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Abstract- Ever since the construction of building has started
in human history the construction of top over-head covering
structure like roof is given priority for safety and from privacy
point of view. The shape and dimension of roof structure used
is different for different loading conditions and geographical
locations such as horizontal, sloping or curved member such
as dome and shell member. 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. Main study of this paper is
analyzed and design doubly curved concrete shell structure by
using STAAD.Pro software. For analysis of doubly curved
concrete shell structure applying some loads and its
combinations as per IS code.

Keywords- Doubly curved shell, Flexural rigidity, Thin
concrete shell, Staad.Pro, F.E.M Method.

1. INTRODUCTION

The term “shell” is used to represent and describe the
structures provided with durability, strength and rigidity due to
its low depth i.e. thinness, with respect to its other dimensions
such as radius of curvature and span. There are various
examples of curved mass shell structures adopted by nature in
various forms of living and non — living things such as tortoise
back, snails cover, human skull bone and caves top upper part.
Shells belong to the class of stressed-skin structures which,
because of their geometry and small flexural rigidity of the
skin, tend to carry loads primarily by direct stresses acting in
their plane.

Although shells of double curvature, with the
exception of domes, have been introduced on a large scale
comparatively recently into building construction, these are
likely to be used more and more in future. Being non-
developable surfaces, they are more resistant to buckling than
cylindrical shells and in general, require less thickness. Shells
are structurally continuous in the sense that they can transmit
forces in a number of different directions in the surface of the
shell, as required. Shell structures have quite a different mode
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of action from skeletal structures, of which simple examples
are trusses, frameworks, and trees because other structures are
only capable of transmitting forces along their discrete
structural members.

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 syn-clastic or anticlastic according as their
Gauss curvature is positive or negative, respectively.

Non developable forms

A Shell is generally defined as a curved slab with
very small thickness compared to the other dimensions like
radius of curvature and span. They can be cast in any shape. It
has sufficient strength and also has a body to cover space. The
roof shell absorbs more pressure due to curved surface
whereas the plain surface structures such as floor
plate/membrane slab 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.
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As per IS: 2210 — 1994 the criteria for span and
thickness of shells shell shall not normally be less than 50 mm
if singly curved and 40 mm 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 25 mm.
The span should preferably be less than 30 m. Shells longer
than 30 m will involve special design considerations, such as
the application of pre-stressing techniques.

I1. OBJECTIVE OF THE STUDY

The objective of the study is carrying out the
economic and sustainable design of singly curved concrete
shell for different loading conditions based on modeling and
detailing done in STAAD.Pro software in form of shell having
different parameter, i.e., t/r (thickness / radius), h/r (height /
radius) and t/h (thickness / height) for singly curved concrete
shell structure. And also determine the stress value of shell
structure element when load and load combinations are
applied.

I11. MODELING AND ANALYSIS OF R.C. SHELL
ELEMENT

A sample shell is analyzed in STAAD.Pro whose
dimensions are assumed similar to the ones found in the field
as per the uses, requirements and most important IS: 2210
1988. Following are its dimensions:

Span of shell (X-direction) = 20m

No. of spans = 1

Width of shell (Z-direction) = 60m

Rise of shell;

Along X-direction = 2 m.

Along Z-direction =1 m.

Continuous Column supports at 6 m interval along Z-direction
of the shell

Initially for software analysis the continuous beams along the
width are assumed to be of 230 mm * 300 mm

Thickness assumed for software analysis: 0.12 m

Load on the shell = Dead load, live load, wind load and load
combinations.

Dead load is calculated on the basis of the unit weights taken
in accordance with IS: 875 (Part 1)-1987.

Live load is taken as specified in 1S: 875 (Parts 2)-1987.

Wind load is taken as specified in IS: 875 (Parts 3)-2015.
Load combinations are use as per IS: 456 — 2000.

Dead load = 3 kKN/sg m
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Live load = 0.75 kN/sg m
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IV. METHODOLOGY

Thickness of shell member selected in accordance to
clause 7.1.1 from IS 2210: 1988 i.e. Thickness of shells shall
not be less than 40 mm 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 25 mm.

Structure was analyzed for dead load, live load and
wind load. Analysis was performed in software based on IS
code.

Dead Load: Calculated As per 1IS: 875 (Part I) — 1987.

Live Load: Calculated As per IS: 875 (Part 1) — 1987.

Wind Load: For wind load analysis all data is taken from
Indian standard code IS: 875 (Part — 3) — 2015, since
STAAD.Pro software does not design directly for curved or
inclined member.

So, wind load calculation;

Design Wind Speed = V& * Ky = Ky = K3 = K,

Where;

Ve = Basic wind speed (considering Vadodara region)
=4 ™s

K= Risk coefficient factor (assuming 100 years of life)
=1.07

K3 = Terrains & height Factor (take height as 15 meter)
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=1.05
Kz = Topography Factor (take plain terrain)

=1
K4 = Important factor for cyclonic region

No need to calculate this factor. Because our location is
away from 60 km of sea bed.
Design Wind Speed ¥z = Vs * Ky = Ky = Ky = K,

V. =4943 /s

Design Wind Pressure Pz = 0.6 ¥~

Pz =1.46 R:me

The wind load on the building shall be calculated for the
building as a whole. Wind Load on the Building,
E= {Cpe_ Cpi:] = A= py
C2e = -0.7 (end of the roof)

=-0.5 (centre of the roof)
Cpi=-0.7 (opening > 20%)
Wind force from +X direction
F=-2.044 mfrm:
Wind force from -X direction

F=-1.752 kN-Hrm‘

Wind force from +Z direction
kN z

F=-277 m

Wind force from -Z direction

F=-0.803 mf'{m

Load combinations: As per IS: 456 - 2000
1.5 (DL+LL)

1.2 (DL+LL+WL(+X direction))

1.2 (DL+LL+WL(-X direction))

1.2 (DL+LL+WL(+Z direction))

1.2 (DL+LL+WL(-Z direction))

V. ANALYSIS

Analysis here done for the different parameters of the
shell member with the help of software tool.

Page| 1711

ISSN [ONLINE]: 2395-1052

Table — 1 Showing Shear, Membrane and Bending Stresses on
Shell Structure with t/h parameter

Shear Membrane Bending Moment
e T SOX (local) | 5QY {local)| SK {local) | SY (local) | SKY flocal) | Mk My My
Himm? ‘ Nimm2 ‘ Himm2 | Nimm?2 . klim/m
05 (0LAL) e 4 i
WnQx| 795 100150000
NaeQy 51 (0013000
WnQy| 08 1001300
NaxSe 1124 (001500
WnSx| 83 |100150LL)
HaeSy 909 f001500LLL)
WnSy| 198 001300
NaeSel 198 (0015000
i 5x| S (1S
Hax !.1)4 S2 10500
Hin I.!x| 166 |10 15 (0LLL)
Hax !M 01 0TSO0
i I.!y| 60 10500
Hax !.1)1 WSO
Hin I.\x| 13 10500

Table — 2 Showing Shear, Membrane and Bending Stresses on
Shell Structure with t/r parameter

Shear Membrane Bending Moment
Plate s SOK (local) | SQY (local)| SX {local] | SY {local) | SKY (local) | Mx My My
limm? | Nmm? | Nmm? | Nmm? | Nmm? | kimm | kimim | Kimin
WaxQq 1% |W00150LL) 00 007 A 012 5 258 43 1482
Wnlx| 1267 |f01950L4L) 090 00320 05 e@ 19 Q1 TER: 264
MaxQy 1430 |00150LLL) 0040 51T T 183 LA SR 1428
Wnly| 135 |W00150LL) 00 D AW 0122 5 255 A3 1482
WaxSe 880 101150l  -0000: 000 e 3 [E SR 7] 1558 04N
Hin Sx \ 1 0 7 S 1/ . | R K1 12 1380 068 082
Hax Sy\ T 1 T 1 1 A 1 1462 004 BB e 0
Hin Sy \ B (1150l 00 N0 2220 BB T Q4 2T 0676
Hax Sx\ T T 0 e 2m 1364 12830 D4 03
Hin Sx \ 8 [150LAL)| 006 0w 242 B0 et 10 2m 144
Hax M 1389 (1011500 0008 0ws: 2% ms 00 4514 128; 0282
Winbls| 166 |10115(0LL) 0003 DMz 066 00M: 0069 GeR9i Q27 00
Hax FM 1267 (1150l 1R D0 Qs el QM M TR 261
WnMly| 160 |101950LAL) 0002 0z 00 6% [ AT R 1 ) 0376
Hax M 1 1 1 N . O . 138 AMs s i3
Wibs| 133 |0015QLL) 00010 D020 420 428 % -8R 2B W
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Table — 3 Showing Shear, Membrane and Bending Stresses on
Shell Structure with h/r parameter

Shear Membrane Bending Moment

e e SOX local) | SQY (local) | K (local) | SYflocal) | SKY (local) |  Bix My My
Nimm? | NWmm? | Wmm? | Bmm? | Wmm? | Kimim | kimm | kiimim

B0 10115 (0L L1 R T T i {43 04
WinQx| 1573 | 10115 [0LLL) D064 007 1265 09 1% 60 0314 1013
HaxQy 1 {11150 [ 0008 0093 24 4l 218 141 124 28
WnQy| 1346 |10115{0LLL) 00ss: 0092 132 17 3 2% 1390 185
WaxS 1180 |W0M15QLLL) | 00t Q0 158 08T 24 I AR ]
Wndx[ 200 |10115[0LLL 000s: 0092 26180 58 8 e A 1247
Maxsy| 702 | 1011500 0os: 003 144 M4 4 0040 1505
Wndy[ 200 |10113{0LLL 05 0092 26180 2B 28 A% A 124
Haxsd 200 |10115{0LLL) 0005 00920 26180 58 PR R T il 1247
WnSx| 646 [1011500LL) [ 0008 003 189 1503 803 0g8; .27 0430
Machg 1380 [1001S(DLAL) | b0 bow:  LEE DS 162 LY KT 1] 1003
i Mx| 166|101 1.5 (DLeLL) 0003 L e i 0% A6 8 am
Hax I.|y| M3 0L 0037 0 M6 ke 48 0463 52 1628
i My| 160|101 15 (DLeLL) 00 LS 1/ S 1 N A Y 0368
Hax Lhd 13010115 0L L 117 S ) 134; 285 2 2B
I.|in!.1x| 1384 (101150 [ 08 A DI 18 151 1554 L& 4068

V1. DESIGN SUMMARY
1. Reinforcement for Membrane Stress SX :

SX =-5.490 N/mm?

- Membrane force Fx =SX* b * d
=5.490 * 1000 * 120
=658.8 kN

Now, Capacity of single 16 mm dia. HYSD Fe-415 bars can
be given as,

=0.87 Fyf=

'-[ ]
=0.87*415* 3% 20"
=113.42 kN

= Total number of bars required for 1m width,
B3 E.E

= 11241 = 5.8 = 6 Bars.

2. Reinforcement for Local Bending Moment MX :
MX =6.245 kN.m

With reference to Chart 13, IS: 456, 1978 (SP 16),
B=012%

= Area of reinforcement requiredﬂst,
012+ 1000120

= 100 =144 mm?

Now, Area of a single 10 mm dia. Fe-415 bars,
a

=1*102= 7854 mm?
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= Total number of bars required for 1m width,
144

= 7e51 = 1.83~ 2 Bars.
So, in X-direction, Membrane Stress SX is governing.
3. Reinforcement for Membrane Stress SY :

SY =-8.583 N/mm?

- Membrane Force Fy =SY *b *d
=8.583 * 1000 * 120
=1029.96 kN

Now, Capacity of single 20 mm dia. HYSD Fe-415 bars can
be given as,

=087 Fyia

'-[ ]
=087 *415* 3% 20"
= 13342 kN

« Total number of bars required for 1m width,
102996

= 133.47 = 7.6 = 8 Bars.

4. Reinforcement for Local Bending Moment MY :

MY =7.632 kN.m
With reference to Chart 13, IS: 456, 1978 (SP 16),

£=015%

= Area of reinforcement required-z'*gt,
0,15+ 1000120

= 100 =180 mm?

Now, Area of a single 10 mm dia. Fe-415 bars,

1

= * 102 = 78.54 mm2

= Total number of bars required for 1m width,
ien

= 754 = 2.28 = 3 Bars.

So, in Y- direction Membrane Stress SY is governing.

5. Shear reinforcement for the shear stresses 5Qx and =@
For the prevailing $Qx>3Qy,

The reinforcement provided for the governing
Membrane stresses SX and SY, whose magnitude is greater

than that of Shear Stresses SQxand“%y, is sufficient to sustain
the shear stresses and so, there is no need to provide extra
Shear reinforcement.

www.ijsart.com



IJSART - Volume 4 Issue 4 — APRIL 2018

VII. CONCLUSION

From the above research we can say that for doubly
curved shell membrane stresses SY is more than the
membrane stresses SX.

And the bending stresses are smaller than the
membrane stresses. So, membrane reinforcement is enough to
carry stresses.
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