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Abstract

:

Building construction in the UAE is a growing industry. While Abu Dhabi and Dubai have a majority of mid-rise and high-rise buildings, AL Ain has mostly low-rise and mid-rise buildings. Additionally, the construction industry in Al Ain has seen an increase in the recent years. The aim of this study is to design a wellness center with a parametric roof in the challenging topography of Jebel Hafeet Mountain in AL Ain. The building must be socially and environmentally sustainable and must align with the local culture. The methodology used includes the following steps: performing an analysis of the selected site and climate; building the design on challenging topography; creating a parametric roof design; conducting an energy and radiation analysis. Wellness is the act of practicing healthy habits to attain better physical and mental health outcomes. The center will be for females only to provide privacy and to achieve social sustainability (based on the local culture). It will be in Al Ain (Jabel Hafeet Mountain) because unlike the other cities in the UAE, Al Ain does not contain any wellness centers. The design of the parametric roof aims to adapt to the mountain and decrease solar radiation on the roof. Both of the above aim to bring innovation to the city, country, and region for the purpose of building a sustainable design that is adapted to the local culture and environment. The results show a significant energy and solar radiation after the use of such structure. These findings are relevant to local authorities and the private construction industry.
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1. Introduction


1.1. Wellness Center Design


Wellbeing embraces six mutually co-dependent dimensions: physical, mental, spiritual, emotional, social, and environmental. If any one of these is neglected over time, it will affect one’s health, wellbeing, and quality of life. So, to reduce stress levels, the possibility of suffering from mental illness, and the risk of illness, and to strengthen community relations, this study focuses on designing a wellness center.



A study conducted in 2020 showed that 57% of people in the UAE suffer from at least one mental health disorder; the two most common ones, at 56.4% and 31.5% of the population, are anxiety and depression [1]. Another survey conducted by Cigna showed that 89% of women in the UAE are stressed compared to 85% globally [2].



Research studies show that people who take care of their wellbeing are healthier, happier, and more productive, miss less work, and have lower healthcare costs. Wellness centers are places that allow people to take care of their wellbeing by offering health services for the body and mind. Skincare services and body services such as fitness classes, personal training, and nutrition consulting are usually offered at wellness centers [3]. The government of Dubai issued a wellbeing certificate to support the construction of sustainable building, with the attention focused on ensuring benefits to the people. This certification encourages local authorities, contractors, and other professionals to improve wellbeing conditions through building design [4,5].




1.2. Local Standards and Passive Strategies


Abu Dhabi Emirate has several initiatives and standards regarding energy efficiency in buildings, with the goal of reducing total consumption in cities under this Emirate. As a result, the new ESTIDAMA rating system is being used in new constructions. The Urban Planning Council introduced this building code, which is part of the Abu Dhabi 2030 sustainability plan [6]. The Arabic world of sustainability is a vision for a new sustainable way of life in the UAE and Arabic region. Estidama’s goal is to protect and enhance Abu Dhabi’s physical and cultural identity while also improving residents’ quality of life in four equal pillars of sustainability: the environment, the economy, the society, and the culture. Estidama’s green building strategy incorporates sustainability factors into all stages of building construction, with a focus on the design, construction, operation, and maintenance phases [7]. According to these regulations, new construction must meet Estidama’s mandatory requirements. Estidama specifies the primary building characteristics for new construction, including the materials, the area, the orientation, and a variety of other passive strategies [8]. Passive strategies refer to any techniques or design features utilized that decrease building temperatures without using electricity. The use of passive methods for heating or cooling has gained popularity in recent years, particularly in the last ten years, as part of the trend toward green building. In summertime, efficient building envelopes maximize air movement while controlling heat from the sun. In hot, arid climates like in the United Arab Emirates (UAE), several passive cooling strategies can be recommended [8]. Evaporative cooling, shading (including parametric shading), insulation, light-colored coatings with high reflection, green roofing, and other technologies are examples [9,10].




1.3. Energy in Buildings


In the last 70 years, Abu Dhabi has gone through a fast urban development. The city is growing to become the country’s center. According to a recent study conducted in the city of Abu Dhabi, the building sector consumes 80% of all energy, with 70% of that energy being used to cool the buildings [11]. About 90% of the electricity used in the United Arab Emirates is consumed by the nation’s existing building stock [12]. Heating, ventilation, and air conditioning (HVAC) equipment generates the most electrical load due to the harsh weather in the United Arab Emirates. It accounts for 40% of the total electrical load year-round and up to 60% of the peak electrical load during the summer [13]. Exposure to high levels of solar radiation causes increased air temperature inside the buildings [14]. The building envelope has a major impact on how much heat is absorbed by buildings [15]. There are three methods for lowering heat gain through the envelop: reduce the amount of glazing, create shade, and lessen the solar gain characteristics of the building envelope materials [14].



On the other hand, a study was conducted in two phases with the purpose of improving a corridor’s visual and environmental conditions, including solar radiation, exposure, and daylighting, at the University of Sharjah’s campus in the United Arab Emirates, and the results show a significant improvement in UDLI (100–2000) when compared to the corridor’s current status, with an increase of more than 54%, as well as a significant decrease in vertical and horizontal radiation exposure [16].



One of the most important examples of applying a parametric structure to the buildings in Abu Dhabi is Al Bahar Towers, which are two high-rise office buildings in Abu Dhabi, the UAE. The shading tool for the façade was created by using parametric geometry modeled after the traditional Islamic lattice and translated using bio-inspiration, regional design, guide grid, and performance-oriented technology principles. The triangular elements of the façade are supported by a system of steel rods and hydraulic pistons and are made of a lightweight composite material (PTFE and fiberglass coat). A computer algorithm controls the system, adjusting the angle of the triangular elements based on the position of the sun and the desired level of shading. The façade not only provides a sustainable solution for reducing energy consumption, but it also creates a visually appealing environment [17].




1.4. Parametric Architecture


The principles of parametric design related to the use of several parameters in the design process represent everything that can be designed [18]. The process of developing a certain complex design is defined as parametric design. This representation is based on variable-controlled relationships between objects. Changing the variables results in different models. The solution is then chosen based on criteria such as performance, ease of construction, budget constraints, user needs, esthetics, or a combination of these [19]. Topological forms described by parametric functions provide a wide range of structure creation options. A geometrical form is shaped in parametric design by parameters and equations that describe it, rather than by declaration of its shape and structure. There are two types of parametric design: conceptual parametric design and constructive parametric design. Constructive parametric design refers to more information used for 3D object determination. Many variables influence the architectural/engineering object being designed in this context, and designing can be viewed as a multicriteria decision making process [20].



However, the digital environment provides a fresh perspective on design. On the one hand, it allows for a great deal of freedom in shaping free forms; on the other hand, it allows designers to use computer software for project optimization and simulation. Following the first generation of digital design processes and the application of new digital design tools, novel structures and connections have emerged, as have new processes. Design tools were created to align the digital form with reality on the construction site. A variety of software programs and plug-ins are used to generate parametric structures, including Dynamo in Revit 2020 [21], CATIA 2014, which stands for Computer-Aided Three-Dimensional Interactive Application [22], Marionette in Vectorworks 2022 [23], and Grasshopper for Rhinoceroses 2021 [24]. Comparing the eligibility of the previously mentioned parametric design tools, Grasshopper is the most eligible to achieve this goals of this study compared to the other tools due to its open-source nature, its low-cost software, the validated simulation plug-ins, and the many learning materials available for free which help in developing the skills easily. It is possible to design sustainable communities with parametric design processes using advanced tools such as Grasshopper [25].



Grasshopper (2021) is “a plug-in software that uses a visual programming language to allow architects to easily isolate the driving parameters of their design while iteratively tuning them. It lowers the entry level for using complex parametric tools [24]. Visual programming (VP) systems were developed to aid designers in the development of scripts for the construction of parametric models that consider various parameters such as climatic conditions, energy consumption, and so on. VP systems are defined as “any system that allows the user to specify a program in a two-(or more)-dimensional fashion” [26].




1.5. Parametric Roof Design


Every culture and society that has been established in a particular climate zone for a considerable amount of time has its optimal archetypal cognitive model represented by the roof [27]. The roof of a building is its covering that provides protection from the elements, including wind, rain, snow, sunlight, and temperature extremes. Technical, financial, or esthetic factors have all influenced the construction of roofs, which can be flat, pitched, vaulted, domed, or a combination of these shapes [28]. The roof design process in a hot, arid climate should take into consideration strength and stability, energy conservation and ventilation, the control of solar heat and air temperature, daylight and the control of glare, durability, and ease of maintenance [29,30]. Design, thermal performance, and structural integrity can now be optimized and regulated thanks to recent advancements in parametric programming. Still, physical form-finding is not routinely incorporated into manufacturing processes in the industry. Deciphering the grid meshes in a structural solution for free-formed structures (such as grid shells), which are often constructed with bars and nodal connectors, has required a great deal of engineering work. The current trend stems from the discovery of bio-mimetic principles within a distinct computational design framework. This part of the generative rule set is used by the parametric model. In addition to providing structural analysis, the generated model can provide the data needed for mechanical manufacturing that uses a numerical control system [31].



A parametric roof is a roof design strategy that is designed based on computational methods and algorithms to create a structure that responds to specific design criteria and performance goals. Componential methods enable architects and engineers to control various design parameters such as shape, orientation, and materials to create a unique and optimized design. Parametric roofs are often used in buildings where the roof has a complex geometry, and where there is a need to control the solar radiation and energy flows. The use of parametric roofs has become increasingly popular in recent years, as it allows for more efficient and sustainable designs that are tailored to specific site conditions and functional requirements. In one of the recent studies, the specific design criteria for the roof design are based on the Catalan geometry analysis. By simulating several shapes, the optimum design is defined by the area that the roof covers, the shape of the roof, the structure, and the roof shell behavior under self-load. There were no pre-defined performance goals or threshold [32]. A second study on roof optimization for emergency units has a threshold of a better solution than the 600 × 400 cm plastic one. Based on the parameters of climate, shape, flexibility of the structure, connection of the structure, load, and footprint area, a new shape and structure emerged. This new shape can be easily manufactured by local producers [33]. One of the examples of a parametric roof in the UAE is the Louver Museum of Abu Dhabi; its massive dome structure serves environmental, esthetic, and structural purposes. Environmentally, it provides shade and cooler temperatures to the outdoor public spaces that connect the museum village’s multiple buildings. The parameters that define the shape openings of the structure serve as an external open-air canopy, filter natural sunlight and create a dramatic and constantly changing lighting effect beneath the dome, and improve the walkability and the thermal comfort [34].



In one study that investigates designing parametric roofs, the author follows a digitalized approach by using Grasshopper to develop the roof on three levels. The results suggest that Grasshopper provides the potential to explore a wider range of well-informed design solutions and the potential to find novel and intriguing solutions to a design problem from the perspective of design [35]. Another study has investigated using parametric modeling to achieve performance-oriented design. The case study’s design topic is a wide span roof, which is a component of a bigger, ongoing project in Bologna, Italy. The study emphasizes daylighting and the passive mitigation of summertime overheating. A parametric model has been created for these tasks. The study discussed three project scales: Large-scale parametric variations in the roof’s overall shape are studied in connection to ventilation-based cooling; in this case, the parametric model enables the creation of various roof configurations, including variations in the structural morphology and structural tessellation. The integration of openable modules is examined at a medium scale in connection with air extraction for cooling; in this regard, the parametric model enables the exploration of openings based on size and distribution variations. In order to minimize direct solar gain while maintaining the flow of indirect natural light, a number of options are investigated for the cladding system at a small scale. The parametric model has also been used to look into the arrangement of self-shading modules and how they fit into the structure [36]. Another paper presents an investigation of a parametric system to produce variable designs for inexpensive roof units with central support, known as “tulips”. The units are designed to cover outdoor areas and are made up of digitally manufactured plates, commercial wood struts, and a fabric cover, which allows for mass production and customization of the units to meet various structural, functional, and climatic requirements. To create models and full-scale prototypes, the development has integrated parametric programming, genetic algorithms, topological analysis, and digital fabrication. This procedure offers a method for rationalizing a design that facilitates rapid and flexible elaboration through digital implementation and mathematical analysis [37].





2. Methodology


This research paper has a linear methodology, which is a systematic approach that breaks down the design process into individual steps. These steps are often sequential and involve site selection, climate analysis, the development and testing of sustainable building concepts, the modeling and testing of parametric roof concepts, and the simulation of building energy with and without roofs. The case study is located in Al Ain city. This city has a hot, arid climate with low levels of humidity in comparison to Dubai and Abu Dhabi (coastal cities). Local data such as the Al Ain Airport file and the Jebel Hafeet Mountain topography were used in various stages of this study. The case study is located in Jebel Hafeet mountain. The modeling and simulation of the base case refers to the model without the parametric roof. The research continues with the addition of the parametric roof and energy simulation based on this scenario. Figure 1 shows schematically the process followed in this study by defining the two main objectives and the steps used to achieve them. The addition of the parametric roof is a unique approach that aims to connect the building shape to the mountain topography; moreover, the structure shall reduce the energy consumption of the building (among other passive solutions).



2.1. Site Selection and Climate Analysis


This site is situated on top of Jabel Hafeet, providing a higher level of privacy. The location boasts a unique view of the sunset and Al Ain downtown, which plays a significant role in promoting mental wellbeing. There are also available parking areas on the site. The site map with the entrances, sun path, and direction of the main view were carefully analyzed. Figure 2 shows the average monthly temperatures and precipitation related to the city of Al Ain and Table 1 shows the main points of the analysis.




2.2. Sustainable Wellbeing Center Design Process


2.2.1. Socially Sustainable Wellbeing Center


There are noticeable cultural differences between Al Ain and other cities in the UAE such as Dubai and Abu Dhabi, and it is imperative to respect the local customs and beliefs of the community. The wellness center provides a private and secure environment that is specifically designed for women in order to promote social sustainability and provide a safe space for women. The wellness center also provides a variety of services, including massages, spa treatments, and swimming, so women can relax and unwind. Women can also benefit from a range of activities, such as yoga and meditation, to improve their physical and mental health.




2.2.2. Environmentally Sustainable Wellbeing Center


Jebel Hafeet forms a perfect place for such a center because it offers the best view during sunset, as well as privacy. The center will contain a pool, gym, spa, sauna, restaurant, library, and lecture halls. The center will satisfy the needs of Al Ain city and follow the sustainable principles of design. The construction must be carried out without damaging the natural environment.



The first concept alternative is shown in Figure 3 below. The site plan of the building is shown in Figure 4. The design was inspired by the shape of the rocks of Jebel Hafeet. In this design, the building consists of three buildings. Each building has a different height and contains spaces that are related. Figure 5 shows the functional diagram of the building. The building will contain a reception area, offices, lockers, prayer rooms, toilets, cafeteria, yoga rooms, spa rooms, a gym and swimming pool, a restaurant, and service areas.



To develop the selected concept, we started by drawing the contour lines of the site and creating sections to better understand the topography. From there, we drew the external walls of the 3 floors, following the contour lines. We then started dividing each floor into different spaces, taking into consideration the specific needs and functions of each area. Once we had a clear idea of the internal layout, we added the parametric roof and began optimizing it to fit the design. The aim is to create a building that not only offers a functional and efficient space for wellness activities, but also fits seamlessly into the natural landscape and creates a sense of tranquility and relaxation for its users. Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7 below show the concept development process. As stated before, the project is a wellness center in Jebel Hafeet, Al Ain. The center is for females only and will be called The Rose Quartz, upon the name of a quintessential crystal/stone which represents female empowerment. Rose quartz crystals can also help to boost women’s inner confidence and encourage them to embrace their femininity. The center has a total area of 1200 m2 and can occupy around 200 females per day. Visitors can have a stayover if they want to. The center is aiming to offer a place where females from all backgrounds can visit to relieve their stress.





2.3. Design of the Parametric Roof


The parametric roof was inspired from the red dunes around Al Ain as well as the road to the mountain. This mixture of curves makes a unique shape that inspires the design of such complex structure. The main tool used in this study is Rhinoceros. This tool enables the creation of complex shapes and analyzes in real-time the data from various scenarios. The tool has been updated over the years with several plug-ins, such as Grasshopper, Ladybug, Honeybee, Houdini, Daysim, and many more. Each shape introduced can be modified, and parameters can be added and optimized through the use of the plug-in. The scripting language is Python, and Grasshopper is the environment where the other plug-ins are connected. For energy simulations, Energy Plus is used as a plug-in. The process of connecting the scripts requires basic knowledge of the algorithm design.




2.4. Modeling and Simulations


2.4.1. Modeling of the Main Building


The main tools used in this study are Revit, Rhino, Grasshopper plug-ins, and STAAD (all 2023 versions). Each tool was used for a specific purpose. The modeling and simulations of the main building are carried out in Revit. All plans, sections, elevations, interiors, and exteriors are also developed in Revit and rendered in Lumion. Also, the energy simulation is performed in this software by bringing the selected roof scenario into the simulation [39].




2.4.2. Modeling of the Parametric Roof


The modeling of the solar radiation of the roof is conducted in Rhino/Grasshopper. A parametric roof will be used for several reasons. First, a parametric roof allows for greater flexibility and customization in terms of the shape and form of the roof. This is important for the project as we want to create a unique and visually striking building that stands out in its location. Additionally, a parametric roof can be designed to provide specific functional benefits, such as improved natural lighting and ventilation, which are important for a wellness center. Overall, the use of a parametric roof aligns with the design goal of creating a functional and esthetically pleasing wellness center that promotes wellness in all aspects. The parametric roof will be made of stainless-steel pipes welded together, holding the PTFE panels. The pipes will be supported by tree columns. The members of these columns will be connected to the pipes of the roof using steel spheres. Each sphere will be bolted to the tree column member below it. Some of the tree columns will be connected directly to the ground (and will have their own foundation pad), while others will be supported by the beams of the building. Figure 6 and Figure 7 show the modeling and construction details of the parametric roof with the building [40].



To ensure the structural integrity and stability of the wellness center, it was necessary to evaluate the performance and sizing of all of the structural elements, including columns, beams, and sub-beams. To achieve this, we utilized the STAAD program, which is a comprehensive software tool that enables accurate analysis and design of complex structures. By inputting the building’s specifications, including the dimensions, load requirements, and material properties, the program was able to generate a detailed model of the structure (shown in Figure 8) and provide us with the necessary data to make informed decisions regarding the size and placement of each element. The image is a visual representation of the structural complexity. The STAAD program is a powerful tool that allowed us to ensure that the wellness center would be safe, stable, and capable of withstanding the stresses and loads it is designed to support.



PTFE (polytetrafluoroethylene) with stainless-steel pipes is an ideal material for the parametric roof for several reasons. Firstly, PTFE is a highly durable, non-stick, and weather-resistant material that can withstand harsh weather conditions like extreme heat, UV rays, and heavy rainfall. Additionally, it is a lightweight material, which makes it easy to transport and install. The stainless-steel pipes used to hold the PTFE panels are strong, are corrosion-resistant, and can last for a long time. We will be using this material for the parametric roof by welding together stainless-steel pipes and covering them with PTFE panels to create a unique and visually stunning roof design. The roof will also be designed parametrically to optimize its performance and improve its overall efficiency.




2.4.3. Parametric Roof Optimization


For the design concept to achieve the desired design and objectives, a certain criterion must always be included. The optimal choice will be determined by a few parameters applied in Rhino and Grasshopper. The shading device must maximize the shading on the building roof, and the parametric roof must be used as shading for the building. Cross ventilation must increase the ventilation in the area between the building and the parametric roof which cools down the current roof. Natural light for the courtyard must be increased by adapting the panel sizes of the parametric roof based on the solar radiation analysis (Figure 9).




2.4.4. Energy Simulation of the Building with and without the Roof


The energy simulations are performed in Revit. The second scenario of the roof was imported into the tool software and after adjusting the surface, the model could be simulated. In order to assess the energy efficiency of incorporating the parametric roof, we utilized Revit Insight to evaluate the energy consumption rate before implementing the parametric roof and wall insulation. We then recalculated the energy consumption rate after altering the U-values of the walls and roofs. The materials for the base case are as follows: for roofs and floors, metal decking covered with ordinary concrete which is an excellent option for our building’s roofs and floors due to its durability, strength, and flexibility in design. It provides a solid base for different types of tiles, making it easy to adapt it to different spaces within the building. The metal decking will be covered with various types of tiles depending on the area it serves. For instance, the gym area will have rubber tiles to absorb shock and reduce noise, while the yoga area will have vinyl tiles that provide a non-slip surface and are easy to clean. The restaurant area will have ceramic tiles for their elegant look and easy maintenance, and the spa area will have mosaic tiles for their esthetic appeal and durability. By using metal decking, we can ensure that our building’s roofs and floors will be structurally sound and esthetically pleasing. The U-values for the base case in the energy simulation are based on ASHRAE standards. Afterward, there is a second simulation that refers to the local standards of ESTIDAMA. And the third option integrates the parametric roof [41].






3. Results


3.1. Wellness Building Design


The first aim of this study was to design a sustainable wellness center by adapting the building to the mountain geography and by using a parametric roof related to the first point. Figure 10 and Figure 11 show the outcome of this design. As it is shown in Figure 10, the internal space has natural light from the elevation and internal courtyard. The use of the courtyard improves ventilation. Additionally, the building adapts to the mountain shape, as seen in Figure 11.




3.2. Wellness Building Design with Integrated Parametric Roof


The target was to reduce energy consumption in the building by minimizing the solar radiation of the existing roof by adding a parametric roof (a comparison of various scenarios) and adapting the architecture of the parametric roof to the existing building. The solar radiation was studied in three different scenarios with different roof carvings to see which one would be applicable to the parametric roof. As shown in Figure 12 and Figure 13, the red color shows a high level of radiation impact on the roof, while the blue color shows a lighter level of solar radiation. The second scenario (curved design) has a higher number of low radiation panels (45%) in the parametric roof itself. This analysis is performed in order to evaluate which panels can be removed for the roof to have more natural ventilation (based on the wind experienced in Al Ain). Figure 14 shows that the panels corresponding to the blue squares of direct solar radiation have a different design (with two openings out of a total of four).



After studying the solar radiation and its impact on the roof, we decided to remove some panels to help eliminate the cost as well as to help the wind to go in and out of the parametric roof as we mentioned above. First, we selected the panels shown in scenario 2 with a blue color which have lower solar radiation. Then, after studying the wind wheel for the site in all seasons, “winter, spring, summer, and fall”, it was found that the wind comes mostly from the northwest direction and the southeast direction.



To measure energy consumption reduction as a result of applying a parametric roof design and Estidama code, energy simulation was performed through Insight in Revit 2022. For this purpose, three models were created.



	-

	
Model A: for the base case model, the parametric roof was not applied and the ASHRAE 90.1 Standard [42] code was applied.




	-

	
Model B: in the base case, the Estidama building code was applied to the roof and exterior walls.




	-

	
Model C: a parametric roof using an optimization method was applied to model B.







First, the energy model attempted a simulation to determine changes in energy consumption patterns with and without the Estidama building code applied. For this purpose, the baseline model was created based on ASHRAE 90.1 (model A) and a proposed model applying the Estidama building code (model B). It can be seen from Table 2 that the Estidama code was applied to the roof and external walls. In order to confirm the effect of reducing energy consumption through a parametric roof with an optimized design for blocking solar radiation, the second two models were created as one with a parametrically designed roof through roof design optimization in Section 2.4.3, and one that completely excludes the roof. In this way, it is possible to confirm the impact of the roof of the proposed design, which was optimally designed with a double roof structure, on reducing energy consumption through solar radiation and cooling air circulation. Through simulations, the energy consumption of a model applying ASHRAE 90.1, a model applying the Estidama building code, and a model applying the Estidama building code and parametric roof design can be determined. For example, based on ASHRAE 90.1, an energy consumption of 304 kWh/m2 is required, and in the case of the Estidama building code, an energy consumption of 155 kWh/m2 is required.



Based on a literature review, the below formula is used in REVIT for energy calculations of the models [43].


   Q  t o t   = ∑    H  t o t        T  i n   −  T  o u t     Δ t   1000    



(1)






   H  t o t   = ∑    U  o u t s i d e   w a l l      A  o u s i d e   w a l l     + ∑    U  r o o f      A  r o o f     + ∑    U  g r o u n d   f l o o r      A  g r o u n d   f l o o r     + ∑    U  w i n d o w      A  w i n d o w     + ∑    U  d o o r      A  d o o r      



(2)







In order to assess the energy efficiency of incorporating the parametric roof, we utilized Revit Insight to evaluate the energy consumption rate before implementing the parametric roof and wall insulation. We then recalculated the energy consumption rate after altering the U-values of the walls and roofs. Finally, we added the parametric roof and re-evaluated the energy consumption rate. The results showed that the incorporation of the parametric roof reduced energy consumption rates by 34%, exceeding the initial goal of a 20% reduction. This significant reduction in energy consumption is a testament to the effectiveness of the design and demonstrates the potential benefits of implementing sustainable design strategies in building projects.





4. Discussion


The discussion shall be related to the two main objectives of this research paper.



4.1. Wellness Building Design


The first aim of this study is to design a socially and environmentally sustainable center. From the social perspective, adding such building typology is beneficial for the women of the city. There are noticeable cultural differences between Al Ain and other cities in the UAE such as Dubai and Abu Dhabi, and it is imperative to respect the local customs and beliefs of the community. The wellness center provides a private and secure environment that is specifically designed for women in order to promote social sustainability and provide a safe space for women. The wellness center also provides a variety of services, including massages, spa treatments, and swimming, so women can relax and unwind. Women can also benefit from a range of activities, such as yoga and meditation, to improve their physical and mental health. The wellness center’s architectural form is designed to create an atmosphere of relaxation and tranquility. The interior design is carefully crafted to promote a sense of calm and peace, while the exterior design is focused on creating a welcoming and inviting atmosphere. The use of natural materials, such as steel and stone, helps to create a warm and inviting atmosphere. The center’s layout is designed to provide an easy flow of movement and maximize the use of available space. In addition to enhancing the esthetics of the building, the shading device provides a comfortable lighting environment that is intended to be energy-efficient and provide a pleasant atmosphere. Its interior is spacious and bright, giving it a sense of openness to the outside and comfort. A serene and calming atmosphere is also created through the use of colors. Moreover, the wellness center provides psychological support to help women cope with the stress and anxiety associated with life’s daily struggles. The center provides counseling services and a safe environment for individuals seeking support in managing their emotions and feelings. By providing these services, the wellness center strives to create a place of comfort, support, and healing for women.



However, further studies shall also be conducted related to the male population of the city. Wellbeing centers can be designed in the city center to be more accessible to all residents on a daily basis or even on an hourly basis. This is related to the social sustainable aspect.



In relation to the environment, a wellness center built on a mountain, such as Jebel Hafeet, can have a number of positive outcomes. The building adapts to the topography, thus minimizing the excavation of soil. Architecturally, the building has several levels adapting to the shape of the location. Furthermore, parts of the mountain are integrated in the interior design of the building. The application of the courtyards brings natural light to the internal spaces located on the side of the mountain.




4.2. Wellness Building Design with Integrated Parametric Roof


This section is related to the application of the parametric roof, which was the second aim of this study. This structure added to the main building reduces the cooling load by 34% by reducing the direct solar radiation. The application of the parametric roof in this building design was one of the aims related to building efficiency but also to better adaptation to the mountain topography in terms of the architectural aspect. The use of such structure was challenging in the modeling process due to many parameters being involved and the difficult location where the structure is placed. Building the structure might be challenging due to the difficult terrain. Additionally, the road of the mountain leading to the mountain peak is a two-way street. For such major works, the road can be blocked for weeks depending on the works scheduled.



Further study is needed of the local birds, such as the falcons. They have the mountain as their habitat, and therefore, understanding this bird population in relation to the various areas of the mountain could be beneficial to the application of the wellness center with the parametric roof.




4.3. Tools’ Advantages and Limitations (Revit and Rhino)


To achieve the design goals and to create a building that is both energy-efficient and integrated with the surrounding environment, we have used a variety of software during the design process. The software that we have used and how they have helped us in the design process are explained in the following:




	
Revit: Revit 2023 was used to create detailed architectural plans and to perform energy simulations. This software allowed us to create 3D models of the building, which helped us to visualize the design and identify any potential problems before construction. We used the energy simulation feature to analyze the building’s energy performance and to optimize the design for energy efficiency.



	
AutoCAD: AutoCAD 2023 was used to create detailed construction plans and sections. This software allowed us to create accurate drawings of the building, including floor plans, elevations, and sections. This was essential for communicating our design to the contractors and ensuring that the building was constructed correctly.



	
Rhino: Rhino 2023 was used to design the parametric roof of the building. This software allowed us to create complex shapes and to test different configurations, which helped us to optimize the design for solar shading and energy efficiency. [44]



	
Grasshopper 3D: A graphical algorithm editor plug-in for Rhino 3D 2023 is called Grasshopper. Using mathematical functions, it regulates the modeling procedures and generates both complicated and basic geometric structures. Anyone without a background in coding or programming could utilize it because it runs through coding. It is utilized for energy consumption analysis of buildings, lighting performance study, and parametric modeling. It offers excellent flexibility and precision while modeling and rendering.



	
Lumion: Lumion 2023 was used to create renders of the exterior and interior of the building and architectural elevations. This software allowed us to create high-quality images and videos of the building, which helped us to present the design to the client.



	
Staad: Staad 2023 was used to perform structural calculations. This software allowed us to analyze the building’s structure and to ensure that it was safe and stable. We used it to validate the design and to make sure that it met the required standards and codes.










5. Conclusions


5.1. Wellness Building Design


The first aim of this study was to design a socially and environmentally sustainable wellness center. The wellness center was designed to meet the six dimensions of wellness and provide a sustainable and energy-efficient environment for users. The building’s structural system and materials were selected based on the topography of the site, and advanced technologies were implemented in roof and façade structures to reduce the energy consumption by 34% and the solar radiation by 25%. The building construction and construction management processes associated with buildings on a mountain have been examined, and appropriate solutions have been implemented. The final design of the wellness center was developed to meet the client’s demands and expectations as a whole. It is expected that the wellness center will contribute to the health and wellbeing of the community and promote a more sustainable and mindful way of life.



The wellness center design is socially sustainable as it refers to the local culture where genders are separated in this building typology. The building is designed to serve female residents only. The city of Al Ain has a different demographic from Dubai and Abu Dhabi, and therefore, designing such structure has a positive impact on the women’s wellbeing. Additionally, the full structure is located on the only mountain in the city. The view of the horizon, the sunset, the nature of the building being well adapted to the geometry of the mountain, the careful selection of the materials, and the application of active and passive strategies make the project environmentally sustainable.




5.2. Wellness Building Design with Integrated Parametric Roof


The application of the parametric roof is innovative for the specific location/topography, the city, and the country. The application of this structure resulted in a reduction in the energy consumption by 34%. Based on the state-of-the-art parametric architecture, this generally relates to the façade structures and not roof design. The construction and operation of the center could result in the creation of jobs in the health and fitness industry, in the construction industry, and in other fields related to health and fitness. Tourists and visitors could be attracted to the center, which would positively impact the local economy by generating revenue from accommodation, food, and beverages. The construction of the center may result in an increase in property values in the surrounding area, which would benefit local property owners, considering the application of the advanced parametric roof as well.



The design of the parametric roof is innovative in relation to the location, city, country, and region. The parameters applied in the design of the roof include the shape of the mountain, the shape of the building, the orientation of the structure, the view, and the maximum solar energy reduction due to the roof of the wellbeing center. Such a structure can be beneficial in applications to governmental or private public buildings such as malls, hospitals, and hotels by reducing cooling costs. The innovative use of a parametric design in roof construction has ushered in a new era of architectural sophistication that directly addresses the challenges posed by solar radiation, particularly in reducing solar energy absorption by buildings. Parametric design uses advanced computer algorithms to analyze the characteristics of a roof and adjust its shape accordingly. This allows for more precise control over the amount of sunlight that is absorbed, as well as improved insulation and ventilation.



The primary advantage of a parametric roof is that it is capable of adapting complex and unusual geometries. These shapes are not merely esthetic choices but are calculated to optimize the roof’s response to sunlight. For instance, certain roof shapes can cast shadows on the building’s façade during the peak period of the day, thereby substantially reducing thermal gain and, consequently, the building’s cooling needs.



Another aspect of parametric design is the use of a second dynamic building skin, such as a lattice truss skin, to create a nice curvy shape that will reflect the sun’s rays in order to reduce solar radiation. The use of a lattice truss building skin, inspired by parametric design principles, represents a significant advance in the field of architectural strategies to reduce solar energy absorption by buildings. By using this innovative approach, it involves the creation of a secondary skin or façade that surrounds the exterior of a building and is characterized by an intricate lattice structure. A lattice truss can be meticulously optimized through the use of computational algorithms in order to control the amount of sunlight that enters the building. By adjusting the density, orientation, and configuration of the lattice, architects can precisely control solar exposure, ensuring that areas which need shade receive it, while areas which can benefit from natural light are exposed to it. The dynamic interplay between light and shadow reduces the need for artificial cooling systems by mitigating solar heat gain while also improving the esthetics of the building. Moreover, the lattice structure can be integrated with photovoltaic cells in order to capture solar energy, transforming what is typically a challenge for architects into a potential source of renewable energy. The lattice truss building skin, as an embodiment of parametric design, provides a multifaceted approach to addressing the challenge of solar energy while also being environmentally friendly.
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Figure 1. Schematic methodology followed in this study. 






Figure 1. Schematic methodology followed in this study.



[image: Buildings 14 00974 g001]







[image: Buildings 14 00974 g002] 





Figure 2. Average temperature and precipitation graph (the unit system on the vertical axis is in degree Fahrenheit and Celsius) [38]. 
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Figure 3. (a) Topographic location in 2D (section) and (b) 3D; (c) sketch; (d) conceptual 3D image of initial concept; (e) site picture from parking lot. 
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Figure 4. The site plan of the building with the integrated parametric roof. 
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Figure 5. The functional distribution of the areas in the building for level −1. 
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Figure 6. The Construction sections show the roof construction details. 
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Figure 7. The construction section of the building and the parametric roof (with the aim of showing the roof integration with the current building). 
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Figure 8. STAAD rendering and a sample output. 
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Figure 9. Schematic images of (a) cross ventilation with the PR and (b) natural light with the PR. 
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Figure 10. A 3D image of the interior. 
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Figure 11. The elevations of the building. 
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Figure 12. The solar radiation scenarios on the parametric roof. 
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Figure 13. The solar radiation and wind study for the panels. 
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Figure 14. A 3D image of the building. 






Figure 14. A 3D image of the building.



[image: Buildings 14 00974 g014]







 





Table 1. Existing building context (analysis/decisions).
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	Analysis
	Decisions





	1. Temperature
	The path of the sun in the summer is higher than its path in winter.

Hot summers and cool winters.

The warmest month of the year is August, with an average high temperature of 37 °C.
	Use vertical shading devices (louvres) on the west side.

Use horizontal shading devices on the south side.

Use heat insulators.

Use PV panels



	2. Wind
	The calmer time of year lasts from August to January.

The windier part of the year lasts from January to August.
	Use cross ventilation.



	3. Illumination
	The length of the day in Al Ain varies over the course of the year. In 2022, the shortest day was December 22, with 10 h, 38 min of daylight; the longest day was June 21, with 13 h, 38 min of daylight.
	Use vertical shading devices (louvres) on the west side.

Use horizontal shading devices on the south side.

Use heat insulators.

Use PV panels



	4. Humidity
	Al Ain experiences significant seasonal variation in the perceived humidity.

The muggier period of the year lasts from June to October, during which time the comfort level is muggy.
	Use automatic controls to keep all types of HVAC equipment up and running to provide better comfort for occupants.



	5. Noise and Views
	The site is far from the city noise.

There is a view of mountain on the southwest side.
	The main views will be on the southwest to provide privacy and a pleasant view.



	6. Accessibility
	The site is accessible from one main road.

There is a close parking area that can be used as a drop-off area.
	Pedestrian and secondary roads must be built around the site.

Provide emergency service and visitors entrances.

Provide direction signs.










 





Table 2. The energy consumption rates for the 3 cases.
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	Base Case (ASHRAE Standard)
	Case A (Improved U Values Based on ESTIDAMA Standard)
	Case B (Application of Parametric Roof)





	Image
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	Energy Value
	321 kw/m2/year
	174 kw/m2/year
	155 kw/m2/year



	Value in % compared to base case
	100%
	50%
	34%



	Value in % compared to case A
	na
	100%
	66%
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