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Abstract— In this paper, we have designed and analyzed the 

“Monolithic Dome Structure” by analytically (manually) 

and by using software STAAD PRO V8i. Also we designed 

and analyzed various shapes of monolithic dome structures 

using STAAD PRO V8i. By using analytical and software 

design we had compared the results of monolithic dome 

structure. Further, we have analyzed our findings with the 

results which are obtained in STAAD PRO V8i software. 

We have concluded that the results obtained by manual 

design and Software design are approximately equals and 

also very nominal reinforcement required to construct the 

monolithic dome structure. Hence the monolithic dome 

building technique is an effective alternative to conventional 

method. 
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I. INTRODUCTION 

A monolithic dome (from Greek mono and lithic, meaning 

"one stone") is a structure cast in a one-piece form. 

Monolithic domes are a form of monolithic architecture. 

Simply defined, the Monolithic Dome is a super-insulated, 

steel-reinforced concrete structure that can be designed for 

virtually any use: office or business complex, school, 

church, synagogue or temple, gymnasium or sports arena, 

theatre or amphitheatre, airplane hangar, factory, bulk 

storage facility, house or apartment complex, military 

installation, etc. Domes belong to the category of self-

supporting structures that take the form of an arch. They 

distribute loads around the sides and down the foundation. 

Noel Neighbor,et.al [1] had contributes to the 

history of thin-shell dome structures. The procedures for 

producing a monolithic dome was described in an article by 

one of the originators of the process (South 1990). Dr. Hani 

Aziz Ameen [2] presented an investigation of the finite 

element analysis via ANSYS12 software for the large 

concrete dome. J. Mundo Hernandez, et.al [3] aims to 

analyzed people’s perception towards concrete shell 

structures located in the main campus of the University of 

Puebla, in central Mexico. Ansa T Varghese, et.al [4] 

studied about the analysis of tubular single layer structures 

involves geometric nonlinear methods that can consider 

large displacement of nodes. Riya Anna Abraham, et.al [5] 

takes a short tour on the history of domes through a general 

analysis of domes and a comparison of dome roofs with flat 

roofs was carried out. The paper also takes a look into the 

possible future aspects of domes by evaluating popular types 

- two prominent ones being monolithic and geodesic domes. 

II. METHODOLOGY 

A. Analysis of Monolithic Dome Structure: 

In Accordance with Thin Shell theory, In monolithic dome 

structure three types of load are taken into consideration 

Dead load, Live load & wind load. While considering live 

load, wind load and some accidental load are taken into 

consideration. In dome structure, Hoop tension and 

meridional thrust are acting on the structure. The meridional 

reinforcement provides vertically and hoop reinforcement 

provide circumferentially. Following diagram shows the 

component of forces and provision of reinforcement. 

 
Figure 1. Components in loading diagram 

Figure 1 shows, 

Tu= Meridional thrust,  

Hu= Hoop tension,  

Wu= Uniformly distributed load considering wind and 

accidental load. 

1) Step I: Dimensions of Dome. 

While designing the dome structure dimensions are taken 

into consideration such as Diameter, Central rise, Thickness 

of slab, Radius, etc. 

1) Diameter (D) of the dome is taken from given 

conditions that is either given or to calculate. 

2) Central rise (h): The rise/diameter (h/D) ratio of 

dome varies from 1/5 to 1/8  

3) Radius of Dome: 

R = [
h

2
] [1 + (

D

2h
)

2

] 

4) Calculate θ: The extremity of the horizontal plane 

makes an angle θ with the vertical at the centre 

while the extremity of the horizontal plane makes 

an angle θ+dθ. The ring thus subtends an angle dθ 

at the the centre. 

2) Step II: Calculation of loads. 

Forces acting on dome structure Dead load which includes 

self weight of dome then secondly live load is acting as 

uniformly distributed load considering wind load and 



Design and Analysis of Monolithic Dome Structure 

 (IJSRD/Vol. 6/Issue 04/2018/021) 

 

 All rights reserved by www.ijsrd.com 72 

accidental load therefore live load is taken is more as factor 

of safety. Then these all loads acting as below,Dead load : 

Self weight of slab = γ x Thickness of slab 

1) Live load: 1 KN/m2 to 2 KN/m2 (live load is 

acting as uniformly distributed load considering 

wind load and accidental load) 

2) Total load= Dead load + Live load 

3) Factored Load = 1.5 × Total Load  

(1.5 is taken as factor of safety) 

3) Step III: Calculation of Meridional Thrust & Stress. 

A dome may be imagined to be composed of a number of 

horizontal rings placed over each other and equilibrium 

being maintained by each ring independently of rings as 

shown in figure. The joints between successive rings are 

radial. Each horizontal ring supports the load of the rings 

above it and transmits to the one below it. The reaction 

between the rings is tangential to the middle surface, giving 

rise to a compression along the meridian.  

 
Fig. 2: Components of loading 

This is termed as meridional thrust (Tu). Meridional Thrust 

(Tu) = [
WR

1+cosθ
] 

Meridional stress can be calculated by the meridional thrust 

acting per unit area. 

Meridional Stress (τvt) =  [
Tu

bD
] 

4) Step IV: Calculation of Hoop Force & Stress. 

Horizontal component of force which is meridional thrust 

will cause the ring expand circumferentially, resulting in 

hoop tension. Similarly, the component of (T + dT) as 

shown in figure.2. will cause hoop compression in the ring. 

The ring will thus have hoop compression or hoop tension 

depending upon relative values of this components.      

Hoop Force (Hu) = WR [
cos2θ+ cos θ − 1

1+cosθ
]  Hoop stress can be 

calculated by the hoop force acting per unit area. 

Hoop Stress (τht) =  [
Hu

bD
] 

5) Step V: Calculation of Reinforcement.  

To calculate the steel area in dome structure the following 

formula of Ast is used that the steel is provided along 

vertically and horizontally According to IS 456:2000 

Ast = 
0.20

100
× bD 

Spacing = 
ast

Ast
× 1000 

6) Step VI: Design of Ring Beam. 

The meridional thrust (Tu) at the support will have a 

horizontal component which will cause the supporting walls 

to burst outwards, causing its failure. In order to bear this 

horizontal component of meridional thrust, a ring beam is 

provided at the base of the dome. 

Hoop Tension in Ring Beam = Tu cosθ ×
D

2
 

Ast = 
T

σst
 

Spacing = 
ast

Ast
× 1000 

III. COMPARATIVE ANALYSIS OF DOME    STRUCTURE:  

For the analysis of monolithic dome structure we design one 

dome structure by analytically and using software (STAAD 

PRO). Statement of the problem is given below: 

Design a reinforced concrete spherical monolithic 

dome roof for an planetarium of 15m internal diameter. The 

dome is to carry a uniformly distributed load of 1kn/m2 of 

the surface area. Use M25 grade of concrete and HYSD 

steel of grade Fe500. 

A. Result:  

1) From manual calculation; 

1) Meridional Thrust  Tu = 44.85 KN/m 

2) Meridional Stress (τvt) =  0.3 Mpa 

3) Hoop Force(Hu) = 32.81 KN/m 

4) Hoop Stress (τht) = 0.22 Mpa 

5) Hoop Tension in Ring Beam = 74 KN 

Portion Main Steel Distribution steel 

Meridian 
# 10 mm @ 125 mm 

c/c 

# 10 mm @ 125 mm 

c/c 

Hoop 
# 10 mm @ 125 mm 

c/c 

# 10 mm @ 125 mm 

c/c 

1) Reinforcement summary of dome slab: 

Portion Main Steel Shear R/F 

Ring 

Beam 

4 # 10 mm ø bar 

as main steel 

# 8 mm 2- legged V – 

stirrups @ 100 mm c/c 

2) Reinforcement summary of ring beam: 

Table 1: Reinforcement summary: 

B. By using STAAD PRO:  

 
Fig. 3: Stresses on plate of dome surface 

Above fig shows Stresses on plate of dome surface, 

1) Meridional Stress (τvt) = 0.3066 Mpa 

2) Hoop Stress (τht) = 0.2421 Mpa 

Reinforcement Detailing of Ground Beam is given below, 
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Fig. 4: Reinforcement Detailing 

C. Comparison Between manual & STAAD PRO Stresses: 

Description 

Stresses as per 

manual design 

(N/mm2) 

Stresses as per 

STAAD PRO design 

(N/mm2) 

Max. 

Stress 
0.30 0.3066 

Min. Stress 0.22 0.2421 

Table 2: Comparison between manual & STAAD PRO 

Stresses 

Ring 

Beam 

Reinforcement as per 

manual design 

Reinforcement as per 

STAAD PRO design 

Main 

steel 

4 # 10 mm @ 240 mm 

c/c 

4 # 10 mm @ 270 mm 

c/c 

Shear 

R/F 

# 8 mm 2- legged V – 

stirrups @ 105 mm c/c 

# 8 mm 2- legged V – 

stirrups @ 100 mm c/c 

Table 3: Comparison Between manual & STAAD PRO 

reinforcement: 

IV. CONCLUSION 

Through this paper, following conclusions are drawn.                              

1) The results obtained by manual design and Software 

design are approximately equals. 

2) Very nominal reinforcement required to construct the 

monolithic dome structure. Hence the monolithic dome 

building technique is an effective alternative to 

conventional method. 
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