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Abstract - Parabolic, Hyperbolic or Cylindrical
members are often said to act as tension restraints hence
called tensile members. For achieving the optimized load
capability and flexural strength of such an element in
form of roof shell is checked in for M30 grade concrete.
The profile and aspect of structure used are unlike for
loading conditions and geographical locations differs as
such as horizontal, sloping or curved member such as
dome and shell member.

From the research work the tensile shell is designed
in the form of beam and as grid shell slab element, then
after load has been assigned for analysis via software tool
ie. STAAD. The types of load assigned are wind and
seismic along with dead and live loads. The Design code
specifications are provided for curved shell mnember in IS:
2210 - 1994, the load case criteria is to be as per IS:
875(2)- 2000 and RCC design specifications as per IS: 456
-2000.
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1. INTRODUCTION

Curved shape members like shell structures generally
known as Tensile member are naturally able to reduce the
effect of acting stresses by dilution of the load on the
surface of structures from a point on it. A shell structure is
a thin curved membrane or slab usually of reinforced
concrete that functions both as structure and covering.

The term “shell” is used to represent and describe the
structures provided with durability, strength and rigidity
due toits low height i.e. low thickness, There are various
examples of curved mass shell structures adopted by
nature in various forms ofliving and non -living things such
as tortoise back, snails cover, human skull bone, filament
bulb and caves top upper part.

Tensile shell members are structural edifice that caries
only tensionand withoutbuckling or bending. Tensile
structures are the most common type of thin-shell structures
used worldwide from past.

On account of multiplicity of the types of reinforced
concrete shell and folded plate structures used in present
day building large column-free area, practice for a variety of
applications demanding roofing of buildings, only possible
due to light weight anti-compression assembly.

Fig. - 1: Classification of Shell Members.

1.1 Classification of shells as per Indian codes?

As per IS 2210: 1988 in General - Shells may be broadly
classified as ‘singly-curved’ and ‘doubly-curved’. This is
based on Gauss curvature. The gauss curvature of singly
curved shells is zero because one of their principal
curvatures is zero. They are, therefore, developable. Doubly-
curved shells are non-developable and are classified as
synclastic or anticlastic according as their Gauss curvature is
positive or negative.

The governing equations of membrane theory of singly
curved shells are parabolic. It is elliptic for synclastic shells
and hyperbolic for anticlastic shells. If z = f (x, y) is the
equation to the surface of a shell, the surface will be
synclastic, Developable or anticlastic according as s2-rf < 0
where t, s and t are as defined in clause 3.1. There are other
special types of doubly curved shells, such as, funicular
shells, which are synclastic and anticlastic in parts and
corrugated shells which are alternately synclastic and
anticlastic.

The gauss curvature for such shells is positive where they
are synclastic and negative where they are anticlastic. Single
curvature shell: Are curved on one linear axis and are a part
of a cylinder or cone in the form of barrel vaults and
conchoids shell.

Double curvature shell: Are either part of a sphere, or a
hyperboloid of revolution. Surfaces with double curvature
cannot be developed, while those with single curvature can
be developed.
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Thickness of shells shall not normally be less than 50mm
if singly curved and 40mm if doubly-curved. This
requirement does not, however, apply to small precast
concrete shell units in which the thickness may be less than
that specified above but it shall in no case be less than 25mm.
The span should preferably be less than 30m. Shells longer
than 30m will involve special design considerations, such as
the application of pre-stressing techniques

Developed

Non- Developed
Fig. 2: Forms of Curvature used as Tensile Members in

shell structures.
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Fig. 3: Block diagram of Shell structure form based on
curvature.
suited for

1.2 Which materials are most

construction of shell?

The material most suited for construction of shell
structure is concrete because it is a highly plastic material
when first mixed with water that can take up any shape on
centering or inside formwork. Small sections of reinforcing

bars can readily be bent to follow the curvature of shells.
Once the cement has set and the concrete has hardened the
RCC membrane or slab acts as a strong, rigid shell which
serves as both structure and covering to the building.

Controlled concrete mix shall be used for all shell and
folded plate structures. The concrete to be used is of
minimum grade as M20 for RCC work. The quality of
materials used in concrete, the methods of proportioning and
mixing the concrete shall be done in accordance with the
relevant provisions of IS: 456-2000.

2. LITERATURE REVIEW

A comprehensive literature review was performed in
order to gain a better insight into the key issues relevant to
shell design and analysis of reinforced concrete shell
structure. The roof tensile shell absorbs more pressure due to
curved surface where as the plate surface comparatively fails
to do so due to horizontal alignment. Based on this review, it
was concluded that shell is curved slab beam like member
exposed to direct stresses due to loading, and may buckle
infinitely.

a. Economy point of view: This criterion is not always
useful, because it is difficult to define the best building,
especially if there are intangibles that cannot be
evaluated in terms of investment. It also provides
benefits of early removing of form works due to light
and self stabilizing elastic property of the shell
dimensional structures.

b. Construction joints: Small to medium size shells may
be placed at one time and construction joints may not be
a problem. On the other hand, a shell may be so large,
that is not possible to place all of the concrete at one
operation, and construction joints become necessary.
The change in temperature causes the expansion and
contraction in structures, which causes then it to deform
or collapse. To limit this continuous expansion joints are
formed at the interval of about 30m, along the span and
across the width of the multi-bay and multi-span barrel
vault roofs.

i. Smitha Gopinath, et. Al. "Nonlinear analysis of RC shell
structures using multilevel modeling
techniques”, integrates critical methodologies used for
behaviour modelling of concrete and reinforcement
with the physical interaction among them. The study is
unique by considering interaction of tensile cracking
and bond-slip which are the main contributors to
nonlinearity in the nonlinear response of RC shell
structures.

ii. V. Kushwaha, et. Al. “A Comprehensive Study for
Economic and Sustainable Design of Thin Shell Structure
for Different Loading Conditions” The design of curved
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member is sophisticated in comparison to horizontal
and sloping roofs due to non-linear stresses and
bending moments. Shell is a thin, light weight and
curved structure may be used as side as well as top
covering - roof member which bears upcoming loads,
due to its curved shape and low flexural rigidity.

iii. Koga, et. Al. Presents asymptotic solutions for the eigen
value problems of buckling under uniform external
pressure of a circular cylindrical shell having an
arbitrary combination of the boundary conditions for
the simply supported, clamped, and free ends. A simple
formula for the buckling pressure is derived, which is
shown to be accurate enough for engineering purposes
by comparison with available results

iv.  Dr.Mrs. MrudulaS. Kulkarni, et. Al. presented a model
of Analysis of tensile fabric structure using thin concrete
doubly curved shell. On basis of FEM models of varying
complexity and precision shows that the simplest
model, which represents the shell with uniform
thickness and no edge beams, yields conservative stress
results. Yet these results indicate that the stresses are
well within the strength limits.

3. METHODOLOGY

Modelling of Shell structure is done here in two ways;
First type by assuming it as Beam structure acting as shell
slab modelled by using curved beam provided in software
and in second type it is assumed and made with panelled grid
system or as finite element. Also the shell structure is
designed as single as well as for multiple or continuous shell
structure. It is solemnly tried to keep basic specification of
the structure detail same for result for various loads, which is
likely to occur.

Technical reference as per Staad.pro Plate and Shell
Element: The Plate/Shell finite element is based on the
hybrid element formulation. The element can be 3-noded
(triangular) or 4-noded (quadrilateral). If all the four nodes of
a quadrilateral element do notlie on one plane, itisadvisable
to model them as triangular elements. The thickness of the
element may be different from one node to another.

"Surface structures” such as walls, slabs, plates and
shells may be modeled using finite elements. For convenience
in generation of a finer mesh of plate/shell elements withina
large area, a MESH GENERATION facility is available.
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Fig. 4: Shell structure in form as curved beam.

Fig. 5: Grid shell tensile structure formed as curved slab.

The figure 4 and 5 shows the curved beam used as single
shell and continuous grid shell with following design element
details,

Seismic Load =as per IS: 1989 - 2000
Wind Load = -1KN/m

a. Radius of curvature (in x direction) = 12
b. Gamma angle = 0°or 360°

c. Span of shell(in z direction) =20m
d. Width of shell or length of chord =12 m
e. Thickness of shell =0.10m

f.  Depth of shell =1.615m

g.  Depth of shell =1.615m

h. Dead Load(factor) =-1

i.  Liveload (imposed) =0.4kN/m

j.

k.

3.1 Thickness of Shells - Thickness of shells shall not
normally be less than 50 mm if singly curved and 40 mm if
doubly-curved, it shall in no case be less than 25 mm (IS:
6332-1984).

0.384R.d and 0.761/rd, where R and d are the radius
and the thickness, respectively. The thickening of shell at
straight edges shall depend on the transverse bending
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moment. For doubly-curved shells, this distance will depend
upon the geometry of the shell and the boundary conditions
as the extent of bending penetration is governed by these
factors. In such shells, if P exceeds 10 and K exceeds 0.15, the
effectat any point on the shell of the disturbances emanating
from the farther edge may be ignored, where

=
12w r® and pr . TR
L—d2 LZ p=

P =

4. RESULTS & DISCUSSIONS

BEAM NO. 1 DESIGN RESULTS
M30 Fed15 (Main) Fed15 (Sec)
LENGTH: 12566.4 mm  SIZE: 20 mmX 0.0 mm COVER: 15.0 mm

SUMMARY OF REINF. AREA (Sq.mm)

SECTION 0.0mm 3J14l.émm ©6283.2mm 9424.58mm 12566.4 mm

TOP 2705.34 1228.92 5375.74 12192.67 2705.35
REINF. (5g.mm) (5g9.mm) (5g.mm) (Sg.mm) (Sg. mm)

BOTTOM  2705.34 1228.92 5375.74 12192.67 2705.35
REINF. (5g.mm) (5g9.mm) (5g.mm) (Sg.mm) (Sg. mm)

SECTION 0.0mm 3J14l.émm ©6283.2mm 9424.58mm 12566.4 mm

TOP  64-101 64-101 69-101 69-10i 64-101
REINF. 1layer(s] 1layer(s) 1layer(s) 1layer(s] 1 layer(s)

BOTTOM 64-10i 64-101 69-101 69-101 64-101
REINF. 1layer(s] 1layer(s) 1layer(s) 1layer(s] 1 layer(s)

SHEAR 2 legged 8i 2 legged 8i 2 legged 81 2 legged 51 2 legged &i
REINF. @ Gmmc/c @ Smmc/c @ Smmcfc @ Smmc/c @ §mmc/c

Fig. 6: RCC Design details for tensile shell as per
Software analysis in form of curved beam structure.

ELEMENT DESIGN SUMMARY

ELEMENT LONG. REINF MOM-X /LOAD TRANS REINF MOM-Y /LOAD
(SQMM/ME} (KN-M/M)  (SQMM/ME) (KN-M/M)

1TOP; 72 087/ 9 7 009/ 9
BOTT: 72 -081/ &8 72 -017/ &

ITOP; 72 009/ 3 7n 001/ 3
BOTT: 72 -032/ 9 72 015/ 9

Fig. 7: RCC Design details for tensile shell as per
Software analysis in form of curved slab element
structure.

Following are the items included in the ELEMENT STRESS
output.

i. SQX, SQY Shear stresses (Force/ unit
len./ thk.)

ii. SX,SY, SXY Membrane stresses (Force/unit
len./ thk)

iii. MX, MY, MXY Moments per unit width (Force x
Length/length) (For Mx, the unit width is a unit

distance parallel to the local Y axis. For My, the unit
width is a unit distance parallel to the local X axis.
Mx and My cause bending, while Mxy causes the
element to twist out-of-plane.)

iv. SMAX, SMIN  Principal stresses in the plane of the
element (Force/unit area). The 3rd principal stress is
0.0.

v. TMAX Maximum 2D shear stress in the plane of the
element (Force/unit area)

vi. ANGLE Orientation of the 2D principal plane
(Degrees)

vii. VONT, VONB 3D Von Mises stress, where

Table - 1: Beam Max Force details for tensile shell as per
Software analysis in form of curved beam structure.

|| PV \ LA Sumrmary £ Envelope /

Beam LC lode

Fx Fy f1 T My Mz
ki ki ki klim klim klim

Wax P 4 GENERATE B85 000; 264870 Q000: -SE2E3 -0000
M P JL0ADCAS 000 1383 0000 1434 0o 30248
WaxFy) 9 GENERATE AN 076 26480 0650: 92543 45388
Min Fy & GENERATE i A R T 1 L
WaxFz 4 GENERATE 5185 0000: 4800 0o 58254 0.000

Hax 8 GENERATE 5183 75 264870 0650: 592543 4538

Min M 9 GENERATE i A T R 1 L O

Wax i JL0ADCAS 0o 1388 0000 1434 L1 E

Min My 4 GENERATE 5185 0000: 264870 0000: 592543 0.000

Hax iz 8 GENERATE 51833 0735; -24ET0:  0BS0: SR2543 48388

1 2
1 1
1 2
1 2
1 1
Wnfz| 1 |4GENERATE| 2 B8N 000: -4870: 0000 23 00N
1 1
1 1
1 1
1 1
1 2
1 2

Min Mz 9 GENERATE BEN W7 248 0650: -S92543 48360

Max Top
(Principal Major

0.341

Fig. 8: Max Absolute forces contour details for tensile
shell in form of curved slab element structure.
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Fig. 9: Buckling details for tensile shell in form of curved
slab element structure under buckling mode shape factor..

Mode Buckling Factor

1 466.362
2 741.882
3 921.781
4 1051.060

Table - 2: Comparison of result data on basis of material

required.
Structure type Concrete - Steel
S.No Quantity m3 | Quantity
Newton
1 Single Beam Based 25.13 436349.19
designed Shell
Single Grid panel 24.66 437642.19
2 Based designed
Shell

5. CONCLUSIONS

For the applied specification the structural analysis
shows that shell structure analysed on basis of beam
structure is less better on base of material requirements as it
quantity is lower than that of shell analysed on basis grid
panelled.

The result data of forces, stress and reaction of
beam along with stresses of plate member shows that there
is slight variation in design result components single shell
with respect to double or in continuous shell structure.

The amount of concrete and steel used in
continuous shell is simply multiple of value of single shell
requirements where as the comparison between beam type
and grid type shows that there is economy in designing the
shell by later method.
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