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s y n o p s i s 

Published literature on experimental studies ol' 
hipped hyper shells i;- very United. Design procedures 
for calculation of F.fronrth onC deflection which t.Jco into 
connaer tion both the rigidities of edge beams and tic 
extend on of ties f ' .tve .iot been -tusi e.l in detv.il. . etho." 
i O c.'lcu.l.;to the ultim- te strength of such shells . re :J.uo 
not fully laiown. In i,hi: the G I B an at temp t is " D 

' f o 3 o os.nectc of a hyp; r shell so as to evolve v;orf •• • d... 
)rocerlurer for led gin purpooec. 

In Chapter I, the geometry of the shell is f l s c M s s u d 

nrd the need for .further roee.irch is brought out. Jlv.gter 
i: levoted to review of existing liter ture re lev a ro 
the present .-.-or"?. 

A simplified method for calculation of def lectio/.." 
d p ;e: .vpar shell roofs ir. developed in Chapter ?. /he 

. rVLoc can take into account variations of edge bear .sise 
am! extensional rigidity o.: ties. The validity of the cim-
plified procedure has also been examined for one esse by 
comparing the results obtained by this method with those 
obtained by the finite difference solution of the e cud ion 
of bending theory. 

Chapter 4 describes briefly the experimental word 
Thirty one tests, done in four phases, are reported till 
particulars- ; i r e included only regarding the te£fcr of the 
fourth p},.- r.c . 

Ir Chapter !5, the L-ort rcc-alto (fourth dn.se; per-
tcidiij- :,o the elastic studies are presented :aid conp:tro' 

http://detv.il
http://dn.se


with the theoretical results. The results are presented 

for the two cases of (a) 'uniforjJLy loaded shell with corners 

held in position and (b) unloaded shell subjected to sym

metrical horizontal displacement at the supports. Chapters 

6 -Hid 7 bring- out the influence of extensional rigidity of 

ties and of size of edge beans respectively on the wor.cinr 

load behaviour of the shells. The behaviour of the test 

models at cracking and ultimate load stages is discussed 

in Chapter 8. 

A study of the ultimate strength of reinforced 

concrete hipped hypar shells is made in Chapter 9. Pour 

possible moJes of failures are identified and methods to 

calculate the ultimate strength are proposed. The influen

ces of strength and extensional rigidity of the ties and 

the point of application of the tie force on the ultimate 

strength are brought out. Ultimate strength of the test 

models are compared with the theoretical predictions. 

A brief discussion on prestressing of the ties is 

given in Chapter 10. The major conclusions arrived at are 

grouped in Chapter 11. Some design recommendations and 

suggestions for future research are also presented. 



iiOTATIOK 

Uhell geometry. 

I, Y, - Coordinate axes. 

a , c - Plan length of shell ou: draut in '.: ::n.:~ Y 

directions respectively, 

c - Shell rise 

h - ..:htll thickness 

b r - (Vi ] th o 1 bean 

d - Depth of beam inclusive of shell thic.meso 
.2 

k 1 " k" Y 
ab ^ a — or -— c c 
1 

k - - ~- or ~ for shells square in plan 

h i 

6o2 

- Coordinates of any point on the shell 
x 
a 

- Z 
a 

- J k 2 + x 2 + y ? 

- / ? 7 1 ? 
Elastic and'geometric properties of shell and effective r.rch 

E - Modulus of elasticity of the material of 

shell. 

Ê . - Modulus of elasticity of tie 
c

c - Modulus of elasticity of concrete in the tie 
C - Modulus of rigidity 

V - Poisson'c ratio 
z _ E h 3 

12(1- V 2 ) 
I - 2-Ioment of inertia 



- Moment of inertia of effective arch at a 

distance x from the crown. 

- Moment of inertia of effective arch at the 

crown. 

- Rise of effective arch above tie level, at 

a distance x from the crown 

- Area of tie 

- Area of concrete (transformed area when 

untem-ioned steel is present) in the tie. 

- Area of steel in compression 

- Area of steel in tension 

- Area of beam, 

strengths of materials and sections. 

M •- Ultimate moment capacity 

M - Ultimate moment capacity (for hogging 
U | c 

moment) of the weakest section near the 

shell corner. 

F u - Ultimate axial load capacity 

H - Ultimate horizontal reaction at supports 

in the directions of coordinate axes (yield 

strength of tie) 

C c - Ultimate load capacity in compression of 

unit width of shell panel. 

C[. - Ultimate load cap-city in tension of unit 

width of shell panel 

Q— - Yield strength of steel 

£ 1 . - Crushing strength of standard concrete 
OJ J. 

cylinder. 

Loads and forces acting. 

- Uniformly distributed load per unit area. 

c,t 

Lst 



q u - Ultimate load capacity per unit area 

q c r - Buckling load (per unit area) 

p Q - Dead load of shell per unit area 

E-_ fN V-,,N - In-plane stress resultants. 
xjt yy xy 

M - Bending moment due to external load or 

applied displacement. 

M - K at a distance x from the crown of effective 

arch, 

M e - Moment developed at the shell corner due to 

eccentricity of tie reaction, 

m - Bending moment due to unit force, 

Q - Transverse shear 

H - Horizontal reaction at each support in the 

direction of coordinate axes - Tie force in 

one tie. 
H* - Tie force when the tie is placed with 

eccentricity e. 

H* - Reduction in tie force below the value given 

by membrane theory. 

2H - Tie force for the effective arch. 

P - (i) Axial force (ii) prestressing force to 

be applied at each support in the X and Y 

directions to obtain zero central deflection. 

P a - Additional prestressing force in excess of P. 

? a > B - Portion of P & resisted by the shell 

P a ^ - Portion of P & resisted by the tie. 

Displacements 

u,v - Tangential displacements 

w - Hormal displacement 



Uj,v ,» z - Displacements in the X, Y and 2 directions. y 
u u 

a 
v 
a 

w w 

<̂  £ - Horizontal displacement at each support of 

the shell in the X and Y directions. 

^ H u "^'I(unit force) " h o r i z ° n t a l displacement at 
each support of the effective arch due to 

unit horizontal force applied at the support 

<S g p -c^rj due to prestressing force P & . 

rzS y - Vertical displacement of failure mechanism 

due to C$ H of unity 

czS x - Vertical displacement of effective arch at 

a distance x from crown 

S Q - Vertical deflection of effective .arch at 

the centre. 

A c - Central deflection of shell. 

Other notations 

( / 
S i 

( ; • - 4 i - l 

v 2 ( ) - ( ) " + ( ) • • 

v 4 ( ) - v a v 2 < > 

v 8 < ) - v V < > 

3? - Airy stress function 

/ - Vlasov stresr-uicplacement function 

y/ - w + L - P 
*/ DEh 

X - Spacing of square finite-difference grid. 



or, K, - ^on-dimensional parameters • 

a u - .^eduction factor for compressive strength of 

concrete 

e - Proen+ri'-i ty of tie. 

Additional symbolc .re defined in the text as and 

wlien they occur. 


