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ABSTRACT

Water, in modern cities, is often seen as an infrastructural asset, rather than analyzed,
appreciated, and inserted in urban context in its morphological, architectural, and
environmental dimensions. This thesis studies the water elements of 16™-century
Mughal building complexes, with a focus on the Shish Mahal Complex of Lahore Fort,
which is argued as a kind of peak or apotheosis of Mughal architecture-based water
systems. By looking at both urban-morphological and architectural-engineering
dimension, it re-engages with the holistic nature of Mughal architecture in which water
systems is seen in its spiritual, aesthetic, and environmental dimension. It then focuses
on the environmental analysis of one feature- the coupling of water with thermal mass
system of the basement of Shish Mahal, to study its modeling mechanisms and the
potential passive impact of the coupling of thermal mass and water elements under such
hot arid climate. This was done and further simulated and visualizes the actual indoor
thermal condition of the basement of Shish Mahal if the water elements are not present.
A fieldwork measurement of Shish Mahal Complex is conducted and acquired for
Computational Fluid Dynamics (CFD) ANSYS Fluent simulation process. The thesis
contributes to a narrative that investigates both the historical and analytical
‘performance-based’ perspective, in which the ‘morphological’ form and shape of the
2 and 3-dimensional shape are initially discussed, and then the impact of water in
buildings are studied as a combination of vertical waterwalls and horizontal pools to
verify its climatic performance. It is found that the coupling of waterwall with thermal
mass will result 8°C to 18°C in reduction to the indoor temperature under hot arid
climate conditions when the outdoor temperature rises to 40 °C without resorting to any
mechanical cooling. The results also demonstrated that the exploitation of low mean
airspeed of 0.5 m/s provides a significant contribution to decrease the indoor
temperature. Low mean airspeed provides ample time for the evaporative cooling of the
indoor environment to become more efficacious and cooled air to circulate within the
premise boundary, this is however work if cross-ventilation strategy is adopted at the
same time.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

It is increasingly realized that sustainability particularly water includes both responses
to the climatic and cultural context of a place. There has been a discussion on how these
elements of sustainability must eventually imply ‘back to basics’ and relive lessons
from the past approach in terms of environmental characteristics rather than employing
‘high technology’ add-on features. Hence, there has been a resurging interest in the role
of water in urban design and its potential impact on the climatic situation of an area
rather than exist only for aesthetic and recreational activities.

Apart from the sustainability agenda, water provides psychological, visual,
auditory, and tactile effects, which are primarily perceived by the senses, and affects
human psychologically rather than merely visually and physically (Booth, 1989). Hence
in terms of aesthetic dimensions, water elements are primarily perceived by the senses
as a ‘visual element’ in urban spaces. However, symbolizing the beginning and the
continuity of life it affects human before psychologically rather than visually leading
them to it. Except for the directive effect, water elements have also relaxing effects such
as visual, acoustic, and provide concentration with tactile integration on the human
(Booth, 1989).

Currently, in the arena of sustainable architecture, passive mechanisms are on
the rise as it is seen as a cost-effective and value—engineering principles and
contribution to sustainability. While passive cooling strategies such as shading,
orientation, natural ventilation, and landscape have been researched in-depth, there is a

lack of studies in water due to the difficulty of modeling and testing of this element



especially when the water bodies are placed inside a building. According to Yang &
Zhao, (2015), previous studies on thermal effects of urban areas under different climatic
conditions have tendencies to focus more on pavements and vegetation elements while
waterbodies or urban water features are the elements that least studied on.

Passive cooling has been known to be the hallmark of Islamic architecture,
particularly to its large building complexes, as many of them are located in hot climate
regions. For example, Willmert (2010) usefully discusses and give insight to the
environmental rationale and wisdom of typological elements in the Alhambra complex,
Granada, Spain from the integral insertion of courtyards, extensions, and projections of
patios, to infusion of the complex with optimum dimensions in fountains and pools. He
highlights how the demands of the ruling elite had placed a high level of requirement
on the environmental conditioning of such complexes, and the ability of the complex to
provide this passive attribute to technology during the medieval era, which comfort
conditions must be achieved to the highest expectations of the monarch with minimal
use of energy.

Study on the environmental characteristics of Islamic heritage structures to
gauge the climatic performance, architectural and ecological wisdom is frequently
studied in the field of passive low energy architecture. There has been a wide range of
studies focuses on a narrative approach to highlight the environmental and architectural
ingenuity of Islamic complexes, including narrative socio-cultural studies, while other
have utilized more empirical methods of site measurements and the use of computation
simulation to analyze and verify the environmental performance of these heritage
building complexes.

Previous Islamic civilization that grew under intensely hot regions, have

evolved water-based features and achieved a high degree of comfort with minimum use



of renewable energy, as electricity was non-existent at the time. Islamic architectural
monuments and complexes have water elements that have become both a spiritual and
ecological landmark. Because in Islam, water symbolizes purity and purification, water
is an element valued highly due to its purifying and soothing qualifications, and not
merely a functional resource. In these complexes, there are endless variations of water
elements which are defined as the elements of space different in terms of scale, location,
architectural features, material, and design criteria and easily recognized or discernible
from several directions (Lynch, 1960).

Islamic architecture, in the word of renowned Malaysian architect, Hijjas
Kasturi, is centered on water. Traditionally, in Islamic civilization, water elements have
essentially two main purposes; ‘aesthetic’ and ‘functional’, hence, the role of water
systems may have developed from its essentially agricultural economic base, but it had
evolved in complexity and during the height of the empire, it is seen as a form of
integrated urban systems which have both socio-ecological and socio-cultural
dimensions rather than merely engineered solutions. Water has been part of both
outdoors and indoors environment of architecture, and the analysis of indoor and
outdoor impact require different tools and computational resources that governed by
different equations. Past large building complexes, including its urban and architecture
design, constitute a treasure and resource that has yet to be analyzed to the fullest.

As the centuries passed by, modern Islamic states like Malaysia were perceived
by the element of water not as the sole cooling medium but as part of aesthetic design
intervention. This can be re-look at the design of a few prominent mosques in Malaysia
such as Masjid Tuanku Mizan Zainal Abidin, Putrajaya, and Masjid Negara in Kuala
Lumpur. Both buildings implement the same scheme of designing the water element

surrounding the main prayer area, but Masjid Negara exhibits better thermal



