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The concept of strategic partnering is an important consideration for the players in the construction industry. The 
research has revealed that strategic partnering is about long term relationship practiced between two or more parties in 
projects awarded by the clients. Strategic partnering in construction has been presented as a potentially important way 
of improving construction project performance through the direct benefits received by the clients such as quality, project 
success, less delay, less problem, social benefits and sustainable business. The aim of the research is to develop a 
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Atrium is an architectural feature often found in 
commercial buildings in Malaysia and the top-lit type is the 
most common. Besides its architectural value as a spatial 
connector, the introduction of translucent material as its 
roof envelope could turn it into a large daylight catcher. Its 
ability to serve as a media to allow entry of sun into the 
building means that it could bring in both daylight as well as 
excessive solar heat. For buildings in the tropical climate 
zone such as Malaysia, maximizing solar gain is most 
undesirable, as this will increase the indoor temperature 
and consequently unnecessary amount of energy is 
needed to cool back down the internal spaces to an 
acceptable thermal comfort level. A good energy efficient 
strategy is to channel the intense solar heat away from 
the interior, and capture its energy resource. Photovoltaic 
(PV) panel or commonly known as solar panel converts 
solar energy into electrical energy. Its productivity depends 
largely on its solar exposure hours, the placement of 
its panels in terms of the slope angle and orientation to 
the sun. When applied in buildings, PV is referred to as 
Building Integrated Photovoltaic (BIPV). BIPV system 
is a relatively expensive investment, thus its application 
has to be carefully considered to achieve optimization. 
Theoretically replacement of the conventional glass 
skylight with PV panels, improves the energy efficiency 
of the atrium through electrical energy production of the 
PV panels. It offsets the additional energy required to 
cool down the space due to solar heat gain. This thesis 

was set up to achieve three main objectives – firstly was 
to determine the amount of energy production through a 
modeling of basic BIPV (Building Integrated Photovoltaic) 
configurations for installation in atria. Secondly was to 
assess if the power generated is more than the additional 
cooling load required to compensate (off-set) the increase 
of indoor temperature leading from the solar heat gain due 
to the change in the skylight material. The final objective 
was to determine the best roof model and orientation to 
achieve optimum BIPV application. Three roof form types 
(hipped, gable and sawtooth) were shortlisted due to their 
suitable application with opaque PV panels that by far, its 
power productivity is better than the thin film type. To give a 
fair comparison, the roof surface area of all the three types 
were made similar (2325 sq m), and 10% of the surface 
area was of glazing, so as to provide minimum acceptable 
indoor illumination of 350 lux. Dependence variables 
were roof surface inclination (30º), PV type (Kyocera), 
PV surface area (2250 sq m), orientations (N, NE, E, SE, 
S, SW, W, NW), day of the year (March 28, the clearest 
sky, and March 7, the cloudiest). The independence 
variable was the roof form. The extra energy required was 
determined by subtracting the U-value of the conventional 
skylight glazing material from the U-value of the PV panel, 
and multiply by the total surface area of the PV used. 
ECOTECT environmental software was later used to 
determine the power productivity of BIPV applications for 
the respective roof form types in eight (8) main orientations. 
The results indicate that the maximum PV generation for 
all the roof models are achieved at N270° orientation. The 
highest energy generator was the Gable type, with the 
highest power productivity recorded at five out of the eight 
orientations (N0°, N45°, N90°, N135° and N180°). The 
Sawtooth type generated the highest power productivity 
at three orientations (N225°, N270° and N315°), however 
its production is the least if oriented at N90° by 18.7%. In 
conclusion, the study identified the Gable model to be the 
most flexible for BIPV application purposes where it offers 
highest average power productivity of 394,059.7 kWh, in 
all eight orientations. The average power production from 
the BIPV application was 383,621kWh, which is more than 
the additional power needed to normalize the solar heat 
gain due to replacement of the roof material by 200%.
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The tensile, ballistic and puncture impact behavior of woven 
fabric have been subjectof interests for many researchers. 
The tensile behavior of woven fabric can be analyzed 
from the experimental and analytical methodologies. 
While experimentprovides accurate information about 
woven fabric’s mechanical properties than the analytical 
approach, it also generates sample wastage. Finite 
element analysis (FEA) method is used to model uniaxial 
tensile, impact and puncture response of woven fabrics 
in two and three dimensional geometrical model shapes. 
Woven fabrics models sizes are based on either unit cell 
or meso-scale (large scale) approach. Nevertheless, 
limited publications address woven fabric models in terms 
of weave repeat sizes. Finite element analysis has the 
ability to represent fabric geometrical properties and their 
symmetries, with weave mesh structures able to be made 
as close as possible, with minimal assumptions. Other 
than ballistic impact performance, limited work is done 
to model tensile performance of aramid based woven 
fabrics. In addition to that, many publications neglect the 
weaves structures influences such as float and yarn crimp 
to tensile and puncture impact behavior. Hence, in the 
study, an alternative simulation procedure was proposed 
to develop the understanding and prediction of float and 
yarn crimp relationship in uniaxial tensile and puncture 

impact behavior of isotropic weave repeat unit. Woven 
fabric geometrical models were developed with TexGen 
and Abaqus CAD pre-processor module. The study was 
divided into three critical stages. Initially, FEA models 
were established on plain 1/1, 2/2 twill and 8 ends satin. 
Woven fabrics were configured as a balanced weave 
thereby allowing systematic investigation of the effect of 
uniaxial tensile stress on the weave. Woven fabrics were 
designed to have equivalent densities 8 yarns cm-1 for 
all three weaves. Equivalent woven fabric specifications 
were manufactured and tested. Stress-strain validation 
between experimental and simulation results were made. 
Next, puncture impact models were developed based on 
the validated uniaxial tensile simulation models framework 
and its selected assumptions. Woven fabric for puncture 
simulation was expanded to consider larger model size 
than the previous uniaxial tensile model. Here, puncture 
model analysis was developed with 7 ends and picks 
cm-1 with a total of 112 yarns in both directions. Similar 
in uniaxial tensile approach, validation analysis was 
made between puncture model and experimental stress-
strain result. Parameters studies were executed on the 
validated puncture models. The effects of yarn frictions 
and impactor shapes to puncture models stress-strain, 
post-impact kinetic energy and damage evolution were 
analyzed. The stress-strain behavior of woven fabrics was 
found to be related to woven fabric structures. In uniaxial 
tensile validation, the presence of float in woven fabrics 
had contributed to stronger square woven fabrics in both 
warp and weft directions. The apparent gap was more 
pronounced in puncture model validation than uniaxial 
tensile model validation. The parameters studies results 
had shown that flat impactor shape and tightest yarn to 
yarn frictions contributed to highest stress-strain, post-
impact kinetic energy and damage evolution results. Both 
uniaxial tensile strength and puncture impact present 
analogous non-linearity behavior in stress-strain result, 
which indicated the crimp interchange and yarn extension 
presence in the analysis.

conceptual framework for the implementation of strategic 
partnering in the industrialised building system. The 
methodology adopted in this research is mixed method 
consisting of literature search, questionnaire survey 
and semi-structured interviews. The benefits of using 
this method are that it presents an opportunity to seek 
verification in the results from different methods, and 
also to seek similar or different pattern as well. Using this 
approach, the targeted of respondents are selected are 
public and private clients. The findings of this research are 
derived from the literature review, questionnaire survey 
and semi structured interviews. Both public and private 
clients understand the concept of strategic partnering in 
terms of definition, contractual procedure, procurement 
method and suitability of the project. It can be ascertained 
from the results; public clients described strategic 
partnering as a commitment and shared goals between 
stakeholders whilst private clients described it as a trust 
relationship between stakeholders. The majority of public 
and private clients in Malaysia are found to use PAM and 
PWD the standard form of contract during the strategic 

partnering exercise in IBS projects. In terms of procurement 
method, public clients mostly use design and build while 
private clients uses the traditional method in strategic 
partnering practice in the IBS projects. Both public and 
private clients indicated that mass construction, complexity 
of the projects and long term development of IBS projects 
are suitable to practice strategic partnering. However, for 
partnering charter, private clients were unfamiliar with this 
approach in the contractual practice in strategic partnering. 
Win-win situation received by public and private clients 
through practicing this approach, public clients revealed that 
they received social benefits and cost saving as compared 
to private clients where they gained in terms of return on 
investment and profit. One of the outcome of this research 
is a conceptual framework developed which is suitable as 
a reference for the Malaysian construction industry players 
practicing strategic partnering in IBS construction approach. 
Its guide the industry player‘s towards a better understanding 
and successful implementation of strategic partnering as 
planned in the Construction Industry Master Plan Malaysia 
2006-2015 (CIMP).




