




















































































































































































































































































































































refinements before being refined again. This improved convergence 

behaviour for the subsequent transient simulations. Due to the very fine 

mesh refinement, especially near the leading edge, both meshes achieve 

y+ values of less than 50 across the roof and less than 10 near the leading 

edge. Some areas along the leading edge for mesh 1 approach y+ values 

of 20. A timestep of O.Ols was required for convergence with both 

meshes. 

Figure 6-14: Transient RANS Mesh 1 

Figure 6-15: Transient RANS Mesh 2 
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Figure 6-16: Transient RANS Mesh 1: building and wake 

Figure 6-17: Transient RANS Mesh 2: building and wake 

Figure 6-18: Transient RANS Mesh 1: detail on building 
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Figure 6-19: Transient RANS Mesh 2: detail on building 

Figure 6-20: Transient RANS Mesh 1: detail on leading edge 

Figure 6-21: Transient RANS Mesh 2: detail on leading edge 

The refinement seen near the wall of the building around the overhanging 

ledges in Figure 6-18 and Figure 6-19 was present in the initial mesh and 

was required to adequately represent these thin features . It was not a 

product of the mesh refinement process. The mesh refinement clearly 
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resulted in very large changes in mesh size from the refined building 

surface into the free stream. The large changes in mesh design from the 

building surface to the free stream mean that higher frequencies of 

turbulence will tend to be damped out in the free stream and possibly also 

near the buildings surface. 

Transient results were tested for stationarity with the run test described in 

section 3.1.6 prior to calculating mean or variance values in order to 

ensure that sufficient transient data had been obtained to produce 

meaningful averaged parameters. 

The transient simulations resulted in an underprediction of uplift across 

the entire roof and particularly at the leading edge, as shown in Table 6-5 

below. 

For comparison with the unsteady RANS simulations, the DES turbulence 

model was applied to this problem. The major requirement of a RANS 

grid is to sufficiently resolve the local flow component and automatic grid 

refinement is well suited to this. Grid requirements for DES simulations 

are rather different to those for RANS simulations so a new grid was built 

as described under "turbulence models" in section 6.3.1 above and shown 

in Figure 6-22 to Figure 6-29. The emphasis was on resolving the 

turbulent motions in the wake and avoiding sudden changes in grid size in 

anyone area, as the grid size acts as a filter on the local turbulence 

scales. A timestep of O.OOls was used in the DES simulations. 

The first DES grid (Figure 6-22) was intended to refine only the area in 

the immediate wake of the building while the second DES grid (Figure 

6-23) allowed a much longer turbulent wake to develop. An expanded 

boundary layer was also used in the second DES run. 
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Figure 6-22: DES Mesh 1 

Figure 6-23: DES Mesh 2 
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Figure 6-24: DES Mesh 1: side view on building and wake 

Figure 6-25: DES mesh 2 - side view on building 

Figure 6-26: DES Mesh 1: mesh near building 
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Figure 6-27: DES mesh 2: detail on building 

Figure 6-28: DES Mesh 1: detail on front eaves 

Figure 6-29: DES mesh 2: detail on leading edge 

165 



High resolution spatial discretisation and second order backwards Euler 

transient scheme where used. Again, convergence was hard to achieve, 

partly because of the challenges in producing a good quality mesh with 

such complex geometry. Significant amounts of time were put into 

building the mesh and then choosing an appropriate timestep. Once 

suitable convergence behaviour had been achieved the simulation had to 

be left to settle to an equilibrium state and then a sufficient number of 

simulations run to provide settled long term statistics. This required 

several thousand time steps, as opposed to several hundred for the 

unsteady RANS simulations. 

y+ values of less than 50 were achieved throughout with mesh 1, and 

generally less than 10 apart from the leading edge. y+ values of less than 

100 were achieved across the roof for mesh 2. These values are 

consistent with the use of wall laws but stretch the limits of applicability of 

the SST k-w model used in the RANS portion of the flow. 

Velocity Results 

Experimental velocity results were only available for the empty wind 

tunnel but it is interesting to examine the spectrum of turbulence in the 

wake velocities for the transient RANS and DES cases (Figure 6-30). In 

both cases a complex spectrum of frequencies is present with the DES run 

showing some higher frequency content at more than 10Hz. The longest 

significant periods are near the length of the simulation time, suggesting 

that there could be some longer wavelengths fluctuations involved as well, 

although these were not of sufficient magnitude to invalidate the test for 

stationarity. 
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Figure 6-30, Spectral analysis of cross-stream velocities in the building 

wake from CFD simulations 

Force on Large Sections of Roof 

Simulation Roof Central 
middle bay 

Wind Tunnel 0.88 0.384 

Transient RANS: 0.39 0.188 
Mesh 1 

Transient RANS: 0.36 0.170 
Mesh 2 

DES Mesh 1 0.486 0.214 

DES Mesh 2 0.502 0.221 

Table 6-5: Force on roof sections in N (see Figure 6-13 for key) 

Refinements in the unsteady RANS mesh resulted in some reduction in 

uplift force on the roof, increasing the underprediction. 

Table 6-5 shows that the DES runs consistently produced stronger suction 

pressures over the roof than the Transient RANS simulations, possibly 

indicating a better separation prediction generally, as anticipated from the 
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improved performance of this model in predicting separation zones. The 

unsteady nature of the simulation may significantly increase entrainment 

of the free stream into the wake, increasing shear transfer into the 

separation zone and increasing suction pressures here. Enlarging the 

zone of mesh refinement in the wake and introducing an expanded 

boundary layer increased suction pressures on the roof by less than 50/0. 

The results are still significantly lower than those from the wind tunnel, 

showing a greater underprediction than that seen in the Silsoe Cube tests. 

Again the steady RANS solution (Table 6-4) can produce better predictions 

of mean pressures on the roof than the DES solution or unsteady RANS 

solutions (Table 6-5 and Table 6-6). However the steady RANS 

predictions have been shown to be highly dependent on CFD parameters 

such as mesh design, turbulence model and discretisation. 

The wind tunnel measurements were performed such that force 

fluctuations on these large areas could be inferred by integration of the 

fluctuating pressure results. This method takes into account both the 

oncoming turbulence and building generated turbulence. The CFD results 

only allow building generated turbulence by vortex shedding to be 

included. The interaction between this local turbulence production and 

the large scale turbulence in the flow is not modelled. 

Force on Panels: Central Bay 

Although the DES model improves upon the unsteady RANS predictions, 

the pressure predictions are still far lower than those seen in the wind 

tunnel. Forces near the leading edge in particular are far lower than seen 

in the experiment, while results near the wake improve in accuracy. 

A series of numbered panels along the roof centreline was chosen to 

represent loaded areas in the separation and reattachment zones, as 

shown in Figure 6-31. 
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Central bay (Sum of 

10 individual panels) 

.. .. .. .. .. 

\ Wind 
direction 

Figure 6-31: Central portion of grandstand roof: key to Table 6-6 

Panel 1 Panel 2 Panel 3 Panel 4 PanelS Panel 6 

Wind 0.021 0.049 0.018 0.03 0.092 0.048 
Tunnel 

Transient 0.027 0.038 0.01 0.013 0.025 0.013 
RANS: +29% -22% -45% -58% -73% Mesh 1 -73% 

Transient 0.024 0.032 0.009 0.011 0.022 0.012 
RANS: +14% -34% -49% -62% -76% -76% Mesh 2 

DES: 0.026 0.041 0.013 0.016 0.029 0.016 
Mesh 1 +24% -48% -29% -46% -68% -67% 

DES: 0.025 0.040 0.012 0.017 0.033 0.019 
Mesh 2 +19% -18% -32% -44% -64% -60% 

Table 6-6: Mean force in N on individual roof panels near the roof 

centreline with percentage difference from wind tunnel results (see Figure 

6-31 for key to panels) 

Examining results for individual roof panels along the roof centreline 

(Table 6-6) shows that the results are much more accurate towards the 

rear of the roof than towards the leading edge. Results for panel 1 are 

overpredlcted by 14-290/0 while results for panels 3 and 5 are 
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underpredicted by 60-76% . There is an average underprediction of 

approximately 40% relative to the wind tunnel results. 

Looking at point loads for the second DES grid, point pressure fluctuations 

at the leading edge contain strong high frequency components with a 

period of around 0.34s with some lower frequencies (Figure 6-32). 

Trailing edge pressure fluctuations are dominated by lower frequencies of 

the order of 1 to 2 seconds, with some higher frequency components. 

Comparison with Figure 6-32 shows that the wake velocity fluctuations are 

further dominated by these lower vortex shedding frequencies, indicating 

that the higher frequency fluctuations formed at the leading edge 

separation point are being damped out moving back into the wake. 

0.01 0.1 

Period (5' 

1 10 

-- Leading Edge 
• Roof Centre 
-- Trailing Edge 

Figure 6-32: Spectral analysis for point pressures on the roof centreline 

from DES simulation 

6.5. Discussion 

The wind tunnel tests provide simulations of pressure loading under 

natural velocity and turbulence conditions. They account for non­

correlation of forces across the building, requiring simulations of 

approximately 5 minutes for each wind direction. Pressures are provided 
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at discrete pOints on the building surface and then summed to calculate 

design loads. Typically, several hundred point pressures can be 

economically calculated for a building, limiting the extent of a single test. 

In this case it was only possible to instrument the roof of the building and 

one third of the building had to be separately tested. The complexity of 

the oncoming turbulent flow requires of the order of 105-106 

instantaneous pressure readings for each tap. 

In comparison, the CFD Simulations reproduce natural mean velocity 

conditions and use turbulence models to represent the fluctuating 

component. Pressures can be calculated at a very large number of pOints 

but computational limitations mean that much shorter runs of the order 

103-104 time steps may be the limit of what is currently practical. This 

has been shown to be sufficient to capture instability due to the flow 

around the building but is one of a number of barriers to directly 

simulating full-scale atmospheric turbulence. 

6.5.1. Boundary Layer Simulation 

The atmospheric boundary layer profile as described by Richards and 

Hoxey (1993) was not stable when combined with the standard RNG k-E 

turbulence model and realistic approximations to the full-scale surface 

roughness. It was necessary to run the empty tunnel simulation 

repeatedly and iteratively to develop a stable profile which could be 

applied at the inlet for the simulations involving a building. A series of 

simulations must be run, typically requiring 5-10 well converged 

simulations of an empty domain. This process requires a significant 

amount of time and has a noticeable cost in computing time. 

It was possible to generate a stable velocity and turbulence profile in the 

simulation domain. The velocity profile in particular was highly stable and 

when comparing the inlet boundary profile with the profile at the target 

location, the profiles were identical to within 2% from one building height 

upwards and within 5% from a third of a building height. 
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The turbulence profile was also highly stable with a change of less than 

7% in turbulence kinetic energy values from the inlet to the target site. 

6.5.2.Steady State Studies 

As described above, the steady RANS calculations failed to converge to a 

satisfactory degree for a blend factor above 0.75. Up to that point, 

however, increasing discretisation accuracy resulted in steadily improving 

predictions of mean pressure coefficients and area forces. As the more 

accurate solutions result in more instability, a failure to converge and 

rapidly changing forces and pressures, clearly these steady RANS 

simulations do not represent a satisfactory solution to this flow problem. 

The failure of the steady simulations suggests that significant vortex 

shedding instability exists in the flow on a scale which can be resolved by 

the computational grid. As the grid is refined the convergence problem 

increases as ever smaller instabilities fall into the realm of direct 

simulation. 

6.5.3.Unsteady RANS and DES 

Running an unsteady RANS simulation revealed complex large-scale 

fluctuations about a mean value but taking the mean of the time varying 

solution does not improve pressure predictions on the roof relative to the 

steady RANS predictions. On the contrary, the unsteady simulations 

systematically underpredict pressure in separation regions in a similar 

manner to that seen for the Silsoe cube. 

Refining the mesh at this stage results in significant changes in local point 

pressure predictions, showing that a fully grid-independent solution has 

not been reached. Force predictions across the roof are consistent to 

within approximately 30% (Table 6-5 and Table 6-6) but are conSistently 

lower than those predicted through wind tunnel testing. In most cases 

this underprediction increased as the transient RANS mesh was refined. 

This suggests that further refining unsteady RANS simulations will not 

allow improved pressure predictions for such areas. DES simulation 
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appears to give a significant improvement in the prediction of mean forces 

but again a mesh-independent solution could not be obtained with current 

computer resources. Indeed, mesh independence cannot be achieved 

with LES and DES simulations as the mesh size acts as an explicit filter on 

the turbulent length scales resolved in the LES portion of the flow. 

The DES results show slightly more complex unsteady behaviour with 

some higher frequencies involved. They show a slight improvement over 

unsteady RANS predictions but based on these results they do not appear 

to warrant the huge increase in computational power required. 

Typically, higher frequencies were observed in the pressure fluctuations 

near the leading edge of the roof than near the wake. As the mesh size 

for this DES grid was deliberately kept constant across the building roof, 

this suggests that high frequency turbulence is being generated in the 

leading edge separation zone and then transmitted downstream where it 

excites lower frequency instabilities in the wake separation zone. 

6.6. Conclusions 

Moving up in complexity to the Ascot grandstand allows us to draw a 

number of additional detailed conclusions about the use of CFD in 

structural engineering as well as addressing some broader concerns. 

6.6.1. Detailed Conclusions 

• As with the Silsoe cube, steady RANS simulations do not converge 

sufficiently to give settled results for structural loading. 

• Working at model scale results in a more uniform boundary layer as 

well as allowing sufficient refinement of the near-wall grid to meet 

the y+ requirements of standard industrial turbulence models. 

• Unsteady RANS solutions generally show reduced accuracy in 

pressure predictions from finer mesh resolution. Refining the RANS 

mesh appears to decrease suction pressures in the separation 
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region, possibly due to reduced numerical dispersion and therefore 

less entrainment of the free stream into the separation region. 

• DES solutions appear to improve pressure predictions in the 

separation region, however further computational resources will be 

required if more detailed DES solutions are to be obtained. These 

results suggest that suction pressures are still underpredicted with 

DES Simulations. 

6.6.2.General Conclusions 

The geometry and meshing capabilities of standard CFD software mean it 

is possible to attempt structural load predictions even for unusual building 

forms such as this. However there are a number of practical barriers to 

implementation as well as areas where the results are not sufficiently 

accurate for design, both of which are discussed below. 

• Current software requires considerable time and effort to be placed 

into the early stages of geometry definition and mesh building. 

Mesh building in particular is an iterative process requiring 

convergence studies, and needing adjustment for the flow patterns 

found. Considerable improvements in automatic meshing will be 

required if CFD methods are to become competitive with wind 

tunnel testing and see wider use in structural engineering practice. 

• Additional time is required for the selection of appropriate 

convergence criteria for the flow problem conSidered. More 

advanced convergence criteria based on point variable values would 

be a useful addition to standard CFD software. 
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7. Discussion and Conclusions 

The Ascot building results highlight a number of limitations of CFD relative 

to wind tunnel testing for structural wind engineering. Given these results 

it is useful to return to the previous work on cubes and examine the 

extent to which CFD currently has a place in structural design and what 

developments will be needed if it is to take a more central role. 

7.1. CFD Simulation for Bluff Bodies 

The Silsoe cube chapter shows that the levels of convergence combined 

with relatively coarse meshes as used in many other engineering flow 

applications are not sufficient to predict the full range of pressures and 

forces required by structural engineers for the design of static bluff­

bodies. A high degree of convergence is required with a carefully refined 

mesh and any relaxation of these requirements can result in very large 

changes in the results, possibly by a factor of 2 to 3. 

Mesh refinement studies showed significant mesh dependence in some 

significant variables. Detailed pressure distributions were found to be 

highly dependent on the mesh design and degree of refinement. This 

means that mesh dependence studies must be performed for key 

variables in each new flow case and an assessment made of whether a 

sufficient degree of mesh independence can be achieved. For overall 

building loads and some local member forces this may be achieved with 

relatively coarse meshes while local pressure distributions may prove 

highly sensitive to meshing. Mesh refinement studies should be 

performed progressively, looking at the far-field to obtain a settled 

velocity and turbulence profile before going on to develop the mesh across 

the building surface and in the wake. This will necessarily result in a 

range of grid sizes within the domain, from fine meshes in areas of 

separation to coarser meshes in the wake and far field. LES and DES 

solutions present special grid resolution challenges discussed below. 

If these requirements are met then net forces across the building can be 

predicted with an acceptable degree of accuracy, as can mean pressure 
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loads on some areas of a building. Notably the detailed pressure 

distribution on the front of the building is well predicted. Fluctuating 

pressure values and local forces in some areas cannot be accurately 

predicted. 

Turbulence modelling is advancing rapidly but it is clearly not appropriate 

to model all of the turbulent length scales in these flows with a steady 

state simulation using a local turbulence model. Neither is it possible to 

directly represent all of the turbulent length scales in the flow through 

DNS so a proportion of the turbulence must be directly simulated and 

some accounted for in the local turbulence model. 

Some portion of the local turbulence spectrum must therefore be filtered 

out and represented in the local turbulence model. However, LES 

methods use the grid size as the filter on local turbulence scale so the 

turbulent scales directly represented in the flow will vary with grid size 

through the domain. As discussed above, the grid size will vary 

considerably through the domain, resulting in a varying filter size and 

possible inconsistencies in the turbulence modelling. 

The uniformity of the oncoming flow conditions used in these simulations 

can be seen to directly influence the results, giving rise to vortex shedding 

oscillations which are not damped out by the simulated turbulence. The 

lack of spectral information in the turbulence model means that there is 

insufficient interaction between modelled turbulence and directly 

simulated flow instabilities. 

The use of time varying boundary conditions would allow some of these 

effects to be directly simulated. If all significant turbulent eddies could be 

resolved in the simulation then the remaining scales could be Simulated 

through the turbulence model. This would certainly reduce the vortex 

shedding seen in these simulations, improving the mean and time-varying 

velocity and pressure predictions. This is expected to require detailed 

research work in how to best produce these boundary conditions and how 

to ensure the required flow statistiCS are maintained through the flow up 

to the building. 
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7.2. Prediction of Structural Loads 

Previous work on the use of CFD in building aerodynamics has 

concentrated on the reproduction of experimental point pressure 

coefficients. This new work relates these values to the parameters used 

in structural design. Overall body forces, local member forces and point 

pressures are each considered in turn. 

7.2.1.0verall Body Force 

Steady RANS simulations have here been shown to be sufficiently 

accurate in the prediction of mean overall downwind forces for simple 

isolated structures. The error that does exist is mainly due to poor 

prediction of mean pressures on the rear face and as these are generally 

less than half of the pressures on the front face, this is within acceptable 

margins of error. For more complex or more streamlined bodies 

presenting a smaller face directly to the wind, net body forces are likely to 

be more strongly governed by the wake pressure. Mesh sensitivity 

studies will then be required to confirm the validity of the results. 

The variation of body force with time can be predicted quasi-statically and 

codified methods used to account for non-simultaneous action of gusts 

across the building faces and between the front and back faces. This will 

result in an error in overall building force on the conservative (safe) side. 

Time-varying simulations with non-steady boundary conditions would 

allow these effects to be simulated directly for the larger 2D turbulence, 

leaving codified methods to account for the smaller homogenous 

turbulence. However, there are many challenges in producing unsteady 

boundary conditions for CFD simulations which are stable through the 

domain and across multiple changes in grid scale. 

Where the flow fields around multiple buildings interact, errors in wake 

and separation prediction from one building could significantly affect CFD 

results for the downstream buildings. Unsteady simulations with their 

improved prediction of wake separation would be required in these cases 

177 



and further validation work is needed to confirm the simulation 

requirements in such cases. 

7.2.2.Force on Structural Members 

Mean forces on individual structural members in the upwind stagnation 

region of the building can be calculated with an acceptable degree of 

accuracy. Again, the peak load can be calculated quasi-statically from 

mean results. 

In the wake region, errors of up to 500/0 in pressure coefficient prediction 

are seen. These are typically present in conjunction with asymmetry and 

instability in the flow which is easily spotted with a symmetrical building 

but harder to discern for more unusual building types. Wake pressures 

are rarely critical to local member design as wind from another direction 

will typically generate stronger positive or negative pressures on the 

members in question but this could be a source of error for some flow 

conditions. This means that a detailed understanding of both the 

underlying flow patterns and the structural design requirements is 

required if CFD results are to be safely interpreted for structural design. 

Peak member forces in the wake and to the sides can be calculated quasi­

statically but building generated turbulence may have a significant effect 

near the leading edge and this is not adequately predicted by current 

methods. The magnitude and spectrum of turbulence fluctuations are 

both required if good design values are to be obtained. 

7.2.3. Local Pressure Coefficients 

Local pressure coefficients are again harder to predict accurately, 

particularly in regions of intense separation and high turbulence 

production. Better prediction of separation in turbulent flows and 

improved mathematical models of turbulence production are required if 

these effects are to be adequately resolved in CFD. 

Until that time it is hard to see how CFD can be used to predict detailed 

cladding pressures for structures. Time-varying simulations for the Silsoe 
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Cube are shown to improve mean pressure predictions in some areas. 

Through quasi-static analysis these could take account of the upstream 

turbulence. However a significance formulation dependence has been 

found in mean and RMS suction pressures at the leading edge of a bluff 

body. 

For simple buildings, it is possible to combine code of practice methods 

with CFD to predict local pressures but then may be little advantage to 

having performed the CFD simulation. For more complex buildings of the 

type generally considered in specialist wind engineering studies, code of 

practice methods are not so readily applicable. The CFD simulation can 

identify approximate zones of separation for simple buildings but where 

flow from one area interacts with another area of the building there would 

be insufficient confidence in the results. 

7.3. Conclusions 

This work shows that current CFD techniques can have a place in 

structural wind engineering if used with caution and with a thorough 

understanding of the limitations. CFD is not able to replace wind tunnels 

for general use in structural wind engineering and is not likely to do so in 

the foreseeable future. Until a method has been developed and validated 

for a variety of large-scale flow problems, the place of CFD in structural 

engineering may be in performing early design studies, visualising flow 

effects and possibly in examining detailed design issues in combination 

with wind tunnel testing. Within this broad conclusion, a number of 

specific conclUSions can be drawn about individual CFD methods. 

7.3.1.Detailed Conclusions 

RANS Methods 

• Steady RANS calculations underpredict turbulence generation on the 

cube boundary, resulting in an overly large recirculation region behind 

the cube. This has been shown to lead to an incorrect prediction of 

velocity, turbulence and mean pressure coefficients in the wake region. 
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Where one or more buildings are in the wake of another, this is likely 

to lead to errors in the oncoming flow for the downstream building(s). 

• SST k-w models give better predictions than k-E models where the 

mesh can be sufficiently refined to allow convergence. However, this 

work has highlighted how the range of scales involved in structural 

wind engineering puts limits on the mesh design. This can make it 

impossible to achieve sufficient mesh resolution on all wall regions. 

The widespread use of this model in built environment applications 

would require the development and validation of improved wall 

treatments to allow coarser meshes or huge increases in computational 

power. 

• Convergence can be hard to achieve with steady RANS calculations due 

to the inherent unsteadiness in bluff body flow. Use of low-order 

discretisation or coarse meshes can reduce this effect but non-physical 

asymmetry is still seen in the results. 

• Unsteady RANS calculations improve the mean flow results, reducing 

asymmetry and reducing the overprediction of wake length, although 

the overprediction is still typically at least 1000
/0. 

LES and DES Methods 

• DES solutions appear give generally improved pressure predictions in 

the separation region than RANS methods, however further 

computational resources will be required if more detailed DES solutions 

are to be obtained and the effects of grid resolution fully investigated. 

These results suggest that suction pressures are still underpredicted 

with DES simulations with steady boundary conditions 

• This underprediction may be due to lack of entrainment of the free 

stream into the separation region. Transient simulation of the 

turbulent wake does not remove this underprediction. 
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7.3.2.Calculation of Structural Loads 

Overall Building Loads 

• CFD has been shown to accurately predict overall mean building forces 

for some isolated buildings, within the bounds of accuracy expected in 

structural wind engineering. 

• Where there is significant interference from surrounding buildings, the 

uncertainties in predicting wake flow would result in errors in 

predicting the flow around downstream buildings. However for most 

structural engineering applications the direct effect of neighbouring 

buildings is neglected to allow for future changes in building layout. 

This effect would only be relevant where a large neighbouring building 

was likely to cause an increase in loading on the building studied. 

Structural Member Forces 

• Mean forces on structural members in the stagnation and wake region 

of an isolated building can be accurately calculated using RANS 

methods. For structural members located in separation regions such as 

the leading edge of the roof and side walls, errors in calculating the 

area and intensity of separation will result in significant errors in 

calculating member forces. The lack of accurate representation of the 

intensity and spectrum of turbulence production means that dynamic 

loading in these areas cannot be adequately assessed using current 

CFD techniques. 

• Lack of detailed simulation of the spectrum and correlation of 

oncoming turbulence in the CFD results means that other methods 

must be used to calculate the attenuation of peak pressures in the 

stagnation and separation regions around the building. For instance, 

code of practice methods may be used to reduce the net force on large 

members due to non-correlation of gusts or to increase the response 

due to resonant effects. 
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Local Cladding Pressures 

• CFD simulations allow qualitative prediction of separation and 

reattachment regions in a way that is easy to convey to the structural 

engineer. This can be useful in helping to understand the broad flow 

features around a building and understanding the locations of key 

separation regions and therefore high cladding loads. 

• A significant formulation dependence has been found for peak cladding 

pressures. CFD methods are therefore not currently recommended for 

the calculation of peak structural cladding loads. 

7.3.3.General Conclusions 

Reviewing CFD methods by category: 

• For an isolated building structure where the overall load is significantly 

affected by the oncoming wind conditions but not by surrounding 

buildings, RANS methods have been shown to give a reasonable 

approximation of the overall flow around the building. This can be 

used by experienced practitioners to inform design development and 

examine the effect of large scale changes in geometry. 

• Steady RANS methods can predict mean flow features around an 

isolated cube in a qualitative sense, showing the recirculation region 

upstream of the cube leading to a horseshoe vortex around the base 

and the recirculation regions in the wake. Quantitatively the results 

are not of sufficient accuracy for structural wind engineering so CFD 

should not be relied upon as the sole design method. 

• Further problems will be experienced for multiple buildings where 

errors in predicting the wake of one building will impact on the next 

building downstream. Unsteady flow features are clearly highly 

important both in their effect on the mean flow and in terms of peak 

pressures in separation regions. 
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• Unsteady RANS methods slightly improve on the mean flow prediction 

of steady state calculations but do not sufficiently capture the range of 

turbulence scales present in turbulent wakes and separation regions. 

While these methods may be of use in predicting mean flows and 

therefore estimating overall loads on isolated buildings, it is unlikely 

that RANS methods will ever produce accurate predictions of detailed 

structural loads for an arbitrary building shape. 

• Until these key shortcomings are addressed, CFD should not be used in 

lieu of wind tunnel testing as the primary load calculation tool for 

structural engineering. 
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8. Recommendations for Future Work 

Turbulence modelling is continuously developing but improved DES type 

turbulence models are needed for external flows, allowing for the 

transport of turbulence across different scale grids to represent the 

transmission of turbulence from the free stream into the area around the 

building and out into the separation region and the wake. 

Further work is required in developing stable turbulence profiles for use in 

steady and unsteady RANS models. Current wall laws and turbulence 

model formulations do not provide stable boundary layers with full-scale 

turbulence values. 

Improved modelling of separation is required including spectral 

information on turbulence generation, transport and destruction. This will 

require improved understanding of the physical processes involved in 

turbulence generation. 

Coupled with this is the need for a better understanding of the physical 

structure of turbulent eddies and how this changes in the stagnation and 

separation regions of a bluff body. This will affect the levels of turbulence 

in these regions as well as the coherence of turbulent fluctuations. 

Additional validation cases are needed for external bluff body flows, 

reducing the uncertainty in trying to match experimental results. At the 

small scale, good quality highly bounded cases such as the Martinuzzi 

cube should be produced giving mean and fluctuating pressure across the 

building. Recent advances in pressure tapping technology should make 

this easier and cheaper than in the past while digital storage and 

distribution should allow more comprehensive results to be published. 

At full scale, testing methods should allow for the calculation of structural 

forces and overall building loads and these values should be presented in 

the published data. Pressure measurements should not be restricted to 

small areas as the correlation of pressures and therefore forces across the 

building is of great significance in calculating structural loads. 
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Similarly, CFD comparisons should look beyond mean pressure coefficients 

to examine peak structural load effects. This may be performed through 

gust factors predicted from mean and RMS values or may be calculated 

directly from longer time histories. Both of these present significant 

challenges as discussed previously in this document. 

Future developments in CFD methods should aim for improved accuracy in 

predicting overall building loads, member forces and local pressures. 

Targeting the detailed prediction of mean pressure coefficients in 

particular areas may obstruct the development of useful design tools for 

industry. This may require greater input from the structural engineering 

industry in identifying the key design parameters and the degree of 

accuracy required. It is almost certain to require ongoing collaboration 

with the wind tunnel community where a great deal of practical wind 

engineering experience lies. However the complexity of the task means it 

is likely to require significant academic resources and experience covering 

both computational and experimental methods. 
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Appendix A: Wind Load Calculations to BS 6299 Part 2:1997 

The University of Nottingham I 
The 6m Cube at Silsoe Research Institute 

GAl< September-OS 

Wind Load Calculations to BS6399-2:1997, incl. Amendment 1 and Corrigendum 1 

Pressure Coefficients 
The directional method is used to determine the pressure coefficients for greater accuracy 
Walls 
B 6 m Crosswind breadth 
D 6 m Inward Depth 
b 6 m scaling length 
Gap to nearest building is greater than b, therefore no tunnelling 
DIH 1 
Windward Face 
Zone A 
ZoneB 

Side faces 
Zone A 
ZoneB 

Rear Face 
Zone A 
ZoneB 

O. 7 extends 1.2m from either side of the building 
0.83 elsewhere 

9=90 
-1.3 extends 1.2m from the front face of the building 
-0.8 elsewhere 

9 = 180 
-0.34 extends 1.2m from either side of the building 
-0.24 elsewhere 

Roof 
Zone A 
ZoneB 
ZoneC 
ZoneD 
ZoneE 
ZoneF 
ZoneG 

bw=bl=6 
-1.47 
-1.25 
-1.15 

nla 
-0.69 

nla 
±0.2 
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fig 2 
fig 2 
3.3.1.1.2 
3.3.1.1.3 

Table 26 

Table 26 

Table 26 

3.3.3.2.1 
Table 30 



Appendix B: Wind Load Calculations to Draft prEN 1991-1-

4.6:2002(E) 

The University of Nottingham 

The 6m Cube at Silsoe Research Institute 

Wind Load Calculations to Eurocode 1 part 1.4 GAK September-02 

Wind Normal to a face 

Pressure Coeffidents 
The directional method is used to determine the pressure coefficients for greater accuracy 
Walls 
h 
d 
b 

6m 
6m 
6m 

building 
face 

height 
depth 
breadth 

reference 
height 

6 reference height z 
e 6 m lesser of b or 2h 

Windward Face e = 0 
Cpe10 Cpe1 

everywhere 0.8 1 

Side faces e = 90 
Cpe10 Cpe1 

Zone A -1.2 -1.4 1.2m from front face c 
Zone B -0.8 -1.1 elsewhere 

Rear Face 

everywhere 

Roof 

ZoneF 
ZoneG 
ZoneH 
Zone I 

e = 180 
Cpe10 Cpe1 

-0.5 -0.5 

Cpe10 Cpe1 
-1.8 -2.5 
-1.2 -2 
-0.7 -1.2 
±0.2 ±0.2 
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