MAE RESEARCH
Introduction:	
	As required, various concepts and design techniques from MAE coursework were applied throughout the various phases of the thesis project and were critical in ensuring that the thesis proposal and goals were addressed and completed to the fullest extent.  As described in the integrated MAE coursework summary, both AE 597 computer modeling techniques and AE 542 building enclosure concepts were employed during the thesis project.
	As an extension of this MAE requirement, independent research of sound isolation performance of building enclosures was conducted.  Acoustic design of building envelope systems was the primary focus; however, building enclosures are culminations of multiple-disciplines and so ramifications on heat, air, and moisture control were also considered.  Although not all research was directly applicable to the thesis project, all material is relevant to the field of architectural engineering and provokes a healthy contemplation of today’s building design issues. 
Goal:
	The primary reason for embarking on this research endeavor was to assist with my acoustic study.  Through research, I was able to supplement my fundamental expertise and knowledge of AE 542 and AE 309 topics.  Research regarding building envelope systems and sound isolation techniques enabled proper specification of design detail and solutions.  Additionally, as a student with great interest in building enclosures, the research was conducted to promote mine and others’ awareness of how essential and important enclosure systems are in today’s building industry.
	As explained in the acoustic breadth section, the goal of the acoustic study was to ensure interior residential spaces were exposed to appropriate levels of noise.  As a result, design solutions were determined that addressed sound isolation from high ambient noise levels of New York City as well as sound isolation of sources in the Penthouse which included HVAC equipment, a recreation room, and laundry room equipment.  A floated concrete slab, a double exterior wall, and window details were the primary focus of the acoustic study.  Please see the acoustic breadth section for relevant text and figures explaining the acoustic design solution and goals.
Summary:
	As for the actual research, websites, peer-edited journal articles, and textbooks were referenced to accumulate as much relevant material as possible.  Various library databases were utilized including, Illiad, proquest, science direct, Compendex (Engineering Village), and the CAT.  Please see the following reference section for all sources of information consulted during research. Additionally, several sources were referenced that all suggested increase in mass,  (1,9,10,15,19)
Major Research Points:
Located in a densely populated urban setting with air and ground traffic, a subway station, nearby businesses, and pedestrians all around, a significant amount of research was done to investigate how to design exterior wall systems for sound attenuation of the ambient noise.  This section summarizes the research findings; however, please see the acoustic breadth section for specific details and final design solutions.  
	Much of the research was done to simply gain a better understanding of the various parameters that influence the behavior and intensity of sound in urban settings.  It was important to achieve a better understanding of ambient noise problems in urban settings prior to proposing any design solutions.  With many surrounding buildings and two streets running parallel to the site, ambient sounds are magnified by the “street canyon” effect (3).  Several articles were reviewed to explore how site geometry (streets and buildings), roof shape, wind turbulence, and ground properties influence ambient sound intensity in urban settings.  In addition, research pertaining to ray models that apply superposition of direct and reflected sound rays was conducted.  Several articles concluded in agreement that roof shape has significant impact on sound intensity by altering the distance of the propagation path along a building as well as the amount and angle of diffraction edges (3).  After reflecting on the content of these articles, 40 Gold Street is very susceptible to high ambient noise levels due to non absorptive ground properties, wind turbulence, and street canyons on two sides of the site.  All of these factors lead to multiple sound ray reflections with minimal absorption leading to increased sound levels (3).
	For the acoustic study, another primary area of focus was sound isolation of residential spaces from an above penthouse.  With large mechanical equipment, a gym, a kitchen, and laundry room, air-borne and impact sound noise is a concern.  As shown in the acoustic breadth section of the report, a floated concrete slab was employed to achieve proper sound isolation.  Although this type of construction was discussed briefly in AE 309, research was conducted in order to understand the basic mechanisms by which floated slabs facilitate sound transmission loss. Repeatedly, case study results have revealed the cavities and batten layers of a floor assembly are the primary sound transmission paths     (2 & 4).  In both the exterior wall and floor construction design solutions, I specified the application of resilient materials which included resilient stud attachments and thin layers of resilient materials (2 & 4).  
	Before specifying any design details, research was completed to determine what properties are required for materials to perform well in sound attenuation.  According to various sources, an assembly of materials that increases sound transmission and sound absorption is critical (1).  Recommended materials included wood, fiberboard, rock wool, concrete, brick, and fiberglass (1).  Research also revealed conclusive evidence that superior sound transmission loss in construction assemblies is achieved with high mass, reduced stiffness, and airtight materials (1,9,10,15).  
	Additional research was conducted in regards to sound isolation performance of double wall assemblies.  In AE 309 and AE 542, such wall assemblies were only briefly covered.  Research revealed a double wall construction with double layer of gypsum board and staggered studs generates significant sound attenuation improvements compared to  a basic wall design (5).  The final exterior wall design is shown in the acoustic breadth section, and as one can see, it is a double wall system that employs staggered studs, resilient stud attachments, and a double layer of gypsum board on the interior surface.
	The third area of research concentrated on sound attenuation of glazing systems, which was also addressed in the acoustic study.  Glazing systems are very complex involving many intricate components.  Research was conducted to investigate how sound isolation performance is influenced by storm sash design, the thickness of the glass, the type of glass (laminated or monolithic), type of frame, the size of the window panel, the number of glazing panels (1,2, 3), and air cavity thickness (6,7,10,11,13,14).  
	Based on research results, it is apparent that the inclusion of multiple glazing layers improves sound attenuation.  Double glaze systems have been proven to exhibit enhanced sound attenuation behavior compared to single glaze systems (11, 14). However, this only holds true if the double glaze system employs two layers of glass with different thicknesses.  In fact, double glazed systems with identical glass panels introduce many drops in acoustic insulation for various vibration frequencies.   Also, larger air cavities increase sound attenuation.  Surprisingly, many case studies that were researched suggest triple glaze systems have negligible sound isolation performance benefits over double glazed assemblies (11,14).
	Throughout the acoustic study breadth, ramifications of the exterior wall redesign on ventilation were continuously under consideration.  A major part of the acoustic study involved determining the benefits and tradeoffs of specifying operable or fixed window systems.  Obviously, residence of 40 Gold Street would enjoy the luxury of operable windows.  Operable windows also provide a mode of natural ventilation.  However, research and AE coursework both suggest operable windows perform very poorly in sound attenuation.  In addition, research was done to evaluate any intermediate solutions.  For instance, a special glazing construction was researched in which both high sound insulation and means of ventilation coexist (8).  The window system referred to as a HSIVW (High Sound Insulation Ventilating Window), employs an aerator filtering system in which insulated rolling-shutter boxes are used.
The final area of focus is a very broad but important topic.  Basically any performance issue of window systems not related to acoustics was analyzed.  In AE 542, a great deal of coursework pertains to the performance of building enclosure systems in the control of heat, air, and moisture flow (8,9,10,16,17,18).  The goal of this research was to ensure that any design solutions specified in the acoustic breadth study, were done with consideration for non acoustic issues such as heat, air, and moisture control.  Based on the research, final exterior wall details were determined and accommodated for location of dew point relative to air and moisture barrier (condensation issues), as well as specifying proper thermal insulation layers.  As mentioned in the introduction section of the thesis report, 40 gold Street has a metal clad façade.  Building enclosure systems can fail in very basic ways such as sealant failures and thermal bridging, and so the first line of moisture and air defense is very important.  As a result, research was done to better understand the advantages and disadvantages of the existing exterior metal trespa panel system of 40 Gold Street.  Research revealed the system is susceptible to wind driven moisture penetration, rust, and thermal bridging initiated via conduction (17).  Retrofit options were also considered and researched when considering the sound isolation and overall performance of the existing wall system (17).
	Overall, the research was very effective in enabling proper re-design of the glazing systems, exterior wall systems, and penthouse floor construction.  More importantly, a great deal of knowledge was obtained in several areas of which I am very interested, including sound isolation, ambient noises in urban areas, and building enclosure systems.  
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