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 1990
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 4.
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(5)  4

1.

2.
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4.



3.

(7)

 7.

1.

2.

4.

 9.

 10. (1)

(2)  1



1 10
2

3

4 50

5 100

 11.

 13.

 14.



 15. (1)

(2)

 16. (1)

1.

2.

3.

 17. (1)

1.

2.

3.

 18.

 19. (1)

(2)



1.

4.

1.

2.

3.

4.

 21. (1)

(2)

(3)

 22. (1)  21,  1



(2)

(3)

(4)

(5)

(6)

(7)

 23. (1)

1.  -

2.
 -

3.
 -

4.  -

5.  -

 24. (1)

(2)  gf



(3)

 25. (1)

(2)

 26. (1)

(2)

 27.

 28.

 29.

 30. (1)



(2)

 31.

 32. (1)

(2)

 33.  -  33  2005  (1)

 gn,

(2)

 34. (1)

(2)

(3)

(4)



gn,
 137,  1

 137,  2
1.

 35. (1)

(2)

(3)

(4)

 36. (1)

 -  gf,

1.  -  48, 65, 73, 90, 101,

3.  -  1,0

4.  1 - 3 -

(2)

 gf  1,0



1.

2.

3.

1.

2.

3.

4.

5.

7.  103 - 107

= Q2 = Q3 = Q4 = Q5 = 0;
8.

10.

11.

12.

1.



2.

3.

4.
-

6.

3.

4.

 41.

1.

2.

(2)
 -

(3)

 43. (1)
 (Y1 -  Y2 -

(2)  Y1  Y2  44  45,



 44.

1.

2.

3.

4.

 Y2 = 0,9 -  Y2=

 45.
 gf = 1)  Y1 =

0,95,  -  Y2 = 0,8,

 46.  44  45

1.

2.

 54
 aA  an;

 Yc  83;



 47.

 -

 48. (1)  gf

1,10
1,15
1,15

1,20

1,25
1,35

1,20
1,30

(2)



(3)  2.1  2.2
 2,

(4)

 49. (1)

(2)

(3)

(4)

 qk

 50. (1)

(2)

(3)



 aA,

(4)

 51.

 52.

 -  3
 qk

Qk
(kN)

1 2 3

1,5 2,0
3,0 2,0
3,0 2,0

3,0 2,0



3,0 4,0

4,0

5,0

5,0 7,0

7,5 4,5

5,0



7,5 7,0

2,0

5,0

0,5(3,4,*) 1,0(4)

(1)

(2)  F  G,

(3)
 qk

(4)

 53. (1)

(2)



Qk  Qk

(3)

(4)

(5)

 qk,
 3.

1.
1,0 kN/m:

qk = 0,5 kN/m2;
2.  1,0 kN/m,

qk = 0,8 kN/m2;
3.  2,0 kN/m,

qk = 1,2 kN/m2.
(6)

 54. (1)
 I

 3,  20 m2,
 qk

 aA.
 D  aA

 C  D  aA
0,6.

(2)



 an,

an = 0,7 + 0,6/n                  (2),

 n  (n > 2),

(2)

(3)

 56.
 Qk,

 qk

 57. (1)

(2)

(3)

 58. (1)

(2)
 Qk

 1  qk,



3.

 1.

(3)
 = 0,1 m -  F,  = 0,2 m -

 59.

 60. (1)
 -  FL1

(m) L (m)
G (kN)

T (kN) Qk (kN)
FL1 21 10 0,85 1,00 2,60 26
FL2 31 15 0,95 1,10 3,00 40
FL3 44 25 1,00 1,20 3,30 63
FL4 60 40 1,20 1,40 4,00 90
FL5 90 60 1,50 1,90 4,60 140
FL6 110 80 1,80 2,30 5,10 170

(2)
 Qk  4

(3)  110 kN,



(4)  Qk  Qk,din = j.Qk)
 2,

(5)
 30 %

 Qk,

 61. (1)
 Qk  qk  H  I,  3,

(2)
 K,

 HC1  HC2,  5

(3)
 Qk

(4)

K



Q (kN)
Qk (kN)

0,2 20
HC2 0,3 60

 62. (1)
 qk,  1,20 m  1 m

 D, E, F  G,

0,5
1,0

2,0

1.

2.  qk

(2)

 63.

 64. (1)

(2)
 A,



(3)

 65.

 66.

 67. (1)

 -

(2)
 -

 68.

 0,1

 69. (1)

1.  - 0,05

2.  - 0,10

(2)  1



 70. (1)

 0,10

(2)  1

 71.

 72. (1)

(2)  1

 73.  gf

 74. (1)

1.

2.

(2)

 75. (1)



2.  12 m:

(2)

(3)

 76.

 77.

 -

 78. (1)

(2)

1.  -



 79.

 80.

 81.

 82.

(2)

(3)

 84. (1)

(2)

 gfc,

(3)



 85.

sn = stm                          (3),

st
 1 m2

m -

 86.

1.  -  6.1

2.
 1000 m -

 st  6

I II III IV V VI

0,6 0,9 1,2 1,5 1,8 2,4

3.
 1000 m,

 87. (1)
 m

 6.2  6.  m



(2)

 -
b).

(3)

 88. (1)  6.2  6

(2)

(3)

 89.

 90.  gf

 91. (1)

1.  wx,  wy,

 we,

 wf,



 wi,

(2)
 h  d  2/3h

 10,

 92. (1)

(2)

 wi,
 40 m  36 m,

 93.
 wn  kN/m2  z

wn = wmkzc                       (4),

wm

kz -

 94.  10

1.  -  8.1

2.
 1000 m -

 wm



I II III IV V

0,23 0,30 0,38 0,48 0,60

3.
1000 m

 wm (kN/m2)

 vm
 10 m

 50

 95. (1)  kz,

< 5 0,75 0,50
10 1,00 0,65
20 1,25 0,85
40 1,50 1,10
60 1,70 1,30
80 1,85 1,45
100 2,00 1,60
150 2,25 1,90
200 2,45 2,10
250 2,65 2,30
300 2,75 2,50
>350 2,75 2,75

(2)

(3)

 -



(4)  h

 30 h -  h  60 m,  2 km -

 96. (1)
we, wf, wi, wx, wy

 ce,  cf,
 ci  cx  cy,

(2)  ce  ci
 -

(3)

 3

 3.

(4)  8.2  8

(5)

 97. (1)

1.



 f1 (Hz)

wp,n = wnzn                         (6),

z -  z,

n -

=< 5

0,85 1,22

10 0,76 1,06
20 0,69 0,92
40 0,62 0,80
60 0,58 0,74
80 0,56 0,70
100 0,54 0,67
150 0,51 0,62
200 0,49 0,58
250 0,47 0,56
300 0,46 0,54
350 0,46 0,52

>= 480 0,46 0,50

2.

wp,n = wnxn                                          (7),

 x  4



 d

 4.

 1 -

 d = 0,3; 2 -

3.  f1 < fl,
 f1 < fl < f2  f2

wp,n = mxhy           (8),

m  z,

y -  z

h -
 r



yk -

wp,n,k -

Sk -

(2)

 wp,n,h

 98. (1)
 fl,

I

0,95 2,90

II 1,10 3,40
III 1,20 3,80
IV 1,40 4,30
V 1,60 5,00

(2)  f1 < fl,

 99. (1)
 n

(2)



(3)
 5, n

 12  13  r

 5.

(4)

 8.2  8.

0,1

0,95 0,92 0,88 0,83 0,76 0,67 0,56

5 0,89 0,87 0,84 0,80 0,73 0,65 0,54
10 0,85 0,84 0,81 0,77 0,71 0,64 0,53
20 0,80 0,78 0,76 0,73 0,68 0,61 0,51
40 0,72 0,72 0,70 0,67 0,63 0,57 0,48
80 0,63 0,63 0,61 0,59 0,56 0,51 0,44
160 0,53 0,53 0,52 0,50 0,47 0,44 0,38



xoy

b h

zox h
zoy b a

 100.  f2 < fl,
 9,

 101.  gf
1,4.

 102. (1)

 103.

Dtw = tw - t1c                   (11),
Dtc = tc - t1w                   (12),

tw  tc

t1w  t1c -

 104. (1)  tw  tc

 nw  nc



(2)  tw, tc, nw  nc

tew  tec

tiw  tic -



Q1, Q2  Q3 -

Q4  Q5 -

1.

2.  tw, tc, nw  nc

 105.  tew
 tec  1  2

 106. (1)  Q1, Q2  Q3

8 6 4

8 6 4
6 4 6

Q4 = 0,05 b Smax k k1                                         (13),
Q5 = 0,05 b Smax k (1 - k1)                                   (14),



b

Smax -
 320

1,0

1,0
0,9
0,7

0,7

0,6
0,4
0,3

 107.
 t1c

t1w = 0,8 tVII + 0,2 tI                              (15),
t1c = 0,2 tVII + 0,8 tI                              (16),

 tI  tVII
 3  4



10.

 108.  Dt  n

 109.

 110.

 111.

 112. (1)

50 1)
70 2)
85
100



1)

2)

(2)
 10 m

 20 m/s,  kz

 113.

2.

3.

4.

5.

6.

 114. (1)

(2)

(3)

(4)

(5)



(6)

 115. (1)

(2)

 116. (1)

1.  1,5
kN/m2,  3,0 m  3,0 m,

2.  0,75

(3)

 117.

 118.



 119. (1)

(2)  1990

 120. (1)

(2)  1
 -  1  5  1,

(3)
 1991-,

 121.

 1991-1-1  1:
 -  1.1:

 122.
 1991-2-2:(2002)  1:

 -  1.2:

 123.
 1991-2-3:(2001)  1:

 124.
 1991-2-4:(2001)  1:

 125.

 1991-2-5: (2001)  1:



 126.
 1991-2-6: (2001)

 1:
 -

 127.
 1991-

2-7:(2001)  1:
 -

 128.
 1991-3: (2001)

1:
 -  3:

 129.

 1991-4:(2002)  1:

 130.
 1991-5: (2003)

 1:
 -

1.

2.

3.



4.

5.

6.

7.

8.

9.

10.
 -

11.

12.

13.

14.

15.

16.

§ 2.  169,  3
169,  1,  1

 7



1989  4  1989

§ 3.

§ 4.

I 1,1

II 1,0

III 0,9



1.1.

1.2.

1.3.  2.1 - 2.4,

1.4.

 kN/m3.

1.5.

1.5.1.

1.5.2.

1.6.

1.7.

1.8.
 2.1,

 -  2.2.
 2.3

 1 m



1 2

6,8
6,9
7,0
8,3

4,9
5,7
5,5
4,10
3,50

8,0

12,0

10,0
8,0
4,0

30,0

20,0
24,0

27,0
26,0
28,0
30,0

27,0
23,0
28,0



20,0

16,0
18,0

17,0
14,0
16,0

18,5
21,0
18,0
28,0
30,0

16,0
18,0
20,0
20,0

5,0
7,0
9,0

21,0
16,0

20,0

18,0
17,0

15,0



12,0

4,0
5,0
6,0

22,0

30,0
24,0
29,0
28,0
26,0

28,0
30,0
28,0
27,0
20,0
27,0
28,0
22,0
20,00

19,0

15,0



20,0

20,0

19,0

17,0
20,0

15,0
9,0

11,0
12,3
22,0

78,5
72,0
76,0
27,0

22,0

24,0
24,0
24,0

21,0

25,0
16,0
15,0
11,0
13,5



18,0
12,0
10,0
11,0
13,5

12,0
20,0
12,0
25,0
27,0

1.
 1,20 kN/m3.

2.
 1,0 kN/m3,

3.

1 2

480
600

40

55

45
60
20
25
24

80
250
20



1 2

25,0

20,0
26,0

(kN/m)(2)(3)
1,2

4,8

1,9

(kN/m)

1,7

3,4

4.



1 2 3 4

16,0 15,0 28
18,0 -

-
18,0 - 35

18,0 - 30

20,0 - 20
- 2,5 -

15,0 -

17,0 - 40
12,0 - 30
9,0 - 35
- 15,0 -
- 12,0 -
- 13,0 -

14,0
5,0 6,0 25
13,0 11,0 35
10,0 15,0 25

11,0 - 30
16,0 - 30
20,0 - 20

- 28,0 -
- 30,0 -
- 5,0 -

- 3,0 -

- 2,5 -
- 1,0 -
- 3,0 -
- 2,0 -



- 6,5 -

- 6,0 -
- 12,0 -

1,0 - -
8,0 - -

8,0 - 4,0
11,0 - -

- 25
25,0 - -
15,0 - 25
13,0 - 25

40,0 - 40
34,0 - 45
32,0 - 40
26,0 - 40
24,0 - 40
30,0 - 40

20,0 - 40

18,0 - 45
18,0 - 35
15,0 - 35
10,0 - 35
14,0 - 40
12,5 - 30

9,0 - 30

12,0 - 40
14,0 - -

11,0 - -

- -
- -
- -

5,0 - -
6,0 - -
- 7,4 -

- 11,8 -



- 7,8 -

- 14,7 -

- 13,7 -
- 17,7 -
- 8,3 -
- 9,8 -
- 8,8 -
- 10,8 -
- 8,3 -

- 12,3 -
- 8,8 -
- 133,0 -
- 59,0 -

- 35
-

- 40

10,0 - 40

7,0 - 25

8,0 - 30
- 13,0 -

4,0 - -

45
3,0 45
4,0 - 45
- 2,0 -

40
10,0 - -

8,0 - -

10,0 - -
- 8,5 -

10,5 - -



- 9,0 -
8,5

10,0 - -
- 8,5 -
- 7,0 -

8,0

- 7,5 -
- 5,5 -

9,5 - -
12,5 - -
9,0 - -
9,0 - -
- 8,0 -
- 5,5 -

- 4,5 -

- 6,0 -

- 7,0 -

7,5 -
- 9,0 -

- 13,0 -

13,0 10,0

10,0 - -
- 8,0 -
- 7,0 -

22,0 - 45
12,0 - 40
6,0 5,0 25

- 25
- 20

5,00 8,0 -
- 30

30
7,50 30

4,5 - -
7,5 5,0 30
8,5 8,0 35
7,5 - 30
5,0 7,5 -
- 7,0 -



7,5 - 30
6,5 - 25
- 5,0 -

8,5 6,5 30
8,0 - -
6,0 - -
- 2,0 -
- 7,0 -

7,0 - -
35

7,0 5,5 35
4,0 - -
5,0 - -
7,5 - 40
7,5 - 35

3,0 - 35
7,5 - -
- 4,5 -
- 4,5 -
- -

10,0 -
7,0 - 45
- -
- 1,5 -
- -
- -

28,0 - -
85,0 - -
84,0 - -
89,0 - -
72,0 - -
78,5 - -
89,0 - -
18,5 - -

- 74,0 -
69,0 72,0 -
120,0 - -

- 11,0 -

- 6,5 -
9,0 -

16,0 - 28
- 15,0 -



16,0 28
- 20,0 -

12,0 -
12,0 - 45

4,5 - -
- 13,0 -

- 13,0 -
- 8,0 -
- 4,0 -
- 5,0 -
- 7,0 -

- 12,0 -
- 7,5 -
- 11,0 -

-
- 13,0 -
- 11,0 -

1,0 2,0 -

15,0 -
11,0 -

- 8,5 -

- 9,0 -
- 4,0 -

- 12,0 -

- 10,0 -

14,0 - 15
17,0 - -

-
-
-

- 30
- 30
- 35



- 30
- 30
- 35

- 30
- 30
- 35

- 32
- 35

19,00 - 37

19,0 - 32
20,0 - 35
21,0 - 37

9,0 - -
10,0 - -
11,0 - -

1. B  2

2.
 3,

3.

1.

2.  F  kN),



na -

3.
 2500 kg,  F

4.  db
 F  2500 kg

5.

ma
 kg; va = 4,5 m/s; da = 100 mm,

da.
6.  2 - 5

 2500

7.

 610 mm

8.
 20 m

 610
mm

1 2 3





1.  -  98  2004
 Fn  kN,

n

¦ -
 0,10 m

 500 kN/m2

k -  -

l1 -

2.  (5.1)
 73



Fmax (kN)

1. 10

2.

50

150

250
500

 1 m2

1.  6.1
 1 m2

 st  30
 25

2.

 st

st (kN/m2)
1. 0,90



2. 0,86
3. 0,56
4. 1,58
5. 2,04
6. 1,78
7. 2,00
8. 1,48
9. 0,70
10. 1,10
11. 1,30
12. 1,70
13. 1,60
14. 1,10
15. 1,14
16. 1,52
17. 0,96
18. 1,60
19. 1,80
20. 2,00
21. 1,58
22. 1,50*
23. 1,40
24. 1,00*
25. 1,12
26. 1,72
27. 1,18
28. 1,10
29. 1,54
30. 0,94

 -  33  2005  *













1.  vcr,i

(wm

2.  ncr,i,

d -  m;

3.

F0,i(z) - Cy.wcr,i.d -

wcr,i = 6,25.10-4ncr,i -  kN/m2,

4.  z

Xs(Z)

 Fi(z)
 ncr,i,



d -

0,15;

5.
 wcr,s,

 wcr,i

wcr,x = wcr,i.cx,                     (7.4)

 cx

 wcr,p,
 wcr,i,  97, 98,

99  100.  4,

6.

7.

Xres(z)

 wm

1.  8.1
 wm  30

 I - V.
 wm  -



2.

 wm

(kN/m2)
1. 0,27
2. 0,56
3. 0,58
4. 0,39
5. 0,53
6. 0,46
7. 0,30
8. 0,43
9. 0,46
10. 0,32
11. 0,48
12. 0,48
13. 0,23
14. 0,34
15. 0,28
16. 0,37
17. 0,41
18. 0,23
19. 0,50
20. 0,58
21. 0,48
22. 0,50
23. 0,48
24. 0,43
25. 0,48
26. 0,39
27. 0,48
28. 0,43
29. 0,58
30. 0,46



















 f2,

1.

 fs < fl < fs+1.
 (r > s),

2.  -  98  2004
 wp,n

wp,n,i,j

n -

mj -  Sj

hi,j -

yi,k  yi,j -

wp,n,k -  (6)

Sk -

3.

 fl.



Xp,n

Xp,n,i -

 tew, tec, tVII  tI

tew tec tVII tI
1. 33 - 17 25 - 5
2. 30 - 13 25 - 3
3. 30 - 14 25 - 4
4.

34 - 19 25 - 7
5. 36 - 19 25 - 9
6. 33 - 23 26 - 9
7. 32 - 17 24 - 7
8. 33 -16 24 - 6
9. 33 - 15 24 - 5
10. 33 - 16 26 - 4
11. 32 - 19 25 - 6
12. 35 - 21 26 - 9
13. 34 - 20 25 - 9
14. 31 - 20 25 - 5
15. 30 - 19 23 - 7
16. 34 - 20 27 - 8
17. 33 - 20 26 - 5
18. 33 - 19 25 - 8
19. 35 - 19 27 - 8
20. 36 - 20 27 - 8



21. 34 - 18 26 - 8
22. 33 - 14 26 - 4
23. 27 - 18 20 - 5
24. 32 - 18 23 - 7
25. 33 - 18 26 - 5
26. 33 - 18 25 - 7
27. 33 - 16 26 - 5
28. 34 - 21 26 - 6
29. 32 - 17 24 - 7
30. 33 - 17 26 - 4

 1.



 2.





1. 0,50
2. 0,45
3. 0,80
4. 0,90



5. 0,50
6. 0,50
7. 0,65
8. 0,90
9. 0,70
10. 0,35
11. 0,75
12. 0,30
13. 0,60
14. 0,40
15. 0,60
16. 0,80
17. 0,45
18. 0,60
19. 0,45


