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Abstract - Dome is one of the most efficient structure for the larger area which can be construct without interruption of
columns. Modeling and analysis is one the critical part for these type of complex structures. Ribbed dome, Schwedler dome,
lamella dome, diamatic dome, geodesic dome these are some types of domes but geodesic dome is one of efficient dome.
Geodesic dome consists of triangles, which are joined together to form dome like structures, since the triangular shape is
very stable and the deformations under the action of forces is very less. This part of work includes the geometrical details
and analytical investigation and it includes the detailed geodesic dome modelling. It also includes the validation of
software using existing literature results. The modeling work is done in CADRE pro 6 evaluation and validation work is
done in SAP2000.
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1. INTRODUCTION

A Geodesic dome is a hemispherical thin-shell structure i.e. latticed shell based on a geodesic polyhedron. Geodesic dome
consists of triangles, which are joined together to form dome like structures, since the triangular shape is very stable and the
deformations under the action of forces is very less. This concept makes this type of domes very strong. Minimum amount
of materials are required for the construction of geodesic domes when compared to ordinary domes. Elliptical geodesic
domes have the advantage that they can cover elongated or irregular shaped spaces that vary in elevation. Transportation
is easy because of their light weight. They are lightweight, strong and require no interior supports. There are a lot more
uses of geodesic domes to make buildings of sheer beauty. Applications of Geodesic domes are residential homes,
greenhouses, warehouses, water reservoirs and entertainment spots. Buckminster Fuller’s geodesic model was based on
the sphere subdivision of an icosahedron. An icosahedron is a regular polyhedron with 20 sides, each of which is an
equilateral triangle, and at each vertex, 5 triangles meet.
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Fig 1.1: Geodesic dome geometries
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Fig 1.2: Icosahedron (source-Pacific Domes, 2011)
Frequency is defined as the number of parts or segments into which a principle side is subdivided. For instance, 2v means
the edge of the principle triangle is equally divide into 2 segments, 3v means 3 equal segments. There are two classes of
geodesic subdivision as shown in following fig. class 1 subdivision dividing lines are parallel to edges of principle triangle
and in class 2 subdivision dividing lines are perpendicular to the edges of principle triangle.According to Ramaswamy (2002)

Using class 1 subdivision we can built both even and odd order frequency domes but class 2 subdivision can only be
achieved by even number of frequency.
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Fig.1.3: Geodesic subdivision class and frequency

2.Modeling:

Geometrical Details of Models:

Six models have been developed using Geodesic dome modelling software for the study of geodesic geometry. These
models are developed for different height to span ratios for different frequencies. Span of dome is fixed with reference to
previous literature studies as 20m and as per height to span ratios height of dome varies. Class 1 subdivision is adopted for
4V and 6V Frequencies. From modelling we found out number of elements, number of rings, number of supports, number

of surface nodes of geodesic dome.

Table 2.1 Geometrical details of geodesic dome models

H/Sratio | Frequency| No. of elements | No. of rings No. of supports | Surface nodes
1/2 4V 250 6 20 91

1/3 4V 250 6 20 91

1/4 4V 250 6 20 91

1/2 6V 555 9 30 196

1/3 6V 555 9 30 196

1/4 6V 555 9 30 196
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Geodesic dome models:

Model-1: 4V,1/2 H to S Geodesic dome
Polyhedron type = Icosahedron Frequency = 4V
Class =1

Breakdown Method -1

H/S Ratio- 1/2

Radius = 10m

Fig.2.1: 4V,1/2 H to S Geodesic dome

Model-2: 4V,1/3 H to S Geodesic dome
Polyhedron type = Icosahedron
Frequency = 4

Class =1

Breakdown method-1

H/S Ratio- 1/3

Radius =10

Fig.2.2: 4V,1/3 H to S Geodesic dome

Model-3: 4V,1/4 H to S Geodesic dome Polyhedron type = Icosahedron Frequency = 4
Class =1
Breakdown method-1 H/S Ratio- 1/4 Radius = 10

Fig.2.3:4V,1/4 H to S Geodesic dome Model-4: 6V,1/2 H to S Geodesic dome
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Polyhedron type = Icosahedron
Frequency = 6V

Class =1

Breakdown Method -1 H/S
Ratio- 1/2

Radius = 10m

Fig.2.4: 6V,1/2 H to S Geodesic dome

Model-5: 6V,1/3 H to S Geodesic dome
Polyhedron type = Icosahedron Frequency = 6V
Class =1

Breakdown Method -1 H/S

Ratio- 1/3

Radius = 10m

Fig.2.5: 6V,1/3 H to S Geodesic dome

Model-6: 6V,1/4 H to S Geodesic dome
Polyhedron type = Icosahedron
Frequency = 6V

Class =1

Breakdown Method -1 H/S

Ratio- 1/4

Radius = 10m

Fig.2.6: 6V,1/4 H to S Geodesic dome
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3. Validation of Software by existing literature studies: In this part previous literature study has been studies and
result comparison is done for validation purpose. Paper titled ‘Comparative study for geodesic dome of class 1
subdivisions’ is taken for the existing literature study and validation, published in Journal of Emerging Technologies and
Innovative Research (JETIR),May 2016, Volume 3, Issue 5.In this paper comparative study for geodesic dome of class1
subdivision is done. Modelling of geodesic dome is done in modelling software and analysis design is done using STAAD-PRO
software. Dome is modelled for different frequencies keeping span constant and compared weights for different
frequencies. For Validation purpose we have taken same problem and analysed and designed it in SAP 2000 software.

Problem statement:
Model Details:

Dome diameter-20m Frequency-4V
Subdivision method- class1 Breakdown method- method 1 Polyhedron type- Icosahedron H/S Ratio - %2

1) Dome is modelled in modelling software and for analysis and design imported to SAP 2000 software.

2) After importing model, supports are assigned as reactions restrained in 3 global direction and no moments will be
there and material is given.

3) After material assignment group formation like ring1, ring2, top pentagon and bottom is done for the easement of
application of section properties

4) After group formation section properties are defined and assigned for each group.Ring 1 - PIPE3239H,Ring 2 -
PIPE3239H,Top Pentagon - PIPE2191L,Bottom - PIPE1937H

5) In order to calculate self weight of structure only dead load is applied with factor and analysis is done

This procedure is implemented in SAP2000 software and weight calculation is carried out for different frequencies of
domes and results are interpreted.

4, RESULTS AND DISCUSSION
Result & Discussion:

This work has described a study of modelling of geodesic dome and validation of dome with existing literature study.

Table 4.1: Result comparison

Spa | Frequenc | Weight in | Weightin | Variation
n y tonnage(KN) tonnage(K | in
(m) Existing N) in SAP results(
literature(Staa | 2000 %)
d-pro)
20 |4V 217.38 218.857 0.541%
method 1
4V 238.328 238.755 0.170%
method 2
20 6V 234.706 235.060 0.154%
method 1
6V 240.185 240.972 0.326%
method 2
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5. CONCLUSIONS

From modeling and validation of geodesic domes for different height to span ratios following conclusions are drawn.

1. For 4V frequency & 20m span model, method1 variation in results by analysis with both the software is differ
by 0.541% only.

2. For 4V frequency & 20m span model, method2 variation in results by analysis with both the software is differ
by 0.170% only.

3. For 6V frequency & 20m span model, method1 variation in results by analysis with both the software is differ
by 0.154% only.

4. For 6V frequency & 20m span model, method2 variation in results by analysis with both the software is differ
by 0.326% only.

5. As the results by both the software are almost same, hence SAP2000 is proving as feasible as STAAD-PRO.
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