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ABSTRACT

The wind loading on large span roofs for structural design is not well covered in design
standards such as AS/NZS1170.2. A series of simultaneous pressure measurement tests were
conducted by Cermak Peterka Petersen on large span arch roofs mounted on the ground, with and
without end walls. The simultaneous pressure results have been combined with structural
characteristics to determine the overall pressure distribution across the roof causing peak structural
responses. The results have been analysed and compared with published data to develop pressure
distributions that could adopted by the Standard. This paper will present the findings of the study
illustrating the importance of asymmetric loading and potential distributions for a range of arch roofs.

1. Introduction

Arched roofs are a common roof type on large buildings as they are structurally efficient

allowing clear internal spans. There are Reynolds number modelling issues in testing these curved
structures. Previous research has concentrated on the mean pressure distribution over these roof
surfaces either averaged along the entire length of the structure or in segments. However, the pressure
distribution causing the highest peak structural response is different to the mean distribution,
particularly on a structure sensitive to asymmetric loads. The structural system used to support the
roof is generally of true arch or portal frame construction and therefore the averaging performed by
the wind engineering community is not necessarily appropraite to the critical structural loading.
Several failures of such structures are reported in Natalini et al. (2012) and cases have occurred in
Australia.
The wind loading on these structures has been investigated by a number of researchers. The pressure
coefficients in various wind standards around the world come from the works of Eiffel (1914), Bounkin
and Tcheremoukhin (1928), Irminger (1936), Pris (1963), and Blessman (1998). Most of this work was
carried out in smooth flow wind-tunnels.

The definition of geometry changes between the various Standards. Using the geometry defined in
Standards Australia Figure 1, a comparative plot of external pressure coefficient is presented in Figure
2 and in Figure 3 for specific general cases. It is evident that there is a wide range of values for the
various roof sections. Only the Australian Standard has a range of pressure for all roof section to
accommodate for asymmetric wind loading.
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Figure 1: Definition of curved roof geometry from Standards Australia (2011)
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Figure 2: Comparison of various Standards for wind in quadrant normal to the ridgeline
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Figure 3: Comparison between external pressure coefficients from various Standards

The most extensive parametric study on the mean pressure distribution over curved roofs, raised on
walls and mounted on the ground, and tested in isolation and adjacent to a neighbouring building was
conducted by Blessman(1998). Typical section distributions at the windward, centre, and leeward
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section of the roof, for incident winds at 30° from normal to the roof ridge are presented in Figure 4.
Assuming a quasi-steady process, it is evident that the averaging process used in the Standards along
the length of the roof is omitting the localised peak pressures that have been measured in the
separation zone on the roof. These local increased pressure are important for the asymmetric loading
on such structures. These results are similar to Toy and Tahouri (1988).
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Figure 4: Mean pressure coefficient based on mean wind speed at roof crest height,
Blessman (1998)

Blackmore and Tsokri (2006) conducted parametric testing to compare wind-tunnel results with the
Eurocode. This study was conducted on models with a full-scale span of 25 m at a scale of 1:250 for a
range of wall height (h/d 0/06->1), roof rise (r/d 0.05->0.5), and length of building (L/d 1->10).
Averaged pressures were presented in the zones defined in Figure 5. Although not defined in the paper,
the length of building used in the averaging is assumed to be 25 m full-scale.

B

L d

draD\
) B cC|D|E F
r /Fﬁ\ wind H
A

h dM0 4 |

o |=|o|a ||

: 43 ar3 A3 wind
Figure 5: Definition sketch from Blackmore and Tsokri (2006)
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Figure 6: Proposed changes to Eurocode after Blackmore and Tsokri (2006)

More recent work was conducted on a free standing curved roofs at different heights by Natalini et al.
(2009, 2013). The study investigated the mean pressures on a quarter of the arched roof. Pressure
distirbutions over the windward and central section of the roof for an incident wind from 30° normal
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to the ridgeline are presented in Figure 7. Similar to the work of Blessman, the circumferential mean
pressure coefficient distribution is considerably different to the format presented in the Standards.
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Figure 7: Mean pressure distribution along windward section (L) and central section (R) of a
free canopy curved roof (after Natalini et al. 2013)

2. Results

Wind-tunnel testing was conducted by Cermak Peterka Petersen on a range of curved roof
types in a closed and open configuration. Only the results of the closed building configuration will be
discussed herein for comparison with the various Standards. The wind-tunnel testing and findings were
presented in Noguez-Ceron et al. (2016). An influence coefficient analysis was conducted to
determine peak responses along a true arch structure, with the corresponding pressure distribution
across the roof. The results showed that the peak bending moments along the arch were about four
times greater than would have been estimated using the pressure distribution from Standards
Australia (2011). Using this data, and averaging in accordance with the various Standards, Figure 1,the
peak pressure in each roof zone resulting in the peak member response for winds within £45° of normal
to the ridgeline are presented in Figure 8.
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Figure 8: Comparative pressure coefficient results with the current Standard

It is evident from Figure 8 that the Eurocode is conservative for the windward roof zone, but is non-
conservative for the centre and leeward zones. The pressure distribution associated with the peak
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responses for winds with the £+45° quadrant are presented in Figure 9, where segment 13 is to the
windward corner. The peak load is by incident winds from 20-40° from normal to the ridgeline,
resulting in separation from the gable end of the structure. The results are similar in form to the mean
distributions of Blessman (1998), Figure 4. This local mechanism would be filtered through averaging
along the length of the structure rather than taking an instantaneous snapshot of the pressure
distribution. The constant pressure for the central half of the curved roof is non-conservative for
structures susceptible to asymmetric wind loading.
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Figure 9: Sectional dimensions of the curved roof and pressure coefficient distribution
resulting in peak member responses

It would be expected that the size of the structure relative to the scale of turbulence and the flow
characteristics would influence the critical wind loading pattern for the structure. For example, the
importance of local pressures acting on a 10 m span roof with frames at 5 m spacing, would be
considerably different to a geometrically similar roof spanning 50 m with frames at 10 m spacing.
These considerations may have to be addressed by the Code committee investigating this section of
the Standard.

3. Conclusions

An initial study has been conducted with the aim to update Clause C3 of Standards Australia
(2011), for external pressure coefficients on enclosed curved roofs. It is evident from the available
published data that only a limited amount of wind-tunnel testing has been conducted on curved roofs.
The flow characteristics and resulting fluctuating wind loads over a curved surface are exceptionally
complicated. The added complication of the underlying structural system to resist the wind loads has
to be taken into consideration. It is considered that most of these structures are typically designed as
portal frames, and therefore a pressure distribution along the length of the structure would be non-
conservative if averaged over a distance greater than the portal frame spacing distance.

Results from structural wind-tunnel testing on a large curved roof illustrated that the wind loading

distributions in the relevant Standards are potentially non-conservative, particularly on the end Bay
and in the central section of the roof where a uniform load case is specified. This loading is critical for
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structural systems sensitive to asymmetric loading. Unfortunately, there is insufficient reliable wind-
tunnel data currently available to update the Standard for all cases.

The structural systems supporting smaller roofs are generally lighter and structurally optimised, hence
are more susceptible to local pressure factors. These factors need to be considered in any revision of
the code.
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