CHAPTER - I

STRESSES DUE TO NUCLEUS OF THERMOELASTIC STRAIN IN PRESENCE OF

ELASTIC NUCLEUS

Paper 1 : Thermoelastic stress concentration due to nucleus
of thermoelastic strain in an infinite elastic solid

with two rigid circular inserts.

Paper 2 : Thermoelastic stress concentration due to nucleus of
thermoelastic strain in an infinite solid with two

spherical elastic inclusions
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ASoLuTionN
Let us consider an infinite elastic solid at zero temperature. 1If
there be situated a nucleus of thermoelastic strain at (0,0) the
corresponding displacements can be derived as the gradient of a

potential function (7] yw where

v = Qorz]ogr (1)
in which
i 140
Qo 2n 1-v O‘o'ro ds (2>

To obtain the particular solution we introduce bipolar co-ordinates

by means of the transformation [{14,38]

8 sinh « - a sin 3
¥ ¥ Zosh aF cos R’ Y % Zosh a+ cos 3 (3
2 _2 cosh a- cos 3
d a cosh a+ cos 3 (4)

in which the ranges of the curvilinear co-ordinates « and 3 are

~wl{ctw , -m £ 3 2 n.

As it 1is convenient to deal with hy instead of w itself in these
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particular co-ordinates, we calculate displacements and stresses for

the function [35]

® -2 i © -4 not
hy = Q a[ I n cos n3 + Eloga En e ] (5)
o
n=0 n=2
where
z 2
e o= ax + y
o aa
Now, the displacements and stresses are
© o [=
»n
(ua)r = (cosh a tcosg f3) 5 loga ¥ e
n=2
©
(un)T = =-(cosh a + cos 3)Q L sin(n3)/n (6)
® n=0
(aca) = -Q a[(cosh at+ cos )Y cos(n3) + lloga sinh a T} e —
T o 2

sin 8 F sin(nB)/n -cos a {z n zcos nE o+ %logaz n 1™ }]

o _ 1
(aﬁB)T -Qoa[(cosh a+’cos ﬁ)ilogaz ne™® %loga sinh a ¥ e™®
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- sin ¥ sin(nB3)/n + cos B{: n 2cos w3 + %logaﬁ n te™® }]

(aay3) = O ’ (7)

The stresses obtained in (7) are obviously produced by the thermal
expansion. This expansion gives rise to certain stresses on the
surfaces of the two circular inserts a = tat. It is to be noted that
each of the circular inserts lies entirely on either gide of the
line «=0. We shall, therefore. make the boundaries free from
stressegs by the addition of the extra terms obtained on the

hypothesis that there is no temperature distribution.

Let us congider a stress function which gives no stress at infinity

and no stress over a=0 and such that on the surface a = ta‘
(aco) = — (aaax)
a T
— P
(aaf3) = - . (any3)
(u c = - (ua)r

£
S
L
]
c
A

pRe = A 8)

Now, considering stress function in the form
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w

hy = £ {e_cocosyd) + wh(a)sin(nﬁ‘)} : (9)
n=2

which is a solution of the biharmonic equation

4 4 4 < <
[" a2 2 2 v22 +1](hx) =0 (10)
Aot actaz® opt odu an
with
¢n(a)=Ahcosh(n+i)a+Bncosh(n-1)a+Chsinh(n+1)a+Dnsinh(n-1)a (11)
and
wn(a)xA;cosh(n+1)a+B;cosh(n—1)a+C;sinh(n+1)a+D;sinh(n-l)a (120

It may be readily seen that the conditions (a&&)c ,(a&ﬁ)c shall
vanish over «=0 i{s satisfied,if ¢n(0)=0, ¢;(O)=O and wn(0)=0,w;(0)=0

for n 2 2, and hence from (11) and (12),

(n+1)C + (n-1)D =0
n n

Al + Bl - o
™ n

(n+1)C*"+ (n-1)D" = O
n \al

So,

(s 0]
hy= 22{An[cosh(n+1 )a—cosh(n—i)a] +En[(n—1)sinh(n+1)a—(n+1)sinh(n-1 )a]
n:
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®
}cos(nﬁ)+ T {A;[cosh(n+1)a-cash(n—1)a]+ E;[(n-l)sinh(n+1)a -(n+1)x
n=2

sinh(n-l)a]}sin(m?) (13)

where

E =C /(n-1) and E‘=C"/(n-1)
n n N n

So, the complementary displacements and stresses are given by

0

(u) = a *(cosh a tcos ) L {IA sin n3+A cos n3)[(n+1) sinh(n+Da -
[~ 3 o n=2 n n

(n-1) sinh(n-i)a]+(nz-1)£E;sin TWI+E cos n31{cosh(n+)a -cosh(n-l)a]}

@K

(u)_ = a *(cosh a +cos B) L n {IA’cos n3 -A sin nﬁ][co:h(n+1)a -
$c n=2 n n

cosh(n—l)a]+[E;cos W3-E sin m31[(n-1) sinh(n+1)a -(n+1) sinh(n-l)a]}

(14)



36

(a&;) =
]
© . .
-(cosh ao +cos (3) L n {[A;sin 3 +Ahcos nﬂ][cosh(n+1)a —cosh(n—l)a] +
n=2

[E;sin n3? + E cos nﬁ][(n-i) ginh(n+i)a - (n+1) sinh(n‘i)a]} +8in 3 x
n

[+ )
L n{lA sin n3-A’cos n3lfcosh(n+i)a -cosh(n-1)a] +(E_sin n3-E’ cos ng3)
n=2 n n n n

O
[(n-i) sinh(n+l)a -(n+1) sinh(n—i)a]} -sinh a § {[A’sin n3+A cos n31l
n=2 n n

[¢(n+1) sinh(n+l)a -(n-1) sinh(n-1)a] +(nz-1)[E;sin n3 + E cos n3)
n

@

[cosh(n+1)a-cosh(n-1)a}} +tcosh a ¥, [A;sin 1'E] +Ahcos nﬁ][cosh(n+1)a~
n=2

cosh(n-i)a]++[Ehcos 73 +E’sin n31[(n-1rsinh(n+)a -(n+1)sinh(n—1)a]}
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—~~ @ . 2
(ap) , = (cosh a +cos B)AEZ [A’sin n3 +A cos n31[(n+1)" coshinta-

(n-1>% cosh(n-1)a] + (n*-1)[E'sin n3 + E cos n31[(n+1) sinh(n+Lia -
a

(n-1) sinh(n—l)a]} -stn3 I'n {[Ansin n3 - A’ cos m@][cosh(n+1)a -
n=2

cosh(n-l)a] + LE_sin n3 -E cos nBJ[(n-l)sinh(n+1)a-(n+1)sinh(n-1)a]}

e}

- sinh a [ [A’sin n3 + A cos me][(n+1>sinh(n+1>a - (n-l)sinh(n—l)a]
n=2

+ (nz—l)[E;sin n3 + E cos n3l[cosh(ntiia - cosh(n-l)a]} + cos 3 x

w .
T {[A'sin n3 + A cos nﬂ][cosh(n+1)a - cosh(n-l)a] + [E cos n3 + E’
n=2 ™ n n n
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x sin n3 J[(n-l)sinh(n+1)a—(nf1)sinh(n—1)a]}

[s )
(a&ﬁ)c= (cosh a +cos f3) zzn [Ansin n3 - A;cos m?][(n+1) ginh(n+t+lla -
n:

(n—l)sinh(n-l)a]+(nz-1)[E“sin n3 -E/ cos w31[cosh(n+1)a -cosh(n-l)a]}

(15)
Using (8) on the surface a = tai, we have
cosh(nat)cos(nﬂ)
E = -aQ loga 2
n e 2(n“-1)[cosh(n+1)a - cosh(n-1a ]
Y 1
cosh(nai)sin(nﬁ)
E’ = -aQ loga 2
" @ 2(n“-1)[cosh(n+)a -~ cosh(n-Da ]
1 1
= o 2 1
An = aQ°{2[(1 n “Jcosh a‘+ cos ﬁ]cos ry3 + )oga[sinh o ginh na - = %

2
cosh a_ cosh nai]cos nﬁ} {[cosh(n+1)a1- cosh(n-l)a1][2cosh a - 2n"x
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-1
(cosh a_+ cos $>] -2sinh a‘[(n+1) sinh(n+ia - (n-1) sinh(n-l)at]}

2
cos ngd

nz[cosh(n+1)a -cosh(n-1a_]
1 1

_aQ

O

-1

n

A = aQw{[(l-n—z)cosh a + cos ﬂjsin 2n3 + loga[sinh a  sinh na - n

cosh a cosh nx )sin nﬁ} {[cosh(n+1)a - cosh(n-Da J[2cosh a_ - 2n®x
1 1 1 1 1

it §
(cosh a_+ cos )] -2sinh a_[(n+1) sinh(n+Da - (n-1) sinh(n-Da ]}
1 1 4 1

cos(nB3)sin(nf)

_aQ
° nz[cosh(n+1)a -cosh(n-Da ]
1 1

(16)

With these values of the constants complementary stresses are



known, .

the surface «

(ada)

From (17) we have

a(aa+33)

(aaa)c

(ag3p)

—

c

——
(aoq?)c
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Thus the components of resultant displacement and stress on

ia‘ are given by

+ (aoa)
T

+ (3R

+ (a&?;)T (17)
(ua)C

(g (18)

Q_atcosh o tcos 3)(nloga cosh na -2cos nﬂ) + Qba(cosh at

cos ﬂ){[(l—ﬁa)cosh a tcos ] cos np +loga[sinh a sinh na‘-ﬁdcosh o

oosh na]} {[(2n+2) cosh(n+i)a -(2n-2) cosh(n-1)a ]} {[cosh(n+1)a -
1 1 1 1

z
cosh(n-1a ][cosh a - nl(cosh o+ cos ﬁ)]-sinh a‘[(n+1)sinh(n+1)a‘—
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g §
(n-l)sinh(n-l)aJ} (19)

2NUMERICAL RESULTS

The numerical resultg of equation (19) when o&=1,a=1,n=2 for

different values of /3 between 0° and 180° are tabulated below:

r 0° 30° 60°
(aaq*rﬁr?) -0.5508 -0.1234 -0.4558
o
£} 90° 120° 150° 180°
(@ +3A)

a -2.905 ~-2.565 3.418 -2.580

o
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1SOoLUTION:

Let an infinite elastic solid at zero temperature contain an element
of volume dr at (a,0,0) which is heated to a temperature T. In this
case, the displacement is given by the gradient of the scalar

function x [17] where

_A 1
X " 36

(1)

2 2
Ir - 2racose + a

in which

at(1+v)
Az - e e T dr

4n 1~-»
<§,G,v being respectively coefficient of linear thermal expansion,

coefficient of elasticity in shear and Poisson’s ratio.

The components of displacement and stress in space polar coordinates

due to x are given by (861].

2Gu = — A(r - acose)

r 2 2 3,2
(r" - 2arcose + a )

2Gu = — Aa sine

2 2
(r" - 2arcose + a y372
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(2)
u, = 0
¢ .
—~~ 2r2+3azcose—aracose—a2
rr = A —

2 8-/2
(rz- 2arcose + a )

5 - A [ 3a’sin’e _ 1 ]
(rz- 2arcose + 32)5/2 (rz— 2arcose + a.z)a/2

- A

¢ = -

2 2 372
(r°~- 2arcose + a )

~— A 3asind(r-acose)

2 2. a8-2'
(r" - 2arcose + a )

Py
r¢ = e = 0. (3

We denote this displacement and stress fields derived from x by x.

In case of torsion free, rotational symmetry and in the ébsence of

body forces, the general solution of the displacement equation of

equilibrium following Boussinseq, is represented as the sum of the

two displacement fields (64)



2Gfu,v,wl] = grad ¢

2Glu,v,w]l = grad (z,y) - [0,0,4(1-v)y]

provided ¢(r,2z) and yw(r,z) with r =sz+yz+zz, are arbitrary harmonic

functions (641, {.e.

vﬁp = 0, Vzw

0.

Now, introducing Spherical Dipolar Coordinates by means of the

transformations [67)

cosy

where

cosha, q

o]
n

sinha

P = cosf3, P sinf3

The ranges of the curvilinear coordinates (o,3,7) are

0£pR=<n, 05 y £ 2n so that

45

(4)

(5).

7

- oolafm®
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12q<w, -0<{q<w®

-i<ps<t, 0<pst.

To obtain the particular solution, we introduce the exterior and

interior spherical dipolar harmonics of integral order as generating

stress functions.

We congider the dipolar harmonic stress functions [64]

¢ (a,3) = puC ()P (p)
n 1 a) n
(exterior)

wh(a,ﬂ) = pSn(a)Pn(p), n=0,1,2,...... (7)
and

¢;(d,ﬂ) ) uCn(a)Ph(P) {interior)

w;(a,ﬁ) = pS“(a)Pn(p), n=0,1,2,...... (8)
where

M= Jq— . Cn(a) = cosh(n+1/2)a, Sn(q) = ginh(n+1/2)a

and Pn(p) is the Legendre polynomial of degree n.

The particular solution generated by ¢“,wn and ¢;,w; will Dbe

distinguished by Z;,$n and 3;,;; . Solutions for ¢ are
| a)
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T 2
u, = oe [ qcn(a)Pn(p)jkp Sn(a)Pﬁ(p)],

. PH o2 .

un Y [ Cn(a)Ph(p) 244 Cn(a)Pn(p)],

u = 0. (9)
'

-2
P -2 2 ¢ - 2
— K 5 7 ]Cn(a)Pn(p)+ P H Ch(a)Pn(p)+kqp Sn(a)Pn(p)},

2 =2, 2 ey
]Cn(a)Pn(p) + (pu” -2p u Cn(a)Pn(p)

N -

kapzsn(a)Pn(p)},

3 - ‘ L
2C“(O()P“(p)*r(pq 1)Cn(a)Pn(p)* 5 qun(a)Pn(p)},



Solutions

~ 3 - 2
- - : ‘(p)+
7 an(a)Pn(p) % QM _Ch(a)Pn p)
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slw

kyzSn(a)Pn(p)-

1 4 . ¢

5 kut Sn(a)Pn(p)] (10)
2n+l, n=0,1,2,...... and
= 0.
for y_are

1 _ _ 2 - 2
= ZEﬁ[{(7 Bv) (qp-1)+qu }Sn(a)Pn(p)+kqu Cn(a)Pn(p)],

I
éqvl
Tio:

2 ’
[ (7 8v)Sn(a)Pn(p) 21 Sn(a)Pn(p)],

(11)

r L2 . 2
=~y t l| k -4r8 - 2 KkKT+2-4p - 2z, 7-8v -3
H {[ —— QA M+t —F——— qp u'+ 7 9 Sh(a)Phw)
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--2 2 - ~2 _ _ 2
+ (1-2»)qp u Sn(a)Pn(p) + k[q +(1-») (qp 1)]y Cn(a)Pn(p)}

2 2
-1 k™ -6+80 - 2 k +6-4p -~ 2, 7-8v -8
°p = H {[ —4 A H - —z—— 9P K ¢ 7 9 ]Sn(a)Pn(p>

-2 -2 . 1. 1:2_ _ 2.
+ [(3-2v)p qp+1]qy Sn(a)Pn(p) + 5 [q 20 (qp 1)]p Cn(a)Pn(p)}

. —oup) g C1+o052)0 .
07 M { (q 2vp)2 Sn(a)Pn(p)+ (pgq-1+2vp )an(a)Pn(p)+

Ly [52—2v<qp-1>]c ()P (p)}
2 n n

. - =1)l1-2v 2 7-8v -2 1, -2
Taﬁ = pu {[ ) Q- =z q ]Sn(a)Pn(p)+ E[Sq +(2-4v)(qp~1)]

2 , _ k(5-4p) - 2 1 -2 .
Iy, Sn(a)Pn(p) —F— W Cn(a)Pn(p)+ 3 kqu C“(a)P“(p)} (12)

where k = 2n+1i, n=0,%1,2,......., and
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—
¢

Similar solutions will be found for 3Q'Wn‘

2.-SoLutioN OF THE PROBLEM
Infinite elastic solid with two axisymmetric spherical inclusions,

the heated element being situated outside the spherical surface isg

considered in this section.

We consider two spherical inclugions of the same radius and of

different materials whose surfaces are taken as

az=a, oa=-a, o>,
o o

The heated element is at (0,0,0).

In order to fit the conditions on the spherical surfaces, we must

have on a = iao
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a = 0, 0£ B3 < n, 0OS y $ 2n, 1 and e stand for interior and
o

exterior regpectively (13)

Also, all the components of digplacement and stress must be finite

when a =< iao and zero at infinity. In the region a 2 zao the stress

systems En and ¥ are uniform and hence we can superpose them on the
n

solutions S and S’ to the problem subject to the boundary conditions

(13) in the forms

v = 3 vk :
8 T [ah¢h * by ‘] (inside) (14)
S=x+71 [ah¢“ by ] (outside) (15)
Now, for the solution ¥ on a = to
A Hy - 2
u = - —
» z 2[ qosh(ao)Pn(p) yokcn(ao)Pn(p)]cos(nn),

P IjC - 2 2 .
3 e P E[ n(ao)Pn(p) 2 yocn(ao)Pn(p)]cos(nn),
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>
T

[+
—t—
r——
=
~

+

-

'S

+
O
hﬂc |

1
=
»

-2 , .
]Cn(ao)Pn(p)+ P uocn(ao)Pn(p)
= 2
)
kqo posn(ao)Pn(p)}cos(nn
o - 3 - 3 - 2 '
T3 > P z[— v qosn(ao)Pn(p) * 5 9, yosn(ao)P“(p)

3 2 1 < .
-2 k pocn(ao)Pn(p)+ 3 k pocn(ao)Pn(p)]cos(nn) (186)

So, if we satigfy the four conditions of (13) the values of the four

constants an.a;,bn,b; of (14) and (15) are determined. Thus

A
L
oy

x
N
o+
-
™
&
+
wola e
N
t
>lul

2
-2 2 . I _
]Cn(a)Pn(p)+ P u Cn(a)Pn(p)+kq H Sn(a)Pn(p)}

2 2
ket k" -4+80° - 2 k" +2-4p’ - 2, 7-8v' -3
b* {[ — qq u° + — qp M+ 7 q ]Sn(a)Pn(p) +
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pli ~ 2
+ (1-2v')q pzp‘sn(a)P;(p) + k[q2+(1-v‘)(qp-1)]p Cn(a)Ph(p)}

-2 ,
]C“(ao)Ph(p)+ p yoch(ao)Pn(p)+

K241 o

- 2
+ +
+kqoyosn(ao)Pn(p)}cos(nn) anu{[ i H

2
]Cn(a)Pn(p)+

Nl
&lo

+ pzyzcn(a)P;(p)+kquzsn(a)Pn(p)} - by t {[ E_Zﬁiéﬁ qq w2+ 5_%2_£z

ap p+ 7"3” aa]sh(a)Pn(p) +(1-20)q szzsn(a)P;(p)+ k[iz+(1—v>(qp—1)]

p’cn<a>Pnip>} (17)

Nl w

.= [3 - 3 -2 3
ahpu[z aC_(a)P_(p)~ 3 qu Cn(a)P;(p)*zkyzsn(a)Ph(p)~ %k p‘Sh(a)P;(p)]
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, = ~1Jf1-20° 2 7-8v’ -2 1[352 4 (2-407 ) (qp-1) |u®S (o)
+ bnpp {[—-—2——- au — —— 9 ]Sn(a)Pn(p) + -Q[Sq 2-4v qp H S

>

, _ k(5-42') - 2 1 -4 YP' (p)
Pn(p) ——— W Cn(a)Pn(p) ts kqu Cn(a Pn p

Y2A u
_ o = 3 - 3 - 2 ' 3 2
= — p{— Z qosn(ao)Pn(p)+ 5 9, poS"(aO)Pn(p)— A k uocn(ao)Pn(p)+
1 4 . = 3 - _ 3 - 2 .
§k poCn(a)Pn(p)]cos(nn) + anpp[ Z an(a)Pn(p) 5 9 H Cn(a)Pn(p) +

3 2 1 - . - -1 §f1-20 2 7-8v -2
Zk H Sn(a)Pn(p) 7k o Sn(a)Pn(p)]+ bhpp {[—E—— qQH - — q ]Sn(a)

11 -2 2 k(5-4p) - 2
foud + - - ' - Dl
Pn(p) + 2[3q (2-4v) (gp 1)]p Sn(a)Pn(p) A q M Cn(a)Pn(p) +

%ki p‘C (a)P'(p)} (18)
n n
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b'

T b 2 | - 2 (7-807 ) (qp-1)+ z}s ()
a’ Eﬁz[qcn(a)Pn(p)+k 7 Sn(a)Ph(p)] Zﬁ:ﬂ[{ v qp qu n

Au

- 2 _ - _ 2
Pn(p) + kq u Cn(a)Ph(p)] = [ an(ao)P“(p) k pocn(ao)Pn(p)]

2v2G6*

b
H—= 2 _ n - - + 2
cos(nm) ta }a[qcn(a)Pn(p)+k u Sn(a)Pn(p)] ZE;[{(7 Bv)(qp-1)+qu }

- 2
Sn(a)Pn(p)+ kq u Cn(a)Pn(p)] (19)
and
lﬁ“_ - 2 4 __.Ba - -
a’ 4G1[Cn(a)Pn(p) 2u Cn(a)Pn(p)] bn za:;[(? 8v )Sn(a)Pn(p)

Ap
2y25n(a)P;(p)] = o p[C @ )P _(p) - 2 yzcn(ao)P;(p)]cos(nn) +

il - z ’ Pq - 2
YE an[Ch(a)Pn(p) 2 Cn(a)Pn(p)] Y bn[(7 8v)Sn(a)Pn(p) - 2u
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s (g)?‘(p)] (201
n n
where

v' = Poigssion’s ratio for the material of the inclusion,
G = Coefficients of elasticity in shear for the material of
1

inclusion.

Solving (17)-(20), we get

a‘:Aﬁ" b’ :ﬁﬁz
" G A ™ G A
a = A f} . b = A f}
n Ga '’ n G A

where A’Ax’Az’Aa and A4 denote the determinants, the elementg of

which are the coefficients of a;,b;,an,bn and the constant term of

the equations (17)-(20). The values of these coefficients together

with the equations (14),(15),(2),(3) and (9)-(12) constitute the

complete solution of the problem.

The components of displacement and stress on the surface « =

= a0 are
©
[ola - to, o pon fo To C ta ) + ku’S (a)|P (p 1
—A7G L 276 ac 76 %% % R P R 2 Y v T v



2 - 2
[{(7—8v‘)(q°p-1)+ q°p°} Sn(ao)Pn(p)+ kqopocn(ao)Pn(p)],

[uﬁJa = ta a; = 2 P’ (p) b; P
: <]

- ’ - 2 ¢
[(7 8y )Sn(ao)Pn(p) 2 posn(ao)Pn(p)],

-2
- P -2 2 .
Hot = Ay ]Cn(ao)Pn(P)+p uOCn(a)Pn(p)

b’ 2 2
- 2 n -1 k" -4+8p’ - 2 kT +2-4p' - 2 7-8v
kqouosﬁ(ao)Pn(p)} h Y VZE {[-—————— q QM t —————— g - x
q°|S (a YP_(p) + (1-207)q PPu*S (a IP (p) + k|@® + (1-07)(q p-1)]|x
o n (-] n o on o o) o o

2
pOCh(ao)Pn(p)}
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[t = 3 - - 3 - 2 3 2
aﬁ]a = ta n 3 _ y + 3y
— A /G e = L %7% “op[a 9 (0 P, (P 2 qo“ocn(ao)Pn(p) z° Ho

- b’ ‘
1 “+ Y n -1- 1-2p 2_ 7-Bv' -2
sn (ao)Pn(p) §k “osn (ao)Pn (P)] * L A/G “o P {[ 2 qo“o 4 qo

1 -2 2 k(S5-4v') - 2
= -4 - YP! - 2= 7
Sn(ao)Pn(p) + 2[ 3q° + (2-4v )(qop 1)];408“(01° Pn(p) i q M

o O

1 -
= YP!
Cn(ao)Pn(p) t s kqopocn(ao Pn(p)}

where »’' and G1 are Poigsion's ratio and coefficients of elasticity

in shear regpectively for the material of the inclusion.

3.NUMERICAL REsSULTS

Here the numerical calculations are made for the case n=0, on the
gsurface a =tab=1 of the spherical inclusions taking numerical values

(61 ' = 1/3, v = 1/4 and G/G‘ = 2,
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Numerical values of ua,u and % for different values of {3 between

e

0° and 180° are given in the table below :

I 0° 30° 60° 120° 150° 180°
ua
-10.453 -1.037 3.6904 -8. 429 -17.371 -9.117
A/8G?
1
Yn
- ~-9.967 -4.241 1.381 3.629 -3.709 9.252
A/8G
1
a(!
-8.241 -5.975 3.333 -12.146 -35.153 13.541




