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Abstract— Staircase is used in buildings for providing access 

to pedestrian to different floors and roof of a structure. A Stair 

is a series of steps with or without landings or platforms, 

which is installed between two or more floors of a building to 

bridge a large vertical distance. These are designed as slab 

supported on the beams or walls or frame structure at edges 

of landings. The design is generally based on the guidelines 

by different codes of practices. No special treatment is given 

for varying support conditions and shape of the stair slab.  The 

behavior of helical stair slab has been very difficult to be 

understood due to its geometry. Individual attempts have 

been made by researchers to get an idea of approximate 

behavior of its geometry under different circumstances. The 

real behavior of the stair slab may be obtained by making a 

prototype and testing it by applying various loads at different 

points. In this work we have analyzed helical stair slabs of 

different radii by modeling it in ANSYS. Three stair slabs of 

different radii ranging from outer radius 4.0 to 4.8 have been 

modeled and loads have been applied to get an idea of 

deflection and stresses produced. Stress and deflection 

contours have also been obtained. Graphs have been made for 

deflection and compared for the stair slabs of smaller and 

bigger radii.    
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I. INTRODUCTION 

Staircase is used in buildings for providing access to 

pedestrian to different floors and roof of a structure. A Stair 

is a series of steps with or without landings or platforms, 

which is installed between two or more floors of a building to 

bridge a large vertical distance. These are designed as slab 

supported on the beams or walls or frame structure at edges 

of landings. The design is generally based on the guidelines 

by different codes of practices. No special treatment is given 

for varying support conditions and shape of the stair slab.  The 

behavior of helical stair slab has been very difficult to be 

understood due to its geometry. Individual attempts have 

been made by researchers to get an idea of approximate 

behavior of its geometry under different circumstances. The 

real behavior of the stair slab may be obtained by making a 

prototype and testing it by applying various loads at different 

points. In this work we have analyzed helical stair slabs of 

different radii by modeling it in ANSYS. Three stair slabs of 

different radii ranging from small to relatively large have 

been modeled and loads have been applied to get an idea of 

deflection and stresses produced. Stress and deflection 

contours have also been obtained. Graphs have been made for 

deflection and compared for the stair slabs of smaller and 

bigger radii. Landing has also been introduced to see its effect 

on deflection and different kind of stresses. Comparison has 

been made on stair slabs with and without landing. Attempt 

has also been made to see the difference in deflection in inner, 

middle and outer edges and has been compared graphically. 

II. MATHEMATICAL FORMULATION 

The finite element method has become a powerful tool for the 

numerical solution of a wide range of engineering problems. 

Applications range from deformation and stress analysis of 

automotive, aircraft, building, and, bridge structures to field 

analysis of heat flux, fluid flow, magnetic flux, seepage, and, 

other flow problems. With the advances in computer 

technology and CAD systems, complex problems can be 

modeled with relative ease. Several alternative configurations 

can be tested on a computer before the first prototype is built. 

All of this suggests that we need to keep pace with these 

developments by understanding the basic theory, modeling 

techniques, and computational aspects of the finite element 

method. In this method of analysis, a complex region defining 

a continuum is discredited into simple geometric shapes 

called finite elements. The material properties and the 

governing relationships are considered over these elements 

and expressed in terms of unknown values at element corners. 

An assembly process, duly considering the loading and 

constraints, results in a set of equations gives us the 

approximate behaviour of the continuum. The basic idea of 

the finite element method is to break up a continuum into a 

discrete number of smaller "elements". These elements can 

be modeled mathematically by a stiffness matrix and are 

connected by nodes that have degrees of freedom. This is 

identical to what we have done with bending and truss 

elements. However, beams and trusses have natural locations 

at which to define nodes. 

III. REVIEW OF LITERATURE 

Saqib and Ahmad (1982); conducted an experimental work 

by testing a full scale single flight stair, constructed as per the 

British Code; found that the stair sustained 133% of the load 

corresponding to the ultimate strength without any sign of 

failure. This fact pointed out that even though the British 

Code of Practice regarding the design of stairs is more liberal 

than the ACI Code, further saving can be made. Their study 

suggested that the stair slab does not respond in the same 

manner as do the simple one way slabs and it further revealed 

that a typical stair slab of same thickness as designed by 

British Code requires nearly half the reinforcement required 

by the conventional American design practice (Winter and 

Nilson). 

Skouteropoulou et al (1987); carried out analysis of 

free-standing stairs of two types using stiffness matrix 

method, each having an axis that makes a 180° turn in plan. 

In the first, the horizontal projection of the axis consisted of 

a central semicircle and two equal straight parts, and in the 

second, it consisted of a straight central part and one quarter-

circle at each end. The internal forces of the stair were 

expressed in terms of the force vector at its top, and its full 

(12×12) stiffness matrix was constructed in terms of the 
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geometric parameters of the stair. The symmetry of the stair 

made it possible to simplify considerably the stiffness matrix 

and to express all of the elements of the latter in terms of only 

13 independent ones. 

IV. VALIDATION OF ANALYTICAL TEST RESULT 

A.F.M Saiful Amin and S. Ahmad have studied a helical stair 

slab having the following geometry. 

Inner radius 1.52m 

Outer radius 3.80m 

Height of the stair case 3.73m 

Waist thickness 0.25m 

Central angle 180° 

Live load (U.D.L) 4790N/m2 

Table 1: Geometry of the stair slab of the model 

The analytical test result obtained using ANSYS are 

in close agreement with the results obtained by Saiful et al. 

(1998). A comparison of the results is shown in Fig. 

 

A. Comparison of stair case deflection obtained using 

ANSYS 

COMPONENT Stair 1 Stair 2 Stair 3 

Inner radius 2.8 m 3.2 m 3.8 m 

Outer radius 4 m 4.4 m 4.8 m 

Height of stair 3.6 m 3.6 m 3.6 m 

Central angle 180 180 180 

Waist slab 

thickness 
.30 m .30 m .30 m 

Live load 
5000 

N/m2 

5000 

N/m2 

5000 

N/m2 

Table 2:  

Deflection obtained in z direction and its graphical 

comparison 

Variation of deflection in z direction along middle 

inner and outer edge stair case 1 without landing. 

 
Variation of deflection for stair case 2 without landing 

 
Variation of deflection for stair case 3 without landing 

 
Variation of deflection in stair case 1 with landing 

Variation of deflection in stair case 2 with landing 

 
Variation of deflection in stair case 3 with landing 
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V. CONCLUSION 

The graphs obtained above show that deflection in the all 

three stair slabs is more in outer edges as compared to middle 

and inner edges and it reaches maximum at the mid span. The 

deflection at the starting of the slab is zero. When the radius 

is increased the deflection gets increase. Similar trends has 

been found after graphical comparison of middle and outer 

edge. The deflection is more along the outer edge. 
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