Image00350.tif
	Image00351.tif
	Image00352.tif
	Image00353.tif
	Image00354.tif
	Image00355.tif
	Image00356.tif
	Image00357.tif
	Image00358.tif
	Image00359.tif
	Image00360.tif
	Image00361.tif
	Image00362.tif
	Image00363.tif
	Image00364.tif
	Image00365.tif
	Image00366.tif
	Image00367.tif
	Image00368.tif
	Image00369.tif
	Image00370.tif
	Image00371.tif
	Image00372.tif
	Image00373.tif
	Image00374.tif
	Image00375.tif
	Image00376.tif
	Image00377.tif
	Image00378.tif
	Image00379.tif
	Image00380.tif
	Image00381.tif
	Image00382.tif
	Image00383.tif
	Image00384.tif
	Image00385.tif
	Image00386.tif
	Image00387.tif
	Image00388.tif
	Image00389.tif
	Image00390.tif
	Image00391.tif
	Image00392.tif
	Image00393.tif
	Image00394.tif
	Image00395.tif
	Image00396.tif
	Image00397.tif
	Image00398.tif
	Image00399.tif
	Image00400.tif
	Image00401.tif
	Image00402.tif
	Image00403.tif
	Image00404.tif
	Image00405.tif
	Image00406.tif
	Image00407.tif
	Image00408.tif
	Image00409.tif
	Image00410.tif
	Image00411.tif
	Image00412.tif
	Image00413.tif
	Image00414.tif
	Image00415.tif
	Image00416.tif
	Image00417.tif
	Image00418.tif
	Image00419.tif
	Image00420.tif
	Image00421.tif
	Image00422.tif
	Image00423.tif
	Image00424.tif
	Image00425.tif
	Image00426.tif
	Image00427.tif
	Image00428.tif
	Image00429.tif
	Image00430.tif
	Image00431.tif
	Image00432.tif
	Image00433.tif
	Image00434.tif
	Image00435.tif
	Image00436.tif
	Image00437.tif
	Image00438.tif
	Image00439.tif
	Image00440.tif
	Image00441.tif
	Image00442.tif
	Image00443.tif
	Image00444.tif
	Image00445.tif
	Image00446.tif
	Image00447.tif
	Image00448.tif
	Image00449.tif
	Image00450.tif
	Image00451.tif
	Image00452.tif
	Image00453.tif
	Image00454.tif
	Image00455.tif
	Image00456.tif
	Image00457.tif
	Image00458.tif
	Image00459.tif
	Image00460.tif
	Image00461.tif
	Image00462.tif
	Image00463.tif
	Image00464.tif
	Image00465.tif
	Image00466.tif
	Image00467.tif
	Image00468.tif
	Image00469.tif
	Image00470.tif
	Image00471.tif
	Image00472.tif
	Image00473.tif
	Image00474.tif
	Image00475.tif
	Image00476.tif
	Image00477.tif
	Image00478.tif
	Image00479.tif
	Image00480.tif
	Image00481.tif
	Image00482.tif
	Image00483.tif
	Image00484.tif
	Image00485.tif
	Image00486.tif
	Image00487.tif
	Image00488.tif
	Image00489.tif
	Image00490.tif
	Image00491.tif
	Image00492.tif
	Image00493.tif
	Image00494.tif
	Image00495.tif
	Image00496.tif
	Image00497.tif
	Image00498.tif
	Image00499.tif
	Image00500.tif
	Image00501.tif
	Image00502.tif
	Image00503.tif
	Image00504.tif
	Image00505.tif
	Image00506.tif
	Image00507.tif
	Image00508.tif
	Image00509.tif
	Image00510.tif
	Image00511.tif
	Image00512.tif
	Image00513.tif
	Image00514.tif
	Image00515.tif
	Image00516.tif
	Image00517.tif
	Image00518.tif
	Image00519.tif
	Image00520.tif
	Image00521.tif
	Image00522.tif
	Image00523.tif
	Image00524.tif
	Image00525.tif
	Image00526.tif
	Image00527.tif
	Image00528.tif
	Image00529.tif
	Image00530.tif
	Image00531.tif
	Image00532.tif
	Image00533.tif
	Image00534.tif
	Image00535.tif
	Image00536.tif
	Image00537.tif
	Image00538.tif
	Image00539.tif
	Image00540.tif
	Image00541.tif
	Image00542.tif
	Image00543.tif
	Image00544.tif
	Image00545.tif
	Image00546.tif
	Image00547.tif
	Image00548.tif
	Image00549.tif
	Image00550.tif
	Image00551.tif
	Image00552.tif
	Image00553.tif
	Image00554.tif
	Image00555.tif
	Image00556.tif
	Image00557.tif
	Image00558.tif
	Image00559.tif
	Image00560.tif
	Image00561.tif
	Image00562.tif
	Image00563.tif
	Image00564.tif
	Image00565.tif
	Image00566.tif
	Image00567.tif
	Image00568.tif
	Image00569.tif
	Image00570.tif
	Image00571.tif
	Image00572.tif
	Image00573.tif
	Image00574.tif
	Image00575.tif
	Image00576.tif
	Image00577.tif
	Image00578.tif
	Image00579.tif
	Image00580.tif
	Image00581.tif
	Image00582.tif
	Image00583.tif
	Image00584.tif
	Image00585.tif
	Image00586.tif
	Image00587.tif
	Image00588.tif
	Image00589.tif
	Image00590.tif
	Image00591.tif
	Image00592.tif
	Image00593.tif
	Image00594.tif
	Image00595.tif
	Image00596.tif
	Image00597.tif
	Image00598.tif
	Image00599.tif
	Image00600.tif
	Image00601.tif
	Image00602.tif
	Image00603.tif
	Image00604.tif
	Image00605.tif
	Image00606.tif
	Image00607.tif
	Image00608.tif
	Image00609.tif
	Image00610.tif
	Image00611.tif
	Image00612.tif
	Image00613.tif
	Image00614.tif
	Image00615.tif
	Image00616.tif
	Image00617.tif
	Image00618.tif
	Image00619.tif
	Image00620.tif
	Image00621.tif
	Image00622.tif
	Image00623.tif
	Image00624.tif
	Image00625.tif
	Image00626.tif
	Image00627.tif
	Image00628.tif
	Image00629.tif
	Image00630.tif
	Image00631.tif
	Image00632.tif
	Image00633.tif
	Image00634.tif
	Image00635.tif
	Image00636.tif
	Image00637.tif
	Image00638.tif
	Image00639.tif
	Image00640.tif
	Image00641.tif
	Image00642.tif
	Image00643.tif
	Image00644.tif
	Image00645.tif
	Image00646.tif
	Image00647.tif
	Image00648.tif
	Image00649.tif
	Image00650.tif
	Image00651.tif
	Image00652.tif
	Image00653.tif
	Image00654.tif
	Image00655.tif
	Image00656.tif
	Image00657.tif
	Image00658.tif
	Image00659.tif
	Image00660.tif
	Image00661.tif
	Image00662.tif
	Image00663.tif
	Image00664.tif
	Image00665.tif
	Image00666.tif
	Image00667.tif
	Image00668.tif
	Image00669.tif
	Image00670.tif
	Image00671.tif
	Image00672.tif
	Image00673.tif
	Image00674.tif
	Image00675.tif
	Image00676.tif
	Image00677.tif
	Image00678.tif
	Image00679.tif
	Image00680.tif
	Image00681.tif
	Image00682.tif
	Image00683.tif
	Image00684.tif
	Image00685.tif
	Image00686.tif
	Image00687.tif
	Image00688.tif
	Image00689.tif
	Image00690.tif
	Image00691.tif
	Image00692.tif
	Image00693.tif
	Image00694.tif
	Image00695.tif
	Image00696.tif
	Image00697.tif
	Image00698.tif
	Image00699.tif
	Image00700.tif
	Image00701.tif
	Image00702.tif
	Image00703.tif
	Image00704.tif
	Image00705.tif
	Image00706.tif
	Image00707.tif
	Image00708.tif
	Image00709.tif
	Image00710.tif
	Image00711.tif
	Image00712.tif
	Image00713.tif
	Image00714.tif
	Image00715.tif
	Image00716.tif
	Image00717.tif
	Image00718.tif
	Image00719.tif
	Image00720.tif
	Image00721.tif
	Image00722.tif
	Image00723.tif
	Image00724.tif
	Image00725.tif
	Image00726.tif
	Image00727.tif
	Image00728.tif
	Image00729.tif
	Image00730.tif
	Image00731.tif
	Image00732.tif
	Image00733.tif
	Image00734.tif
	Image00735.tif
	Image00736.tif
	Image00737.tif
	Image00738.tif
	Image00739.tif
	Image00740.tif
	Image00741.tif
	Image00742.tif
	Image00743.tif
	Image00744.tif
	Image00745.tif
	Image00746.tif
	Image00747.tif
	Image00748.tif
	Image00749.tif
	Image00750.tif
	Image00751.tif
	Image00752.tif
	Image00753.tif
	Image00754.tif
	Image00755.tif
	Image00756.tif
	Image00757.tif
	Image00758.tif
	Image00759.tif
	Image00760.tif
	Image00761.tif
	Image00762.tif
	Image00763.tif
	Image00764.tif
	Image00765.tif
	Image00766.tif
	Image00767.tif
	Image00768.tif
	Image00769.tif
	Image00770.tif
	Image00771.tif
	Image00772.tif
	Image00773.tif
	Image00774.tif
	Image00775.tif
	Image00776.tif
	Image00777.tif
	Image00778.tif
	Image00779.tif
	Image00780.tif
	Image00781.tif
	Image00782.tif
	Image00783.tif
	Image00784.tif
	Image00785.tif
	Image00786.tif
	Image00787.tif
	Image00788.tif
	Image00789.tif
	Image00790.tif
	Image00791.tif
	Image00792.tif
	Image00793.tif
	Image00794.tif
	Image00795.tif
	Image00796.tif
	Image00797.tif



