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The theory of thermal stresses and displacements in a layered system have been
obtained in order to make it applicable to the analysis of actual conditions
encountered by foundation engineers, and is mainly useful in the construction of
airport runway. The basic equations of stresses and displacements have been
obtained by introducing three displacement functions for transversally isotropic
material while the general method of Nowacki (1962) and others are applied for
isotropic body, where the discontinuity of the temgerature field is assumed throu-
ghout the interface.

NOMENCLATURE
r, 8,z = cylinderical polar coordinates
8(r), 8(2) = Dirac-delta functions
Kt = diflusitivity of the aclotropic material
K}, K%, = (Coefficients of thermal conductivity of aelotropic
body
K® = conductivity of the isotropic material
H = conductivity of the surface of separation

T(r,z), T%(r,z)
Cll’ 012> 013) C33) 044

temperature distribution
elastic stiffnesses

I

u, u, = displacement components

ay, ag = coeflicients of expansion along and perpendicular
to the plane for aelotropic material

a, = linear thermal expansion coefficients of the iostropic

body

stress components

Bessel function of first kind with parameter a
rigidity modulus

Poisson’s ratio

Orps Oggs Opz5 Oy

Folar)
7

v

I

f

l

1. INTRODUCTION

Burmister (1945) has expressed the axisymmetric elastic field equations for a
semi-infinite (— ! € z < o ) composite isotropic elastic bodies consisting of an
elastic layer (— ! € z € 0) and of another semiinfinite (0 € z € @ ) elastic body

VOL. 7. No. 11.



THERMAL STRESSES AND DISPLACEMENTS IN LAYERED SYSTEM 1289

of different elastic properties for mechanical loadings only on the upper surface. The
Burmister analysis has got considerable applications in foundation engineering
works and particularly in airport design and construction, where the engineers are
primarily dealing with layered soil deposits. In airport design, the surface or pave-
ment layer must be made sufficiently strong to provide adequate support and the
upper layer should be perfectly smooth for easy and convenient touch down of the
aeroplanes. These analysis, however are only applicable to foundation works and
airport which made use of isotropic bodies only, thus some recent developments
which make use of transversally isotropic material as the upper layer for better
performance give rise to some new unsolved problems.

Here, we have considered a composite body (—! < z < o ), which spans
infinitely in the radial direction, where —{ < z < 0 is of transversally isotropic
material while the z > 0 is of isotropic material. Stresses and settlements which is
of paramount importance for composite bodies have been analyzed when there is
an arbitrary heat source of arbitrary intensity W which is acting at a point in the
aelotropic material. The basic equations of stresses and displacements have been
obtained by introducing three stress functions for transversally isotropic material
while the general method of Nowacki (1962) and others are suitable for isotropic
bodies. Mossakowka (1958) has envisaged problem of an elastic space, the semi-
space z = 0 of which has thermal and elastic properties from those of the semi-space
z £ 0, where at the point (o, 0, d) a concentrated heat source of constant intensity
is acting.

We have assumed the continuity of the flux of heat and the discontinuity of the
temperature (Carslaw and Jaeger 1959) throughout our investigation on the interface
and the two layers of the system are continuously in contact but with a frictionless
interface.

2. FORMULATION OF THE PROBLEM
We consider a composite region — ! < 2 < oo of which — ! € 2<0is of trans-

versally isotropic material and z > 0 is of isotropic material. Let us consider a heat
source of constant intensity W is acting at point (0, —d)in — [l <z <0 (0 < | 4|

< 11]) while the upper surface z = — [ is kept at zero temperature. As the heat
source is kept at the point (0, — d) so the well known heat distribution equations
(Cars- law and Jaeger 1959) will reduce to
(R 4r—ty, +R3EYTD® =~—. W 8(r) 8§ (z +4d)
r r 0" 2nr K3 ’

—l<z<0 21)
and
P4+ r=1ar + 3 TH =0, 2 >0, .. .. .. (2-2)
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where K2 ( = K2,/K?) is the diffusitivity of the aelotropic material, §(r), § (z + d)
are Dirac-delta functions, and the terms possessing upper suffix unity stands for the
aelotropic material whereas the upper suffix two represents the quantities in the
isotropic material.

As in this type of foundation work we can not claim that the surface of contact
is soldered or well polished so we cannot assume the continuity of the temperature
at the interface although the continuity of the flux of heat is quite obvious. Hence
the temperature boundary conditions can be considered in the form :

TH =0; z2=—1

T o, x___w} . . . (@23)
KL, T,V =K*T2?;2=0 .. .. . (2-4)
— KL T2=H(TY _T®) ;2 =0, . . .. (25)

where K2 is the conductivity of the isotropic material and H is the conductivity of
the surface of seperation (Carslaw and Jaeger 1939). In the case of static axisymmetric
deformations under thermal and mechanical loadings the equations of equilibrium
(Sokolnikoff 1953) will reduce to

i - ; ) noo_
oilr)’r_f"’ ! ("r(:)“"es ) +U;lr).z =0

oW L =1l 4 0(2’2)’2 =0, t=12). .. .. .. (2:6)

zr, r

In the case of transversally-isotropic layer the displacement eqn. of equilibrium
will reduce to (Nye 1957).

Cy (2 + 7710, + 772 ull 4 (Cy3 + Cyy) 3,0, ulV
+ Cyg 2V = b, 5, TV
Caa (07 +7712,) ulV + (Cys + C) 0,0, + 77 1o,) uM
+ Cay 2 ul® =b,0, TW .. (2:7)
where by = (e + ¢12) oy 5 b2 = 2615 0y + 35 @s.

Also for the isotropic semi-infinite body, the equations of equilibrium (2-6) will
reduce to

V2a® —r=2a® + (1—20) 7P —2(1 + ) (1 —20)"1q, T® =0

VEiad 4+ (1—20)71@ —2(1 4+ ) (1 —20)"1q, TP =0 .. (2-8)
where ¥/ 2 is the Laplacian operator and

£V =@ LD @ .. .. .. (2:9)

and o, is the linear thermal expansion coefficient of the isotropic body.
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3. Bounpary CONDITIONS

For both cases the following boundary conditions have to be satisfied:

At the free surface, i.e. at z = — [

1) (1

o, =90, =0 o . . 31
and at z = o

o =0 =0; ¥ =u» =0 .. .. .. (32)

The continuity conditions at the surface z = 0 requires
u® = 4, o —
ol =0, ¢ = 0. .. . . (3-3)

4. SoLUTION OF THE PROBLEM

In the case of elastic layer the Dirac-delta functions &(r), 8(z + d) can be
represented as

(3r) 8(r) 8(z + d)

— 1nky) J j a Folar) Sin (—d +10) L Sin(z-+1) 2 dady (41
ky ko
0

Hence the solution of (2-1), (2:2) can be taken as

X oo
. Y
T (7, 2) = TET S J a(a4y2)-1 Folar) Sin (— d+1) P Sin (z-1)
0

S J A (a, ¥) aFo(ar) Sinh (z + l) — dady .. 4-2)
0 0
T® (r,2) = S S aB (a,y) e7%*  Folar)da.dy . .. .. .. 4-3)
0

The above solutions satisfy the boundary conditions (2:3) automatically while the
arbitrary functions 4(a, y) and B(a, y) are determined from the boundary conditions
(2'4) and (2:5) as

W 2 oy — yl 5 . ’yl
A(a, y) = — —m (a? + y2)7! [Hkn kyq y Cos (7;;) + ak?H Sin (R)
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[ al
+ ayk? kyy k45 Cos (T) ] . [ H a kyy k44 Cosh (—k——)
o
i al al -1
4+ a k2 H Sinh (—r) a2 k2 ky; kyq Cosh (E

x Sin(—d + ) — k

W
Bla,y) = — H 7 (a® + %)~ [ y Cos (%—) Smh< )_ o Cosh
al . ¥l
(%) (%)
[Hak11k3scosh< ol > fakrH Smh( )
kO k()

{ -1
+ a? k2 &y, kj, Cosh (%—)jl Sin (—d+ 1) 5
0

Extending the technique of Sharma (1958) for orthotropic material, we take here
three displacement functions such that

W) = (G + ¢y + b2 ) (44)
uld) = (dy G + a; ¢, + a5 ¢),, . i

where G, ¢,, ¢, are displacement functions and d,, @,, 4, are constants to be
determined.

Substituting from (4-2) and (4-3) in (2:7) we see that they will be satisfied if
‘11 (G, . r! G, ,) + [044 + dy (013 + €44)] G, z = 0 ]
¢y (b1, + rt b1,y) + [cas + @1 (613 + €40)] ¢1 .,

by W

N y
_ 24 ,,2)~1 i 2og;
Mrg ki ) a(a?+y%) "t Folar) Sin (—d+1) 7 Sin

0

o T 8
e T 8

(4-5)

W

(2+1) ;"— da.dy
(1]

e (2., + 7*1 by ) + [cag + 85 (613 + €40) ] bo 2z

w

— b, S S ad (a, y) Fo (ar) Sinh (z + 1) 7% da.dy

0 J
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and
(63 + cag + dycyy) (G s 177G, ) +dyeg G, L, =0 ]
(¢1 + €aa + Gy c44) (b1, ,, + ¥y ¢y, p) T agcan by, 2z
[=» o]
by W 2 -1 Y
:m a(a + ) ]O(ar)bln(——d+ ) 110
00
Sin (2 + 1) 7~ dady [ .- (46)
(1]

(615 + 544 + “2 4a) (b2s ,, + ¥ Vs, ) + apcyg by,

— b, S S (@ ¥) Fo (ay) Sinh (z + 1) ki da.dy.

0
0 0

The solution of second equations of (4-5) and (4-6) can be taken in the form

e~ - -]
w
$1 = mg S a(a® + ) =1 Fo (ar) Cla, ).
0 o
Sin(—-d-{—l)kl sm(z+)~—dady - @)
[
while the solution of third equations of (4-5) and (4:6) can be taken as
o o©@
a
by = S S ad(a, v) D{a, v} Jo (ar) Sinh (z + [) N da.dy .. (4-8)
[\]
00

where C (a, y) and D(a, y) are arbitrary functions of a and v.

Inserting (4-7) in the second equations of (4-5) and (4-6) we get
Cla, y) = K§ [by a® k§ o4y + by y* 35 — by ¥* (caa + 15)]
X [c33 ¥2 (Caa Y2 + a2k c1)) + Cas a® k] (a2 k] 03— 2613 ¥%) — 25 a? ¥2 k3] 1
= [bya® k2 cyy + by y2cgg— by a k3 (65 + ¢44)
X [by a2 k}cgq + by y2Cg5— by ¥? (caa + &35 1)]- .. (49)
Similarly using (4-8) in the third equations of (4-5) and (4:6) we have
@2 D (a, ) = — K [b; (cas B — c5s) + b2 (ca3 + €] I
X [K3 (611640 K — ¢33 611 + 2013 ¢44) + C33€44) ™
@y = [by (13 K§ — caq) — b1 k§ (¢13 + €aa)] - '}.
[6; (cag K — cas) + ba (615 + 44)] 7" )i

(4-10)
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A non-zero solution of the first equations of (4-5) and (4-6) can be found only if they
are identical; this occurs if

¢ dy (¢ ¢ dyc
wt "C(n“ T g 04"4 ("‘13 a7 = ¢ Gay). L @1
Then Gl-and G, are solutions of
(¥ 4y 20, +gR) G =0; =12 .. o (412
where g} , g2 are the roots of
€11 Caa g + (2015 Caa — C13 0y + €13) £2 + 633000 = 0 . S (413)

the roots g? (i = 1, 2) are real or complex depending on the five elastic constants

€115 €125 €135 €33 C4a-

As solutions of (4-12) we take

® ®©
G, = S S [Ml (ay v) Sinh (—agz-) + M, (ay y) Cosh ( )] Fo (ar) da.d'y-
00 !
L
)
az a
G, = S S [Ms (ay ) Sinh (—;—> + M, (ay y) CObh( >] Jo (ar) dady
° e 82
(4-14

Also for the semi-infinite isotropic body introducing the displacement potential
function ¥ such that

a® =y, r; P =y, z, .. .. .. (415)
the equations (2-8) reduce to, with the help of (4-3)
AW =my TO

«w e
= S S @B (ay) o= Fol(ar) dady,
[\] 0
where )
14
mo— at,
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whose particular solution can be taken as

==~ =~]

1},:,_1”21 S S a(l +az) Bla,y)e™* F,lar)da dy

0

In order to annul the stresses 0'(, at z = 0, the state of stress. 0(2) should
be completed by a state 0(2) in the elastic semi-space (z > Q), such that the

continuity conditions should be satisfied on the interface. The state o_}j” is deter-
mined by means of Love function; which is taken in the form:

[~ o BN~ o]

(])=S S M, (ay ) + azMy(ayy) e= Fo(ar) dady,z >0 .. (417)
0 0

PO = (214,

i = (1—29)~' 21— V=] a .. - o (18

Now the total displacement in terms of arbitrary constants M, (e, y) M, (a, ¥)
M, (a, y), My (a, y), M; (a, v), My (a, y) can be written as 1) In the aelotropic layer

u‘ill) = Gl:y + Gz:y _'}- ¢1:y + ¢25y

j: ij a Ji (ay) [Ml Sinh (%) + M, Cosh (% >] do. dy
_ ! J @ s (a) [M3 Sinh( =) ot o < - ﬂ o
§

a? (a® 4 y?)™1 ¢ (a, v) Jy (ay) Sin (—d + 0) -ky—

Sin (z -+ 1) .kL da. dy

0
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@

S agy Jo (ay) I:M COSh( > + M, Smh( - )] da. dy
&2 2

0

a W
},

1
2
w2k,

_{_
S

(ayliy) (@* 4+ ¥3) 71 ¢ (a, ¥) Fo (ay)

St g
S

v33

Sin (—d + ) kl Cos (z + 0) _k’L do dy

0 1]

omg

S (alig) 4 (@ ) D (a %) Fo ()
0

Cosh (z + 1) ki da. dy, . .. (420
0

and consequently the stresses can be given by the stress-displacement relations of
transversally-isotropic bodies (Teodorescu 1960) in the form

w =

S { M, Sinh ( > + M, Cosh ( >:| [c13— ¢13) a2 o (ar)
s L & §1

+ (62 —en) (afy) Ja (ay)] da dy

_ OSO 0§ [ M, Slnh<g2 > +M4Cosh( o ][(cu—cls) a® 7o (ay)

+ (612 — ¢n1) (afy) Ji (ay)] da. dy

1)
o', =

[ W o ¥

a? + y2)~1Sin (—d + [) _k’i Sin (z + () k_”

0 0

C&_"\S

oo
m KuKaa §

2

[(eno? + ay i Z—z ac(ay) Folay) + byaFo(@y) + (62— en)
0

a?y~tc(a, y) 1 (ay) da.dy

S (a, %) D (@ ¥) [(er1 — as crgfk2) o Fo ()

°t.’\8

+ (c12 — ¢11) ¥~ Ju (ay)] Sinh (z + 1) 7;— da, dy
0



THERMAL STRESSES AND DISPLACEMENTS IN LAYERED SYSTEM 1297

o W
b‘] sajo (ay) 4 (a, ) Sinh (z + 1) % da. dy .. 421
kO
0 o
® @
ofl) = — S S M, Sinh (a_z) + M, Coeh( ) + M, Sinh ( )
41 &1 82
0 ¢ .
+ M, Cosh —z—z)j’ X [(612—c13) a® T o (ay)
52
+ (e11 — 1) ay™ J1 (ay)] da. dy
x ¢
— b, S S a Fo (ay) A (a.y) Sinh (z + 1) _ka_da. dy —
o 0 0
[= =T}
— S S o? + y2)~18in (—d + I) -2 Sin (z + 1) -
‘” kn k33 0 ko
0 0
2
x [( treat + @ arg %-)ma Y) T (@) + bya o (a7)
0
+ o= ) ate (o 9) v i (@) | docdy
[~ =2 =}
- S S a2A(“17>D(al )’)[(”12_”2 Ckl:> 70(‘”’
0 0
(e —ax2) v=1 7, (a7) ] Sinh (< +0) L da.dy  (+22)
[1]
[= - T -]
oll) = — S S a% 7, (ay) (r”——(n)[ M, Sinh ( ‘”) + M, Cosh (a_z_)
&1 L1
[ ]
+M3Smh( Z) + M, Cosh( ) da. dy
&2 82
o0 &
,},2
S S + ¥ Fo (o) [ by +<a2513+a1033 =
m ku s ko

0(%7’):'XSin(“d‘Fl)—]:TSin(z—l—l)%o.da.dy
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@ 0 2) 4 (,9) D (o) [ e — cag k—)slnh (+1) 2 dady
0 [}

|
C s §

a 7y (ay) A (a, y) Sinh (z + 1) T" da. dy .. .. (423)

‘o

(f gi) a* 71 (ay) [M; Cosh (az/g,) + M, Sinh (az/g,)] da.dy

—

— Caq

<g2 + ?) a® 7y (ay) [M, Cosh (az/g, )
&2

Cmmy 8§ Ot § 0l § Pt §
Ctrr § St § ot 8

+ M, Sinh (az/g,) da. dy —

©

_ W eas S S (1 4+ a)) a2 (a2 + y2)~ 1 (y/ky) F1 (ay) C (a, )

2
w2k k33

<

0

Sin (—d + 1) %’ Cos (z + 1) _ky_ da dy

0 0

—C4q

S (1+ a5) 4 (a3 7) D (e %) (a%k) T (a)
0

St 8

Cosh (z +1).Z_ da. dy .. . .. (424)

0
(ii) In the second layer the displacement components are

@ —(2) =(2)
w” = u, + u,

«©

—3 S S (1 + a2) B (o 9) = a2 F, (ay) da. dy
1]

©

(1 —2v)~? S S — Mg + az M) e=% a® ¥, (ay) da dy .o (425)
9 D

1@ =y @ 4 =@

]

2a%c™ B (a, 7) Jo (2y) da. dy

o~ 8
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©w ©

— 4 (1—20)~1 (1 — ) J J a? 7, (ay) =% M, da. dy
0 0

=)
— (1—=2)1 J (My; —2M, +az M) a2 F, (ay) da dy
]

Sy §

and the stresses will be (Nowacki 1962)

0, = o® 4 5O

© o

=—pu S S Bla,y)a®(l —az)e™ % 7, (ay)dady
0
=
S)

(

<

Bla,y)a® (1 +az)e=% y  Fi(ay)dady

Og_,\8

2 (1—2v)—

Sty 8
Oty Q

X ae~ ¥ dady +4pv(l —2»)—1

C ey

0

1299

(4-26)

(02 7o (ay) —ay  Fu (ay)] [— M, + (1 — az) M]

o
S a® My e ™% JF, (ay) dady

(4-27)

[~ o]
-1
—n S S Blay)at(l 4 az)e= [a Fyloy) —v Jlap)] da.dy
0 0

[=-] «©
+ 2 (1 —2v) 1 S S aly 7t [ — M; + (1 —az) M]
0 0

Ju (ay) e dady

(4-28)
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(2) __0.(2) @
z:

+34
S S B(a,y) (1 +az) e== a3, (ay) da.dy
Q 0

o
F4p(2—») (1 — 21 S S a? Mye— F,(ay) dady
0 [0}

©
4+ 2 (1 — 2p) 1 S S o (M —3 My + azMy) e=* ¥, (ay) dady
0

0

(4-29)
2) - (2 =(2
Cp = Uz(r + c’z(r)

0

[~] 0
—yjj B(a,y) atze=% 3, (ay) da.dy
0

+4p (1 — ) (I—2v)— j Mg ade—2 §, (ay) dady
0

e 8

©

o0
+ 2u (1 —2p)—1 S f a® (My—2Mg; + azMy) e~ % F; (ay) dady
e
(4-30)
5. DETERMINATION OF THE ARBITRARY CONSTANTS

From the boundary conditions (3-1), we get

al
M, Sinh (—

&1

al
) — M, Cosh (-—

£
and

(oo 1) e () s (2)]
_— shi—) —_
& & 10 £ 2 51 (gl
1 al al
+(g2+ - )[ M, Cosh (——- — M, Sinh —)]
&2 82 &3

+ (1 +ag) 4 (0, 7) D (a y)-,f;

al al
+ M, Sinh (—-—) — M, Cosh (—-—) = 0 (51)
82 &2
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Wy 2 —1
+<1+a,>(;2—k—§0 (@ + ) ey ) Sin (—d+ D) =0 . (5D)

while the other conditions (3-2) are automatically satisfied. Again from the
continuity conditions (3-3), for the vertical settlements, we get

al
M+ g Mg+ a(l —20)"TM;—2a M, —{—aoA(a,'y)D(a,y)(k—) osh (/;)

ey : )71 Sin (—d 4 ) ——
+ 7T2k§3 ¢ (ag, v) (a® + »?) in (— ) T k,

and continuity of normal stresses gives

a (33— 61g) (M, + My) —2u0® (1 —2v) 7 M5 — 2pa®M; + pa® B (o1 7)

w -1 2
m<“2+72) [b2+<513a2+“1533ﬁ)0(‘1:7)

¥l
X Sm(—d+l) — Sin —
ko

g al
—A(a,y)[b2+a2< €13 — G i )D(a,'y)] Sinh (—k_;) =0
and the frictionless interface conditions (3-3) g,, gives

1 1
(gx‘}“z‘l)Ml‘f‘(gz‘f‘ ‘g:) M,

" /)
+ (1 + a) (—;T_:E) ¢ (a,9) (a® + ¥ ~* Sin (—d +{) -~ Cos (kzo—>= Q

(5-4)

(5:5)
and
My —2v My =0. . .. . (5-6)
Hence the constants are
My =2v Mg
M—_ B (14 g3) & Wy

nFe MmUY Ty ey

: 4 v 2 2y —1
x Sin (—d+1) 76_; Cos _ko_ (a? + %)
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My = 2ag, (1 + g8) (1 — ») [(g} —gD) (1 — 29)1 M,
a al
—ad (D) (1) Coh

0

— (2 —g}) (1 + ¢} 7 (Wyln?kgg) ¢ (ar y) (a® + ¥3) 71

!
X Sin (—d 4 1) = Cos(z )
0 [1]

Mg = (1—2v) [2ua? (1 + v) + a (1 —2v) (c33 —15)] ™1
[%“23 (a, y) (2 — ¢35 +cq3)

L YR
Fasg Y

2
72 ky kg

al
— A (a, 7) D (, 7) o (¢43— 1) Sinh (k_) - (

2
X ( €33¢ (a, ) a® + a4, ¢33 ¢(a, y) 52 + by )
0

0 0

Sin(—d+10) Y g (Zﬁ
in ( )k Sin A

2
M= — & l+g2[{2a 12+gl (1— ) (1 —2v)~1g (Cosh.—.—C h“l)
So 82 ~—g1 &2 &1
+ Sinh “_’] M, + {azA (0, ) D (a, y) (i) Cosh (L’)
&2 ko k()
2
h—& W Y _¢(a,y) X Sin (—d 1) - Cos ”l}
1+ g% nPkly a4 92 ko ko
!
( Cosh 2L _ Cos hi) — (ko) & (1 + gt (1 + ) 4 (2, 9) D (a, 9)
&2 &1
+ (1/2) a B (a, v) Sinh 2.+ 4 (a, 9) D (a, ¥) o Sinh 2L Sinh %
&2 ko &2
b (a9 (ayy) Sin(—d 1) Y
2 Ky kyy ko

w Sin (Ll) Sinh (_"‘L)]
ko 82

2 —_
M4=_l__[1+g {Shi+2gl e 1oy (cosh_?f__
So & & g —8 1—2v &
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2 2
_Coshf_l_>};ws+_21_a L+ gt B (a, y) Sinh il_-}- 1 4 g3

ay
&1 &1 &1 &2
A (a, y) D (a, y) X (i) Cosh % ( Cos /zil — Cosh i)
ko ky 82 &1
W . y )
(@4 Y Sin (—d ) { (1) (1 + &)
ki k11 k33 ku
X ac¢ (a, y) Sinh a_l Sin (_l..)
&1 ko
l
Fla—g) 1+~ (1 g () oo L
&k, ko
al Cl.l
x { Cosh —~ — Cosh - —_
&2 &1
1 2
+ + 8 4 (a, v) D {(a, v) Slnh—al.SID.h -a—l———a— (I + ay)
&1 §1 ko ko
49D ]
where
1
So=< g2+__) Sinh_‘i_(gl+ _1_) Sinh & .
&2 &2 &1 &1
Thus knowing M, (a, y),. ..., Mg (a, ) the stresses as well as displacements in both

the layers are completely determined.

6. ConcLuDING REMARKS

Although the heat distribution and mechanical loadings are somewhat selective,
it is believed that one of the important combination of the materials have
been chosen for discussion, and that this paper may provide to overcome
difficulties in airport runway construction and foundation engineering works. The
analytical solution is rather cumbrous and electronic computers may be used for
solutions in specific situations.
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