










































































































































































































CHAPTER 5 

SUvIHARY 

The purpose of this investi gation consisted of the experimental 

and theoretical study of the state of stress and strain in a shallow 

s pherical calotte shell over a hexagonal base. The effect of the 

rotationally periodic boundary on the stress and strain distribution 

in the shell , which was subjected to a rotationally symmetric applied 

represented an integral part of thi6 investigqtion, As far 

as i"l: is known , no experimental study has been carried out on such a 

ca lo t"l:e shell. Moreover, t he Analytj cal solution has not been exten­

sively studied because KELVIN Functions of higher order have not been 

tabulated, and computat i onal difficulties are encountered in t heir 

evaluation. In the theoretical solution, the application of TOLKE ' s 

Eoundary Collocation Procedure for the approximate pointwise satisfac ­

ti on of the support conditions for the rotationally periodic boundary 

of the shel l, constitute an important part of the solution. 

The results of this investigation can be examined in the light 

of the limitations of the experimental and theoretical proc edure. The 

geometric configuration of the manufactured shell could not be brought 

into a perfect harmony with the mathemati cal configuration of the shell . 

The unavoidable deviations from the uniform t hickness and from the 

spherical configurat ion of the s he l l , as well as the presence o f slit 

corners in the shell s-cructure, contributed t o some dis crepancy between 
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the experimental and theoretical results. Also, the theoretical criter­

ion of zero variation in boundary rotations was not quite achieved in 

the experimental shell and corrections had to be introduced in the boun-

dary value problem. The base of the assembled shell was not perfectly 

plane and consequently it did not receive perfectly uniform support 

from the rollers, therefore a completely rotationally periodic state of 

stress and strain could not be obtained in the experiment . The experi­

mental shell structure was not primarily constructed for the purpose of 

simulating an actual structure but it rather served as a testing vehicle 

providing experimental results for the state of strain and stress which 

could be compared to corresponding theoreti.cal results as the "actual" 

solution. It served as the first stage of a study on the structural 

behaviour of this type of shell under various boundary conditions, This 

work endeavoured to investigate the spherical calotte shell under such 

boundary conditions which inhibit boundary rotations, normal boundary 

displacements and horizontal reactions against the lateral movements of 

the boundary members. As it turned out, the boundary members did actually 

rotate, which had to be taken into account in the theoretical solution, 

a~d it seems that the rolling friction could have brought about a hor­

izontal boundary force which, in all probability, might have had some 

effect on the experimental results . The presence of the slit in the re­

entrant corners of the shell exerted an unpredj.ctable effect on the state 

of strain and stress in the shell, which could not be quite adequately 

matched in the theoretical solution. Therefore, the experimental results 

were not as accurate as had initially been hoped . Better experimental 

results can probably be obtained for this shell if its boundary is com­

pletely clamped ag~inst lateral displacement and rotation, which represents 
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the second stage of t nis study. 

This shallow spherical calotte shell over a hexagonal base with 

rotationally periodic boundary and subjected to rotationally symmetric 

normal loading tended to exhibit a rotationally periodic state of strain 

and stress . 

The flexural strains at the boundary were of the same order of 

magnitude as the direct strains. The rotationally periodic disturbance 

of the state of strain and stress tended to attenuate with the radial 

distance from the shell's boundary and emerged essentially as a rota-

tionally symmetric state of strain and stress in the prox~ity of the 

shell ' c. apex. 

The maximum measured tensile circumferential stress occurred at 

the re-entrant corner 1 where the state of s~ress was intensified by the 

?Tesence of t he slit. The resolution of strain measurements indicated 

that over 50}6 of the tensile stress at this location was caused by trans-

verse flexure. 

The limitations of the ~heoretical solution emanate from the 

finite degrees of freedom approximation inherent in the truncated series 

solution in the circumferential directionee, and from the approximate 

procedure of satisfaction of the boundary conditions only at a finite 

number of discrete points . 

The distribution of the stress resultants and stress couples 
. . 

exhibited satisfactory, rather than exceptional agreement in the exper -

imental and theoretical comparisons . The largest discrepancy between 

theoretical and experimental results existed along the line e = 30°, 

for ~ich both the slit boundary in the experimental results and the 

sensitivity of the theoretical solution to the truncation of the series 



with respect to the 8 co- ordinat e were the contributing factors. 

This investigation indicated that an increase in the number of 

collocation points on the boundary does not necessarily improve the 

ac cura cy of every f ac et of the solution. For instance, it appeared that 

the location of t he collocat ion points had as crucial an inf luence upon 

the solution as their number. The investigation seemed to assert that 

a variation in the location of a given numoer of collocation point s has 

the least effect upon the distribution of dir ect stress r esultants. The 

reduced boundar y condi t ions i mposed upon t he col l ocat i on point in the re ­

entrant corner of the shell seemed to exert a s trong influence upon the 

solution in general . T6LKE's Method of Collocation in its a pplication to 

~his spherical cal otte shell problem was quite successful, but further 

study is indicated in order to obtain a more definitive evaluation of the 

relative merits in t he number an~ locat i on of the boundary collocation 

points, which seems to be the temperamental feature of this theoretical 

procedure . 

It is necessary to attempt to use more than four collocation points 

~n tne theoretical solution to evaluate the functional and boundary accur­

acy of t~e solution series. 1lso, it seems that a s tudy of a calotte shell 

with complete_ly fixed boundar ·es would yield better experimental and t heor­

etical agreement. 



APPENDIX A 

GENERAL THEORY OF SHALLOW SHELLS 

A - 1 Introduction 

This section proposes to develop the fundamental equations of 

DONNELL, MARGUERRE, MUSHTARI and VLASOV using the direct kinematic 

method of analysis. The kine m at i c tensor ia 1 met ho d to-

gether with its direct notation is used throughout this work, which 

emphasizes the intuitive physico-geometric content of the subject 

matter. 

A - 2 Statical Eguilibrium Conditions 

(a) Force Equilibrium 

Figure 46 illustrates the free body diagram used in the formula-

tion of the moment and force equilibrium conditions. 

The VECTORIAL force equilibrium equation for the infinitesimal 

shell element is 

Expanding the quantities above into TAYLOR series and supressing terms 
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F(cr)= FCa->~. + F(c-)ea+F(cr)e,. 
I II 11 '" 

F(cr)= FCcfJ~, +F(cr)e .. +F(o-)e,, 
:l 21 a:i ... 2" 

M(tr)= MCa)e,+MtO")e,. 
I II I~ "'"' 

M(c:r)= MCcrJe,+MCcr>e2. 
a a1 :ti 

µ = P.e. + p~e1+p"e" 

DIFFERENT! AL SHELL ELEMENT SHOWING DIRECT AND 

FLEXURAL STRESS RESULTANTS 

FIGURE 46 
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of higher order yields the direct form of the force equilibrium equation 

In order to establish equivalent rectangular forms of this equation, it 

is necessary to resort to the theory of differential geometry of surfaces 

in order to establish the unit surface vectors constituting the mobile 

RIB~UCOUR Triad (see NOVOZHILOV in 1941) . Using 

F(cr) : Re + RO')e +F(cr)e 
I II I 12 2 In D 

f"(o-) - f:(o-)e,..- F(c:r)e2 + F,(cr)en 
2 21 22 z.n 

p = f::>,e, + p2 e 2 + Pne,, 

ds,(c1.2_) ==A, d~, 

ds2 Co.,) = A2 dc11 2 

and the derivatives of unit vectors of the RIBAUCOUR Triad, the force 

equilibrium equations can be expressed in its component form 

(b) Moment Equilibrium 

The vectorial moment equilibrium equation is 

~ Mi(cr-)= - M
1
(o;<A1)ds.z(c41) - M

2
(cr,d.)ds,c 'l.~ +M,(o;~ 1+dQ 1)ds2 (c:! 1+dQ4 1 ) 

+ Mi<T,dl.l + dc1.2)ds,(d.i.+dc4a.) + dsa°'1) e, x t ~(cr,o.2)ds,C'4,)]+ 

(I) 

(2a) 

(2c) 
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ds"'(di,) - [ -( \ J ( _ ds1 (°'•+do41) =\ ~- ) ] 
i" 2 e2 X[F, o-1 cA 1 1ds.z(~ 1j+ ds1('4z.)e,+ · 2. c:.z.jXl_F."(o-,o1i,+doi.1 ds:t(J.,+dJ.,)j 

+( ds
2

Co.,) ez + ds,(cJ.2+-dc4:i) e,) x[F;, (o-,ci112+ d~2.) ds,("-i+do<:i.)] 

t-(dsi(<:A1 >e,+ dslo.,) ez.) x[pds,(~-2) ds1 (ci11,~-=0 
Expanding this equation into TAYLOR series and neglecting terms of 

higher order delivers 

(~) 

Setting 

the equat ion (3) resolves i nto its components 

(4a) 

(4b) 

(n) (h) I ) -M (O")K + M (cr)K - F(O") + F.,,O' = o 
II 2 U I l.I I,.. 

(4c) 

where the middle surface curvature tensor can be given in the form 
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A - 3 Deformation of the Middle Surface of the Shell 

The strain tensor for any arbitrary point in the shell can be 

derived using the fundamental KI RCHOFF's Hypothe si s and the Direct 

Kinematic Deformation Theory (SCHROEDER in 1964). It is 

This tensor can be resolved into the middle surface strain tensor € (d) 

and the strain tensor due to flexure =<f'J E , that is 

where 

=Cd) =r E 11 - - I ( ) - -€ l '+al k(h) e,e, + 2 t, +Ki. e,e, 

1• ~ ~ ;r ~ + ¥,.) e" e, + 1 _; 2~1., e,_e2 

h ' 

and 
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with 

E 12 = ~ (~,+X.)= ~ (t f..:(~:) + ~~ ~(~:)) 
{ti)_ - _, _Q_ (...!... d Un - (ti})- __!._ ciA. (..La uh + (n)) = C' 

SK2- A ao. A C)J. U,K, AA ".:'lc:A A odi u,li, oK ,2 
I I I I I 2. 0 2. 2 2 

K = e1.· b'R·l = aK .. e.e.( i= 1 2.) IJ I J ) 

This tensor will be used to derive t he stress resultants for t he middle 

surface of the shell. (modified to include th·e case of plane stress 6" = 0). 
nn 

The expanded str ain tensor E(~) for points which are no t in the middle 

surface will be used to establish the compatability equations f or the 

shell , which are subsequently reduced to the middle surface compatability 

condition by setting o< = O. 
n 

(5) 
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A - 4 Compatibil ity Eguation 

The SAINT - VENANT Compatibility Equation is 

which can formally be deduced using the symbolic equation for the strain 

tensor 

E(F) = J.[du + u~ ] 
.2. dF dr 

It can be shown that the strain tensor€ which satisfies the compatability 

equation is a necessary and sufficient condition for a continuous dis-

placement fie l d u(F} . The strain tensor E ( .... ) is used in the above com-

patibility relation and °' is set equal to zero, thus generating t hree 
n 

distinct compatibility equations for the middle surface. The compat i -

bile deformation of any other parallel surface at °'nen is identically 

satisfied due to the nature of ti('FJ. Only the third relation con-

stituting the ~n~n component of the RIEMANN - CHRISTOFFEL Curvature 

Tensor will be employed here. The first two equations are used to 

simplify the expressions for transverse shear stress resultants ~~O") 
I 

The third compatibility equation will be used to deliver the 

second fundamental differential equation of the fourth order for thin 

shallow shells. This compatibility condition becomes 

(6) 
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A - 5 Simplifi ed Theory For Thin Shallow Shells by DONNELL - MUSHTARI -

VLASOV 

In order to derive the two fundamental fourth order differential 

equations for thin shallow shells, the following assumptions are made: 

( 1) For shallow shells K~) F (o-) H'"1F(C7") are neglected in the 
.... rn ' • an 

first two force equilibrium equations 2 ( a ), 2(b). 

(2) F;(O"):: fi,(O") , 1.e. ~nK<~><<I ,ot"Kc~>c::<1 

(3) U..L ' u.
2 

are neglig~bly small compared to un' i. e . U=Un-11 in the 

expressions f or variations in curvature and in torsion. 

(4) Due to rapidly changing functions, it is assumed that lower 

order derivatives can be neglected in comparison with higher 

o2
Un a derivatives , i.e. - >>~ 

'dc;1.~ ac1. 1 

These assumptions yield simplified expressions for the components of the 

curvature tensor K = ei SK; = SK .. e. e. 
IJ I J 

of -che middle 

surf ace 

(h) . I a (I 'dut1) I dA1 au,. 
SK 2 = - A, od., X dcA, - A,A~ acA2 dot

2 
= SK,2 

s H(l'l) = + J_ L (J_ d Un) + _!__ oAa a ul'I = ~ K 
• .i act., Az. -a°'2. A~A2 ac;(, oo/\, 2 1 

SK(t) = _, :2...(_!_ C3u., )- _l_ aA. dU,,:: Sk 
1 A, a<A, A2 ~d.2. A~ Az. ac112 'd c1i, 11 

S J{tJ:: _ J_ _a_(..!.. 'dun)++ 'd Aa au, = bH 
i A,_ a."'2. A, o<11, Aa. A, do4, ~~2 22 

Introducing. 

= $~:i-sK<7> 
2 

• 

(7) 



then 

(' (h)-­
c:J.. n e> K a e,e, 

+ ~ .C'k(tl e e 
t'l0 2 I 
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+ cJ.. SK<tle e 
h I 2 

o. - ~Kct\>e e 
h I z. 2 

A- 6 Formulation of Fundamental Differential Equation for Thin Shallow 

Shells 

As in the theory of plates , the mixed method used to establish 

the two fundamental differential equations of thin shallow shell problems 

consists of replacing the stress resultants and stress couples in the 

equilibrium equation by their equivalent expressions in terms of dis-

placement, supplemented by the third compat~bility equation expressed 

in terms -of stress resultants and stress couples. If the simplifications 

accruing out of the thinness and shallowness criteria of the shell are 

imposed, and VLASOV's Force Function ~. which can express the direct 

stress resultants Fij(O"'), (i,j=1,2) and approximately satisfy the 

f orce equilibrium equations in the middle surface, is introduced, t he 

fundamental differential equations can be established as functions of 

u and {Q. 
n 

(a) First Differential Equation 

The first two moment equilibrium equations 4(a), 4(b) can be 

solved for the transverse shear stress resultants FI n (er ) , F 2. n ( CJ ) , 

and substituting f or the stress couples their equivalent expressions 
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(n) 
in terms SK1 , SK

2
(n) t SK(t), and utilizing the first two compatibility 

equations in the · f t · 1 · suCt> th lt · expressions or erms invo ving n , e resu ing 

expressions for the trans verse shear stress resultants become 

E h
3 )~ c:- t ) I 2 ( (hl Chl) 1- u en>( d ( ) 'dA, . 

r2.n\O" =12(1-ui.J A2. ac1.2 SK2. -£K' + A,Az. K' d~, A,e,, -doA.2 c:22 

Using the Directed Derivative in the surface 

it can be shown that 

- I c 
+ e2.-A -:;-

2 od.2 

Substituting (9) into (8), expanding the last expression of (8), and 

using assumption (4) of t he simplified theory delivers 

F (er).:. - E h3 -'- ~ (-L. _J_) 
in .. l2.(1-u2} A d<A d- d- Un 
. I I t'Q t"o 

( ) . Eh
3 

I d ( d d ) · S:n o- = - 12(1- LP·) A
2 

'dt:A
2 
~ · ~ Un 

(8) 

(9) 

(to) 
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If r elations (10) a r e ins erted in t he Force Equilibrium Equation (2c) and 

F (er) K (h) and F ( o-) Klh) are negl ected in (2a), (2b) 
In 2. Z.h I 

+- --!- - · - u -4- = 0 8 [A 8 (; d d ) JJ . 
CJo.i A.i do<2 d~ d'fo h f n 

Equation (11) can be condensed to 

(fl) 

Cn) K(nl _ E h'3 (_g__. _L)f.sl_. -4...) +p =O (12) 
- ~(er) K 2. -r fz(o-) r 12(1-ui) dFa d~ ~-d~ dFo Un n 

To sol ve t he t hree Force Equilibrium equations, VLASOV introduced the 

f orce fu nction ~ s uch t hat 

(13) 

It can be shown that the first two Force Equilibrium equations are 
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approximately satisfied by these functions, at least to the extent con-

sistent with terms previously discarded as negligible; the third equation 

of equilibrium along the normal of the shell yields the differential 

equation 

Setting 

Thus the fundamental differential equation becomes 

(b) Second Differential Eguation 

A second relation between the same functions was obtained by 

VLASOV from the third condition of compatibility (GOL'DENVEIZER in 1939). 

Here the variations of normal curvatures 6K1(n), oK2(n) are expressed by 

(14) 



( 7) and the middle surface strains E
11

, E 
22

, € 
12 

are expressed in 

terms of the force function~. Using the stress resultant tensor 

the str ain- stress relation can be established in the f orm 

= "" = F(o-J 'A ::::: = = 
E = 2)lh - 2ph(E :1 )1 

The first invariant of the Stress Resultant Tensor is 

from which 

e = FzCo-) 
l: hfa)l+3~) 

Hence 

= = FCo-) 
~ 2jlh 

A. f;(o-} -
2)ih(2)2 +3X ) 1 

This relation can be ~implified by substituting f or 

~= 2 }l v 
I - 211 

henc e 
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Consequently 

Utilizing ( 6) and neglecting lower order derivatives of i for thin 

shallow shells yields the second partial differential equation of fourth 

order 

(17) 

The two coupled partial differential equations (14) and (17) in u and 
n 

~ are used in deriving the solution for shallow calotte shells in 

Chapter IV, 



APPENDIX B 

THE BACKWARD RECURRENCE METHOD FOR 

COMPUTING KELVIN FUNCTIONS 

BER (w), BEI (w) 
-n -n 

B - 1 This method is chiefly an outline and an extension of the paper by 

MICHELS in 1964, whose personal advice by correspondence is acknowledged . 

For the BESSEL equation 

d:2.y + .!_ dy - ( i. + h2. )y= 0 
d w2 W dw '\j:p-

McLACHLAN gives the linearl y independent solutions for integer orders of n 

The function Jn ( W L 3 /
2

) is of importance for disturbances from the 

external boundary of the shell and can be expressed by 

J (z)= J ( wi.314 )= ber (w) + L. bei,,.(w) n n n ,, 

It is well known that ·J (z), with z complex, satisfies the recurrence 
n 

relationship 

If the recurrence is started from J
0
(z), J 1(z),good accuracy is obtained 
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for n ~ fzJ. However f or n> fzJ, accuracy is lost very rapidly, since 

J (z) decreases exponentially in this region (forward recurrence yields 
n 

accurate results for Y (z) as this function increases exponentially for 
n 

n > lzl . 

B - 2 Statement of MILLER ' s Method 

A scheme was devised by J. C. P. MILLER whereby the recurrence 

formula could be used and accuracy still maintained throughout the entire 

range of n values. Imposing , at some n = m, the arbitrary conditions 

rm;-1(z) = 0 

Frn (z) = Q 

(I) 

(2.) 

where "a" is any constant, and using the recurrence formula for increas-

ing values of F (z) but with decreasing integers n, a series of functions 
m 

F (z), F 
1

Cz), 
n n-

F (z) at some n< mare generated from 
0 

, 

all of which constitute constant multiples of the regular BESSEL functi on, 

i.e . 

This relation introduces a new unknown constant o<. whose evaluation is a 

central theme of this problem. BESSEL functions of complex argument 



where 

and 

z= wL312 =-..Lw+-Lw=x+LY vz V2 

w X=--
'[2 

w ' Y=vz 
produce a r ecurrence r e l ation 

F (~) = x2+nL·YF..:n(z) - FCz) 
n-1 n~ 

2n(x-Lv> ) ( ) 
= x2+y2 F;,(z - Fn+I i: 

The recurrence procedure is s tarted on the computer by imposing the 

initial conditions (1), (2) and is continued until F (z) is r eached. 
0 

It was necessary to resolve the complex f unction F (z) into its real 
n 
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F (z ) and imaginary S-F (z) components and these had to be calculated 
n n 

individually as t he complex FORTRAN Package was not available . In t.he 

func tional calculations, the value of a = l 0-30 was used throughout. 

B - 3 To calculate the complex constant °' = O(r + L o( t , the known 

expressions for J (z) had to be used 
n 

then 

= n[Fo<zD+ i.~fc;(z) 
ber (W)+i.bei(w) 

<> 



where 

consequently 

o(. = 
L 

~[F0 (Z)] bero(W) - 2H[FoC:z)]be1
0
(W} 

ber!Cw) + bei ;(w) 
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These relations give the constant values ofo(, ~ . f or various arguments 
r 1. 

w. Using these values , the final expressions for ber (w), bei (w) can be 
n n 

found in terms of the computed F (z) from 
n 

Hence 

Fn(z) =a J"n(Z) 

2R[~(z)+ i&[Fn(:z)] = (ot.r-+Lo.i)[bern(z)+L bein(z)J 

bei ( z ) = 
n 

ber ( z) = 
n 

For z complex, as in this case, MICHELS states that downward recurrence 
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can begin anywhere in the range of integers n as long as the condition 

-s 
< ro 

is met to give eight figure accuracy in J (z). Values for ber (10) 
n n 

bei (10) ber (1) bei (1), were tabulated and it was found that the 
n n , n 

above criterion could be met to give reliable functions up to order 

25 if the recurrence started at F
33

lz) for any arguments in the range 

l < w < 10. As stated earlier, attempts to tabulate higher order 

functions F (z) for small arguments caused floating point overflow. 
n 

This method was used to evaluate the functions ber Cw), bei (w) 
n n 

required in the calculations of the sectional resultants of the shell. 

It was felt that these values were reliable and reasonable for the range 

of arguments 1<w<10 and for integer orders up to 25. 



1924 

1925 

1933 

1934 

1935 

1938 

1939 

BIBLIOGRAPHY 

Weatherburn, C. E. 
"Advanced Vector Analysis", G,Bell and Sons Ltd ., 
London. 

\-Jebb, H. A. 
"Str ength of Materials" by John Case , Edward Arnold 
and Co. , London . 

Donnell, L. 
"Stabilit y of Thin- Walled Tubes Under Torsion" 
N.A.C . A. Report No. 479. 

Tolke, F. 
"Uber Spannungszustande in di.i.nnen Re chte ckplatten". 
In0enieur- Archiv , vol . 5, pp . 187 

Dischinger, F. 
"Die Rotationsschalen mit Unsymmetrischen Form und 
Belastung 11

, Der Baui:'l.genieur, vol. 16, No. 35/36 
pp . 374- 381 , No . 37/38, pp . 393- 398. 

Mushtari, f:... . KH . 
11Nekotorye obobscheniya teorii tonkikh obol ochek 11

, 

Izvestiya Fiziko - Matematicheskovo obschestva r i 
Kazanskom Universi t ete , vol . 11, series 

Gol ' denveizer, A. L. 
" Dopol ' neniya i Popravki k Teorii Tonkikh Obolochek 
Love", Plastinki i Obolochki, Gosstroiizdat , 1oscow; 
pp . 85- 105. 

Mar guer re, K. 
"Zur Theorie de r gekrummten Platte grosser Formanderung", 
Proc. 5th International Congress of Applied Me chanics, 
Cambridge , Mass ., 1938. 

Puche ;r:, A ~ 
" Uber die Spannune;s funktion beliebig gekrurnmter dunner 
Schalen" , Proc. 5th International Congress of Appl i ed 
Mechanics , Cambridge , Mass., 1938 . 

116 



1939 

1941 

1944 

1955 

1957 

1959 

1964 

117 

Tolke, F. 
"Zur In tegr at ion de r Differentialgleichungen der 
drehsymmetrisch belasteten Rotationsschale bei be~iebiger 
Wandstarke", Ingenieur Archiv , vol. 9. 

Novozhilov , V. V. 
"Teoriya Tonkikh Obolochek", Oborongiz , Moscow. 

Love, A. E. H. 
"A 'I1r eatise on the Mathematical Theory of Elasticity", 
Dover , New York. 

Vlasov, V. z. 
"Obshchaya teoriya obolochek i ee prilozheniya v 
tekhnike," Gostekhizdat , Moscow , 1949, pp . 295 . 

Csonka, P. 
11Calot t e Shell over Rectangular Base", Acta Technica 
Acad. Scien. Hung ., vol. 11, No. 3/4, pp. 427 . 

McLachlan, N. 'vl . 
"Besse l Function For Engineers" Oxford at the Clarendon 
Press, Second Edition. 

Csonka, P. 
"On Shells Curved in Two directions", Second Symposium on 
Concrete Shell Roo f Construction , Oslo, July 1/3, Session 
11 , paper No . 5. 

Dwight, H. B. 
"Tables of Integrals and Other Mathematical Data", Third 
Edition, The MacMillan Co . , New York. 

Oravas, G .. IE. 
"Stress and Strain in Thin Shallow Spherical Calotte 
Shells", International Association for Bridge and 
Structural Engineers, Zurich . 

Lowell, H. 
"Tables of Bessel- Kelvin Functions ber, bei, ker, kei and 
t heir de r ivatives for Argument Range 0(0.01) 107.50", 
Technical Report R - 32, National Aeronautics and Space 
Administrat i on, Washington, D.C . 

Michels, T. E. 
"The Backward Recurrence Method for Computing the Regular 
Bessel Funct ion, Technical Note D - 2141, National 
Aeronautics and Space Admini stration, Washington, D.C. 



1964 Schroeder, J. 
11 Di rect Kinematic Theory of Deformati on 11

, Unpublished 
Lectures, 1 cMaster University. 

Young, A, and Kirk , A. 

ll8 

11Bessel Functions Par t IV Kelvin Functions ", R. S. M. T. C., 
vol . 10 , University_ Press, Cambridge . 


	Riley_Glenn_1964_09_master0001
	Riley_Glenn_1964_09_master0002
	Riley_Glenn_1964_09_master0003
	Riley_Glenn_1964_09_master0004
	Riley_Glenn_1964_09_master0005
	Riley_Glenn_1964_09_master0006
	Riley_Glenn_1964_09_master0007
	Riley_Glenn_1964_09_master0008
	Riley_Glenn_1964_09_master0009
	Riley_Glenn_1964_09_master0010
	Riley_Glenn_1964_09_master0011
	Riley_Glenn_1964_09_master0012
	Riley_Glenn_1964_09_master0013
	Riley_Glenn_1964_09_master0014
	Riley_Glenn_1964_09_master0015
	Riley_Glenn_1964_09_master0016
	Riley_Glenn_1964_09_master0017
	Riley_Glenn_1964_09_master0018
	Riley_Glenn_1964_09_master0019
	Riley_Glenn_1964_09_master0020
	Riley_Glenn_1964_09_master0021
	Riley_Glenn_1964_09_master0022
	Riley_Glenn_1964_09_master0023
	Riley_Glenn_1964_09_master0024
	Riley_Glenn_1964_09_master0025
	Riley_Glenn_1964_09_master0026
	Riley_Glenn_1964_09_master0027
	Riley_Glenn_1964_09_master0028
	Riley_Glenn_1964_09_master0029
	Riley_Glenn_1964_09_master0030
	Riley_Glenn_1964_09_master0031
	Riley_Glenn_1964_09_master0032
	Riley_Glenn_1964_09_master0033
	Riley_Glenn_1964_09_master0034
	Riley_Glenn_1964_09_master0035
	Riley_Glenn_1964_09_master0036
	Riley_Glenn_1964_09_master0037
	Riley_Glenn_1964_09_master0038
	Riley_Glenn_1964_09_master0039
	Riley_Glenn_1964_09_master0040
	Riley_Glenn_1964_09_master0041
	Riley_Glenn_1964_09_master0042
	Riley_Glenn_1964_09_master0043
	Riley_Glenn_1964_09_master0044
	Riley_Glenn_1964_09_master0045
	Riley_Glenn_1964_09_master0046
	Riley_Glenn_1964_09_master0047
	Riley_Glenn_1964_09_master0048
	Riley_Glenn_1964_09_master0049
	Riley_Glenn_1964_09_master0050
	Riley_Glenn_1964_09_master0051
	Riley_Glenn_1964_09_master0052
	Riley_Glenn_1964_09_master0053
	Riley_Glenn_1964_09_master0054
	Riley_Glenn_1964_09_master0055
	Riley_Glenn_1964_09_master0056
	Riley_Glenn_1964_09_master0057
	Riley_Glenn_1964_09_master0058
	Riley_Glenn_1964_09_master0059
	Riley_Glenn_1964_09_master0060
	Riley_Glenn_1964_09_master0061
	Riley_Glenn_1964_09_master0062
	Riley_Glenn_1964_09_master0063
	Riley_Glenn_1964_09_master0064
	Riley_Glenn_1964_09_master0065
	Riley_Glenn_1964_09_master0066
	Riley_Glenn_1964_09_master0067
	Riley_Glenn_1964_09_master0068
	Riley_Glenn_1964_09_master0069
	Riley_Glenn_1964_09_master0070
	Riley_Glenn_1964_09_master0071
	Riley_Glenn_1964_09_master0072
	Riley_Glenn_1964_09_master0073
	Riley_Glenn_1964_09_master0074
	Riley_Glenn_1964_09_master0075
	Riley_Glenn_1964_09_master0076
	Riley_Glenn_1964_09_master0077
	Riley_Glenn_1964_09_master0078
	Riley_Glenn_1964_09_master0079
	Riley_Glenn_1964_09_master0080
	Riley_Glenn_1964_09_master0081
	Riley_Glenn_1964_09_master0082
	Riley_Glenn_1964_09_master0083
	Riley_Glenn_1964_09_master0084
	Riley_Glenn_1964_09_master0085
	Riley_Glenn_1964_09_master0086
	Riley_Glenn_1964_09_master0087
	Riley_Glenn_1964_09_master0088
	Riley_Glenn_1964_09_master0089
	Riley_Glenn_1964_09_master0090
	Riley_Glenn_1964_09_master0091
	Riley_Glenn_1964_09_master0092
	Riley_Glenn_1964_09_master0093
	Riley_Glenn_1964_09_master0094
	Riley_Glenn_1964_09_master0095
	Riley_Glenn_1964_09_master0096
	Riley_Glenn_1964_09_master0097
	Riley_Glenn_1964_09_master0098
	Riley_Glenn_1964_09_master0099
	Riley_Glenn_1964_09_master0100
	Riley_Glenn_1964_09_master0101
	Riley_Glenn_1964_09_master0102
	Riley_Glenn_1964_09_master0103
	Riley_Glenn_1964_09_master0104
	Riley_Glenn_1964_09_master0105
	Riley_Glenn_1964_09_master0106
	Riley_Glenn_1964_09_master0107
	Riley_Glenn_1964_09_master0108
	Riley_Glenn_1964_09_master0109
	Riley_Glenn_1964_09_master0110
	Riley_Glenn_1964_09_master0111
	Riley_Glenn_1964_09_master0112
	Riley_Glenn_1964_09_master0113
	Riley_Glenn_1964_09_master0114
	Riley_Glenn_1964_09_master0115
	Riley_Glenn_1964_09_master0116
	Riley_Glenn_1964_09_master0117
	Riley_Glenn_1964_09_master0118
	Riley_Glenn_1964_09_master0119
	Riley_Glenn_1964_09_master0120
	Riley_Glenn_1964_09_master0121
	Riley_Glenn_1964_09_master0122
	Riley_Glenn_1964_09_master0123
	Riley_Glenn_1964_09_master0124
	Riley_Glenn_1964_09_master0125
	Riley_Glenn_1964_09_master0126



