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Abstract— Super-tall buildings located in high velocity wind 

regions are highly vulnerable to large lateral loads. Designing 

for these structures must be done with great engineering 

judgment by structural professionals. With the rise of high 

performance computing nodes, an emerging method based on 

the numerical approach of Computational Fluid Dynamics 

has created an additional layer of analysis and loading 

prediction alternative to conventional methods. The present 

document uses turbulence modeling and numerical 

algorithms by means of Reynolds-averaged Navier-Stokes 

equations applied to octagonal type structure. With proper 

modeling of the atmospheric boundary layer flow, these 

numerical techniques reveal important aerodynamic 

properties and enhance flow visualization to structural 

engineers in a virtual environment. 
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I. INTRODUCTION 

The development of new construction techniques in the 20th 

century has created structures that are flexible, low in 

damping, and relatively light in weight which therefore 

exposes the structure to the effect of wind acting upon it. 

Wind engineering has been the field with the aim of primarily 

developing tools to better understand the action of the fluid 

on the structure with origins that could be traced back to the 

1960s. 

 The development of knowledge found in the present 

literature regarding this subject has lead structural engineers 

to design and ensure the performance of the structure 

subjected to the action of wind to be within adequate limits 

during the lifetime of the structure in structural safety and 

serviceability criteria (Simiu and Scanlan 1978). 

II. OBJECTIVES 

 To obtain a wind pressure on tall building for pre-

designed step, using CFD. 

 The objective of this research is to investigate the 

strategies that can be adapted in the computational 

evaluation and assessment of wind loads on tall buildings 

under turbulent wind flows. 

 To obtain the effect of turbulent wind flow on building. 

III. MODELLING 

A. CFD Modelling 

Building model is done by using ANSYS 17.0 Fluent. 

ANSYS Fluent is a state-of-the-art computer program for 

modeling fluid flow in complex geometries. ANSYS Fluent 

provides complete mesh flexibility, including the ability to 

solve your flow problems using unstructured meshes that can 

be generated about complex geometries with relative ease. 

 Once you have determined the important features of 

the problem you want to solve, follow the basic procedural 

steps shown below. 

1) Define the modeling goals. 

2) Create the model geometry and mesh. 

3) Set up the solver and physical models. 

4) Compute and monitor the solution. 

5) Examine and save the results 

 The super tall building of height 300m is to be 

modeled in fluent. The computational domain defines the 

region where the flow field is computed numerically used the 

assigned models. It should be large enough to accommodate 

all relevant flow features that will have potential effects in 

altering the characteristics of the flow field (Franke et al. 

2007). 

 In the our study the prototype of octagonal structure 

of 300 meter height and 85 meter side faces, in order for it to 

qualify as a super-tall building. The structure had a height to 

base ratio of 7.5 which made it fall in the category of a slender 

structure. Typically, slender structures are greatly affected by 

lateral loading and extra diligence must be taken by the 

engineer when designing such structures that are known to be 

sensitive to lateral loading. 

 
Fig. 1: Building Model in ANSYS 17.0 

 CFD problems must be defined by initial and 

boundary conditions for meaningful numerical output. It is 

important for the engineer to understand their vital role in the 

numerical algorithm. The most common boundary conditions 

used are: inlet, outlet and walls. The distribution of the flow 

variables must be specified at the inlet along the upstream 

direction. Outlet boundary conditions are selected at the 

downstream direction and distant enough from geometrical 

disturbances so that the flow can reach fully developed state. 

The wall boundary conditions is the most commonly used in 

confined fluid flow problems in which the no-slip condition 

is associated with it. Figure 37 represents a sketch of the 

proposed computational domain used for the CFD analysis 

performed in this study. 
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Fig. 2: Computational Domain 

 The inlet, the lateral and the top boundary is 5H 

away from the building, where H is the building height. The 

outflow boundary is to be positioned at 15H behind the 

building to allow for flow development, as fully developed 

flow is normally used as a boundary condition. 

 

 
Fig. 3: Computational Domain Elevation and Plan 

B. ETABS Modeling 

Building model is made through ETABS 2015 for 

conventional analysis as per Indian Standard code of practice. 

The structure being considered in this study was a reinforced 

concrete structure consisting of 84 stories. The overall plan 

dimensions of the building were octagonal shape with 85m 

side length. The tower was 300 meters high above the ground 

level. Figure 39 illustrates the 3D view of building model. 

 
Fig. 4: 3D View of Building Model 

IV. RESULTS & DISCUSSIONS 

A. CFD Results & Discussion 

The building model is analyzed using ANSYS Fluent 

simulation. The Re-Normalized Group k − ε turbulence 

model with standard wall function was used for simulation of 

air flow over a building. Transient time function is used for 

calculation purpose. Boundary conditions used are inlet, 

outlet, walls and building with inlet velocity of 50 m/s and 

pressure based outlet. 

The results are generated with following methods: 

 Scheme- PISO 

 Skewness Correction-1 

 Neighbor Correction-1 

 Gradient- Least Squares Cell Based 

 Pressure- Second Order 

 Momentum- Second Order Upwind 

 Turbulent Kinetic Energy- Second Order Upwind 

 Turbulent Dissipation Rate- Second Order Upwind 

 Transient Formulation- Second Order Upwind 

 Solution Initialization- Standard 

 Time Steps Method- Fixed 

 Time Step Size- 0.0002 

 No. of Time Steps- 25 

 Iterations- 20 

First order methods like the upwind scheme is not used 

because ASME journal of fluid Engineering has a policy of 

not publishing results from first order approximations. In 

RANS approach a steady solution is presumed it should be 

verified by a time dependent calculation that the solution 

reaches a steady state. 

 RNG k − ε is a multi-scale computational approach 

that offers a comprehensive way of capturing unsteady flows. 

The use of RNG k − ε as a wind load evaluation tool has been 

improved significantly in recent years through the use of 

numerical techniques. For temporal discretization, second 

order schemes are recommended by the CWE community. 

The PISO algorithm was used for pressure-velocity coupling 

and is typically used in RNG k − ε simulations. This 

algorithm is based on the higher degree of the relationship 

approximations between corrections for velocity and 

pressure. 
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 The time step chosen for the model was 2 ×  10−4 

seconds with 25 sub-iterations per time step. A strict 

convergence criteria was applied to the model equivalent to 

10−5 to ensure convergence of the solution. 

 Using above methods we have got the some results 

like Pressure, Turbulence Intensity, Turbulence Kinetic 

Energy, Wall Shear and Skin Friction Production. Below we 

see this detail results in diagrammatic form. 

1) Pressure 

The main objective of this research was to investigate the 

strategies that can be adapted in the computational evaluation 

and assessment of wind loads on tall buildings under 

turbulent wind flows. And in calculation of wind load on 

building the wind pressure plays an important role. So we 

have to discuss on results of wind pressure generated on 

façade of tall building. The pressure generated on building 

due to the inlet velocity of 50 m/s is given in figure 39. The 

maximum pressure of intensity1.364 ∗ 106 Pa is generated at 

windward faces and minimum pressure of intensity −2.392 ∗
106 Pa is enerated at slightly near to the leeward faces. 

 
Fig. 5: Pressure Diagram 

2) Absolute Pressure 

Outlet boundary is pressure outlet, so pressure is generated in 

various ways like Absolute Pressure, Relative Pressure or 

Total Pressure. In previous section we have seen pressure 

contour profile, now we will see absolute pressure contour 

profile. The absolute pressure generated on facades of 

building is greater than previous. The minimum value of this 

is 1.027 ∗ 108 Pa and maximum is 9.893 ∗ 107 Pa. The 

details of this absolute pressure is shown below. 

 
Fig. 6: Absolute Pressure 

3) Total Pressure 

The total pressure is vary from 1.760 ∗ 106 Pa to −1.138 ∗
106 Pa. The maximum total pressure is generated on 

windward faces and minimum is on leeward faces. The side 

faces have very negligible pressure distribution. The pressure 

is also vary as per height. 

 
Fig. 7: Total Pressure 

a) Results 

VARIABLES VALUES 

Description Unit Maximum Minimum 

Pressure Pa 1.364 ∗ 106 −2.392 ∗ 106 

Absolute Pressure Pa 1.027 ∗ 108 9.893 ∗ 107 

Total Pressure Pa 1.760 ∗ 106 −1.138 ∗ 106 

Table 1: 

B. ETABS Results 

 
Fig. 8: Story Forces (X- Direction) 
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Fig. 9: Story Forces (Y- Direction) 

C. IS Codal Pressure 

 
Fig. 10: IS Code Pressure Graph 

V. CONCLUSION 

The advancements of computational wind engineering is 

making the evaluation of wind loads acting on structures 

more attractive to researchers due to the numerical evaluation 

that can be performed using modern day computational 

technologies. In general, the use of computational fluid 

dynamics allows the engineer to utilize the techniques 

developed by subject pioneers to study the accuracy of RANS 

to building aerodynamics, or bluff bodies, which is 

distinguished by flow separation at building corners and high 

Reynolds numbers. CFD provides continuous visualization of 

aerodynamic data on the entire surface areas of the building 

instead of the discrete point measurements extracted from 

experimental wind tunnel analysis. In addition, CFD can 

provide detailed flow visualizations for the wind field around 

the building which information on flow separation and 

reattachment, recirculation zone, and vortex shedding can be 

extracted. It is imperative to ensure that the accuracy of the 

simulation is validated rigorously to identify its positive and 

negative implications. It is expected that the numerical 

approach with further developments in the practical use and 

analysis of CFD will allow engineers to overcome the 

existing obstacles. Therefore this tool might be incorporated 

in the design process of building engineering whether at the 

predesign phases or final phases. This will provide the 

industry with a new set of tools to use for the aerodynamic 

considerations in the building design stages. Presently, most 

studies are still conducted using wind tunnel experimental 

techniques due to the acceptable results that industry 

engineers have become comfortable with for the use of 

loading design purposes of tall buildings and other structures. 

The current state of the art of computational wind engineering 

has been reviewed by several researchers. Key findings 

indicate that turbulence modeling, boundary conditions, high 

Reynolds numbers turbulent flow, and computational cost are 

essential parameters when arriving at appropriate 

computational predictions. The advance in computational 

machines and development of parallel computing has enabled 

the use of CFD for industrial applications such as in tall 

building design. Generating the atmospheric boundary layer 

in the computational domain is a critical step for the wind 

load evaluation process. Making data of model and full scale 

available are very important for the validation of the CFD 

results. Creating a time-dependent analysis model can create 

a time-history of pressure fluctuations similar to what wind 

tunnel data provide engineers with. Generally speaking, mean 

static pressure values showed comparative agreement with 

published data and industry accepted design codes. It must be 

noted that CFD results are greatly dependent on the input of 

the mean wind parameters such as the velocity profile and 

turbulence intensities in the relevant three dimensional 

coordinate system. The engineer must be attentive in defining 

these properties accurately. This has great implications in the 

convergence of the simulation and the time required for the 

computer machine to generate qualitative and quantitative 

aerodynamic data which can be used by the design engineer. 

 Generally speaking, it can be fairly said that CFD 

simulations can be used as an alternative tool for wind 

pressure loading for at least pre-design stages of a tall 

structure project. The results of employing this technique 

should be taken with caution to ensure that the designer is still 

abiding by design codes. With proper boundary conditions 

applied to the model, and the advancement of computational 

resources could become useful for wind loading studies in the 

future. The present study would like to point out that the main 

limitation of using LES is that the machines required to 

numerically compute this model are expensive, and the time 

it takes to arrive at a final computational iteration is more time 

consuming than present boundary wind tunnel techniques. 

Performing RANS simulations can significantly decrease the 

computational cost and time to arrive at reasonable results. 
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