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Wind hazards often result in significant damage to the built environment cascading into impacts on the socio-economic systems within a community. The increasing frequency and intensity of hurricane hazards highlight the importance of developing high-resolution wind hazard models to better predict the consequences. Although previous studies have investigated hurricane-induced wind hazards in terms of hazard modeling and the subsequent vulnerability of buildings and infrastructure, these studies have not yet investigated applications of computational fluid dynamics (CFD) at the community-level. Therefore, in this study, a novel approach was developed to generate CFD models at the community-level by integrating building information modeling (BIM) and geographical information systems (GIS) to automate the generation of a high-resolution 3-D community model to be used as an input for a digital wind tunnel. This was done by harnessing the current advances in BIM and GIS applications and maximizing their capabilities by developing an algorithm that automates the 3-D geometry generation of communities with a detailed discretization of each building within the community. The 3-D community model was developed using the GIS shapefile of the buildings’ footprint and a parametric BIM model that uses a number of building parameters such as footprint dimensions, roof shape, foundation type, and the number of stories. Then, an algorithm was developed to automate the creation of the BIM model for each building within the community based on the prescribed building’s characteristics. The developed community model was used as an input for a numerical wind tunnel that uses CFD to account for the detailed wind pressure at each building after including the impacts of aerodynamics interference at the community-level. This novel BIM-GIS integration approach provides, for the first time, the next generation of high-resolution community-level CFD wind hazard modeling which aims to shift the current practice of wind hazard simulation at the community-level.
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1 INTRODUCTION
Hurricane hazards are one of the most frequent hazards in the US putting physical infrastructure in coastal communities at risk (Abdelhady et al., 2020; Nofal, 2021). Hurricane-induced wind hazards can cause significant damage to the building envelope along with severe damage to the building structural system (Amini and Memari, 2020). Since hurricane hazards have intensified (Kossin, 2017), multiple hurricane wind models have been developed to predict the hurricane wind field and the wind hazard intensity (Vickery et al., 2009). Holland developed one of the most well-established hurricane wind models that can predict the wind pressure profile (Holland, 1980). Darling developed a relative intensity hurricane wind model using a probabilistic distribution (Darling, 1991). Vickery et al. (2000) developed an empirical approach to predict the hurricane track after using the concept of relative intensity developed by Darling. Recently, more advanced hurricane track models were developed such as the stochastic track model (Emanuel et al., 2006) and others that used statistical models along with historical hurricane data (Hall and Jewson, 2007). Several decay models of hurricane-induced wind hazard were developed after including the impact of land terrain on the decay rate of the wind hazard intensity after landfall (Vickery and Twisdale, 1995; Liu and Pang, 2011). Finally, advanced hurricane-induced wind models were developed using a large eddy simulation (LES) framework developed in a Weather Research and Forecasting (WRF) model (Zhu, 2008). While these approaches provided a significant contribution to wind hazard modeling, the current literature is still lacking a high-resolution approach that can capture the impact of aerodynamics interference at the community-level.
The fidelity of the wind-hazard model applied in an analysis can significantly affect the final calculated wind pressure on buildings and the subsequent damage assessment process. Wind damage assessment is usually done using a number of wind vulnerability models that have been developed to assess damage/loss for buildings and infrastructure which have been reviewed (Pita et al., 2015). This review showed that different types of wind vulnerability functions have been developed over the last 2 decades including deterministic (e.g., Emanuel et al., 2006; Pinelli et al., 2011; Pita et al., 2012) and probabilistic models (e.g., Mishra et al., 2017; Khajwal and Noshadravan 2020). Fragility-based wind vulnerability models were the focus of the literature over the last 2 decades since they allow uncertainty propagation through the damage assessment process (Li and Ellingwood, 2006; Massarra et al., 2020; Nofal, 2020; Wang et al., 2021). Several fragility functions were developed for different building typologies including residential (Masoomi et al., 2018), commercial (Koliou et al., 2017), and social institutions (Masoomi and van de Lindt, 2016). Also, a number of multi-hazard hurricane fragility functions were developed by including the impacts of combined impacts of surge and waves along with wind hazards (Masoomi et al., 2019). Fragility functions for the combined impact of wind speed and wind-borne debris were also developed (Abdelhady et al., 2021). Further, a number of multi-hazard community-level hurricane risk assessment approaches were developed to perform hurricane risk assessment at large spatial scales (Nofal et al., 2021a; 2021b). While all these community-level hurricane risk models are novel and provided a significant contribution to the wind literature, they are based on simple wind models that do not account for the impact of aerodynamics interference at the community-level.
Although detailed modeling of the hurricane wind field is crucial for hurricane risk assessment, a proper discretization of the built environment is also important to account for the wind pressure at each exposed building (Du et al., 2018). The land terrain and the topology of the buildings can alter the wind hazard intensity due to the interaction between the wind flow and buildings (Ren et al., 2018; Wenz et al., 2021). Additionally, the wind sheltering effect due to building scatter in the spatial domain of the exposed area can significantly alter the wind pressure on the exposed buildings (Wiren, 1983; Liu et al., 2018). Therefore, there have been multiple research studies that investigated the interaction between wind hazards and buildings in terms of the variation of wind pressure across the building envelope (Schulman and DesAutels, 2013; Abdelfatah et al., 2020, 2022; Amini and Memari, 2021). Although there have been advances in CFD modeling approaches and improvements in the efficiency of computational models, the current literature is still lacking an approach that can automate the modeling process of the community with detailed discretization at the building-level with the overarching goal of better modeling aerodynamic interference at the community level. This is because community-level CFD wind models are computationally expensive and require a sufficient amount of time for modeling and processing. Also, the numerical modeling of the geometry of a community is challenging specifically when it includes detailed discretization of all the buildings within the community. For community-level wind damage and risk assessment, the current literature still relies on 2-D raster hazard maps where the wind speed is extracted locally at the center of each building. This approach does not account for the impact of aerodynamics interference and therefore affects the fidelity of the calculated wind pressure at each building.
BIM technology enables the modeling of detailed information about the building components including the interior contents, the structural, and the non-structural components. Such technology facilitated the management of different types of building data to be used at different stages of the building’s life cycle including the analysis and design, construction, operation, maintenance, and repair. However, the full benefits of using BIM technology have not yet been realized and a number of different applications are still possible. Benefits from BIM can be obtained by utilizing BIM in natural hazards research and applications (Amirebrahimi et al., 2016). Additionally, the current advances in GIS applications allowed modeling of the built environment and enabled the processing of large data inventories (De Risi et al., 2013; Nofal and van de Lindt, 2020, 2021). While these GIS advances are significant, natural hazard research can capitalize on these advances to develop high-resolution models of communities. Recently, there have been some research studies that investigated the feasibility of integrating BIM and GIS models in terms of the automatic georeferencing of the BIM models in a GIS environment at the building-level (El Meouche et al., 2013; Diakite and Zlatanova, 2020). While these studies are novel and provided a significant contribution to the BIM-GIS integration literature, they have stopped short of developing a BIM model for the entire community. The current study seeks to overcome this research gap using the advances in GIS and BIM technology to develop an approach that can automate the generation of BIM models for communities with a detailed discretization of the buildings within the community. Modeling aerodynamics interference at the community-level requires the built environment to be discretized such that it can allow modeling the interaction between the hurricane-induced wind hazard and buildings within the community. This would require a 3-D model of the community with a proper characterization of buildings and infrastructure to calculate high-fidelity wind pressures at each building. Each building within this model can then be discretized such that it accounts for the local buildings’ data such as foundation type, number of stories, and roof shape along with other global building data with respect to the community including location, elevation, orientation, and building footprint shape. The integration between BIM and GIS will allow modeling 3-D communities with a detailed discretization of the buildings within the community.
In this paper, a novel BIM-GIS integration approach was developed to automate the BIM modeling process of the built environment. The developed approach capitalizes on the applications of BIM and GIS to be utilized in natural hazard research, specifically developing 3-D geometry for communities to be used as an input for CFD analysis. This was done using a parametric BIM model to generate the different building typologies within the community. A novel algorithm was developed in Revit Dynamo that uses the GIS shapefile of the footprint of the buildings within the community as an input and then performs a number of parametric operations on the building attributes within this shapefile. These attributes include building footprint shape, number of stories, roof shape, and foundation type. The new algorithm used these attributes to automate the generation of the geometry of each building within the community and deliver a final BIM file for the entire community with detailed modeling of the different buildings within the community. This new BIM-GIS integration approach allowed automating the development of a physical model of the entire community to be used as an input geometry for a digital wind tunnel to conduct CFD simulations. Then, the maximum wind speed generated by a hurricane can be modeled as a boundary condition for the digital wind tunnel which allowed a detailed characterization of the aerodynamics interference across each building within the community. This approach allows the analyst to account for detailed wind pressure at each building within the community which can be used as an input for wind vulnerability analysis. The developed CFD hurricane-induced wind hazard model is considered a proof-of -concept for the next generation of high-fidelity wind risk analysis at a community scale with further applications likely for community resilience planning. Note that the wind fidelity is considered high with respect to community scale, but not for convention single structure scale CFD.
2 METHODOLOGY
A novel BIM-GIS integration approach was developed to automate the generation of a 3-D geometry of communities after discretizing the different building typologies within the community. (Figure 1). shows a schematic flowchart for the methodology with the main models and the essential input data for these models. This approach allows the generation of a high-resolution 3-D geometry of the community that can be used as an input for a digital wind tunnel to account for the wind aerodynamic effects at the community-level. The final wind hazard map can be used to generate a high-fidelity wind risk model that accounts for the damage to each building within the community. The wind velocity at the community-level can be generated as one of the direct outputs from developed approach to account for the sheltering effects induced by the different building patterns. Furthermore, component-level outputs can be generated to identify wind pressure for specific components such as walls and roofs.
[image: Figure 1]FIGURE 1 | A schematic flowchart for the developed approach to integrate BIM and GIS models for wind damage analysis.
BIM-GIS integration model
A novel approach was developed to integrate BIM with GIS in this natural hazards-focused research which are two main technologies used in the Architectural, Engineering, and Construction (AEC) industry. The two providers with the market share majority of this technology are AutoDesk (for BIM) and ESRI (for GIS), who have been working closely over the last few years to integrate these technologies, and recently published the first tool that integrates BIM and GIS in one computational environment which is ArcGIS GeoBIM. However, the applicability of this tool is limited to the AEC industry with much more focus on the detailed building-level perspective as a part of the built environment. The BIM-GIS integration approach developed herein focuses on the community-level perspective such that the essential building details are included in the integration process. This integration process starts by collecting detailed building information about the buildings within the community and developing a spatial representation of the building data in terms of a GIS shapefile. This shapefile should include the essential attributes of the buildings within the community including footprint shape, number of stories, roof type, and foundation type. Next, an algorithm was developed to read the building attributes to be used as input for a parametric BIM model. This parametric BIM model starts to generate the geometry for each building based on the input data provided. The geometry can be detailed such that each building component can obtain different component-level data assignments, e.g. different wall material, different wall types, different foundation types, etc.
The developed approach uses a GIS model of the community in terms of a shapefile of the footprint of each building within the community. This shapefile has detailed attributes of each building within the community including footprint shape, number of stories, foundation type, and roof shape. These attributes are either available online, can be purchased from data providers, or can be collected using Google Street Map View. Also, a parametric BIM model was developed in Revit Dynamo to use the attributes of the building from the community shapefile and automate the generation of these buildings. (Figure 2). shows the logic behind the developed algorithm in terms of a Revit Dynamo developed to link between the GIS shapefile of the community and the developed parametric BIM model to generate the geometry of each building within the community. The buildings’ geometry generation automation process includes developing walls, roof, foundation, and the number of stories for each building based on the provided building attributes. The 3-D BIM model of the community was transformed into the International Foundation Class (IFC) extension which was then used as input for a digital wind tunnel to account for the wind pressure at each building after including the impact of aerodynamics interference.
[image: Figure 2]FIGURE 2 | The logic behind the developed algorithm in terms of Revit Dynamo to link between the GIS shapefile and parametric BIM model.
The BIM-GIS integration algorithm is developed using Python and utilizes some existing libraries in Revit Dynamo such as GIS, clockwork, and bimorphnodes. The parametric BIM model generation code is provided as shown in (Figure 3) for a clear presentation of the developed integration process. The algorithm reads the GIS shapefile of the community of interest with the building attributes that is needed for the parameterized BIM modeling. First, the GIS library in Revit Dynamo is used to load the attributes of interest from the available shapefile (e.g., number of stories, foundation type, roof shape, walls properties, etc.). If some of this data is not available in the GIS file, user input data can be used to augment the analysis and the algorithm. This data will be used to create the solid shape of the buildings by transforming the 2D footprint to 3D solid using the geometry library which is embedded in Revit Dynamo. Also, coordinate transformation for the buildings’ footprint were also handled as a part of the developed algorithm to make sure that the generated buildings are properly georeferenced. The developed algorithm is currently limited for buildings only but can be used in the future automate the generation of some infrastructure such as water, power and transportation networks. This can be done using the same process with detailed data about these networks in terms of a shapefile. This shapefile should have the networks topology, connectivity, dependency, etc. Then, a similar parametric model can be developed using this information to initiate geometry for this infrastructure.
[image: Figure 3]FIGURE 3 | The parametric BIM modeling Python algorithm to convert the 2D building footprint to a 3D solid building.
Once the geometry of each building within the community was developed in terms of a BIM model that allows full characterization of buildings’ details, a full 3-D BIM model of the community can be generated. This 3-D community model has the essential geometrical information about the community that allows further wind- or water-structure interaction analysis. The output level of details from the automation process of the generated 3-D BIM model of the community depends on the available information about the buildings that have been used as input for the model. If there is not any information available about the foundation type or the roof shape, the final generated community will be developed based on the assumed foundation type (e.g., slab on grade) and roof shape (e.g., flat roof), which may be somewhat typical for a community. For example, while collecting building data, there are a number of buildings that are not accessible either in the field or in Google Street Map View. Then, reasonable assumptions for this data can be made about these buildings attributes based on the surrounding building types. The final 3-D BIM model of the community can be georeferenced to be integrated into a 3-D GIS environment. (Figure 4). shows a schematic workflow for the transformation process from the 2-D GIS community model to the 3-D integrated BIM-GIS community model. In the future, this algorithm can be extended to include the topography of the study area in terms of the terrain elevation and how it impacts the aerodynamic interference. This can be done by incorporating the digital elevation map (DEM) of the study area to identify the ground elevation at each building and thereby adjusting the elevation of each building. Also, this algorithm will be used to model other infrastructure such as the power network which will require details geo-spatial information about the power transmission and distribution line (e.g., poles/towers height, geometry, location, etc.).
[image: Figure 4]FIGURE 4 | A schematic workflow to transform the 2-D GIS community model to a 3-D integrated BIM-GIS model of the community.
Wind hazard modeling
In this research, the main focus is on hurricane-induced wind hazards, but the methodology applies to any straight-line wind hazard. The hurricane wind analysis is usually conducted with a pixel size in terms of kilometers to enable solving such extensive numerical wind field models (e.g., the Holland Model). Vijayan et al. (2021) investigated the impact of different wind parameters on the final generated wind field for Hurricane Michael in 2018 based on the Holland Model. The size of the unstructured mesh used to develop this model ranges from 25 km over water and 1 km overland. While these wind models are novel and provided a significant contribution to the hurricane-induced wind hazard modeling, these models are not sufficient to predict wind speed and wind pressure at each building within the community. This is because the solver used in these numerical wind models only switches the exposure factor from overwater to overland to account for the wind velocity in urban communities which does not account for the detailed aerodynamics interference resulting from wind-structure interaction. Also, these models do not account for the sheltering effects specifically for buildings on the coastline. The resolution used in the current models produced from, e.g., ADCIRC, in terms of the pixel size used to generate the unstructured mesh does not allow the capture of the variation in wind speed across the community. Therefore, community-level CFD-based solutions will provide more accurate wind results even if these solutions are using some simplification such as using large mesh size. Since the surface roughness will be much better represented than using exposure factor that represent a constant roughness without including the sheltering effect.
To overcome these research gaps, the output from the developed BIM-GIS integration approach in terms of the 3-D geometry of the community was used as an input for a CFD-based digital wind tunnel that accounts for the aerodynamics interference based on the provided geometry as shown in (Figure 5A) for a small example portion of a community consisting of 25 buildings with different typologies. This was done by converting the 3-D BIM model of the community to the Industry Foundation Classes (IFC) extension to be used as an input geometry to any computational environment that supports the IFC extension. The BIM model of the community in terms of the IFC extension was then used as an input for a digital wind tunnel using RWIND (Dlubal, 2021) which is an OpenFOAM-based computational environment that allows 3-D incompressible wind flow analysis. The digital wind tunnel dimensions of the intake size are set to twice the width and height dimensions of the model. Its length is set as three times the model length with a shorter distance at the intake side. The procedure used to calculate the default wind tunnel dimensions involves a complex testing process that has been optimized. The default dimensions are determined as to provide sufficiently large free space around the structure in the model and set as small as possible to obtain short calculation times. The generated aerodynamics interference model by RWIND was verified with experimental wind tunnel data and the verification example can be found herein (Dlubal, 2022). However, the shortcomings of RWIND are that it does not allow time-dependent wind simulation with varying wind speed at the boundary condition location. Also, for large simulations with more than 10 million elements, the simulation computational time could exceed 3 days. A surface mesh was then developed using RWIND based on the geometry using different mesh sizes where mesh dependency is fully checked using the RWIND mesh generator as shown in (Figures 5B,C). Close-up views of the mesh developed for the generated geometry are shown in (Figures 5D,E).
[image: Figure 5]FIGURE 5 | Community-level geometry generation for buildings (A) BIM model of the community; (B) Low-resolution geometry; (C) High-resolution geometry; (D–E) Close-up views on buildings showing the size of the mesh used to generate the geometry.
The generated mesh for the high-resolution model using the small mesh size in Figure 5E was used as input for an OpenFOAM-based numerical solver using RWIND to calculate wind flow and surface pressure at the mesh nodes and then the results were extrapolated for the entire model. The developed CFD model conducted steady flow calculations with 500 iterations and conversion criteria of P-residual = 0.001. The turbulence model used for the steady flow is RANS k-epsilon and the turbulence intensity (I) is assumed to be 1%. The turbulence model used for the transient flow is LES Spalart-Allmaras Delayed Detached Eddy Simulation (DDES). The inflow turbulence has not been considered in this study since it is out of the scope of the main objectives of this study but can be a point of future work. Figure 5A shows the digital wind tunnel using RWIND and the boundary conditions in terms of the wind speed value and the wind speed profile. The resulting wind flow across the community model is shown in (Figure 6B) and a close-up view is shown in (Figure 6C). The analysis results also include the spatial variation of wind speed across the community given the constant wind speed at the boundary condition location as shown in (Figure 7A) and the surface pressure at each building as shown in (Figure 7B). (Figures 7C,D) shows the wind profile at two different locations across the community. It should be noted that these results are the wind pressure from the RANS steady flow simulation. The approach described herein could be expanded to investigate large-scale communities with hundreds of buildings, but the method is presented here for a subsection of a community as an example.
[image: Figure 6]FIGURE 6 | The modeled digital wind tunnel along with the resulted wind flow across the community (A) Digital wind tunnel setting; (B) Wind flow across the community; (C) Close-up view on the modeled wind flow.
[image: Figure 7]FIGURE 7 | The spatial variation of the wind speed and wind pressure at the community-level (A) Wind speed contour across the community; (B) Wind pressure on buildings; (C) wind profile one across buildings; (D) wind profile two across buildings.
3 EXAMPLE COMMUNITY: MEXICO BEACH, FLORIDA
Geographical location
The new methodology was applied to Mexico Beach, FL to show the feasibility and applicability at a larger spatial scale. Mexico Beach is a small coastal community in northwest Florida with a total population of 1,072 people according to the 2010 Census. Mexico Beach was selected to be a testbed because of its location on the Atlantic Ocean which makes it vulnerable to coastal hazards; specifically, hurricanes. (Figure 8). shows the spatial location of Mexico Beach with respect to the state of Florida. In this study, only the middle part of Mexico Beach was considered for the wind load analysis as shown in the close-up view in (Figure 8).
[image: Figure 8]FIGURE 8 | The geographical location of Mexico Beach with respect to the state of Florida with a close-up view on the chosen study area within Mexico Beach, FL.
Hazard scenario: Hurricane Michael 2018
The hazard scenario used for this study is Hurricane Michael in 2018 which is considered the first Cat five storm to strike the US since Hurricane Andrew in 1992. There are 74 confirmed deaths attributed to Hurricane Michael with an estimated $25 billion in losses. Hurricane Michael is the third most intense Atlantic hurricane to make landfall in the US. Hurricane Michael reached Category five status with a peak wind speed of 160 mph just before making landfall near Mexico Beach, Florida on 10 October 2018. A wind field model was developed for hurricane Michael by RMS and Moody’s Analytics (RMS: Moody’s Analytics Company, 2018) as shown in (Figure 9). This wind field hazard map shows the most exposed locations in Florida. However, the pixel size used to develop this hazard map is 5.0 km by 5.0 km which means that all buildings in Mexico Beach were exposed to the same wind speed of 160 mph (70 m/s). This wind speed was used as a boundary condition for the digital wind tunnel which will be discussed in detail in the next section.
[image: Figure 9]FIGURE 9 | The evolution of Hurricane Michael in the Gulf of Mexico and its landfall on the US along with the spatial variation of wind speed across the southeast of the US.
4 RESULTS
The BIM-GIS integration approach developed in this study was used to model the buildings within the study area of Mexico Beach, FL. The geometry of the community that was generated using the methodology described herein was used as input for a digital wind tunnel using RWIND to account for the wind velocity and wind pressure on buildings. The analysis results are illustrated in the subsequent subsections.
Community modeling results
The building footprints from the shapefile for Mexico Beach, FL are shown in (Figure 10A) and were used as input for the BIM-GIS integration approach to develop a 3-D geometry of the community. The only details available for these buildings were their location, footprint shape, and the number of stories. This information was used to generate the BIM model for each building within the community assuming that all buildings have a flat roof on a slab-on-grade foundation since there is no information about the roof shape or the foundation type as shown in [Figure 10B]. The BIM-Model of the community was georeferenced to be integrated into a 3-D GIS environment as shown in [Figure 10C]. The new BIM-GIS integration approach can be extended to model other information about buildings including roof shape and foundation type. If this data is available, the algorithm can be adjusted to handle this information in the input data from the community shapefile. The required time to create the community model depends on the availability of data (buildings shapefile) and how much work is needed to prepare the data for the BIM-GIS integration process. The BIM-GIS integration algorithm takes from 2 to 5 min to generate the BIM model of the community depends on the size of the community.
[image: Figure 10]FIGURE 10 | The building footprint for the study area in Mexico Beach, FL along with the new BIM and GIS model (A) Footprint for the buildings within the study area; (B) The BIM model for the community; (C) The BIM model of the community georeferenced in a 3-D GIS environment.
Wind hazard modeling results
The geometry generated for the community from the BIM-GIS integration approach was used as an input for the digital wind tunnel model using RWIND. More than 10 million elements were used to develop the mesh for the community-level aerodynamics interference modeling. The level of mesh refinement used to generate this CFD simulation enables the model to capture the wind flow across the buildings within the community. (Figure 11). shows the output from the digital wind tunnel in terms of the wind flow generated with the spatial distribution of the wind speed across the community. The analysis results show how the wind speed gets decreased as it approaches the buildings where it approaches zero since the wind particles come to a stop at the building location. (Figure 11). also captures how the wind speed is increased in the streets between buildings and how the building location and orientation affect the wind speed. It should be noted that the presented quantitative results are highly influenced by the model assumptions including geometry models and turbulence models and there may be some variation in the output results if different assumptions are adopted.
[image: Figure 11]FIGURE 11 | The modeled wind flow for the study area (A) The spatial distribution of wind speed across the community; (B) Close-up view on the wind speed contours.
The digital wind tunnel modeling approach allows the wind pressure on buildings to be captured as shown in (Figure 12). There many observations for the final results from the digital wind tunnel using the proposed approach:
• The analysis results show the significance of the sheltering effect provided by the buildings in the front on the coastline and how it impacts the wind pressure on the buildings in the back.
• The surface wind pressure generated in the numerical wind tunnel shows how the wind pressure transforms from pressure (with a positive sign) to suction (with a negative sign) as shown in (Figure 12).
• It demonstrates how taller buildings have significantly more pressure on the non-sheltered part with respect to the sheltered part. This is clear from the change in the color of the surface wind pressure as shown in the red-circled locations in (Figure 12B).
• The analysis results also provide values for the pressure at each side of the building which provide the information needed for a wind damage analysis for each exposed component of the building.
• The orientation of the building and its angle with respect to the wind direction significantly affects the distribution of wind pressure on the building envelope as shown in the blue-circled locations in (Figure 12B).
• The wind pressure results will allow high-resolution damage analysis at the component-level for each building within the community.
• The analysis results provide an interactive wind flow simulation that shows the spatial variation of the wind flow and the subsequent variation in wind speed as shown in (Figure 13). This behaves, as one would expect, like a physical wind tunnel that produces wind flow lines interacting with the built environment.
[image: Figure 12]FIGURE 12 | Wind pressure distribution: (A) The distribution of surface wind pressure on buildings across the community; (B) Close-up view on the building-level wind press distribution.
[image: Figure 13]FIGURE 13 | Wind flow analysis results (A) Wind flow lines across the community color-coded based on the variation of their wind speed; (B) Close-up view on the variation in wind flow and wind speed.
5 SUMMARY AND CONCLUSION
A novel approach was developed to integrate BIM and GIS to generate high-resolution geometry of communities to be used as an input for community-level hazard modeling. The approach developed uses the GIS community model shapefile which has detailed information related to each building within the community such as building footprint, number of stories, etc. The more building details provided in the shapefile, the higher the resolution of the generated community model. An algorithm was developed to transform the provided information about buildings into a BIM model for the entire community. Then, the geometry generated was transformed into an IFC extension to be used as an input for hazard modeling. One of the applications of the new BIM-GIS integration approach is to use the 3-D community model that is generated as input for a digital wind tunnel to run CFD analysis to account for the aerodynamics interference at the community-level. The outputs from the digital wind tunnel analysis show how significant it is to account for aerodynamics interference at the community-level and how this could impact the wind speed across the community. It also shows how the sheltering effect could alter the wind pressures on the buildings located behind other buildings near the shoreline. The digital wind tunnel enables detailed wind pressures at each component within the building which can be useful for damage analysis at the component level.
For future research, the new BIM-GIS integration model could also be used to develop geometry to study fluid-structure interaction for other hazards such as floods and tsunamis. The output from the aerodynamics interference model at the community-level can be used as input for high-resolution wind damage analysis using the calculated wind pressures at the building-level. This will provide more accuracy for community-scale damage estimation which is key to risk and resilience analyses. This work can also be used to develop high-fidelity time-dependent wind-born debris models after tracking the volume of the generated debris from the damaged buildings. Similarly, this model can allow better tracking of wind-rainfall intrusion to accurately capture the variation of the amount of water ingress over time given the damage state of the buildings. Finally, this new approach is believed to represent the next generation in high-resolution wind hazard models that can allow better tracking of building damage and thereby better risk-informed decisions.
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