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Abstract : As per CTBUH norms all Spires are counted in official height measurements of buildings. Thus
most of the modern high-rise building features tall spires on top of the building to get included in super tall
category. Spire has a large ratio of height (H) to least horizontal dimension (D) that makes it a more slender
and wind-sensitive than any other structures. In the past several years, many accidents and much damage were
caused by high wind or wind-induced vibrations in such structures. Therefore, the purpose of this research is to
develop the wind-resistant design (WRD) procedure for the slender, tapered spires subjected to wind-induced
excitation.
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I.  Introduction
Spire - A spire is a structure or formation, such as a steeple, that tapers to a point at the top. It is an
architectural design feature rather than functional element and thus every spire is unique. All Spires are counted
in official height measurements by the Council on Tall Buildings and Urban Habitat (CTBUH).
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Fig. 1. World Tallest Vanity Height Buildings

Typically, there are usually some functional equipment on the top of the structure such as a radio wave
transmitter, a radar, lamps and lanterns. The combination of the slender structure and the concentrated mass at the
tip makes the structure fully aero elastic and unstable. For Burj Khalifa Vanity Height is 244 meter. This vanity
height will be an impressive standalone skyscraper, If build in Europe, it will become continents' 11th tallest
building. Another example is of Burj Al Arab, whose architectural height is 321 m and vanity Height is124 m.
Occupiable to Non- Occupiable height ratio is as high as 39 percent. Most of the vanity height is formed by
providing spires. Figure 1 shows world’s top ten building with vanity heights.
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Il.  Parametric Study
This paper presents the analysis process and design of a steel Spire in accordance with Indian code. The
finite element software ETABS which can perform non-linear analysis was used for the analysis purposes.
Initially presented the assumptions used for modelling, i.e. geometry, support conditions and loading calculations.
Follows the simulation methodology at the particular software package and finally are presented the results of the
analysis. For the modelling, finite shell elements are used.

A. Description Of Spire
The spire considered is of 100m height, single skin type with varying diameter as mentioned in table

below.
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Fig. 2. Spire geometry
Table 1-Summery Spire Geometry
Part Length (m) Total Length (m) Initial Thickness (mm) Internal Model Diameter (mm)
1 12.00 0-12 18
2 16.00 12-28 14 4000
3 12.00 28-40 12 to
4 60.00 40-100 8 2000

Spire consists of 4 individual pieces of cylindrical shells of different thickness. The spire will be
assembled on site using the appropriate screw connections.

B. Software Analysis model

In order to do dynamic wind analysis, spires time period and mode shapes needs to be calculated.
Spire structure is modelled in finite element software ETABS using shell element and free vibrations analysis is
carried out to obtain modal time period and mode shapes.

Also time period is calculated as per empirical formula in 1S-1893-(part-4) and compare with time
period obtained from free vibration analysis. A 3D rendered view is show in Fig. 2.
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Fig. 3. Mode shapes and Time Period of spire from ETABS analysis

Spire descried in above section is analyzed and designed for all six wind zones and worst seismic zone-
V. MATHCAD program is prepared to analyze and design the Spire. Results obtained are presented in following
section.

Table 2. Summary of Results

Wind/Seismic Zone Shear Force % with V-55 Bending Moment % with V-55
(KN) (kN.m)
V-55 1583 - 398661 -
V-50 1294 81 328223 82
V-47 965 61 247926 62
V-39 731 46 189993 48
V-33 503 32 132493 33
Seismic Zone-5 0.25 2.52 964 0.25
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Fig. 4. Shear force distriution alog heigh of spire for differet load cases
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Fig. 5. Beding moment distriution alog heigh of spire for differet load cases

Summary of permissible and actual stress along the height of the spire for different wind zones is summarise
as bellow.
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Table 3. Summary of Results

Wind Speed V-33 V-39 V-44 V-47 V-50 V-55
Height | Permissible stress | Actual Stress | Actual Stress | Actual Stress | Actual Stress | Actual Stress | Actual Stress

4 89.7 9.2 9.2 9.3 9.3 9.3 9.4
8 91.7 9.4 9.4 9.5 9.5 9.5 9.6
12 93.8 9.6 9.6 9.7 9.7 9.7 9.8
16 96 134 134 135 13.5 13.6 13.6
20 79.3 13.7 13.7 13.8 13.8 13.9 13.9
24 814 14 14 14.1 14.1 14.2 14.3
28 83.6 14.3 14.4 14.4 145 145 14.6
32 85.2 17.9 18 18.1 18.1 18.2 18.3
36 74.6 18.3 184 18.5 18.6 18.6 18.8
40 76 18.8 18.9 19 19 19.1 19.2
44 77.6 34.7 34.9 35.1 35.2 353 35.6
48 48.7 35.6 35.8 36 36.1 36.3 36.5
52 49.8 36.6 36.8 37 371 373 375
56 51 37.6 37.8 38 38.2 38.3 38.6
60 52.3 38.7 38.9 39.1 39.3 395 39.7
64 53.6 39.8 40 40.3 40.4 40.6 40.9
68 54.9 41 41.3 51.5 41.7 41.9 42.2
72 56.4 42.3 42.6 42.8 43 43.2 43.6
76 57.9 43.6 43.9 44.2 44.4 44.7 45
80 59.5 45.1 45.4 45.7 45.9 46.2 46.6
84 61.9 46.6 47 47.3 47.5 47.8 48.2
88 62.9 48.3 48.7 49 49.3 49.5 50
92 64.8 50.1 50.5 50.9 51.1 51.4 51.9
96 66.8 52 524 52.9 53.1 534 53.9
100 68.9 54.1 54.5 55 55.3 55.6 56.2

I11.  Conclusion

It is found from analysis that, Time period calculated from empirical formula is nearly equals to period
calculated free vibration analysis. Seismic forces for most sever zone are much lower than lowest wind zone.
Though spire is safe for wind it may be unsafe for fatigue. This study will be carried out in next phase of study. In
past many failures of engineered stack like structure are observed because of fatigue. Some work is already done
but yet a generalized well established method for wind induced fatigue design is not available. Also there is
scope for further work on application of damping devices specially tuned mass dampers to avoid the fatigue
failures. Also it’s been observed that theoretical performance of TMD differs from actual performance and
furthers work can be done to minimize this deviations.
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