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Building systems involve the study of components assembled into the construction process and their integral impact in order to make informed and intelligent decisions, as well as enable durability and sustainability in design. The need to solve complexity and aesthetic quality during the design planning process allows architects and builders to establish strategies, techniques, and methods available to fulfill the socioeconomic needs of the occupant, and further develop a conceptual framework for entry level decision makers in the construction industry.
The essay aims to examine five key elements of building systems that discuss external and internal processes that are deemed comprehensible and realistic. The five main technical propositions highlight the use of envelope systems, structural systems, mechanical systems, interior systems, and site systems. The focused aspects under these five systems seek to understand distinction and perspective, which is the foundation of how architects look at buildings with a technical eye. 
The intent of investigating the five core building systems is to provide tools to inform technical responses related to the construction process. Building systems continue to evolve with changes to the political, socioeconomical, technological, and environmental landscape. In mitigating unforeseen limitations of the macroenvironment, designers must adapt, innovate, document, and perform according to the discussion topics that follow. 
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Building envelope systems provide the skin of architecture by separating the indoors from the outdoors. A set of modulating functions arise from the fundamental distinction between the interior and site condition such as solar, thermal, acoustic, aerodynamic, and other forces visibly significant to the occupant of the structure. These visible elements respond to our understanding of orientation, form, and image of the building.
Separation/Connection represents a distinction between outdoors and indoors, their interaction leading to an envelope system. The control over their levels of separation and connection plays a direct role and relationship in the comfort of the occupants. Rooms with windows allow more visual contact with the natural environment than windowless rooms. On the other hand, some occupants would require a few degrees of separation from the outdoors for security, privacy, and control of indoor conditions. Window blinds are a good example of an envelope that satisfies both the barrier and filter roles, allowing window glazing to be switched off, along with the view, sun, and light. Other examples include window shutters, movable awnings, and operable windows that provide for ventilation and fulfill the envelope scope of separation and connection.
Weathering of sun, wind, ice, dust, moisture, and decay contribute to ageing of a building. Chemical interaction, ultraviolet radiation, and acid rain are examples of erosive elements that accelerate the process. To maintain its newness, the building will require continuous renovation, or to some extent, reclamation, and reuse of materials on site. 
Thermal Form refers to the level of exposure between outside and inside. Thermal form also refers to the leakiness of the envelope. The efficiency of the envelope is its thermal conductance of surface-to-volume ratio, enclosing the maximum amount of interior space with minimum skin exposure. 
Solar Form primarily deals with window size and orientation. The solar impact on a building is determined by the overall shape rather than the placement and distribution of glazing and the protection of shading devices. Configuration of the building envelope, appropriate use of shading devices, and the slope of the window glaze are mitigating factors that designers must respond to when making sun-to-shade requirements.
Luminous Form is the abundance of available natural light and its distribution throughout the building space. Separating natural light from the heat can be achieved by admitting measured portions of light and using components that bounce light such as reflectors and baffles. When total control is required, the use of curtains, blinds, or laminated glass are practical components that govern the functions of the envelope. Daylight levels vary with season of the year, sky conditions, and time of day, therefore it has no bimodal condition as found in solar form (Bachman, 2003).
Aerodynamic Form relates to the structural and comfort factor in envelope design, that is wind. A significant structural consideration is the site wind loads and the magnitude. Designers apply cross-ventilation and buffering of airflow to the orientation of the building design based on seasonal patterns of prevailing winds. Advances in technology have allowed the use of computational fluid dynamics (CFD) in two-dimensional and three-dimensional modeling to predict airflow in closed living spaces and around obstructions. 
Acoustical Form deals with the site noise control of the exterior envelope. Atrium plans or a courtyard design are acoustical forms that reflect unwanted sounds away from occupied spaces since mass is the primary source of noise attenuation. 
Hydrological Form is the rainscreen function of an envelope to route the precipitation away from the structure via a drainage system. The envelope integrates the roof into the structure and includes a dry cover for entry into the building (Arnold, 2016). 
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Just as mechanical systems are supposed to supply thermal equilibrium, structure is meant to provide static equilibrium. Structural systems work by transferring physical forces to supply foundations and support forms. Conceptually, structural systems comprise of elements that function as bearing, lifting, spanning, and bracing. Dynamic forces of wind and seismic loads influence structural design, responding statically to weather phenomena like earthquakes and hurricanes. From a hazard standpoint, fire safety must be weighed against the physical integrity of structural materials selected such as wood, concrete, masonry, or steel.
Visual Integration allows for the most efficient configuration suitable for anticipated loads. This involves the selection of the lightest-weight members of the most economical-grade material. Structure is visually expressive because it creates a grid and rhythm with the envelope system, for instance a repetition of horizontal and vertical supports. Visual integration directs the plan and modulates the space. It can create a closed shell or an open frame for the envelope to fill, as well as organize and contain service elements of lighting and ductwork. This visual expression is architecturally known as the tectonic order, arising from a long tradition of structural methods before the arrival of a numerical method. 
Physical Integration is the occupied space between ceiling and floor in a building comprising of horizontal distribution services including electrical wiring, recessed lighting systems, and HVAC (heating, ventilation, and air conditioning) ducts. Hollow structural members of shaped steel, tubular frames, and hollow slabs are also suitable conduits for the horizontal distribution of service elements. 
Performance Integration of structural systems refers to the thermal heat capacity of the building. The application of passive heating systems utilizes floor slabs as thermal batteries to absorb and store solar energy while limiting temperature fluctuations. In areas of hot climates, the external envelope of a building mass uses a flywheel effect to balance the effects of hot days followed by cool nights (NCStateDesign, 2014). 
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The mechanical systems of a building consist of a thermal plant where heating and cooling are generated, distribution of thermal energy to specific zones, delivery of forced air or radiant temperatures to occupants, control of mechanical equipment, and thermal energy storage. 
The Thermal Plant is the conventional split-system direct-expansion freon cycle machine, known as the heart of every mechanical system where energy source is converted into comfort energy. The thermal plant can also be the connection between the interior conditions and the surrounding environment serving as a thermal sink for heat rejected from within the building. For instance, a large campus of building uses a central plant of boilers and chillers to produce hot and cold water, which would require electricity and natural gas from a utility service provider. 
The thermal plant generates and distributes the hot and cold water to individual buildings where fans blow air across coils of circulating water. The heat captured is rejected by the cooling device in the central plant and returns it back to the environment by evaporation. The evaporative effect cools the condensing side of the central plant, moving heat from an occupied space to the environment. 
Distribution of thermal energy from the plant to the fan/coil systems in specific areas of the building is a distinct part of the thermal plant. The distribution consists of a hydronic system in which two or three pipes transport thermal energy from the plant to individual zones. With smaller sized distribution system where air-conditioning is used, delivery is made by a freon loop between condenser and evaporator coils. 
Delivery is accomplished by forcing supply air via a network of insulated ducts and into rooms to provide complete circulation. Air is then returned to a distribution fan for reconditioning and filtering, and this cycle is done repeatedly. The ducts, grilles, and registers are prime components of the delivery system.
Control of mechanical systems to match thermal loads is accomplished by regulating the heating and cooling energy dispersed. Effective controls mean efficient energy consumption and superior comfort conditions. Generally, 1 degree of error in a cooling thermostat results in approximately a 5 percent error in energy use. Control strategies to mitigate high energy utilization include an on/off switch, a clock timer to provide a schedule, an occupant sensor, digital control, and interfacing (Reynolds, 2022). 
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Interior spaces are individually adjusted and arranged to accommodate a set of uses, changing over time due to technical advances, and optimized accordingly. Elements of interior systems include lighting, acoustics, circulation, furniture, and finishes. 
Zoning for Function consists of zoning or grouping of building spaces together to fulfill their various functions. Zoning provides for efficient direction of resources, ease of control, and formation of the existing order of the building’s character. Groupings are fundamental and it is performed separately for distinct aspects of the design. Functional zoning design uses bubble diagrams to depict adjacency and clustered relationships common to conceptual design to reveal the organizing of a plan or suggested modules to fulfill the design. Zoning principles vary from plan to plan to facilitate critical issues, even overlapping with the most basic one that can create a complex scheme.
Thermal Zoning is typically the grouping of different rooms into distinct spaces served by HVAC systems and regulated by one thermostat. For functional organization, a common strategy for residential zoning would be to separate the night-use bedroom spaces from the day-use space, allowing usage of different HVAC systems. For thermal zoning to achieve peak gains and satisfy thermal loads in all distinct zones, the rooms should have similar solar orientation and exposure, similar envelope exposure, similar occupancy density and type, similar schedule, and incremental capacity. 
Luminous Zoning determines the availability of sunlight and its depth of penetration into the interior of the living space. The perimeter, core areas, and interior are places to consider when planning these zones for supplemental artificial lighting and account for daylight that cannot reach desired illumination levels. Strategically, workspaces such as clerical areas are placed close to windows as it demands tasks that require large quantities of natural light. Conference rooms and executive offices are placed centrally to the interior of the design scheme due to a lower demand of illumination required. Core arears such as stairs and elevators are likely to be positioned on west and east walls to avoid peak solar orientation. 
Acoustical Zoning for Noise and Privacy requires planning for sound separation between the source of the sound and the listener. Neglecting these acoustical issues at the planning stages of the design may influence the use of high-performance doors and wall separators later in the building stages, adding further costs to the project budget. 
Circulation is also amongst the many systems of flow with the building including electrical power, air circulation, and natural light. However, the most important flow would be the circulation of the occupants. Access to the facilities of the building, the exits, and access to each other dictates the organizational design in response to the density and flow rates of circulation. Safety codes are also factored into design considerations, dictating minimum number of exits and minimum width of corridors (League, 2021).
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Site systems deal with the elements of landscape, topography, perimeter, paving, utilities, site lighting, and surrounding structures. 
Microclimates and Environmental Site Design forms the relationship between the building and the site. From an environmental perspective, the microclimate of a building on the south side of the hill would be different from the building on the north side of the same hill. Additionally, a building surrounded by concrete is in a very different microclimate than a building surrounded by trees. Early identification of site systems and careful design can, to a certain degree, control or modify these microclimatic conditions. Paving to drain storm water from surrounding and parking areas or placing trees for shade and controlling wind patterns into and out of a building are an example of integrating site systems that benefit from microclimatic and environmental design.
Architecture as an Armature for Nature proposes that site design impacts a building’s place in nature. Weathering, erosion, chemical, and biological change are acts of nature that will try to reclaim a building once it is completed. To mitigate this effect, consistent maintenance will be pivotal to resisting nature’s wrath of reclamation. Considerations of durable material that protect against weather are expensive and the use of exposed materials would require more detailing than painted buildings. Water gardens that replace storm water retention ponds, natural landscaping used in favor of fertilizers and pesticides, paving blocks that replace asphalt and concrete, are options for natural armatures using a sustainable approach to green architecture over industrial mechanics and a higher carbon footprint in construction (Ramponi, 2022) (Ragheb, El-Darwish, & Ahmed, 2016). 
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The discussion of building systems classified into envelope, structure, mechanical, interior, and site proposes a framework to understanding the various approaches and outcomes to design. It is clear that different approaches are required with each system to encompass the scope of each component and its function being applied to the context of the design. 
The discussion of the envelope system was discussed first as it forms the most distinct part of the building, that is the outside skin and enclosure of space. The structural systems discussed the physical, visual, and performance functions that are pivotal to influencing structural design of form and space. The third system of discussing the mechanical system is an extensive element of the building design that requires an emphasis on how an air-conditioning system would impact highly serviced structures. The integration and concept of the interior system also differentiates itself from the other building systems due to its dynamic function of light, acoustics, and circulation. The site system reveals that the environment in which the structure will be constructed can act as a great resource for the building, allowing the land to contribute an architectural footprint that is stable and appealing to the occupant.
Developing a list of systems such as the five discussed above can be non-exhaustive because building a project consists of careful decision making, integration, and a holistic approach to design. Essentially, integrating between the five building systems would allow for shared function, shared vision, and shared space. To bring these building systems into a cohesive approach, designers must consider ethical concerns for the environment, from land conservation to energy conservation, from indoor air quality to worker productivity, and from waste management to sustainable design. Ultimately, the relationship between nature and buildings will become a fundamental practice of architecture. 
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