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A

A.1
3 4

A.1

A.1
 
A.2
A.2.1

P0 200MPa 
100
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A.2.2
a) b)

a) A.2 JIS B 0205-1 4
 

A.2  

b)
  M75×2 

D0     31.7  mm 
    D 73.701 mm 
    D1 72.835 mm 
    D2 75.000 mm 

   D3 220 mm 
a 2 mm 

    b 1.73 mm 
 0.524 rad 30°) 

     0.524 rad 30°) 
e 0.289 mm 

2 b e /b     c 1.67 (3.12)
   L0 57 mm 

L = L0 0.5 a 56 mm 
n (=L / a) 28 

   tan  0.2 
     0.3 

   G 34.0 mm 
       1.0 
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A.2.3
a)

b)

a)
B 830 N/mm2

y 652 N/mm2

 
b)

B 830 N/mm2

y 652 N/mm2

 
A.3
A.3.1

4.3 A.3.2 A.3.5
A.1

A.3.2
3.2 1

A.1 3.2.2 a)

W1 (3.9)
JIS B 8265 G  G.4.1 d) 2) Wg

a
bm

g
AAWW

21

Am Am1 Am2 Ab a

Ab  2910 mm2

M27×2 6 24.546 mm 

000457)8(
41 bmGGPWm  (N) 

24601
1

b

m
m

WA  (mm2)

0002702 bGyWm  (N) 

14502
2

a

m
m

WA (mm2)

m 2 b 3.22mm G 34mm P 200MPa a 186 N/mm2
b 186 N/mm2 y

784 N/mm2
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Am Am1 2460 mm2

000492
21 a

bm AAW  (N)

W2 (3.10)

00018220034
44

22
2 PGW  (N)

A1 A2 (3.5)

3480)(
4

2
0

2
1 DDA mm2

33700)(
4

22
32 DDA mm2

(3.19) k

907.0
21

2

AA
Ak

(3.20) k

572.0)1(
1

2

21

2

W
W

AA
Ak

b e (3.12) c
0.524 (rad) (30°) 

b 1.73 (mm) 
e 0.289 (mm) 

67.1/)(2 bebc

c 4 5 h f
h 1.22 
f 0.177 

(3.25) l ( =1.0) 

tan
)(

))(()(2)tan(tan

)/(4

2
0

2
3

2

2
0

222
3

2
2

1

DDD
DDDDfh

D
a

DL

1 3.09

k l 6 Hmax

Hmax1 2.84 
      Hmax2 1.90 
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1 W0 (3.11) Hmax1

Hmax2 (3.11) W W1

4990011max0 nWHW  (N) 

3330012max0 nWHW  (N) 

A.3.3
(4.1) max

(4.3)

50.1tan)(
2 1DDaAB  (mm) 

(4.1)

ABD
W
1

0
max

max = 146 N/mm2

max = 97.2 N/mm2

A.3.4
a (4.5)

y/ B 0.786 0.85 

a 0.4 B 260 N/mm2

A.3.5
A.3.3 max A.3.4

a
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A.1

a) 
b)
c)

P MPa 200 
 100 

B N/mm2 830 

10 0.2% y N/mm2 652 

11 y / B

0.85 0.85 0.786 

12 
13 B N/mm2 830 

14 0.2% y N/mm2 652 

15 y / B

0.85 0.85 0.786 

16 D0 mm 31.7 
17 D mm 73.701 
18 D1 mm 72.835 
19 D2 mm 75.000 
20 D3 mm 220 
21 a mm 2 
22 b mm 1.73 

23  rad 0.524 

24 tan 1(a /2b)  rad 0.524 

25 3 e mm 0.289 

26 2(b e) / b c 1.67 
27 L0 mm 57 
28 L0 0.5 a L mm 56 
29 n =L / a n 28 
30 tan 1  rad 0.197 
31        tan =0.2  0.2 
32               0.3 0.3 
33    2 a) e) G mm 34.0 
34 1.0 
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35        1 W1 N 492000 

36 PG 2

4
W2 N 182000 

37 2 W N 492000 

38 )(
4

2
0

2 DD A1 mm2 3480 

39 )(
4

22
3 DD A2 mm2 33700 

40 4       3 h 1.22 

41 5    4 f 0.177 

42 tan
)(

))(()(2)tan(tan

)/(4

2
0

2
3

2

2
0

222
3

2
2

1

DDD
DDDDfh

D
a

DL

tan 0.2
tan tan( )=0

1 3.09 

43 2 k 0.907 0.572 

44 

k <1/2

kkH 1
1

1
max cosh)1(

sinh
k 1/2

1
1

1
max cosh)1(

sinh
kkH

2.73 1 15
5 Hmax  = 2.15 1

 0.246

Hmax 2.84 1.90 

45 1
n

WH max W0 N 49900 33300 

46 tan)(
2 1DDa AB mm 1.50 1.50 

47 ABD
W
1

0
max N/mm2 146 97.2 

48 0.4 B
a N/mm2 260 260 

49 a max   OK OK 

50 tan)(
2 2 DDa

BA mm   

51 '2

0

ABD
W

max N/mm2   

52 0.4 B
a N/mm2   

53 a max     
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1 W1 N JIS B 8265 G G.4.1 d) 2) Wg

JIS B 8265
G G.4.1 a) Wm1 , Wm2

2
a)  b)  c) 

k
21

2

AA
A )1(

1

2

21

2

W
W

AA
A

0 0 0 

W1 W2

21

2

AA
Ak

W1 W2

1

2

21

2

W
W

AA
Ak

W W1
     

W1 W1 max [W1,W2] W1 max[W1,W2]

3 4

c
cBB

c
ccBh e

11log1 321
2

4 5

22

2

tan
116

c
Tccmf
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附属書 B（参考）ねじ部の疲労に対する評価例 

 

B.1 適用範囲 

本体の 5 では、ねじ部の疲労設計の詳細を規定している。 

この附属書では、附属書 A と同様に高圧管を図 A.1 に示すようなねじ接合フランジにより金属ガス

ケットを介してボルト締結する場合について、ねじ部の疲労に対する評価例を示す。 

 

B.2 設計諸元 

B.2.1 設計条件 

この評価例における設計条件は、B.2.2 の荷重の繰返し条件を除き、設計条件、使用材料、

ねじの種類等は、附属書 A の設計条件と同様とし、A.2 による。 

 

B.2.2 荷重の繰返し条件 

ねじの解放、起動及び停止を含む全範囲の圧力サイクルの設計繰返し回数は、次の a)及

び b)による。 

 

a) 圧力サイクルのパターン 

図 B.1 の圧力サイクルのパターンが繰返されるものとする。 

 

図 B.1 設計繰返し回数 
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b)
B.1 1) 2)

1)
P0 200 MPa 
P1 150 MPa 
P2 100 MPa 
P3  80 MPa 
P4  30 MPa 

2)
ni  240 

P0

0 P0 0 P0 200 MPa n0 2×240  480 
P1 P4

P0 P1 P0 P1  50 MPa n1 6×240 1440 
P0 P2 P0 P2 100 MPa    n2 6×240 1440 
0 P3 0 P3  80 MPa n3 2×240  480 
P3 P4 P3 P4  50 MPa n4 6×240 1440 

B.3
5.2 a)

5.2 b) 1) 2)
B.2.2 b)2) P0 P1 P0 P2 0 P3 P3 P4 50 MPa 100 MPa 80 MPa 50 MPa

P0 200 MPa 20 40 MPa
B.2.2 b)2)

5.2 b) 1) 2) ni n0 n1 n2 n3 n4  5520
A.1.3 B 830 N/mm2 5.2 b)

100

B.4
B.4.1

A B B.4.2 B.4.5
A B

5.4.2.1 5.4.2.2 A B ai si apm spm

B.4.2
5.4.1 a) m)  

a) Kt1 (5.121)



KHKS 1222 (2021)

47

1cos9.03
2

26.01
7.0

1
e

e
t h

a
a
haK = 6.34 

a 2  mm 
 0.289  mm 

he   1.23  mm 
 0.524  rad 
 0.524  rad 

 
b) Kt2   5.6.2 Kt2 2.5
c) D    73.701 mm 
d) L    56 mm 
e) W1    498000  (N)    (3.9)

f) A1    )(
4

2
0

2 DD 3480 mm2   (3.5)

g) A2    )(
4

22
3 DD 33700 mm2 (3.6)

h) h        1.22 4
i)  f             0.177 5
j) 1    3.09 (3.25)

) A    

         72.546 mm A )7.31546.72(
4

22 3340 mm2

) G         34.0 mm 
m) Wpm k1 k2

Wpm Wp0 Wp4 (5.15) mpm PGW 2

4
 

k1 (5.22) (5.30)
21

2
1 AA

Ak

k2 (5.22) (5.30)
121

2
2 1

W
W

AA
Ak pm

Wpm Wp0 Wp4 k1 k2 B.1

B.1 W m W 0 W 4 k1 k2

Wpm (N) k1 ( ) k2 ( )
Wp0 182,000 0.907 0.572 
Wp1 136,000 0.907 0.656 
Wp2 90,800 0.907 0.739 
Wp3 72,600 0.907 0.773 
Wp4 27,200 0.907 0.856 
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) C     0.465    (5.3)
2

1

44
60C =0.465 

1 180 / 0.524 (rad) 30

B.4.3
5.4.2 a) c)
5.4.2.1 5.4.2.2 A B ai si apm spm

a)
H’1 H’2 H1 H2 (5.20) (5.21) (5.28)

(5.29) B.1 Wpm Wp0 Wp4 k1 k2 H’1 H’2 H1 H2

B.2

B.2 H 1 H 2 H1 H2

H ’1 ( ) H ’2 ( ) H1 ( ) H2 ( )
Wp0 2.84 1.90 0.545 1.49 
Wp1 2.84 2.13 0.545 1.25 
Wp2 2.84 2.37 0.545 1.02 
Wp3 2.84 2.46 0.545 0.922 
Wp4 2.84 2.70 0.545 0.687 

b) A
A ai si apm spm 5.4.2.1

apm spm B.2 Wpm Wp0 Wp4 H’1 H’2

ai si (5.16) (5.17)

A
WKtai

1
2

369 N/mm2

DL
WHKtsi

1
'
1

1
684 N/mm2

apm spm (5.18) (5.19) B.3

B.3 A spm apm

A Wp0 Wp1 Wp2 Wp3 Wp4

apm (N/mm2) 233 267 301 314 348 
spm (N/mm2) 457 514 570 593 650 

c) B
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B ai si apm spm 5.4.2.2
apm spm B.2 Wpm Wp0 Wp4 H1 H2

ai si (5.24) (5.25)

ai 0 N/mm2

DL
WHKtsi

11
1

132 N/mm2

apm spm (5.26) (5.27) B.4

B.4 B spm apm

B Wp0 Wp1 Wp2 Wp3 Wp4

apm (N/mm2) 136 102 67.9 54.3 20.4 
spm (N/mm2) 359 302 245 223 166 

B.4.4
B.4.3 A B ai si apm spm

5.3.2.2
a) b)

a) A B
A B i pm 5.3.2.2 (5.1) (5.2)

1) 2)
B.2

 
1) A

A i (5.1)

i = 915  (N/mm2)
A pm (5.2) B.5

B.5 A pm

A Wp0 Wp1 Wp2 Wp3 Wp4

pm (N/mm2) 602 680 758 789 868 

2) B
B i (5.1)

i = 132  (N/mm2)
B pm (5.2) B.6
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B.6 B pm

B Wp0 Wp1 Wp2 Wp3 Wp4

pm (N/mm2) 441 363 285 254 177 

b) A B
A B 5.3.2.3

B.7

B.7 A B
N/mm2

A B
i | i| 915 132 ni =  240 

 | p0| 602 441 ni =  240 
0 | p0 i|=|602 915|= 313  n0 =  480 

| p0 i|=|441 132|=  309 n0 =  240 
1 | p0 p1|=|602 680|= 78  n1 = 1,440

| p0 p1|=|441 363|=  78 n1 = 1,440
2 | p0 p2|=|602 758|= 156  n1 = 1,440 

| p0 p2|=|441 285|=  156 n1 = 1,440 
3 | p3 i| =|789 915|= 126  n3 =  480 

| p3 i| =|254 132|=  122 n3 =  480 
4 | p3 p4|=|789 868|= 79  n4 = 1,440 

| p3 p4|=|254 177|=  77 n4 = 1,440 

B.4.5
B.4.4 A B 5.3.

2.4 alt 5.3.2.5 a)
a) b)

a)
E/E 3 1.010

b) 108

108 a 5.3.2.6 a) 5.5.3

100                 830 N/mm2

100              y       652 N/mm2

            100 E/E    E/E 1.010 
7 106     ( a)6     138 N/mm2

            ( a)8 = 0.25 (1 ’ mean/ )(E/E )
108            a   = min [ ( a)6 , ( a)8 ]
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1) A

A alt 108 a

B.8
 

B.8 A 108

alt mean max ’ mean ( a)8 ( a)6 a

i 915/2 = 458 (0 + 915)/2  = 458 915 y 194 161 138 138 
0 313/2 = 157 (602 + 915)/2 = 759 915 y 495 84.6 138 84.6 
1 78/2 = 39 (602 + 680)/2 = 641 680 y 613 54.8 138 54.8 
2 156/2 = 78 (602 + 758)/2 = 680 758 y 574 64.6 138 64.6 
3 126/2 = 63 (789 + 915)/2 = 852 915 y 589 60.9 138 60.9 
4 79/2 = 39.5 (789 + 868)/2 = 829 868 y 613 54.8 138 54.8 

 
2) B

B alt 108 a

B.9
 

B.9 B 108

alt mean max ’ mean ( a)8 ( a)6 a

i 441/2 = 221 (0 + 441)/2  = 221 441 y 221 154 138 138 
0 309/2 = 155 (441 + 132)/2 = 287 441 y 287 137 138 137 
1 78/2 = 39 (441 + 363)/2 = 402 441 y 402 108 138 108 
2 156/2 = 78 (441 + 285)/2 = 363 441 y 363 118 138 118 
3 122/2 = 61 (254 + 132)/2 = 193 254 y 193 161 138 138 
4 77/2 = 38.5 (254 + 177)/2 = 216 254 y 216 155 138 138 

B.4.6
5.3.2.6 B.10

 
B.10

A B
i ( i /2)×(E/E ) N/mm2 463 223 

Ni 1,670 33,600 
0 ( 0 /2)×(E/E ) N/mm2 159 157

N0 3.07×105 3.46×105

1 ( 1 /2)×(E/E ) N/mm2 39.4 39.4 
N1 108

2 ( 2 /2)×(E/E ) N/mm2 78.8 78.8 
N2 3.00×107 108

3 ( 3 /2)×(E/E ) N/mm2 63.6 61.6 
N3 7.83×107

4 ( 4 /2)×(E/E ) N/mm2 39.9 38.9 
N4 108
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B.4.7
5.3.2.7 B.11

 
B.11

A B
Ui=ni /Ni 240 /1670   = 0.144 240 /33600   = 0.007 
U0=n0 /N0 480 /(3.07×105) = 0.002 240 /(3.46×105) = 0.001 
U1=n1 /N1 1440 /108     = 0.000 1440 /     = 0.000
U2=n2 /N2 1440 /(3.00×107) = 0.000 1440 /108     = 0.000 
U3=n3 /N3 480 /(7.83×107) = 0.000 480 /     = 0.000 
U4=n4 /N4 1440 / 108      = 0.000 1440 /     = 0.000 

B.4.7
U 5.3.2.8 B.11

A B U 1

B.12
A B

U = Ui +U0 +U1 + +U4 0.146 1 0.008 1
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a) A

b) B

B.2   
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C

 
C.1

8 10 A 11 7 9 10 B

C.2
B

 
C.2

 
  SUS630 H1075 

B 947 N/mm2

y 816 N/mm2

 
C.3

11
5.2 b)

 
C.4
C.4.1

A B C.4.2 C.4.5
A B

B B.4.2 B.4.4
 
C.4.2

B.4.4 A B 5.3.
2.4 alt 5.3.2.5 a)

a) d)

a)
alt 5.3.2.4 C.1
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C.1
alt A B

i ( i /2) N/mm2 915/2 = 458 441/2 = 221 
0 ( 0 /2) N/mm2 313/2 = 157 309/2 = 155 
1 ( 1 /2) N/mm2  78/2 =  39  78/2 =  39
2 ( 2 /2) N/mm2 156/2 =  78 156/2 =  78 
3 ( 3 /2) N/mm2 126/2 =  63 122/2 =  61 
4 ( 4 /2) N/mm2  79/2 = 39.5  77/2 = 38.5 

b)
a) alt 5.5

1) A
A alt C.2

 
C.2 A

alt mean max ’ mean eq

i 458 (0 + 915)/2  = 458 915 y 358 596 
0 157 (602 + 915)/2 = 759 915 y 659 352 
1 39 (602 + 680)/2 = 641 680 y 641 83.1 
2  78 (602 + 758)/2 = 680 758 y 680 186 
3  63 (789 + 915)/2 = 852 915 y 753 199 
4 39.5 (789 + 868)/2 = 829 868 y 777 141 

 
2) B

B alt C.3

 
C.3 B

alt mean max ’ mean eq

i 221 (0 + 441)/2  = 221 441 y 221 253 
0 155 (441 + 132)/2 = 287 441 y 287 187 
1 39 (441 + 363)/2 = 402 441 y 402 53.4 
2  78 (441 + 285)/2 = 363 441 y 363 102 
3  61 (254 + 132)/2 = 193 254 y 193 68.3 
4 38.5 (254 + 177)/2 = 216 254 y 216 43.8 
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c)
E/E 3 1.055

d) 108

108 a 5.3.2.6 a) 5.5.3

100                 947 N/mm2

100              y       816 N/mm2

            100 E/E E/E 1.055 
11 107   ( a)7     248 N/mm2

            ( a)8 = 0.20 ( E / E )
108            a    = min [ ( a)7 , ( a)8 ]

 
1) A

A 108 a C.4
 

C.4 A 108

 ( a)8 ( a)7 a

i 200 248 200 
0 200 248 200 
1 200 248 200 
2 200 248 200 
3 200 248 200 
4 200 248 200 

 
2) B

B 108 a B.9
 

C.5 B 108

 ( a)8 ( a)7 a

i 200 248 200 
0 200 248 200 
1 200 248 200 
2 200 248 200 
3 200 248 200 
4 200 248 200 

C.4.3
5.3.2.6 C.6
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C.6
A B

i eq×(E/E ) N/mm2 629 267 
Ni 1,890 3.88×106

0 eq×(E/E ) N/mm2 371 197
N0 6.85×104 108

1 eq×(E/E ) N/mm2 87.7 56.3 
N1

2 eq×(E/E ) N/mm2 196 108 
N2 108 108

3 eq×(E/E ) N/mm2 210 72.1 
N3 5.92×107

4 eq×(E/E ) N/mm2 149 46.2 
N4 108

C.4.4
5.3.2.7 C.7

 
C.7

A B
Ui=ni /Ni 240 /1,890   = 0.127 240 /(3.88×106) = 0.000 
U0=n0 /N0 480 /(6.85×104) = 0.007 240 /108 = 0.000 
U1=n1 /N1 1,440 /     = 0.000 1,440 /   = 0.000
U2=n2 /N2 1,440 /108   = 0.000 1,440 /108 = 0.000 
U3=n3 /N3 480 /(5.92×107) = 0.000 480 / = 0.000 
U4=n4 /N4 1,440 /108      = 0.000 1,440 /   = 0.000 

C.4.5
U 5.3.2.8 C.8

A B U 1

C.8
A B

U = Ui +U0 +U1 + +U4 0.134 1 0.000 1

 
 
 
 




