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õh

jal

d
=

−
P

l 2

2E
I

ja
e

=
P

l 2

2E
I
−

P
c
2

2G
I
.

(5.56)



5
.6

.
K

o
n
soo

li
pa

in
e

1
7
2

J
o
on

is
5.6:

R
a
jatin

gim
u
sed

otsas
x

=
l.

S
eega

saavad
siird

ekom
p
on

en
tid

e
avald

ised
(5.51)

ja
k
õverd

u
n
u
d

telje
v
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0.1

0.12

 x

 y

0.498
0.5

0.502

−
0.08

−
0.06

−
0.04

−
0.020

0.02

0.04
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ala telje ja lõigete  x =

 [ 0; 0,5l;  l]  deform
eerunud kuju.  ( b =

 0.1m
;  2c =

 0.2m
;  l =

 1m
;  P

 =
 1000 kN

)

0.9999
1

1

−
0.08

−
0.06

−
0.04

−
0.020

0.02

0.04

0.06

0.08

0.1

 x

 y

a) α
ots  =

 0.053203

b) α
telg  =
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c) α
teor  =

 0.053203
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o
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0
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1
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−
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0.1

 x
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ala telje ja lõigete  x =

 [ 0; 0,5l;  l]  deform
eerunud kuju.  ( b =
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;  2c =

 0.2m
;  l =

 1.5m
;  P

 =
 1000 kN
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—

sin
in

e
p
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−
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−
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−
0.020
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T
ala telje ja lõigete  x =

 [ 0; 0,5l;  l]  deform
eerunud kuju.  ( b =

 0.1m
;  2c =

 0.2m
;  l =

 1.5m
;  P

 =
 1000 kN

)

1.4999
1.5
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−
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−
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−
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−
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0.04

0.06
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0.1
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 y
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ots  =
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telg  =
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teor  =

 0.053203
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2

0
0.5

1
1.5

2
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3

−
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0.2

 x

 y T
ala telje ja lõigete  x =

 [ 0; 0,5l;  l]  deform
eerunud kuju.  ( b =

 0.1m
;  2c =

 0.4m
;  l =

 3m
;  P

 =
 1000 kN

)
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p
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ala telje ja lõigete  x =

 [ 0; 0,5l;  l]  deform
eerunud kuju.  ( b =

 0.1m
;  2c =

 0.4m
;  l =

 3m
;  P

 =
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)
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−
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−
0.050
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0.1
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 y
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0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

−
0.4

−
0.3

−
0.2

−
0.10

0.1

0.2

0.3

0.4

 x

 y T
ala telje ja lõigete  x =

 [ 0; 0,5l;  l]  deform
eerunud kuju.  ( b =

 0.1m
;  2c =

 0.8m
;  l =

 1m
;  P

 =
 50000 kN

)
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−
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ala telje ja lõigete  x =

 [ 0; 0,5l;  l]  deform
eerunud kuju.  ( b =

 0.1m
;  2c =

 0.8m
;  l =

 1m
;  P

 =
 50000 kN

)
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1
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−
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−
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−
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Ü
h
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se
lt

k
o
o
r
m

a
tu

d
ta

la
p
a
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e

J
o
on

is
5.17:

Ü
h
tlaselt

ko
orm

atu
d

k
itsa

ristk
ü
lik

u
lise

ristlõikega
tala

(tala
p
ik

k
u
s

2l,
k
õrgu

s
2c,

p
ak

su
s

1).

V
aatlem

e
k
itsa

ristk
ü
lik

u
lise

ristlõikega
tala

(jo
on

is
5.17).

T
ala

on
otstes

va-
b
alt

to
etatu

d
ja

talle
m

õju
b

ü
h
tlaselt

jaotatu
d

ko
orm

u
s

in
ten

siiv
su

sega
q.
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selt
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rm
a
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d
ta
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in
e

1
8
7

R
a
jatin

gim
u
sed

:
a)

k
ü
lgp

in
d
ad

el
y

=
±

c

τ
x
y |y

=
±

c
=

0,
σ

y |y
=

+
c
=

0,
σ

y |y
=
−

c
=

−
q;

(5.62)

b
)

otsp
in

d
ad

el
x

=
±

l


∫

c

−
c

τ
x
y |x

=
±

l d
y

=
∓

ql,
p
õik

jõu
d

tala
otstes,

∫

c

−
c

σ
x |x

=
±

l d
y

=
0,

p
ik

ijõu
d

tala
otstes,

∫

c

−
c

σ
x |x

=
±

l y
d
y

=
0,

p
ain

d
em

om
en

t
tala

otstes.

(5.63)

R
a
jatin

gim
u
si

(5.62)
ja

(5.63)
saab

rah
u
ld

ad
a

k
u
i
kom

b
in

eerid
a

ala
jaotu

ses
5.5

leitu
d

lah
en

d
eid

.
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m

e
lah

en
d
ist

(5.33)
(lk

.
163)

σ
x

=
d

5 (x
2y−

23
y

3),
σ

y
=

13
d

5 y
3,

τ
x
y

=
−

d
5 x

y
2,

m
illele

vastavad
ra

jatin
gim

u
sed

on
k
u
ju

tatu
d

jo
on

isel
5.18.

E
t

vab
an

ed
a

 x

 y

 c c

 l

−

−
 σ

x  =
 d

5 (l 2c −
 2c

3/3)
 σ

x  =
 −

 2d
5 c

3/3

 σ
x  =

 d
5 ( −

 l 2c +
 2c

3/3)
 σ

x  =
 2d

5 c
3/3

−

 σ
y  =

 d
5 c

3/3

 σ
y  =

 −
 d

5 c
3/3

 x

 y

−

 τ
xy  =

 −
 d

5 lc
2

− −

 τ
yx  =

 −
 d

5 lc
2

 τ
yx  =

 −
 d

5 lc
2

J
o
on

is
5.18:

V
iien

d
at

järk
u

p
olü

n
o
om

ile
vastavad

ra
jatin

gim
u
sed

d
5 6=

0
ja

a
5

=
b
5

=
c
5

=
e
5

=
f

5
=

0
p
u
h
u
l.

tõm
b
ep

in
getest

k
ü
ljel

y
=

c
ja

n
ih

kep
in

getest
k
ü
lged

el
y

=
±

c
lisam

e
tõm

b
e

σ
y

=
a

2
lah

en
d
ist

(5.21)
ja

p
in

ged
σ

y
=

b
3 y

n
in

g
τ
x
y

=
−

b
3 x

lah
en

d
ist

(5.23).
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a
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d
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1
8
9

K
ok

k
u

saam
e


σ
x

=
d

5 (x
2y−

23
y

3),
σ

y
=

13
d

5 y
3
+

b
3 y

+
a

2 ,

τ
x
y

=
−

d
5 x

y
2−

b
3 x

.
(5.64)

R
a
jatin

gim
u
stest

(5.62)
m

ääram
e

a
2

=
−

q2
,

b
3

=
34

qc
,

d
5

=
−

34

qc
3 .

(5.65)

A
rvestad

es,
et

I
=

I
z

=
2c

3/3
saam

e
valem

itest
(5.64)

ja
(5.65)



σ
x

=
−

q2I
(x

2y−
23
y

3),
σ

y
=

−
q2I

( 13
y

3−
c
2y

+
23
c
3),

τ
x
y

=
−

q2I
(c

2−
y

2)x
.

(5.66)

L
eitu

d
p
in

gekom
p
on

en
d
id

rah
u
ld

avad
lisak

s
ra

jatin
gim

u
stele

(5.62)
ka

(5.63)
1−

2 .
E

t
olek

s
rah

u
ld

atu
d

ka
(5.63)

3
lisam

e
p
u
h
tale

p
ain

d
ele

vastavad
p
in

ged
σ

x
=

d
3 y

ja
σ

y
=

τ
x
y

=
0

lah
en

d
ist

(5.23).
R

a
jatin

gim
u
sest

(5.63)
3

leiam
e

d
3

=
34

qc

(

b
2

c
2 −

25

)

.
(5.67)
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σ

x
lõp

u
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s

k
u
ju

l

σ
x

=
q2I

(l 2−
x

2
)

y
+

q2I

(

23
y

3−
25
c
2y

)

.
(5.68)

A
vald

ise
(5.68)

esim
en

e
liige

vastab
elem

en
taarsele

p
ain

d
eteo

oriale
n
in

g
teist

saab
vaad

eld
a

k
u
i

p
aran

d
u
sliiget

ja
ta

on
v
äike

v
õrreld

es
esim

esega.
≪
P
a-

⋆
σ

y

jo
o-

n
is

ran
d
u
sliige

≫
on

p
õh

ju
statu

d
sellest,

et
elem

en
taarteo

oria
p
u
h
u
l

eeld
atak

se,
et

σ
y ≡

0,
k
u
id

(5.66)
p
õh

jal
p
ole

see
n
ii.

A
vald

isega
(5.68)

esitatu
d

p
in

ged
an

n
avad

otsp
in

d
ad

el
n
u
lliga

v
õrd

u
va

p
eavek

tori
ja

p
eam

om
en

d
i.

L
ah

en
d

on
täp

n
e

vaid
ju

h
u
l
k
u
i
otsp

in
d
ad

el
x

=
±

l
m

õju
k
s

p
in

d
jõu

d

t
x

=
±

34

qc
3

(

23
y

3−
25
c
2y

)

.
(5.69)

S
ain

t-V
en

ain
t’i

p
rin

tsiib
i

p
õh

jal
lo

etak
se

lah
en

d
täp

sek
s

p
u
n
k
tid

es,
m

is
on

otstest
x

=
±

l
kau

gem
al

k
u
i
tala

k
õrgu

s,
st.

2c,
ka

t
x

=
0

p
u
h
u
l.

T
ala

p
u
n
k
tid

e
siird

ed
u

ja
v

leitak
se

an
alo

ogiliselt
ala

jaotu
sele

5.6.
N

ü
ü
d

eeld
atak

se,
et

p
u
n
k
tis

x
=

y
=

0
on

h
orison

taalsed
siird

ed
v
õrd

sed
n
u
lliga

ja
vertikaalsed

siird
ed

v
õrd

sed
läb
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ain

d
ega
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K

ok
k
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e
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1



u
=

q

2E
I

[
(

l 2x
−

x
3

3

)

y
+

x

(

23
y

3−
25
c
2y

)

+
ν
x

(

13
y

3−
c
2y

+
23
c
3

)
]

,

v
=
−

q

2E
I

{

y
4

12
−

c
2y

2

2
+

23
c
3y

+
ν

[

(l 2−
x

2
)

y
22

+
y

46
−

15
c
2y

2

]
}

−

−
q

2E
I

[

l 2x
2

2
−

x
4

12
−

15
c
2x

2
+

(

1
+

12
ν

)

c
2x

2

]

+
δ.

(5.70)
K

u
n
a

(5.70)
1

p
õh

jal
h
orison

taalsed
siird

ed
tala

kesk
jo

on
el

u|y
=

0
=

ν
qx

2E
,

(5.71)
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ei
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tu
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jo
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n
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traalsek
s
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ek
s.

T
ala

kesk
jo

on
e

p
u
n
k
tid

e
verti-

kaaln
e

siire

v|y
=

0
=

δ−
q

2E
I

[

l 2x
2

2
−

x
4

12
−

15
c
2x

2
+

(

1
+

12
ν

)

c
2x

2

]

.
(5.72)

K
u
n
a
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otsad
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d
,
siis

v|x
=
±

l
=

0
ja
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E
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c
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)
]
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a
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aran
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u
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p
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d
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D
iferen
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es

(5.72)
kak

s
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a
saam

e
kesk

jo
on

e
k
õveru

st
iselo

om
u
stava

avald
ise

∂
2v

∂
x

2

∣∣∣∣

y
=

0

=
qE
I

[

l 2−
x

2

2
+

c
2

(
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+
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)
]

.
(5.74)

K
a

selles
avald

ises
vastab
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en
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en

taarteo
oria

valem
ile

n
in

g
on

p
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ortsion
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e
p
ain

d
em
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en

d
iga
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x

2)/2.

K
u
i
so
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itak

se
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v
õtta
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,
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leb
lisad

a
p
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σ
y

=
ρ
g
(c−

y
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(5.75)

m
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an
n
ab

tala
ü
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isel
p
in

n
al

y
=

−
c

p
in

gek
s
σ

y
=

2ρ
g
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alu
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n
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=

c
vastavalt
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N
ä
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e

•
T
ala

p
ik

k
u
s

2l
=

10
m

,
k
õrgu

s
2c

=
0,8

m
ja

laiu
s

b
=

0,1
m

,
ko

orm
u
s

q
=
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k
N

/m
.

•
M

aterjalid
:

T
eras:

ρ
=
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k
g/m

3,
E

=
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G
P
a,

ν
=

0.3,
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akaal
61,2144

k
N

.
A

lu
m

iin
iu

m
:

ρ
=

2600
k
g/m

3,
E

=
70

G
P
a,

ν
=

0.35,
om

akaal
20,4048

k
N

.
V

ask
:
ρ

=
8900

k
g/m

3,
E

=
110

G
P
a,

ν
=

0.32,
om

akaal
69,8472

k
N

.

J
o
on

istad
a

tala
k
õverd

u
n
u
d

kesk
jo

on
vastavalt

valem
ile

(5.72)
ja

elem
en

taar-
teo

oria
valem

ile
2

v
=

qE
I

[

(x
+

l)
4

24
−

l(x
+

l)
3

6
+

l 3(x
+

l)

3

]

(5.76)

n
in

g
h
in

n
ata

valem
i

(5.73)
n
n
.

p
aran

d
u
sliik

m
e

osatäh
tsu

st
sõltu

van
a

tala
k
õrgu

se
ja

p
ik

k
u
se

su
h
test.

2P
a
rn

es,
R

a
y
m

o
n
d
.
S
o
lid

m
ech

a
n
ics

in
en

g
in

eerin
g
.
W

iley,
C

h
ich

ester,
2
0
0
1
.
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4

−
5

−
4

−
3

−
2

−
1

0
1

2
3

4
5

−
0.0050

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

x

v

teras

vask

alum
iinium

J
o
on

is
5.19:

V
ab

alt
to

etatu
d

tala
telje

siird
ed

.
P

u
n
an

e
k
riip

sjo
on

vastab
n
n
.
elem

en
taarteo

o-
riale

ja
sin

in
e

p
id

ev
jo

on
valem

ile
(5.72).
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1
9
5

0
0.02

0.04
0.06

0.08
0.1

0.12
0.14

0.16
0.18

0.2
0 1 2 3 4 5 6 7 8 9 10

tala kõrguse 2c ja pikkuse 2l suhe

parandus võrreldes elementaarteooriaga protsentides

J
o
on

is
5.20:

V
ab

alt
to

etatu
d

tala
p
ain

e.
V

alem
i
(5.73)

p
aran

d
u
sliik

m
e

osatäh
tsu

s
p
rotsen

ti-
d
es

sõltu
van

a
tala

k
õrgu

se
ja

p
ik

k
u
se

su
h
test

(v
t.

ala
jaotu

s
5.7

lk
.
192).
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H
ü
d
r
o
sta

a
tilise

lt
k
o
o
r
m

a
tu

d
tu

g
ise

in
a

a
r
v
u
tu

s.

V
aatlem

e
kolm

u
rk

se
ristlõikega

tu
gisein

a,
m

illele
m

õju
b

h
ü
d
rostaatilin

e
su

rve
(jo

on
5.21).

O
lgu

ved
elik

u
tih

ed
u
s

ρ
,
tu

gisein
a

kald
en

u
rk

β
ja

sein
a

m
aterjali

erikaal
γ
.
S
eega

on
sein

ale
m

õju
vatek

s
v
älisjõu

d
u
d
ek

s
ved

elik
u
st

p
õh

ju
statu

d
h
ü
d
rostaatilin

e
su

rve
p

=
ρ
g
y

ja
m

ah
u
jõu

d
Y

=
γ

(sein
a

erikaal).
H

ü
lgam

e

J
o
on

is
5.21:

H
ü
d
rostaatiliselt

ko
orm

atu
d

kolm
u
rk

se
ristlõikega

tu
gisein

.

sein
a

ja
v
u
n
d
am

en
d
i
vah

elised
m

õju
d
,
st.,

vaatlem
e

0
≤

y
<

∞
.
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H

ü
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a
tiliselt

koo
rm

a
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d
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gisein
a

a
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tu
s.

1
9
7

S
ellistel

eeld
u
stel

on
tegu

tasap
in

n
alise

ü
lesan

d
ega

ja
ra

jatin
gim

u
sed

{

p
ν
x

=
σ

x l
+

τ
y
x m

,

p
ν
y

=
τ
x
y l

+
σ

y m
.

V
ertikaalsel

k
ü
ljel

x
=

0
ja

p
in

n
an

orm
aali

su
u
n
ako

osin
u
sed

l
=

−
1

n
in

g
m

=
0.

K
u
n
a

sellele
sein

ale
m

õju
b

h
ü
d
rostaatilin

e
su

rve
p,

siis
vastavalt

ra
jatin

gim
u
stele
{

ρ
g
y

=
σ

x ·(−
1)

+
τ
y
x 0,

0
=

τ
x
y ·(−

1)
+

σ
y 0,

⇒
{

σ
x

=
−

ρ
g
y
,

τ
x
y

=
0.

(5.77)

K
ald

k
ü
ljel

x
=

y
tan

β
,

l
=

cos
β
,

m
=

−
cos(90 ◦−

β
)

=
−

sin
β
.

K
u
n
a

kald
k
ü
lg

on
ko

orm
u
sest

vab
a,

siis
saavad

ra
jatin

gim
u
sed

k
u
ju

{

0
=

σ
x
cos

β
+

τ
y
x (−

sin
β
),

0
=

τ
x
y
cos

β
+

σ
y (−

sin
β
),

⇒
{

σ
x

=
τ
y
x
tan

β
,

τ
x
y

=
σ

y
tan

β
.

(5.78)

L
ah

en
d
i
leid

m
isel

läh
tu

m
e

k
u
u
p
p
olü

n
o
om

ist
(5.22)

ϕ
3

=
a

3

3·2
x

3
+

b
32
x

2y
+

c
32
x
y

2
+

d
3

3·2
y

3.
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1
9
8

V
astavalt

valem
itele

(5.15)
avald

u
vad

p
in

gekom
p
on

en
d
id

k
u
ju

l

σ
x

=
c
3 x

+
d

3 y
;

σ
y

=
a

3 x
+

b
3 y

;
τ
y
x

=
−

b
3 x

−
c
3 y−

γ
x
.

(5.79)

A
ltern

atiiv
sete

valem
ite

(5.16)
kau

d
u

aga
k
u
ju

l

σ
x

=
c
3 x

+
d

3 y
;

σ
y

=
a

3 x
+

b
3 y−

γ
y
;

τ
y
x

=
−

b
3 x

−
c
3 y

.
(5.80)

J
ärgn

evalt
n
äem

e,
et

m
õlem

al
ju

h
u
l

saam
e

p
ärast

ra
jatin

gim
u
ste

(5.77)
ja

(5.78)
rah

u
ld

am
ist

sam
a

tu
lem

u
se.

L
äh

tu
m

e
esitek

s
valem

eist
(5.79).

R
a
jatin

gim
u
sed

vertikaalk
ü
ljel

(5.77)
an

-
n
avad

d
3

=
−

ρ
g

ja
c
3

=
0.

(5.81)

K
ald

k
ü
ljel

x
=

y
tan

β
ja

ra
jatin

gim
u
sed

(5.78)
saavad

k
u
ju

{

2c
3
tan

β
+

b
3
tan

2
β

+
d

3
+

γ
tan

2
β

=
0

a
3
tan

2
β

+
2b

3
tan

β
+

c
3
+

γ
tan

β
=

0
(5.82)

A
rvestad

es
(5.81)

saam
e

v
iim

astest
avald

ad
a

a
3

=
γ

tan
β
−

2ρ
g

tan
3
β

,
b
3

=
ρ
g

tan
2
β
−

γ
.

(5.83)
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H

ü
d
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a
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rm

a
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d
tu
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a

a
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1
9
9

S
ellega

on
gi

n
eli

tu
n
d
m

atu
t
kon

stan
ti

m
ääratu

d
n
in

g
p
in

gete
avald

ised
(5.79)

saavad
k
u
ju

σ
x

=
−

ρ
g
y
;

σ
y

=
(γ

−
2A

)
x

tan
β

+
(A

−
γ
)
y
;

τ
y
x

=
−

A
x
,

(5.84)

k
u
s

kon
stan

t
A

=
ρ
g

tan
2
β

.
(5.85)

K
u
i
teh

a
sam

a
p
rotsed

u
u
r

läb
i
altern

atiiv
sete

p
in

geavald
iste

(5.80)
jaok

s,
siis

saam
e

ra
jatin

gim
u
stest

(5.77)
tu

lem
u
sek

s
avald

ised
(5.81).

R
a
jatin

gim
u
sed

kald
k
ü
ljel

an
n
avad

aga
valem

eist
(5.83)

erin
eva

tu
lem

u
se

kon
stan

d
i
b
3

jaok
s

a
3

=
γ

tan
β
−

2ρ
g

tan
3
β

,
b
3

=
ρ
g

tan
2
β

.
(5.86)

P
an

n
es

aga
avald

istega
(5.81)

ja
(5.86)

esitatu
d

kon
stan

tid
e

a
3 ,...,d

3

v
äärtu

sed
p
in

gete
avald

istesse
(5.80)

saam
e

sam
a

tu
lem

u
se,

m
is

eelm
iselgi

ju
h
u
l.

S
eega

v
õim

e
kok

k
u
v
õttes

öeld
a,

et
vaad

eld
ava

ü
lesan

d
e

korral
on

p
in

-
ged

tu
gisein

as
leitavad

valem
ite

(5.84)
ab

il.

V
alem

i
(5.84)

2
p
õh

jal
vertikaalk

ü
ljel

σ
y

=
(A

−
γ
)
y
.
S
eega

sellek
s,

et
v
ältid

a
tõm

b
ep

in
geid

(σ
y

>
0)

p
eab

A
<

γ
,

k
u
st

saam
e

kald
en

u
rga

jaok
s

k
riitilise
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2
0
0

v
äärtu

se

β
∗

=
arctan

√

ρ
gγ
.

(5.87)

K
u
i

β
>

β
∗,

siis
on

vertikaalk
ü
lg

su
ru

tu
d
.

V
õttes

vee
tih

ed
u
sek

s
ρ

=
1000

k
g/m

3
ja

sein
a

m
aterjalik

s
b
eto

on
i
erikaalu

ga
γ

=
2400g

N
/m

3
saa-

m
e

β
∗

=
arctan

√

1000/2410
=

32,8 ◦.
E

rikaalu
γ

=
2000g

N
/m

3
korral

saa-
m

e
aga

β
∗

=
35,2 ◦.

V
aatlem

e
n
ü
ü
d

tu
gisein

a
lõiget

y
=

y
0 .

O
n

selge,
et

selles
lõikes

0
≤

x
≤

y
0
tan

β
.

V
astavalt

valem
eile

(5.84)
on

n
orm

aalp
in

ge
σ

x
=

−
ρ
g
y

0 ,
st.

kon
s-

tan
tn

e.
T
ein

e
n
orm

aalp
in

ge,
st.

σ
y ,

m
u
u
tu

b
aga

v
äärtu

sest
σ

y |x
=

0
=

(A
−

γ
)y

0

v
äärtu

sen
i

σ
y |x

=
x

0

=
−

A
y

0 .
N

ih
kep

in
ge

τ
x
y |x

=
0

=
0

≤
τ
x
y
≤

τ
x
y |x

=
x

0

=
−

A
y

0
tan

β
.

√ep
ü
ü
rid

T
u
gev

u
sõp

etu
se

k
u
rsu

se
raam

es
saad

u
d

valem
id

,
n
n
.
0-järk

u
lah

en
d
,
erin

eb
saad

u
st

olu
liselt

p
in

gete
σ

x
ja

τ
x
y

osas,
k
u
sju

u
res

σ
y

lan
geb

kok
k
u
:

σ
0x

=
0;

σ
y

=
σ

0y
τ

0x
y

=
−

3ρ
g

tan
3
β

(

x
tan

β
−

x
2

y

)

.
(5.88)

N
ih

kep
in

ge
avald

ise
p
u
h
u
l
on

0-järk
u

teo
orias

läh
tu

tu
d

sam
ad

est
eeld

u
stest,
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2
0
1

m
is

talad
e

p
ain

d
el

ja
saad

u
d

p
arab

o
oln

e
jaotu

s.

M
ä
r
k
u
se

d
:

•
V

aad
eld

ava
ü
lesan

d
e

lah
en

d
u
sele

ei
an

n
a

p
olü

n
o
om

i
järgu

tõstm
in

e
m

it-
te

m
in

geid
lisaliik

m
eid

—
k
õik

k
õrgem

at
järk

u
liik

m
ed

p
eavad

vaad
el-

d
avate

ra
jatin

gim
u
ste

korral
olem

a
n
u
llid

.

•
K

äesoleva
lah

en
d
i

p
u
h
u
l

p
ole

arvestatu
d

v
u
n
d
am

en
d
i

m
õju

—
tu

gisei-
n
a

alu
m

isel
osal

on
lu

b
atu

d
vab

alt
d
eform

eeru
d
a.

T
egelik

k
u
ses

sõltu
b

aga
su

u
rem

ate
y

v
äärtu

ste
korral

vertikaaln
e

d
eform

atsio
on

v
u
n
d
am

en
-

d
i
jäik

u
sest.

•
K

u
i

m
e

so
ov

ik
sim

e
arvestad

a
ka

ra
jatin

gim
u
si

tu
gisein

a
alu

m
isel

osal
(sein

a
ja

v
u
n
d
am

en
d
i

k
in

n
itu

skoh
as),

siis
m

u
u
tu

k
s

ü
lesan

n
e

tu
n
d
u
valt

keeru
kam

ak
s

ja
ted

a
p
olek

s
v
õim

alik
lah

en
d
ad

a
p
olü

n
o
om

id
es.

•
V

õttes
kasu

tu
sele

k
u
u
en

d
at

järk
u

p
olü

n
o
om

id
,

saab
leid

a
lah

en
d
i

ristk
ü
lik

u
lise

tu
gisein

a
(vertikaalse

kon
so

oli)
jaok

s.
S
ed

a
vaad

eld
ak

se
järgm

ises
ala

jaotu
ses.
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H
ü
d
r
o
sta

a
tilise

lt
k
o
o
r
m

a
tu

d
v
e
r
tik

a
a
ln

e
k
o
n
so

o
l

J
o
on

is
5.22:

V
ertikaalsele

kon
so

olile
m

õju
v

h
ü
d
rostaatilin

e
su

rve.

K
u
i

ü
ld

istad
a

ala
jaotu

ses
5.5

esitatu
d

lah
en

d
u
sm

eto
o
d
ikat

ja
vaad

eld
a

6.
järk

u
p
olü

n
o
om

i,
siis

saam
e

leid
a

p
in

gejaotu
se

h
ü
d
rostaatiliselt

ko
orm

atu
d

vertikaalse
kon

so
oli

jaok
s:



σ
x

=
−

ρ
g
y2

+
ρ
g
y

(

x
3

4c
3 −

3x4c

)

,
σ

y
=

ρ
g
y

3x

4c
3

+
ρ
g

4c
3

(−
2y

x
3
+

65
c
2y

x

)

,

τ
x
y

=
3ρ

g
y

2

8c
3

(c
2−

x
2)−

ρ
g

8c
3 (c

4−
x

4)
+

ρ
g

4c
3

35
c
2(c

2−
x

2).

(5.89)
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a
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a
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d
vertika

a
ln

e
ko

n
soo

l
2
0
3

S
iin

täh
istab

ρ
ved

elik
u

tih
ed

u
st

(k
g/m

3)
ja

seega
on

ko
orm

u
se

in
ten

siiv
su

s
sü

gav
u
sel

y
v
õrd

n
e

ρ
g
y
,
p
õik

jõu
d

ρ
g
y

2/2
ja

p
ain

d
em

om
en

t
ρ
g
y

3/6.
σ

y
ja

τ
x
y

avald
iste

esim
esed

liik
m

ed
vastavad

jällegi
elem

en
taarteo

oriale.

K
on

so
oli

vab
al

otsal
y

=
0

on
leitu

d
lah

en
d
i

p
õh

jal
n
orm

aalp
in

ged
n
u
llid

.
N

ih
kep

in
ged

τ
x
y

=
ρ
g

8c
3 (c

4−
x

4)
+

ρ
g

4c
3

35
c
2(c

2−
x

2)
(5.90)

p
ole

n
u
llid

,
k
u
id

on
v
äikesed

ü
le

kogu
p
in

n
a

n
in

g
n
en

d
e

p
eavek

tor
on

ligikau
-

d
u

n
u
ll.

S
ee

v
õim

ald
ab

lu
ged

a
v
älisko

orm
u
se

koh
al

y
=

0
n
u
llik

s.

K
u
i
tah

etak
se

arvesse
v
õtta

ka
kon

so
oli

m
aterjali

om
akaal,

siis
tu

leb
σ

y
aval-

d
isse

lisad
a

liige
−

γ
y
,
k
u
s

γ
on

kon
so

oli
m

aterjali
erikaal.

V
aad

eld
av

lah
en

d
p
ärin

eb
T

im
osh

en
ko

ja
G

o
o
d
ier

õp
ik

u
st

3
n
in

g
tegelik

u
lt

p
ole

ka
siin

arvesse
v
õetu

d
v
u
n
d
am

en
d
i
m

õju
.

3S
.P

.
T

im
o
sh

en
k
o
,
J
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sõltu
b

p
in

ge
vaid

rad
iaalko

ord
in

aad
ist

r.
S
eega

saab
kasu

tad
a

lah
en

d
it

(5.95).



5
.1

1
.

K
õ
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õta-

m
e)

on
in

ertsjõu
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ü
lesan

d
ega,

k
u
s

σ
r

ja
σ

ϑ
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ö
ö
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ääratak

se
ra

jatin
gim

u
stest

σ
r |r

=
a

=
σ

r |r
=

b
=

0
—

C
=

3
+

ν

8
ρ
ω

2(a
2
+

b
2),

C
1

=
−

3
+

ν

8
ρ
ω

2a
2b

2.
(5.110)

P
in

gekom
p
on

en
d
id



σ
r
=

3
+

ν

8
ρ
ω

2

(

b
2
+

a
2−

a
2b

2

r
2

−
r

2

)

,

σ
ϑ

=
3

+
ν

8
ρ
ω

2

(

b
2
+

a
2
+

a
2b

2

r
2

−
1

+
3ν

3
+

ν
r

2

)

.

(5.111)

5
.1

2
.

P
ö
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ü
lgam

e
ra

jatin
gim

u
sed

k
iilu

alaservas
ja

vaatlem
e

0
≤

y
≤

∞
.



5
.1

4
.

K
iilu

su
rve.

2
1
6

J
o
on

is
5.27:

S
ü
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õi

x
ja

y
sih

ile).
K

u
n
a

v
älisjõu
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õ
ju

poo
lru

u
m

ile
2
2
0

−
5

0
5

012345

 x

 y  ja  σ
 y
 epüürid

 F
 =

 1 kohal  x =
 0

−
5

0
5

012345

 x

 y  ja  τ
 xy

 epüürid

 F
 =

 1 kohal  x =
 0

J
o
on

is
5.29:

N
orm

aap
in

ge
σ

y
ja

n
ih

kep
in

ge
τ
x
y

ep
ü
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õ
ju

poo
lru

u
m

ile
2
2
4

V
alem

eid
(5.121)

ja
(5.122)

v
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õp

p
evah

en
d
is

4
on

v
älja

p
ak

u
tu

d
altern

atiiv
n
e

va-
lem

σ
∗y

=
p

π √
a

2−
x

2 ,
(5.127)

k
u
s

p
on

alu
sm

ü
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õrd

-
sek

s
osalõigu
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ü
h
ik

u
lise

jo
on

ko
orm

u
se

korral,
osalõik
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ü
rid

ko
ord

in
aad

i
y

fi
k
seeritu

d
v
äärtu
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lõigu

l
−

5
≤

x
≤

5
m
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äärtu

ste
jaok

s
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