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208-40-D-004

ADSORBER 208-40-D-004 FABRICATION QUALITY CERTIFICATE  

208-40-D-004
Chloride Adsorber 208-40-D-004

Vessel Description)

serial #
GP-V-078 

built:

2014
August, 2014

( ) 
(date of manufacturing)

G-PEM HEAVY INDUSTRIES CORPORATION

( ; Manufacturer’s Name and Address)

Block #38, Daebul National Industrial Complex, 520 Younang-ro, Samho-eup, 
Yeongam-gun, Jeonnam, Korea (526-892)

Chloride Absorber Expansion Joint

Vessel Description)

serial #
MGF-U-14-003 

built:

201
May, 2014

( )
(date of manufacturing)

MEGAFLEXON CO., LTD.

( ; Manufacturer’s Name and Address)

#92-48, Poongomoo-Dong, Gimpo-Si, Gyeonggi-Do, Korea (415-070)



TECHNICAL DATA AND PARAMETERS

Vessel Component Description

  
Shell 

( 2)
Operating Pressure, MPa (kgf/cm

2
) 1,318 (13,44) 

 ( 2)
Design Pressure, MPa (kgf/cm

2
) 1,050 (10,71) 

,
( 2)
Test Pressure,
MPa (kgf/cm

2
) 

Hydrostatic Test

2,685 (27,38)

Pneumatic Test
N/A

Operating Fluid Temperature, C 
137,8  

Design Wall Temperature, C 
425

Minimum Design Metal Temperature, C

35 
Minus 35 

Operating Fluid Catalyst  

Operating Fluid
Description

Hazard Class

I 12.1.007 
I as per GOST 12.1.007 

Explosive Hazard Yes

Fire Hazard Yes

Operating Fluid Group

1 
1 in compliance with CU TR 032/2013

Corrosion (Erosion) Allowance, mm

, 003-1, 003-2 – 3,0
Shell, Parts 003-1, 003-2 

,  003-3 – 0 
Shell, Part 003-3 

, 003-4 – 3,0
Upper Head, Part 003-4 

003-5 – 0 
Lower Head, Part 003-5

3

Capacity, m
3 1,49 

Empty Vessel Weight, kg  
2000

 *
Maximum Weight of Filled Up Fluid, kg * 

----

,
Designed Vessel Service Life Time, years

20

*
For vessels with liquified gases



2. 
PARAMETERS OF VESSEL MAIN COMPONENTS
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b
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Dimensions, mm

Basic metal

 ( ) 
Welding (Soldering) Data
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D
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n
s
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)

W
a
ll
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A
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o
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T
y
p

e
, 
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ra
d

e
, 
S

ta
n

d
a
rd

)

,
003-1 

Shell, Part 003-1 

1 700 10 2150
SA516-

70
ASME 
A516

c

) 
A

rc
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ld
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g
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lo
n
g
it
u
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a
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b
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e
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n
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h
e
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e
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o
n
s

a
n
d
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e
a
d
) 

GTAW
 - 

  
Manual welding by carbon steel electrode (GTAW) in 

Argon (100 % - shielding only)  

+

 (SMAW)
Manual welding by carbon steel electrode (SMAW) 

. WP-GT.SM-
1.1-0315

PQ-GT.SM-1.1-0315 
Per WPS No. WP-GT.SM-1.1-0315
and PQR No. PQ-GT.SM-1.1-0315

E
R

7
0

S
-6

 +
E

7
0
1

6
A

W
S,

003-2 
Shell, Part 003-2 

1 700 10 1145
SA516-

70
ASME 
A516

-4 
Top Head, Part 003-4

1 700 8,5 ----
SA516-

70
ASME 
A516
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( , , , 

, )  
Vessel component (shell, head, grate, tubes, 

jacket) 
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Quantity, each 

, 
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, m

m
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a
s
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 m
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ta

 

 

 ( ) 
Diameter (inside) 

  
Wall thickness 

 ( ) 
Length (Height) 
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e
 

 
(

) 
S

ta
n

d
a

rd
 

  

 ( , 

) 
Jointing Method (Welding, 

Soldering) 

  ( ) 
Welding (Soldering) Process 

,  

  

( , , , ) 
Welding Rods, Welding Wire, Solder 

Alloy (Type, Grade, Standard) 

, 
 0

0
3
-3

 
(
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ll, P

a
rt 0

0
3

-3
 

(C
la

d
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te
e

l) 

1
 

7
0
0
 

12 + 3 

2
6

2
 

SA516-70 + 276 

ASME A516 + ASTM C276 

 c  (   

      

      

) –  516-70 
Arc Welding (longitudinal  butt  weld of  shell  section and  circumferential 

butt welds between shell’s sections and Bottom Head) – Clad Steel A516-70 
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R
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P
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jacket)
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Quantity, each
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s
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m
e
ta

l
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) 

W
e
ld
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g
) D

a
ta

 ( ) 
Diameter (inside)

Wall thickness

Length (Height)

G
ra

d
e

S
ta

n
d

a
r

d

Jointing Method (Welding, 

Soldering)

 ( ) 
Welding (Soldering) Process

,
Welding Rods, Welding Wire, Solder 

Alloy (Type, Grade, Standard)

C
O

N
T

IN
U

A
T

IO
N

F
R

O
M

 
P

R
E

V
IO

U
S

 P
A

G
E

----
----

----
----

----
----

c

 – 
Arc Welding (longitudinal  butt  weld of  shell  section and  circumferential 
butt welds between shell’s sections and Bottom Head) – Clad  Alloy C276
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P
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P
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AWS
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circumferential butt welds between them)

G
T

A
W

 - 
  

M
a
n
u
a
l w

e
ld

in
g
 b

y
 c

a
rb

o
n
 s

te
e
l e

le
c
tro

d
e
 (G

T
A

W
)

in
 

A
rg

o
n
 (1

0
0
 %

 - s
h
ie

ld
in

g
 o

n
ly

)  

+

 (S
M

A
W

)
M

a
n
u
a
l w

e
ld

in
g
 b

y
 c

a
rb

o
n
 s

te
e
l e

le
c
tro

d
e
 n

(S
M

A
W

) 

.
W

P
-G

T
.S

M
-

1
.1

-0
3
1

5
P

Q
-G

T
.S

M
-1

.1
-0

3
1
5
 

P
e
r

W
P

S
N

o
.
W

P
-G

T
.S

M
-1

.1
-0

3
1
5

a
n
d

P
Q

R
N

o
.
P

Q
-G

T
.S

M
-1

.1
-0

3
1
5

ER70S-6 + E7016
AWS

In
te

rn
a
l C

o
n
e

1
 

4
9

0
/

7
0

0
6

 
2

9
0



3. , ,
NOZZLE, FLANGE, HEAD, AND FASTENER DATA

 «
»

, 
3

N
o
z
z
le

s
 B

1
, 
B

3
, 

C
a
ta

ly
s
t
O

u
tl
e
t 
 

  
Pipe

2 

Ø 76,2 , . 40,
. 8,5 ,   

505
Ø 3”,  SCH 40, 8.5 mm thick, 

505 mm long

SA105 + 
C276

ASTM
A106 + 

ASTM
C276

Boss
2 

Ø 120 , . 21,05
,  155,5 

Ø 120 mm, 21.05 mm thick, 155,5
mm long

SA105 + 
C276

ASTM
A106 +

ASTM
C276

  
Flange

2 

Ø 3” ,  20 
2,

,
40  

Ø 3", Cl. 300 lb, WN RF, SCH40

SA105 + 
C276

ASTM
A106 +

ASTM
C276

N
o
z
z
le

s
 B

2
, 
B

5
, 

C
a
ta

ly
s
t
O

u
tl
e
t 
 

  
Pipe

2 

Ø 76,2 , . 40, 
. 8,5 ,   

110
Ø 3”,  SCH 40, 8.5 mm thick, 

110 mm long

SA105 + 
C276

ASTM
A106 +

ASTM
C276

Boss
2 

Ø 120 , . 21,05
,  155,5 

Ø 120 mm, 21.05 mm thick, 155,5
mm long

SA105 + 
C276

ASTM
A106 +

ASTM
C276

  
Flange

2 

Ø 3” ,  20 
2,

,
40  

Ø 3", Cl. 300 lb, WN RF, SCH40

SA105 + 
C276

ASTM
A106 +

ASTM
C276

Description

-

Qnty, 
item. 

Sizes, mm, or Specification 
Number

Material

Grade
Standard

 «
A

»
  

N
o
z
z
le

 A
,

C
a
ta

ly
s
t
In

le
t

  
Pipe 

1 

Ø 50,8 , . 80, 
. 5,54 ,

2409
Ø 2”,  SCH80, 5.54 mm thick,

2409 long

SA106B 
ASTM
A106

 (

) 
Flange (Taper Bored) 

1 

Ø 2” , 20
2,

,
80  

Ø 2", Cl. 300 lb, WN RF, SCH80

SA105
ASTM
A105



NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Description

-

Qnty,
item. 

Sizes, mm, or Specific. Number

Material

Grade
Standard

4
»

N
o
z
z
le

 B
4
, 

C
a
ta

ly
s
t
O

u
tl
e
t 
 

  
Pipe

2 

Ø 76,2 , . 40, 
. 8,5 ,   

255
Ø 3”,  SCH 40, 8.5 mm thick, 

255 mm long

SA105 + 
C276

ASTM
A106 +

ASTM
C276

Boss
1

Ø 120 , . 21,05
,  155,5 

Ø 120 mm, 21.05 mm thick, 155,5
mm long

SA105 + 
C276

ASTM
A106 +

ASTM
C276

  
Flange

1 

Ø 3”,  20 
2,

,
40  

Ø 3", Cl. 300 lb, WN RF, SCH40

SA105 + 
C276

ASTM
A106 +

ASTM
C276

 «C»,

Nozzle C, Gas Inlet  

  
Flange

1 

Ø 6”,
 20 2,

Ø 6", Cl. 300 lb, LWN RF

SA105
ASTM
A105

 «
D

»
,

N
o
z
z
le

 D
,
G

a
s

O
u
tl
e
t 
 

Flange
1 

Ø 6”, . . 20
/ 2, .

Ø 6", Cl. 300 lb, WN RF

SA105
ASTM
A105

Blind Flange

1 
Ø 6”, . . 20

/ 2, .
Ø 6", Cl. 300 lb, BL RF  

SA182-F321
ASTM
A182

Forging Neck

1 Ø 300 
Ø 300 mm  

SA266-2 ASTM
A266 

-

Wire Screen

1 ---- 321SS ----

Gasket
1 

Ø 6”, 4,5 ,
20 / 2

4.5 mm thick, #300

316SS ----

Studs with Nuts

12 Ø 3/4”, ,
Ø 3/4”, 180 mm long

SA194-B8M 
SA194-8M 

ASTM
A193/194



NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Description

-

Qnty,
item. 

Sizes, mm, or Specification 
Number

Material

Grade
Standard

 «
E

»
,

N
o
z
z
le

 E
,
B

la
n
k

O
ff

Flange
1 

Ø 2”, . 20
/ 2,

.

Ø 2", Cl. 300 lb, LWN RF

SA105
ASTM
A105

Blind Flange

1 
Ø 2”, . 20

/ 2, .
Ø 2", Cl. 300 lb, BL RF  

SA105
ASTM
A105

Gasket
1 Ø 2”, 4,5 ,    

Ø 2”, 8 mm thick
316SS ----

Studs with Nuts

8 Ø 5/8”, 95 ,
Ø 5/8”, 95 mm long

SA194-B8M 
SA194-8M 

ASTM
A193/194 

F
»

, 

N
o
z
z
le

F
, 
T

h
e
rm

o
w

e
ll

Flange
1 

Ø 2”, . 20
/ 2,

.

Ø 2", Cl. 300 lb, LWN RF

SA105
ASTM
A105

Studs with Nuts

8 Ø 5/8”, 95 ,
Ø 5/8”, 95 mm long

SA194-B8M 
SA194-8M 

ASTM
A193/194 

 «
G

»
,

N
o
z
z
le

 G
,
In

s
p
e
c
ti
o
n

Flange
1 

Ø 6”, . 20
/ 2, .

Ø 6", Cl. 300 lb, WN RF

SA105
ASTM
A105

Blind Flange

1 
Ø 6”, . 20

/ 2, .
Ø 6", Cl. 300 lb, BL RF  

SA182-F321
ASTM
A182

Forged Neck

1 Ø 300 
Ø 300 mm  

SA266-2 ASTM
A266 

Gasket
1 

Ø 6”, 4,5 ,
20 / 2

Ø 6”,8 mm thick, #300

316SS ----

Studs with Nuts

12 Ø 3/4”, ,
Ø 3/4”, 135 mm long

SA194-B8M 
SA194-8M 

ASTM
A193/194

Studs with Nuts

12 Ø 3/4”, ,
Ø 3/4”, 130 mm long

SA194-B8M 
SA194-8M 

ASTM
A193/194



NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Description

-

Qnty,
item. 

Sizes, mm, or Specification 
Number

Material

Grade
Standard

 «
G

»
, 

 (
) 

N
o
z
z
le

 G
,
M

a
n
w

a
y

(i
n
c
o
rp

o
ra

te
s
 E

x
p
a
n
s
io

n
 J

o
in

t)

Forging Neck

1 Ø 680 
Ø 680 mm  

SA266-2 ASTM
A266 

Forged Flange

1 
Ø 457,2 ,
. 110

ID 457,2 mm,  110 mm thick

SA266-2 
ASTM
A266

Blind Flange

1 
Ø 18” , . . 20

/ 2, .   
Ø 18", Cl. 300 lb, BL RF  

SA105
ASTM
A105

Davit Pipe

1 Ø 50,8 ,   
Ø 2”,  SCH80

SA106B 
ASTM
A106

Bracket

1 22
22 mm thick

SA516-70N 
ASTM
A516

Sleeve Pipe

1 Ø 63,5 ,
Ø 2-1/2”,  SCH40

SA106B 
ASTM
A106

Gasket
1 

Ø 18”, 4,5 ,
20 / 2

Ø 18”, 4.5 mm thick, #300

316SS ----

Studs with Nuts

12
Ø 1-1/4”, 

225 ,
Ø 1-1/4”, 225 mm long

SA194-B8M 
SA194-8M 

ASTM
A193/194

 «P», 

Nozzle P, Pressure Gauge

Flange
1 

Ø 2”, . 20
/ 2,

.

Ø 2", Cl. 300 lb, LWN RF

SA105
ASTM
A105

Internal Components

Internal Cylinder Guide Lug

1 96 x 50 x 6   SA516-70
ASTM
A516

Thermocouple Guide Bracket

3 
6 mm thick  

SA516-70
ASTM
A516



NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Description

-

Qnty,
item. 

Sizes, mm, or Specification 
Number

Material

Grade
Standard

Thermocouple Guide Pipe

3 
6 mm thick  

SA312-
TP316H

ASTM
A312

Supports

Support Base Plates
2 200 x 352,9 x 22   SA516-70N 

ASTM
A516

Support Top Plates
2 200 x 50 x 16   SA516-70N 

ASTM
A516

Support Gusset Plates
4 262 x 337,9 x 10   SA516-70N 

ASTM
A516

Wind Guides
4 

Ø 4”, . 80,
76,5 

Pipe 4”? SCH80, 76.5 mm long

SA106-B 
ASTM
A106

Wind Guide Cover Plates

4 Ø 200 x 12   SA516-70
ASTM
A516

Wind Guide Reinforcement Pads

4 Ø 200 x 6   SA516-70
ASTM
A516

Support Reinforcement Pads
2 350 x 250 x 6   SA516-70

ASTM
A516

Earth Lug
2 160,5 x 65 x 6   SA240-304

ASTM
A240

Expansion Joint Assembly Components

Bellows
1 225

225 mm long

SB443-
NO6625-2 

ASTM 
SB443

End Pipe
2 

Ø 6”, . 80,
. 11 

Ø 6”, SCH80, 11 thick

SA106-B 
ASME

A106

Flange
2 

Ø 6”, . 20
/ 2, .

Ø 6", Cl. 300 lb, WN RF

SA105
ASME

A105

Sleeve
2 . 3   

3 mm thick
SA240-304

ASME

A240



NOZZLE, FLANGE, HEAD, AND FASTENER DATA (Continuation)

Description

-

Qnty,
item. 

Sizes, mm, or Specification 
Number

Material

Grade
Standard

Collar
2 . 3   

3 mm thick
SA240-304

ASME

A240

Cover
1 . 3   

3 mm thick
SA240-304

ASME

A240

Tie Rod
3 M16 SA193-B7

ASME

A193

Nut
24 M16 SA194-2H

ASME

A194

Spherical Washer
12 M16 

                    for
SA36

ASME

A36

Cover Holder
6 . 4,5   

4.5 mm thick
SA36

ASME

A36

Cover Bolt
6 M8 SA193-B7

ASTM 
A193

Tie Rod Holder
6 . 20   

20 mm thick
SA36

ASME

A36



-

DATA ON SAFETY RELIEF DEVICES, INSTRUMENTATION, AND SAFETY DEVICES

Description

Q
u

a
n

ti
ty

, 
e
a

L
o

c
a
ti

o
n

N
o

m
in

a
l

B
o

re
, 
m

m

 M
N

o
m

in
a
l 
P

re
s
s
u

re
, 

M
P

a

Shell Material

Grade
Standard

WIKA», PI-2136,

Pressure Gauge, WIKA, PI-2136, Model Number 232.50, 
Scale Range 0 – 600 kPa

1 
Nozzle P

12,7 ----

. 

Stainless 
Steel

----

Parker», 

Manifold with two needle valves 12.7 mm Valves and 6.35 
mm Vent Valve, Parker, Custom-made

1 
 «P»

Nozzle P
25 41

.

Stainless 
Steel

----

GA-884 OS Valve Co.»,

Block Valve, Tag Number GA-884, OS Valve Co., 

1 
«P»

Nozzle P
25 56

SA182-
F316H

ASTM
A182

Thermo Fisher
Scientific» LT-4003 Level Pro», 

-

Level Transmitter LT-4003, Thermo Fisher Scientific», 
Level Pro Model 9740 - (associated Nuclear Level 
Instrument is supplied by the customer )

1 
“Big Shell”

---- ----

.

Stainless 
Steel

----



D
A

T
A

O
N

V
E

S
S

E
L

B
A

S
IC

M
A

T
E

R
IA

L
S

U
S

E
D

F
O

R
M

A
N

U
F

A
C

T
U

R
IN

G

Vessel Component Description

M
a
te

ria
l

M
e
c
h

a
n

ic
a
l T

e
s
t D

a
ta

 a
s
 p

e
r C

e
rtific

a
te

 o
r a

s
 p

e
r S

h
o

p
 T

e
s
t R

e
p

o
rt

Grade

Standard

Heat (Lot) Number

Certificate (Report) Number and Date

t=
2
0
 

C
 

a
t T

e
m

p
e
ra

tu
re

 o
f t=

2
0
 

C
 

t<
0
 

C
 

a
t T

e
m

p
e
ra

tu
re

 o
f t<

0
 

C

Yield Point, MPa

Ultimate Strength, MPa

Elongation A5, %

, %
Area Reduction, %

2

Im
p

a
c
t

E
la

s
tic

ity
,

J
/s

m
2
 

2

Impact Elasticity, J/sm
2

Temperature, C 

Sample Type

Before Aging

After Aging

Sample Type

,
0

0
3

-1
 

S
h
e
ll,

P
a
rt

0
0
3
-1

 

SA516-70

ASME A516

7906770-01

591737

PP2-2-
1`40123-002-

001

23.01.2014

3
8

2
5

5
2

2
1

----
----

----
----

----
----

----

,
0

0
3

-2
 

S
h
e
ll, P

a
rt 0

0
3
-2

 

SA516-70

ASME A516

7906770-01

591737

PP2-2-
1`40123-002-

001

23.01.2014

3
8

2
5

5
2

2
1

----
----

----
----

----
----

----

-4
 

T
o
p

H
e
a
d
,
P

a
rt

0
0
3
-4

SA516-70

ASME A516

7906770-02

591737

PP2-2-
1`40123-002-

001

23.01.2014

3
8

2
5

5
2

2
1

----
----

----
----

----
----

----



DATA ON VESSEL BASIC MATERIALS USED FOR MANUFACTURING (Continuation) 

V
e
s
s
e
l 

C
o

m
p

o
n

e
n

t 
D

e
s
c
ri

p
ti

o
n

Material
Mechanical Test Data as per Certificate or as per Shop Test Report

G
ra

d
e

S
ta

n
d

a
rd

H
e
a
t 

(L
o

t)
 N

u
m

b
e
r

C
e
rt

if
ic

a
te

 (
R

e
p

o
rt

) 
N

u
m

b
e
r 

a
n

d
 D

a
te

t=20 C 
at Temperature of t=20 C 

t<0 C 
at Temperature of t<0 C

Y
ie

ld
P

o
in

t,
M

P
a

U
lt

im
a
te

S
tr

e
n

g
th

,
M

P
a

E
lo

n
g

a
ti

o
n

 A
5
, 
%

, 
%

A
re

a
R

e
d

u
c
ti

o
n

, 
%

2

Impact Elasticity,
J/sm

2 

2

Im
p

a
c
t

E
la

s
ti

c
it

y
,
J
/s

m
2

T
e
m

p
e
ra

tu
re

, 
C

 

S
a
m

p
le

 T
y
p

e

B
e
fo

re
 A

g
in

g

A
ft

e
r 

A
g

in
g

S
a
m

p
le

T
y
p

e

,
-3 

(
) * 

Shell, Part 003-3 
(Clad Steel) * 

S
A

5
1
6
-7

0
 +

 

C
2
7
6

A
S

M
E

 A
5

1
6
 +

 

A
S

M
E

2
7
6

A
4
3

0
1
4

2
-0

1

S
8
9

0
6
2

2

P
P

2
-2

-1
`4

0
2

0
7

-
0

0
2

-0
0
1

0
7
.0

2
.2

0
1
4

377 543 27 ---- ---- ---- ---- ---- ---- ----

,
003-5 

(
) * 

Bottom Head, Part 003-5 
(Clad Steel) * S

A
5
1
6
-7

0
 +

 

C
2
7
6

A
S

M
E

 A
5

1
6
 +

 

A
S

M
E

2
7
6

A
4
3

0
1
4

2
-0

1

S
8
9

0
6
2

2

P
P

2
-2

-1
`4

0
2

0
7

-
0

0
2

-0
0
1

0
7
.0

2
.2

0
1
4

377 543 27 ---- ---- ---- ---- ---- ---- ----

SA516-70
Mechanical properties, which are shown above for the clad steel, are indicated for Steel Grade SA516-70 only.



DATA ON VESSEL BASIC MATERIALS USED FOR MANUFACTURING (Continuation) 

V
e
s
s
e
l 

C
o

m
p

o
n

e
n

t 
D

e
s
c
ri

p
ti

o
n

Material
Mechanical Test Data as per Certificate or as per Shop Test Report

G
ra

d
e

S
ta

n
d

a
rd

) 
H

e
a
t 

(L
o

t)
 N

u
m

b
e
r

C
e
rt

if
ic

a
te

 (
R

e
p

o
rt

) 
N

u
m

b
e
r 

a
n

d
 D

a
te

t=20 C 
at Temperature of t=20 C 

t<0 C 
at Temperature of t<0 C

Y
ie

ld
P

o
in

t,
M

P
a

U
lt

im
a
te

S
tr

e
n

g
th

,
M

P
a

E
lo

n
g

a
ti

o
n

 A
5
, 
%

, 
%

A
re

a
R

e
d

u
c
ti

o
n

, 
%

2

Impact Elasticity,
J/sm

2 

2

Im
p

a
c
t

E
la

s
ti

c
it

y
,
J
/s

m
2

T
e
m

p
e
ra

tu
re

, 
C

 

S
a
m

p
le

 T
y
p

e

B
e
fo

re
 A

g
in

g

A
ft

e
r 

A
g

in
g

S
a
m

p
le

T
y
p

e

Expansion Joint End Pipe S
A

1
0
6
-B

 

A
S

M
E

 
A

1
0
6
 

3
1
0
2
6
0
3

K
F

T
2

0
1

1
4

0
3

2
4

-0
1

2
4
.0

3
.2

0
1
4

350 540 29 59 ---- ---- ---- ---- ---- ----

Expansion Joint Flanges

S
A

1
0
5

A
S

M
E

A
1
0
5

7
-3

5
2
4
5
 

5
6

-7
5

0
3

1
4
.0

2
.2

0
1
3

 

288 461 38,3 ---- ---- ---- ---- ---- ---- ----

Expansion Joint Bellows

S
B

4
4
3
-

N
O

6
6
2
5
-2

 

A
S

M
E

 
B

4
4
3
  

5
1
8
3
3
0

3
2

-0
8

1
-0

8
8

2
3
.0

1
.2

0
1
2

372 820 57 ---- ---- ---- ---- ---- ---- ----



D
A

T
A

O
N

V
E

S
S

E
L

B
A

S
IC

M
A

T
E

R
IA

L
S

U
S

E
D

F
O

R
M

A
N

U
F

A
C

T
U

R
IN

G
 (C

o
n

tin
u

a
tio

n
) 

Vessel Component Description

M
a
te

ria
l

Additional Data (Ultrasonic Test, Hardness Test, 

Initial Heat Treatment, etc.)

C
h

e
m

ic
a
l C

o
m

p
o

s
itio

n
 a

s
 p

e
r C

e
rtific

a
te

 o
r a

s
 p

e
r S

h
o

p
 R

e
p

o
rt, %

Grade

Standard

Heat (Lot) Number

Certificate (Report) Number and Date

C
M

n
S

i
C

r
N

i
M

o
C

u
T

i
V

S
P

Other Elements

,
0

0
3

-1
 

S
h
e
ll,

P
a
rt

0
0
3
-1

 

SA516-70

ASME A516

7906770-01

591737

PP2-2-
1`40123-002-

001

23.01.2014

----

0,16

1,43

0,37

0,01

0,01

0,005

0,01

0,001

0,003

0,004

0,02 

Nb - 0,001
Al – 0,034

,
0

0
3

-2
 

S
h
e
ll, P

a
rt 0

0
3
-2

 

SA516-70

ASME A516

7906770-01

591737

PP2-2-
1`40123-002-

001

23.01.2014

----

0,16

1,43

0,37

0,01

0,01

0,005

0,01

0,001

0,003

0,004

0,02 

Nb - 0,001
Al – 0,034

-4
 

T
o
p

H
e
a
d
,
P

a
rt

0
0
3
-4

SA516-70

ASME A516

7906770-02

591737

PP2-2-
1`40123-002-

001

23.01.2014

----

0,16

1,43

0,37

0,01

0,01

0,005

0,01

0,001

0,003

0,004

0,02 

Nb - 0,001
Al – 0,034



DATA ON VESSEL BASIC MATERIALS USED FOR MANUFACTURING (Continuation) 
V

e
s
s
e
l 

C
o

m
p

o
n

e
n

t 
D

e
s
c
ri

p
ti

o
n

Material

A
d

d
it

io
n

a
l 
D

a
ta

 (
U

lt
ra

s
o

n
ic

 T
e
s
t,

 H
a
rd

n
e
s
s
 T

e
s
t,

 

In
it

ia
l 

H
e
a
t 

T
re

a
tm

e
n

t,
 e

tc
.)

Chemical Composition as per Certificate or as per Shop Report, %

G
ra

d
e

S
ta

n
d

a
rd

H
e
a
t 

(L
o

t)
 N

u
m

b
e
r

C
e
rt

if
ic

a
te

 (
R

e
p

o
rt

) 
N

u
m

b
e
r 

a
n

d
 D

a
te C Mn Si Cr Ni Mo Cu Ti V S P

O
th

e
r 

E
le

m
e
n

ts

,
-3 

(
) * 

Shell, Part 003-3 
(Clad Steel) * 

S
A

5
1
6
-7

0
 +

 

C
2
7
6

A
S

M
E

 A
5

1
6
 +

 

A
S

M
E

2
7
6

A
4
3

0
1
4

2
-0

1

S
8
9

0
6
2

2

P
P

2
-2

-1
`4

0
2

0
7

-
0

0
2

-0
0
1

0
7
.0

2
.2

0
1
4

----

0
,1

4
 

1
,4

6

0
,3

5
 

0
,0

1

0
,0

1
8
 

0
,0

0
1
 

0
,1

8
7

0
,0

1
3

0
,0

0
2
 

0
,0

0
1
 

0
,0

0
6

N
b
 -

 0
,0

1
5

A
l 
–
 0

,0
2
8

,
003-5 

(
) * 

Bottom Head, Part 003-5 
(Clad Steel) * S

A
5
1
6
-7

0
 +

 

C
2
7
6

A
S

M
E

 A
5

1
6
 +

 

A
S

M
E

2
7
6

A
4
3

0
1
4

2
-0

1

S
8
9

0
6
2

2

P
P

2
-2

-1
`4

0
2

0
7

-
0

0
2

-0
0
1

0
7
.0

2
.2

0
1
4

----

0
,1

6

1
,4

3

0
,3

4

0
,0

1
1

0
,0

1
4

0
,0

0
2

0
,0

1
4
 

0
,0

0
3

0
,0

0
5

0
,0

0
2

0
,0

1
3

N
b
 -

 0
,0

0
1

A
l 
–
 0

,0
3
6

* SA516-70
Chemical Analysis, which is shown above for the clad steel, is indicated for Steel Grade SA516-70 only.
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L
S

U
S

E
D

F
O

R
M

A
N

U
F

A
C

T
U

R
IN

G
 (C

o
n

tin
u

a
tio

n
) 

Vessel Component Description

M
a
te

ria
l

Additional Data (Ultrasonic Test, Hardness Test, 

Initial Heat Treatment, etc.)

C
h

e
m

ic
a
l C

o
m

p
o

s
itio

n
a
s
 p

e
r C

e
rtific

a
te

 o
r a

s
 p

e
r S

h
o

p
 R

e
p

o
rt, %

Grade

Standard

Heat (Lot) Number

Certificate (Report) Number and Date

C
M

n
S

i
C

r
N

i
M

o
C

u
T

i
V

S
P

Other Elements

E
x
p
a
n
s
io

n
J
o
in

t
E

n
d

P
ip

e

SA106-B 

ASME 
A106 

3102603

KFT20114032
4-01

24.03.2014

8
7

0
 º

N
o
rm

a
liz

e
d
 a

t 8
7
0
 º

H
B

1
4

5

0,2 

0,93

0,24

0,01

0,02 

0,002 

0,03

----

0,002

0,006 

0,018

----

E
x
p
a
n
s
io

n
J
o
in

t
F

la
n
g
e
s

SA105

ASME A105

7-35245 

56-7503

14.02.2013 

----

0,19 

0,19

0,48

0,09 

0,01 

0,01 

0,02 

----

0,005

0,001 

0,013

----

E
x
p
a
n
s
io

n
J
o
in

t
B

e
llo

w
s

SB443-
NO6625-2 

ASME B443  

518330

32-081-088

23.01.2012

H
B

7
4

0,4 

0,2 

0,15

22,1 

Balance

8,2 

----

0,18

----

0,0001

0,006

Cb - 3,3 
Al – 0,24
Ta – 0,01



6.     
VESSEL BODY MEASUREMENT CHART 

 

 
 

V
e
s
s
e
l 
C

o
m

p
o

n
e
n

t 

 
 

S
k
e
tc

h
 N

u
m

b
e
r 

 
 

S
e
c
ti

o
n

 N
u

m
b

e
r 

,  
Diameter, mm 

, % 
Ovality, % 

  
-

,  
Linear Deviation, mm 

   
 ,  

Weld Joint Edges Deviation. mm 

 
Longitudinal 

 
Circular 

 

 
 

 
N

o
m

in
a
l 

E
x
te

ri
o

r 

o
r 

In
te

ri
o

r 

  
A

ll
o

w
e
d

 D
e
v
ia

ti
o

n
   

A
c
tu

a
l 

D
e
v
ia

ti
o

n
  

A
ll
o

w
e
d

 

 
A

c
tu

a
l 

 
A

ll
o

w
e
d
 

 
A

c
tu

a
l 

 
A

ll
o

w
e
d
 

 
A

c
tu

a
l 

 
A

ll
o

w
e
d
 

 
A

c
tu

a
l 

, 
 033-1 

Shell, Part 003-1 

  

 
 

 

 
 

 

1
3
-0

6
-2

0
1
4
 

D
im

e
n

s
io

n
a

l 
C

o
n

tr
o

l 
R

e
p

o
rt

 d
a

te
d

 

0
6
-1

3
-2

0
1
4

 

 
1 

 

700 

 

7 

 

2 

 

1 

 

0,29 

 

4,3 

 

1 

 

1,5 

 

0 

 

2,0 

 

2 
 

2,0 

 

0,5 

, 
 033-2 

Shell, Part 003-2 

 
2 

 

700 

 

7 

 

2,5 

 

1 

 

1,5 

 

2,29 

 

0,5 

 

1,5 
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2,0 

 

0,5 
 

2,0 

 

2 

, 
 033-3 

Shell, Part 003-3 

 
3 
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6 

 

1 

 

0,3 

 

0,52 

 

0 

 

1,75 

 

0,5 

 

2,0 

 

2 
 

2,5 
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X
A

M
IN

A
T
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N

 A
N

D
 T

E
S

T
 R

E
S

U
L

T
S

Component Description and Drawing (Sketch) Number with 

Indication of Weld Joint for with Test Joint Plates Were Made

Document Number and Date of Issue

M
e
c
h

a
n

ic
a
l T

e
s
ts

.

M
e
ta

llo
g

ra
p

h
ic

E
x
a
m

in
a
tio

n

Welder Seal

W
e
ld

e
d

J
o

in
t

W
e
ld

 M
e
ta

l
H

e
a
t-A

ffe
c

te
d

Z
o

n
e

Evaluation

- 

Macro-or Micro Examination Document Number and 
Date of Issue

Evaluation

Rm,
Tensile Strength, Rm, MPa

Im
p

a
c
t

E
la

s
tic

ity

,
Bending Angle and Mandrel Diameter, mm, 

Rm

Tensile Strength, Rm, MPa

Elongation, A5, %

,
Hardness, HB

Im
p

a
c
t E

la
s
tic

ity

,
Hardness, HB

2

Value, J/sm
2

Temperature, C 

Sample Type

, /
2

Value, J/sm
2

Temperature, C 

Sample Type

, -1
 (LWL-1)

Shell, Part 003-1, Central Weld (LWL-1)

TAS-024466 23-04-2014 
Weld Metal Mechanical Properties 

Production Test Report No. TAS-024466
dated 04-23-2014

568, 578

68, 54, 49

minus 35

c V-
V-notch

24 º 
24 mm, 180º

----

----

----

----

----

----

----

.
Meets Requirements of TR

Not performed

----

GPW-014



W
E

L
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O
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T

S
 E

X
A

M
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T

IO
N

 A
N

D
 T

E
S

T
 R

E
S

U
L

T
S

 (C
o

n
tin

u
a
tio

n
) 

Component Description and Drawing (Sketch) Number with 

Indication of Weld Joint for with Test Joint Plates Were Made

Document Number and Date of Issue

M
e
c
h

a
n

ic
a
l T

e
s
ts

.

M
e
ta

llo
g

ra
p

h
ic

E
x
a
m

in
a
tio

n

Welder Seal

W
e
ld

e
d

 J
o

in
t

W
e
ld

 M
e
ta

l
H

e
a
t-A

ffe
c

te
d

Z
o

n
e

Evaluation

- 

Macro-or Micro Examination Document Number and 
Date of Issue

Evaluation

Rm

Tensile Strength, Rm, MPa

Im
p

a
c
t

E
la

s
tic

ity

,
Bending Angle and Mandrel Diameter, mm, 

Rm

Tensile Strength, Rm, MPa

Elongation, A5, %

,
Hardness, HB

Im
p

a
c
t E

la
s
tic

ity

,
Hardness, HB

2

Value, J/sm
2

Temperature, C 

Sample Type

, /
2

Value, J/sm
2

Temperature, C 

Sample Type

, -3 
 (LWL-3)

Shell, Part 003-3, Central Weld (LWL-1)

TAS-030772 27-05-2014 
Weld Metal Mechanical Properties 

Production Test Report No. TAS-030772
dated 05-27-2014

601, 602

96, 96, 105

minus 35

c V-
V-notch

24 º 
24 mm, 180º

----

----

----

----

----

----

----

.
Meets Requirements of TR

Not performed

----

GPW-013



8. 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th

o
d

S
c
o

p
e
 o

f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

VESSEL

LWL-1, LWL-2 

«Kotec Co. LTD» 
KOST-GP/AN-RT-003 04-

03-2014

Kotec Test Report 
No. KOST-GP/AN-RT-003  

dated 03-04-2014

 * 
RT * 

100 %

D
e
fe

c
ts

 w
e
re

 n
o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts

th
e

re
q
u
ir
e
m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

LWL-3

Kotec Co. LTD» 
KOST-GP/AN-RT-256 10-

06-2014

Kotec Test Report 
No. KOST-GP/AN-RT-256  

dated 06-19-2014

RT

LWL-3, CWL-3, CWL-4, 
Kotec Co. LTD» 

KOST-GP/AN-UT-013 10-
06-2014

Kotec Test Report 
No. KOST-GP/AN-UT-013  

dated 06-10-2014

**
UT **

WL-1 

Kotec Co. LTD» 
KOST-GP/AN-RT-257 12-

06-2014

Kotec Test Report 
No. KOST-GP/AN-RT-257

dated 06-12-2014

RT

CWL-2 

Kotec Co. LTD» 
KOST-GP/AN-RT-004 04-

03-2014

Kotec Test Report 
No. KOST-GP/AN-RT-004  

dated 03-04-2014

RT

CWL-3 

Kotec Co. LTD» 
KOST-GP/AN-RT-254 10-

06-2014

Kotec Test Report 
No. KOST-GP/AN-RT-254

dated 06-10-2014

RT



8. 
( ) 

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th

o
d

S
c
o

p
e
 o

f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

CNW3, CNW6, 

 «Kotec Co. LTD» 
KOST-GP/AN-UT-014 21-

08-2014
Kotec Test Report 

No. KOST-GP/AN-UT-014
dated 08-21-2014

UT

100 %

D
e
fe

c
ts

 w
e
re

 n
o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts

th
e

re
q
u
ir
e
m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CWL-4 

Kotec Co. LTD» 
KOST-GP/AN-RT-253 06-

06-2014
Kotec Test Report 

No. KOST-GP/AN-RT-253
dated 06-06-2014

RT

CNW1

Kotec Co. LTD» 
KOST-GP/AN-RT-104 27-

03-2014
Kotec Test Report 

No. KOST-GP/AN-RT-104
dated 03-27-2014

RT

CNW2, CNW4, CNW5, 
CNW7, CNW8, CNW9, 

CNW10, CNW11, CNW13, 

 «Kotec Co. LTD» 
KOST-GP/AN-UT-012 10-

06-2014
Kotec Test Report 

No. KOST-GP/AN-UT-012
dated 06-10-2014

UT

CJW3, CJW3, CJW4, 
CJW5, CJW6

Kotec Co. LTD» 
KOST-GP/AN-RT-255 06-

06-2014
Kotec Test Report 

No. KOST-GP/AN-RT-255
dated 06-06-2014

RT

CJW3, CJW4, CJW5, 
CJW6

Kotec Co. LTD» 
KOST-GP/AN-UT-011 10-

06-2014

Kotec Test Report 
No. KOST-GP/AN-UT-011

dated 06-10-2014

UT



8. 
( ) 

NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th

o
d

S
c
o

p
e
 o

f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

CJW7, CJW8, 

Kotec Co. LTD» 
KOST-GP/AN-RT-203 22-

04-2014
Kotec Test Report 

No. KOST-GP/AN-RT-203
dated 04-22-2014

RT

100 %

D
e
fe

c
ts

 w
e
re

 n
o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts

th
e

re
q
u
ir
e
m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CNW12, CNW14

Kotec Co. LTD» 
KOST-GP/AN-RT-085 23-

03-2014
Kotec Test Report 

No. KOST-GP/AN-RT-085
dated 03-23-2014

RT

CJW11

Kotec Co. LTD» 
KOST-GP/AN-RT-116 28-

03-2014
Kotec Test Report 

No. KOST-GP/AN-RT-116
dated 03-28-2014

RT

CNW15

Kotec Co. LTD» 
KOST-GP/AN-UT-191 17-

04-2014
Kotec Test Report 

No. KOST-GP/AN-UT-191
dated 04-17-2014

UT

CJW8

Kotec Co. LTD» 
KOST-GP/AN-RT-248 16-

05-2014

Kotec Test Report 
No. KOST-GP/AN-RT-248

dated 05-16-2014

RT



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th

o
d

S
c
o

p
e
 o

f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

Shell Overlay

Kotec Co. LTD» 
KOST-GP/AN-PT-135 26-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-135

dated 03-26-2014

D
y
e
 P

e
n
e
tr

a
n
t 
E

x
a
m

in
a
ti
o
n

100 %

D
e
fe

c
ts

 w
e
re

 n
o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts

th
e

re
q
u
ir
e
m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3Head Overlay

Kotec Co. LTD» 
KOST-GP/AN-PT-136 26-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-136

dated 03-26-2014

Shell Overlay

Kotec Co. LTD» 
KOST-GP/AN-PT-140 02-

04-2014

Kotec Test Report 
No. KOST-GP/AN-PT-140

dated 04-02-2014

Head Overlay

Kotec Co. LTD» 
KOST-GP/AN-PT-141 02-

04-2014

Kotec Test Report 
No. KOST-GP/AN-PT-141

dated 04-02-2014

LWL-1, LWL-2 

Kotec Co. LTD» 
KOST-GP/AN-PT-004 12-

02-2014

Kotec Test Report 
No. KOST-GP/AN-PT-004

dated 02-12-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th

o
d

S
c
o

p
e
 o

f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

CWL-2 

Kotec Co. LTD» 
KOST-GP/AN-PT-017 22-

02-2014

Kotec Test Report 
No. KOST-GP/AN-PT-017  

dated 02-22-2014

D
y
e
 P

e
n
e
tr

a
n
t 
E

x
a
m

in
a
ti
o
n

100 %

D
e
fe

c
ts

 w
e
re

 n
o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts

th
e

re
q
u
ir
e
m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CJQ-9, CJW-10, CJW-13

Kotec Co. LTD» 
KOST-GP/AN-PT-052 11-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-052

dated 03-11-2014

CNW012, CNW-14

Kotec Co. LTD» 
KOST-GP/AN-PT-081 21-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-081

dated 03-21-2014

CNW-1

Kotec Co. LTD» 
KOST-GP/AN-PT-088  22-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-088

dated 03-22-2014

CJW-11

Kotec Co. LTD» 
KOST-GP/AN-PT-109 27-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-109

dated 03-27-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th
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d

S
c
o

p
e
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f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

LWL-3 

Kotec Co. LTD» 
KOST-GP/AN-PT-137 26-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-137

dated 03-26-2014

D
y
e
 P

e
n
e
tr

a
n
t 
E

x
a
m

in
a
ti
o
n

100 %

D
e
fe

c
ts

 w
e
re
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o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts
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e
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m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

LWL-3 

Kotec Co. LTD» 
KOST-GP/AN-PT-138 26-

03-2014

Kotec Test Report 
No. KOST-GP/AN-PT-138

dated 03-26-2014

LWL-3 

Kotec Co. LTD» 
KOST-GP/AN-PT-139 02-

04-2014

Kotec Test Report 
No. KOST-GP/AN-PT-139

dated 04-02-2014

CJW-7, CJW-8

Kotec Co. LTD» 
KOST-GP/AN-PT-156 05-

04-2014

Kotec Test Report 
No. KOST-GP/AN-PT-156

dated 04-05-2014

CNW-15

Kotec Co. LTD» 
KOST-GP/AN-PT-180 10-

04-2014

Kotec Test Report 
No. KOST-GP/AN-PT-180

dated 04-10-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th

o
d

S
c
o

p
e
 o

f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

CJW-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-214 17-

04-2014

Kotec Test Report 
No. KOST-GP/AN-PT-214

dated 04-17-2014

D
y
e
 P

e
n
e
tr

a
n
t 
E

x
a
m

in
a
ti
o
n

100 %

D
e
fe

c
ts

 w
e
re

 n
o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts

th
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ir
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e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CJW-12

Kotec Co. LTD» 
KOST-GP/AN-PT-279 08-

05-2014

Kotec Test Report 
No. KOST-GP/AN-PT-279

dated 05-08-2014

CNW-2, CNW-3, 
CNW-4, CNW-5 

Kotec Co. LTD» 
KOST-GP/AN-PT-285 11-

05-2014

Kotec Test Report 
No. KOST-GP/AN-PT-285

dated 05-11-2014

CNW-2-1, CNW-3-1, 
CNW-4-1, CNW-5-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-289 13-

05-2014

Kotec Test Report 
No. KOST-GP/AN-PT-289

dated 05-13-2014

CNW-2-1, CNW-3-1, 
CNW-4-1, CNW-5-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-290 14-

05-2014

Kotec Test Report 
No. KOST-GP/AN-PT-290

dated 05-14-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n
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e
th
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o

p
e
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f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

CJW-2, CJW-3,
CJW-4, CJW-5 

Kotec Co. LTD» 
KOST-GP/AN-PT-332 29-

05-2014

Kotec Test Report 
No. KOST-GP/AN-PT-332

dated 05-29-2014

D
y
e
 P

e
n
e
tr

a
n
t 
E

x
a
m

in
a
ti
o
n

100 %

D
e
fe

c
ts

 w
e
re
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fo

u
n
d

0
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0
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3

M
e
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T
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c
h
n
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a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CJW-2-1, CJW-3-1,
CJW-4-1, CJW-5-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-333 31-

05-2014

Kotec Test Report 
No. KOST-GP/AN-PT-333

dated 05-31-2014

CJW-2-1, CJW-3-1,
CJW-4-1, CJW-5-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-335 02-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-335

dated 06-02-2014

CWL-4

Kotec Co. LTD» 
KOST-GP/AN-PT-337 03-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-337 

dated 06-03-2014

EL, ST

Kotec Co. LTD» 
KOST-GP/AN-PT-344 13-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-344

dated 06-13-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m
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a
ti
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e
th
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d

S
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o

p
e
 o

f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

CWL-4-1

Kotec Co. LTD» 
KOST-GP/AN-PT-345 03-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-345

dated 06-03-2014

D
y
e
 P

e
n
e
tr

a
n
t 
E

x
a
m

in
a
ti
o
n

100 %

D
e
fe

c
ts

 w
e
re
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o
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u
n
d

0
3
2
/2

0
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M
e
e
ts
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e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CWL-4-1

Kotec Co. LTD» 
KOST-GP/AN-PT-346 04-

05-2014

Kotec Test Report 
No. KOST-GP/AN-PT-346

dated 05-04-2014

CWL-3

Kotec Co. LTD» 
KOST-GP/AN-PT-347 07-

06-2014

Kotec Test Report 
No. KOST-GP/AN-MT-347

dated 06-07-2014

0
3
2
/2

0
1
3

M
e
e
ts

th
e

re
q
u
ir
e
m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CWL-3-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-348 08-

06-2014

Kotec Test Report
No. KOST-GP/AN-MT-348

dated 06-08-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th
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d

S
c
o

p
e
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f 
E

x
a
m

in
a
ti

o
n

D
e
fe

c
t 

D
e
s
c
ri

p
ti

o
n

E
v
a
lu

a
ti

o
n

CWL-3-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-349 10-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-349

dated 06-10-2014

D
y
e
 P

e
n
e
tr

a
n
t 
E

x
a
m

in
a
ti
o
n

100 %

D
e
fe

c
ts

 w
e
re

 n
o
t 
fo

u
n
d

0
3
2
/2

0
1
3

M
e
e
ts
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e
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u
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e
m

e
n
ts

o
f
T

e
c
h
n
ic

a
l 
R

e
g
u
la

ti
o
n
 0

3
2
/2

0
1
3

CWL-1 

Kotec Co. LTD» 
KOST-GP/AN-PT-350 12-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-350

dated 06-12-2014

Head Overlay

Kotec Co. LTD» 
KOST-GP/AN-PT-351 18-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-351

dated 06-18-2014

Shell Overlay

Kotec Co. LTD» 
KOST-GP/AN-PT-352 18-

06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-352

dated 06-18-2014

WS

Kotec Co. LTD» 
KOST-GP/AN-PT-353 15-

07-2014

Kotec Test Report 
No. KOST-GP/AN-PT-353

dated 07-15-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue

E
x
a
m

in
a
ti

o
n

 
M

e
th

o
d

S
c
o

p
e
 o

f 
E
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p
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n

E
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o
n

LWL-1, 2, 3, 4, 5

CWL-1, 2, 3

CNW-1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, 14, 
15

CJW-1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13

IC, GL, TP, RP, DP, HG, 
HD, BK, NP, IS, IS1, 
IS2, FR, FR1, DB, SB 

Kotec Co. LTD» 
KOST-GP/AN-MT-053 

13-06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-053

dated 06-13-2014

M
a
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n
e
ti
c
 P

a
rt

ic
le

 I
n
s
p
e
c
ti
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n

100 %
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 0

3
2
/2

0
1
3

JIG Removed Point

Kotec Co. LTD» 
KOST-GP/AN-MT-054 

13-06-2014

Kotec Test Report 
No. KOST-GP/AN-PT-054

dated 06-13-2014

EXPANSION JOINT 

WL01

E Itec ITEC-
MF-RT-0501-003  

01-05-2014

Kotec Test Report 
No. ITEC-MF-RT-0501-003

dated 05-01-2014
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a
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R

e
g
u
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ti
o
n
 

0
1
0
/2

0
1
1

WL03, WL04

E Itec ITEC-
MF-RT-0501-004

01-05-2014

Kotec Test Report 
No. ITEC-MF-RT-0501-004

dated 05-01-2014



( ) 
NON-DESTRUCTIVE WELD JOINT INSPECTION DATA (Continuation) 

Weld Joint Designation

Test Document Number and Date of 
Issue
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WL01

E Itec ITEC-
MG-PT-0501-003  

01-05-2014

Kotec Test Report 
No. ITEC-MG-PT-0501-003

dated 05-01-2014

D
y
e
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e
n
e
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n
t 
E

x
a
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WL01

E Itec ITEC-
MG-PT-0502-003  

01-05-2014

Kotec Test Report 
No. ITEC-MG-PT-0502-003

dated 05-01-2014

Bellows

E Itec ITEC-
MG-PT-0507-003  

07-05-2014

Kotec Test Report 
No. ITEC-MG-PT-0507-003

dated 05-07-2014



OTHER TEST AND EXAMINATION DATA

VESSEL

1 FU-969302-
R301-D004  11.06.2014
Manufacturer’s Fit-Up Inspection Report # FU-969302-R301-D004 dated 06.11.2014

2  ( )
NI-974049-R301-D004 12.06.2014 20.08.2014 
Manufacturer’s Nozzle Inspection Reports (Orientation and Projection) NI-974049-R301-D004 dated 06.12.2014 and
08.20.2014

3
WT-974049-R301-D004 12.06.2014 20.08.2014

Manufacturer’s Weld Ground Smooth/Flush Inspection Reports # WT-974049-R301-D004 dated 06.12.2014 and 08.20.2014

4 .2014
Manufacturer’s Vessel Dimension Control Report dated 04.23.2014

5 -
D004-001- .02.2014 03.2014
Manufacturer’s Head Plate Inspection Reports # 974049-D004-001-A1 dated 02.28.2014 and 03.17.2014

6 -D004-
001- 31.03.2014 03.2014
Manufacturer’s Manufactured Head Inspection Reports # 974049-D004-001-A1 dated 03.31.2014 and 03.17.2014

7.
PL-974049-R301-D004 .2014

Manufacturer’s Pads Leakage Test Report # PL-974049-R301-D004 dated 06.12.2014

8
AD-974049-R301-D004 2.06.2014

Manufacturer’s Assembly, Orientation, Overall Dimension Inspection Report, # AD-974049-R301-D004 dated 06.22.2014

9 HT-974049-R301-D004
16.05.2014

Manufacturer’s Hardness Test Report, # HT-974049-R301-D004 dated 05.16.2014

10
PI-974049-R301-D004 11.06.2014

Manufacturer’s Positive Material Identification Report, # PI-974049-R301-D004 dated 06.11.2014

11 Kostec Co. LTD
KOST-GP/AN-MT-002  03.05.2014

Kostec Co. LTD’s Top Head Ultrasound Examination Report, # KOST-GP/AN-MT-002 dated 05.03.2014

12.  «Kostec Co. LTD»
KOST-GP/AN-MT-009 23.04.2014

Kostec Co. LTD’s Bottom Head Ultrasound Examination Report, # KOST-GP/AN-MT-002 dated 04.23.2014

13. 
AD-974049-R301-D-004 12.06.2014

Manufacturer’s Shell and Internal Cylinder Internal Dimension Inspection Report, # AD-974049-R301-D-004 dated 06.12.2014

14. TB-
974049-R301-D004 12.06.2014
Manufacturer’s Tapered Bored Flange Inspection Report, # TB-974049-R301-D004 dated 06.12.2014



EXPANSION JOINT

07.05.2014
Manufacturer’s Dimension Check Report dated 05.07.2014

02.05.2014
Manufacturer’s Bellows Inspection Report dated 05.02.2014

 «E ITEC»
ITEC-MG-PMI-0430-004 30.04.2014  

E ITEC’s Positive Material Identification Report dated 04.30.2014
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Component Description

Document Number and Date 

of Issue

Type of Heat Treatment

, ºC 
Heat Treatment Temperature, 

C

R
a
te

,
C

/h
 

Endurance, h

Cooling Type

Heating

Cooling

Top Head

 «Hyup Dong Dea Hyeung Heat Treatment» 
Hyup Dong Dea Hyeung Heat Treatment Reports

HT-974049-Antipinsky-02
-02-2014

# HT-974049-Antipinsky-02
dated 02-28-2014

Stress Relief Annealing  

640

110

110

1
,8

 

In Furnace

Bottom Head

D20140515-02
15-05-2014

# HD20140515-02
dated 05-15-2014

Stress Relief Annealing  

625

120

105

1
,6

 

In Furnace

Blind Flange

D20140515-01
 15-05-2014

# HD20140515-01
dated 05-15-2014

Stress Relief Annealing  

625

120

105

1
,6

In Furnace



11.  ( )
HYDRAULIC (PNEUMATIC) TEST DATA

: 
The vessel with no Expansion Joint installed on it has passed the following successful test: 

Type and Conditions of Test

Tested Vessel Component

Shell

Hydraulic Test

/ 2) 
Test Pressure, MPa (kgf/cm

2
)

2,68 (27,38) 

Test Fluid Water

Test Fluid Temperature, C 

16 

Endurance, hour (min) 

1 (60)
1 (60)

Pneumatic Test

/ 2) 
Test Pressure, MPa (kgf/cm

2
) Was not performed

Endurance, h 
----

1

Vessel Position During Test
1

Horizontal Yes 

1

Indicate “Yes” in an appropriate cell

l 



11.  ( )
( ) 

HYDRAULIC (PNEUMATIC) TEST DATA (Continuation) 

,
: 

The Expansion Joint has successfully passed the following test performed by its manufacturer: 

Type and Conditions of Test

Tested Joint Component

Housing

Hydraulic Test

/ 2) 
Test Pressure, MPa (kgf/cm

2
)

2,37 (24,2) 

Test Fluid Water

Test Fluid Temperature, C 

20

Endurance, hour (min) 
0,16 (10)  

Pneumatic Test

/ 2) 
Test Pressure, MPa (kgf/cm

2
) Was not performed

Endurance, h 
----

1

Vessel Position During Test
1

Horizontal Yes

1

Indicate “Yes” in an appropriate cell



12. 
CONCLUSION

- ASME Section VIII, Division1, 

The Vessel has been manufactured in full compliance with requirements of ASME Boiler and Pressure Vessel Code ASME Section 
VIII, Division 1, 2010 Edition, including 2011 Additions. 

- ASME B31.3
– 2011 ( ).

The Expansion Joint has been manufactured in full compliance with requirements of ASME B31.3 - 2012 (Process Piping). 

The Vessel and the Expansion Joint have been subjected to external and internal inspections, as well as, separately from each 
other, hydraulic testing under testing pressures as indicated in Section 11 of this passport.

The vessel is found fit for service with the parameters specified in this passport

     ___________________________________________
Chief Engineer of the manufacturer’s Shop  (Signature; )  (Name; ) 

   
Seal

  . . 

            ___________________________  ____________________________
QC manager of the manufacturer  (Signature; )  (Name; ) 

'' ''                                       200



VESSEL LOCATION DATA

-
Owner’s Name

Vessel Location Date of Installation



VESSEL LOCATION DATA (continuation)

-
Owner’s Name

Vessel Location Date of Installation



PERSONNEL RESPONSIBLE FOR VESSEL SERVICEABLE CONDITIONS AND SAFE OPERATION

Assignment Order Number & Date Name and Position
Signature



. 
PERSONNEL RESPONSIBLE FOR SERVICEABLE CONDITIONS AND SAFE OPERATION OF VESSEL (continuation).

Assignment Order Number & Date Name and Position
Signature
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,
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Nominal Diameter, mm

Design Pressure, MPa (kg/sm
2
)

M
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te

ria
l

P
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c
e
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f In
s
ta
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tio

n

Signature of Person Responsible 
for Vessel Serviceable Conditions 

and Safe Operation
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a
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)

Date of Installation

Description

,
Quantity, items, each

Nominal Diameter, mm

Design Pressure, MPa (kg/sm
2
)

Material

Place of Installation

Signature of Personnel Responsible 

for Vessel Serviceable Conditions 

and Safe Operation



OTHER VESSEL INSTALLATION DATA:

Operating Fluid Corrosiveness
________________________________________

Corrosion Protection Covering

________________________________________

) 
Thermal Insulation

________________________________________

Lining
________________________________________

Sketch of Vessel Connection Within Unit



17. 

VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA

Date Information on Repair and Replacement

Signature



17. 

. 
VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA (continuation)

Date Information on Repair and Replacement

Signature



17. 

. 
VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA (continuation)

Date Information on Repair and Replacement

Signature



17. 

. 
VESSEL MAIN COMPONENT AND VALVES REPAIR AND REPLACEMENT DATA (continuation)

Date Information on Repair and Replacement

Signature



EXAMINATION RESULTS RECORDS (continuation) 

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



EXAMINATION RESULTS RECORDS (continuation)

Examination

Allowed Pressure, MPa

-

Date of Next ExaminationDate Results



19. . 
VESSEL REGISTRATION

Vessel Registration No.

In

Registration Body) 

               ___
This passport contains ______ pages and ______ drawings, all numbered and laced

( ; position of 
person having performed the registration)

( ; signature) . . .; (Name)

. . 
Seal

''         ''                                          200    .
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 ITEM NO. : 208-40-D-004

 TYPE

I.D 700mm X 3653 mm
 CAPACITY

1.49 m
3

 FLUID DENSITY

 DESIGN PRESSURE (INT/EXT)

 DESIGN TEMPERATURE (INT/EXT)

 OPERATING PRESSURE (INT/EXT)

 OPERATING TEMPERATUR (INT/EXT)

(SHOP/FIELD)

 PRESS. PART

 SUPPORT

 RADIOGRAPHY (HEAD/SHELL/CONE)

 JOINT EFFICIENCY (HEAD/SHELL/CONE)

 S.R AFTER COLD FORMING (HEAD/CONE)

 P.W.H.T. 

 FIRE PROOFING

 M. D. M. T.

 WIND

 SEISIMC

 INSULATIONS
50 mm

425 / -

234.4 / - kPa (g)

1318.22 kPa (g)

137.8 / -

835 /m
3

1050 / - kPa (g)

STRENGTH CALCULATION SHEET

FOR PRESSURE VESSEL

     D E S I G N    D A T A

 CODE ASME SECTION VIII DIV.1  2010 ED + 2011 ADD. VERTICAL

 CONTENTS
CATALYST -

YES UNIT

 SIZE

 ASME CODE STAMP

 M.A.W.P

 HYDROSTATIC TEST

 CORROSION ALLOWANCE

kPa (g)

-

1.6 mm

3.0 mm

NO

SEAMLESS / FULL / FULL -

100 / 100 / 100

2685.52 / 2685.52

N/A

YES / NO -

1.2 kPa

-35.00

- mm



5





-

-

-

-

-

-

-

-

-

-

-

-

-

5



5
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(Seamless No RT)
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(Seamless No RT)
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208-40-D-004 [ Nozzle A ]



Nozzle A Tabular Results 

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME 

Section III and ASME Section VIII, Division 2.  

Model Notes 

Load Case Report 

Solution Data 

ASME Code Stress Output Plots 

Region Data 

Stress Results - Notes 

ASME Overstressed Areas 

Highest Primary Stress Ratios 

Highest Secondary Stress Ratios 

Highest Fatigue Stress Ratios 

Stress Intensification Factors 

Allowable Loads 

Flexibilities 

Graphical Results

  Model Notes

    Input Echo:

    Model Type                    : Flat Head

    Parent Outside Diameter       :     269.748 mm.

           Thickness              :      37.000 mm.

           Gasket Load Edge Moment:     12573.6 mm. N  per mm.

           Operating Load Moment  :      2415.3 mm. N  per mm.

           Attached Shell Length  :     600.000 mm.

           Attached Shell Thick   :      40.000 mm.

           Fillet Along Shell     :      11.000 mm.

           Parent Properties:

           Cold Allowable         :       138.0 MPa

           Hot  Allowable         :        83.9 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       483.0 MPa

           Yield Strength (Amb)   :       248.0 MPa

           Yield Strength (Hot)   :       166.0 MPa

           Elastic Modulus (Amb)  :    201900.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm.(NOT USED)

    Nozzle Outside Diameter       :      60.325 mm.

           Thickness              :       3.425 mm.

           Length                 :     178.500 mm.

           Nozzle Weld Length     :      11.000 mm.

           Insert Length          :    2478.500 mm.

           Insert Thickness       :       0.425 mm.

           Location perpendicular

           to the head centerline :       0.000 mm.

           Nozzle Tilt Angle      :       0.000 deg.

           Nozzle Properties

           Cold Allowable         :       118.0 MPa

           Hot  Allowable         :        75.3 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       414.0 MPa

           Yield Strength (Amb)   :       241.0 MPa

           Yield Strength (Hot)   :       162.0 MPa

           Elastic Modulus (Amb)  :    203050.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm. (NOT USED)



    Design Operating Cycles       :          0.

    Ambient Temperature (Deg.)    :       21.00

    The following temperatures have been specified for the analysis:

    Nozzle Inside  Temperature    :      425.00 deg.

    Nozzle Outside Temperature    :      425.00 deg.

    Vessel Inside  Temperature    :      425.00 deg.

    Vessel Outside Temperature    :      425.00 deg.

    Nozzle Pressure               :       1.318 MPa

    Vessel Pressure               :       1.318 MPa

    FEA Model Loads:

    These are the user defined loads applied to the FEA model

    at the end of the nozzle in global coordinates.

    Forces(  N )  Moments (N-m)

    Load Case        FX         FY         FZ         MX         MY         MZ

    ---------------------------------------------------------------------------

       OPER:     2579.2    -1353.3    -2579.2    -1136.8      539.4    -1136.8

    Stresses are NOT averaged.

    Vessel Centerline       Vector:  0.000   1.000   0.000

    Nozzle Centerline       Vector:  0.000   1.000   0.000

    Zero Degree Orientation Vector:  1.000   0.000   0.000

Table of Contents

  Load Case Report

  Inner and outer element temperatures are the same

  throughout the model.  No thermal ratcheting

  calculations will be performed.

  THE  10  LOAD CASES ANALYZED ARE:

    1   WEIGHT ONLY    (Wgt Only)

        Weight ONLY case run to get the stress range

        between the installed and the operating states.

        /-------- Loads in Case   1

          Loads due to Weight

    2   SUSTAINED      (Wgt+Pr)

        Sustained case run to satisfy local primary

        membrane and bending stress limits.

        /-------- Loads in Case   2

          Loads due to Weight

          Pressure Case    1

    3   Thermal ONLY

        Thermal ONLY case run in the event expansion

        stresses exceed the secondary stress allowable.

        /-------- Loads in Case   3

          Temperature Case    1

          Loads from (Thermal Only)

    4   OPERATING

        Case run to compute the operating stresses used in

        secondary, peak and range calculations as needed.

        /-------- Loads in Case   4

          Pressure Case    1

          Temperature Case    1

          Loads from (Operating)

    5   EXPANSION      (Fatigue Calc Performed)



        Expansion case run to get the RANGE of stresses.

        as described in NB-3222.2, 5.5.3.2, or 5.5.5.2.

        /-------- Combinations in Expansion Case   5

          Plus  Stress Results from CASE   4

          Minus Stress Results from CASE   1

    6   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   6

          Loads from (Axial)

    7   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   7

          Loads from (Inplane)

    8   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   8

          Loads from (Outplane)

    9   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   9

          Loads from (Torsion)

   10   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case  10

          Pressure Case    1
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  Solution Data 

  Maximum Solution Row Size =    1392 

  Number of Nodes           =    2377 

  Number of Elements        =     792 

  Number of Solution Cases  =       9 

  Summation of Loads per Case 

  Case #               FX                  FY                  FZ

     1                  0.               -254.                  0. 

     2                  0.              55822.                  0. 

     3                  0.                  0.                  0. 

     4               2579.              54472.              -2580. 

     5                  0.              84425.                  0. 

     6                  0.                  0.                  0. 

     7                  0.                  0.                  0. 

     8                  0.                  0.                  0. 

     9                  0.              56076.                  0. 
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  ASME Code Stress Output Plots 

      1) Pl < (1.5)(S) (SUS,Membrane) Case 2

      2) Qb < SPS (SUS,Bending) Case 2

      3) S1+S2+S3 < 4S (SUS,S1+S2+S3) Case 2

      4) Pl+Pb+Q < SPS (OPE,Inside) Case 4



      5) Pl+Pb+Q < SPS (OPE,Outside) Case 4

      6) Membrane < User (OPE,Membrane) Case 4

      7) Bending < User (OPE,Bending) Case 4

      8) Pl+Pb+Q+F < Sa (SIF,Outside) Case 6

      9) Pl+Pb+Q+F < Sa (SIF,Outside) Case 7

      10) Pl+Pb+Q+F < Sa (SIF,Outside) Case 8

      11) Pl+Pb+Q+F < Sa (SIF,Outside) Case 9

      12) Pl+Pb+Q+F < Sa (SIF,Outside) Case 10

      13) Pl+Pb+Q < SPS (EXP,Inside) Case 5

      14) Pl+Pb+Q < SPS (EXP,Outside) Case 5

      15) Pl+Pb+Q+F < Sa (EXP,Inside) Case 5

      16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5
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  Region Data 

  Shell Next to Nozzle 1

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.350 

  Nozzle 1 Next to Shell

    Cold Allowable ...........     118.  MPa 

    Hot Allowable @ 425 deg ..      75.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 



    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.350 

  Shell Next to Nozzle 1 Pad

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.350 

  NOT USED

    Cold Allowable ...........     118.  MPa 

    Hot Allowable @ 425 deg ..      75.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.350 

  Nozzle 1 Pad Weld Area

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 



    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.350 

  Shell In Nozzle 1 Vicinity

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.000 

  Nozzle 1 Transition Area

    Cold Allowable ...........     118.  MPa 

    Hot Allowable @ 425 deg ..      75.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.350 

  Nozzle 1 Barrel Section

    Cold Allowable ...........     118.  MPa 

    Hot Allowable @ 425 deg ..      75.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 



    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.000 

  Nozzle 1

    Cold Allowable ...........     118.  MPa 

    Hot Allowable @ 425 deg ..      75.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.000 

  Pad at Nozzle 1

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..       5.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...       5.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   3.425   mm. 

    Stress Concentration .....   1.350 
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  Stress Results - Notes 



  - Results  in  this  analysis  were  generated using the finite 

    element solution method.

  - Using post 07 ASME Section VIII Division 2 

  - Use Polished Bar fatigue curve. 

    Assume pressure increases all other stresses. 

  - Assume free end displacements of attached pipe are 

    secondary loads within limits of nozzle reinforcement. 

  - Use Equivalent Stress (Von Mises). 

  - S1+S2+S3 evaluation omitted from operating stress. 

    Include S1+S2+S3 evaluation in primary case evaluation. 

    Assume bending stress not local primary for S1+S2+S3. 
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  ASME Overstressed Areas

               *** NO OVERSTRESSED NODES IN THIS MODEL *** 
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  Highest Primary Stress Ratios

  Shell Next to Nozzle 1

         Qb            SPS     Primary Bending Load Case 2

         69            252     Plot Reference:

        MPa            MPa     2) Qb < SPS (SUS,Bending) Case 2

              27%

  Nozzle 1 Next to Shell

         Pl       (1.5)(S)     Primary Membrane Load Case 2

         51            113     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 2

              44%

  Nozzle 1

         Pl       (1.5)(S)     Primary Membrane Load Case 2

         14            113     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 2

              12%
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  Highest Secondary Stress Ratios

  Shell Next to Nozzle 1

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 5

         58            414     Plot Reference:

        MPa            MPa     14) Pl+Pb+Q < SPS (EXP,Outside) Case 5

              14%



  Nozzle 1 Next to Shell

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 4

        398            403     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 4

              98%

  Nozzle 1

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 5

        253            403     Plot Reference:

        MPa            MPa     14) Pl+Pb+Q < SPS (EXP,Outside) Case 5

              62%
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  Highest Fatigue Stress Ratios

  Shell Next to Nozzle 1

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 5

         39     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.003 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 1.0000E11

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,361.9                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 15,775,145.

                               WRC 474 99% Probability Cycles = 3,664,706.

         0%                    WRC 474 95% Probability Cycles = 5,087,982.

                               BS5500 Allowed Cycles(Curve F) = 2,414,006.

                               Membrane-to-Bending Ratio = 0.254

                               Bending-to-PL+PB+Q Ratio = 0.798

                               Plot Reference:

                               16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5

  Nozzle 1 Next to Shell

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 5

        265     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.021 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 9,145.

  Allowable                    "B31" Fatigue Stress Allowable = 241.6

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 177,705.

                               WRC 474 99% Probability Cycles = 41,282.

         2%                    WRC 474 95% Probability Cycles = 57,316.

                               BS5500 Allowed Cycles(Curve F) = 11,416.

                               Membrane-to-Bending Ratio = 1.426

                               Bending-to-PL+PB+Q Ratio = 0.412

                               Plot Reference:

                               16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5

  Nozzle 1

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 5

        127     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.010 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 127,154.

  Allowable                    "B31" Fatigue Stress Allowable = 241.6

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 675,965.

                               WRC 474 99% Probability Cycles = 157,033.

         1%                    WRC 474 95% Probability Cycles = 218,020.

                               BS5500 Allowed Cycles(Curve F) = 42,552.

                               Membrane-to-Bending Ratio = 17.232

                               Bending-to-PL+PB+Q Ratio = 0.055

                               Plot Reference:

                               16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5
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  Stress Intensification Factors

  Branch/Nozzle Sif Summary 

                    Peak      Primary    Secondary 

  Axial   :        1.101       1.040       1.631 

  Inplane :        0.895       1.022       1.325 

  Outplane:        0.898       1.023       1.331 

  Torsion :        0.639       0.868       0.946 

  Pressure:        2.248       2.863       3.416 

  The above stress intensification factors are to be used 

  in a beam-type analysis of the piping system.  Inplane, 

  Outplane and Torsional sif's should be used with the 

  matching branch pipe whose diameter and thickness is given 

  below.  The axial sif should be used to intensify the 

  axial stress in the branch pipe calculated by F/A.  The 

  pressure sif should be used to intensify the nominal 

  pressure stress in the PARENT or HEADER, calculated 

  from PD/2T. 

  Pipe OD :       60.325  mm. 

  Pipe Thk:        3.425  mm. 

  Z approx:     8709.352  cu.mm. 

  Z exact :     8244.623  cu.mm. 

  B31.3 Branch Pressure i-factor =        1.861 

        Header Pressure i-factor =        4.497 

  The B31.3 pressure i-factors should be used with with 

  F/A, where F is the axial force due to pressure, and

  A is the area of the pipe wall. This is equivalent to 

  finding the pressure stress from (ip)(PD/4T). 

  B31.3   (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          1.000         Inplane 

                          1.000         Outplane 

                          1.000         Torsional 

  B31.1  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          1.000         Inplane 

                          1.000         Outplane 

                          1.000         Torsional 

  WRC 330  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          1.000         Inplane 

                          1.500         Outplane 

                          1.000         Torsional 
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  Allowable Loads

  SECONDARY                     Maximum     Conservative         Realistic 

  Load Type (Range):         Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )     151270.        48421.              72631. 

  Inplane   Moment (mm.  N )    2507009.       567443.            1203728. 

  Outplane  Moment (mm.  N )    2496711.       565112.            1198783. 

  Torsional Moment (mm.  N )    3512482.      1124333.            1686500. 

  Pressure         (MPa    )      32.36          1.32                1.32 

  PRIMARY                       Maximum     Conservative         Realistic 

  Load Type:                 Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )      66518.        19722.              29584. 

  Inplane   Moment (mm.  N )     910761.       192632.             408634. 

  Outplane  Moment (mm.  N )     910671.       192613.             408594. 

  Torsional Moment (mm.  N )    1072348.       313913.             470870. 

  Pressure         (MPa    )      10.82          1.32                1.32 



          NOTES: 

          1) Maximum Individual Occuring Loads are the maximum 

             allowed values of the respective loads if all other 

             load components are zero, i.e. the listed axial force 

             may be applied if the inplane, outplane and torsional 

             moments, and the pressure are zero. 

          2) The Conservative Allowable Simultaneous loads are 

             the maximum loads that can be applied simultaneously. 

             A conservative stress combination equation is used 

             that typically produces stresses within 50-70% of the 

             allowable stress. 

          3) The Realistic Allowable Simultaneous loads are the 

             maximum loads that can be applied simultaneously.  A 

             more realistic stress combination equation is used 

             based on experience at Paulin Research.  Stresses are 

             typically produced within 80-105% of the allowable. 

          4) Secondary allowable loads are limits for expansion 

             and operating piping loads. 

          5) Primary allowable loads are limits for weight, 

             primary and sustained type piping loads. 
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  Flexibilities 

    The following stiffnesses should be used in a piping, 

    "beam-type" analysis of the intersection.  The stiff- 

    nesses should be inserted at the surface of the 

    branch/header or nozzle/vessel junction.  The general 

    characteristics used for the branch pipe should be: 

    Outside Diameter =   60.325  mm. 

    Wall Thickness   =    3.425  mm. 

    Axial Translational Stiffness   =        958724.   N /mm. 

    Inplane Rotational Stiffness    =      15110939.  mm. N /deg 

    Outplane Rotational Stiffness   =      15110832.  mm. N /deg 

    Torsional Rotational Stiffness  =      12697280.  mm. N /deg 

    Intersection Flexibility Factors for 

Branch/Nozzle                                                                   : 

    Find axial stiffness: K = 3EI/(kd)^3   N /mm. 

    Find bending and torsional stiffnesses: K = EI/(kd)  mm. N per radian. 

    The EI product is   0.50233E+11    N mm.^2 

    The value of (d) to use is:  56.900  mm.. 

    The resulting bending stiffness is in units of force x length per radian. 

    Axial Flexibility Factor     (k) =     0.948 

    Inplane Flexibility Factor   (k) =     1.020 

    Outplane Flexibility Factor  (k) =     1.020 

    Torsional Flexibility Factor (k) =     1.214 
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Nozzle B1~B5 Tabular Results 

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME 

Section III and ASME Section VIII, Division 2.  

Model Notes 

Load Case Report 

Solution Data 

ASME Code Stress Output Plots 

Region Data 

Stress Results - Notes 

ASME Overstressed Areas 

Highest Primary Stress Ratios 

Highest Secondary Stress Ratios 

Highest Fatigue Stress Ratios 

Stress Intensification Factors 

Allowable Loads 

Flexibilities 

Graphical Results

  Model Notes

    Input Echo:

    Model Type                    : Dished Head

    Parent Outside Diameter       :     728.400 mm.

           Thickness              :      10.200 mm.

           Inside Crown Radius    :     637.000 mm.

           Inside Knuckle Radius  :      79.000 mm.

           Straight Flange Length :      66.000 mm.

           Fillet Along Shell     :       9.000 mm.

           Parent Properties:

           Cold Allowable         :       138.0 MPa

           Hot  Allowable         :        83.8 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       483.0 MPa

           Yield Strength (Amb)   :       262.0 MPa

           Yield Strength (Hot)   :       176.0 MPa

           Elastic Modulus (Amb)  :    203050.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm.(NOT USED)

    Nozzle Reinforced OD          :     119.997 mm.

           Reinforced Thickness   :      21.035 mm.

           Reinforced Length      :      30.000 mm.

           Transition Length      :       8.977 mm.

           Neck OD                :      88.900 mm.

           Neck Thickness         :       5.486 mm.

           Neck Length            :      90.370 mm.

           Nozzle Weld Length     :       9.000 mm.

           Location perpendicular

           to the head centerline :     210.000 mm.

           Nozzle Tilt Angle      :       0.000 deg.

           Nozzle Properties

           Cold Allowable         :       138.0 MPa

           Hot  Allowable         :        83.9 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       483.0 MPa

           Yield Strength (Amb)   :       248.0 MPa

           Yield Strength (Hot)   :       166.0 MPa

           Elastic Modulus (Amb)  :    203050.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm. (NOT USED)
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    Design Operating Cycles       :          0.

    Ambient Temperature (Deg.)    :       21.00

    The following temperatures have been specified for the analysis:

    Nozzle Inside  Temperature    :      425.00 deg.

    Nozzle Outside Temperature    :      425.00 deg.

    Vessel Inside  Temperature    :      425.00 deg.

    Vessel Outside Temperature    :      425.00 deg.

    Nozzle Pressure               :       1.318 MPa

    Vessel Pressure               :       1.318 MPa

    FEA Model Loads:

    These are the user defined loads applied to the FEA model

    at the end of the nozzle in global coordinates.

    Forces(  N )  Moments (N-m)

    Load Case        FX         FY         FZ         MX         MY         MZ

    ---------------------------------------------------------------------------

       OPER:     3187.2     1961.3     3187.2    -1823.7     -980.7     1823.7

    Stresses will be calculated in the weld elements surrounding

    the junction of the nozzle with the parent shell.  This is

    typically done to get accurate values for the pressure

    stresses on the inside surface of the nozzle in the

    longitudinal plane. The effect of any external loads will

    overemphasized (too conservative) in this run.

    Stresses are NOT averaged.

    Vessel Centerline       Vector:  0.000  -1.000   0.000

    Nozzle Centerline       Vector:  0.000  -1.000   0.000

    Zero Degree Orientation Vector:  1.000   0.000   0.000

    Nozzle Orientation Angle      : 36.000
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  Load Case Report

  Inner and outer element temperatures are the same

  throughout the model.  No thermal ratcheting

  calculations will be performed.

  THE  10  LOAD CASES ANALYZED ARE:

    1   WEIGHT ONLY    (Wgt Only)

        Weight ONLY case run to get the stress range

        between the installed and the operating states.

        /-------- Loads in Case   1

          Loads due to Weight

    2   SUSTAINED      (Wgt+Pr)

        Sustained case run to satisfy local primary

        membrane and bending stress limits.

        /-------- Loads in Case   2

          Loads due to Weight

          Pressure Case    1

    3   Thermal ONLY

        Thermal ONLY case run in the event expansion

        stresses exceed the secondary stress allowable.

        /-------- Loads in Case   3

          Temperature Case    1

          Loads from (Thermal Only)

    4   OPERATING
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        Case run to compute the operating stresses used in

        secondary, peak and range calculations as needed.

        /-------- Loads in Case   4

          Pressure Case    1

          Temperature Case    1

          Loads from (Operating)

    5   EXPANSION      (Fatigue Calc Performed)

        Expansion case run to get the RANGE of stresses.

        as described in NB-3222.2, 5.5.3.2, or 5.5.5.2.

        /-------- Combinations in Expansion Case   5

          Plus  Stress Results from CASE   4

          Minus Stress Results from CASE   1

    6   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   6

          Loads from (Axial)

    7   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   7

          Loads from (Inplane)

    8   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   8

          Loads from (Outplane)

    9   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   9

          Loads from (Torsion)

   10   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case  10

          Pressure Case    1
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  Solution Data 

  Maximum Solution Row Size =     798 

  Number of Nodes           =    2496 

  Number of Elements        =     816 

  Number of Solution Cases  =       9 

  Summation of Loads per Case 

  Case #               FX                  FY                  FZ

     1                  0.               -537.                  0. 

     2                -41.            -535079.                -30. 

     3                  0.                  0.                  0. 

     4               3146.            -533118.               3157. 

     5                  0.            -198250.                  0. 

     6                  0.                  0.                  0. 

     7                  0.                  0.                  0. 

     8                  0.                  0.                  0. 

     9                -41.            -534542.                -30. 
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  ASME Code Stress Output Plots 

      1) Pl < (1.5)(S) (SUS,Membrane) Case 2

      2) Qb < SPS (SUS,Bending) Case 2

      3) S1+S2+S3 < 4S (SUS,S1+S2+S3) Case 2

      4) Pl+Pb+Q < SPS (OPE,Inside) Case 4

      5) Pl+Pb+Q < SPS (OPE,Outside) Case 4

      6) Membrane < User (OPE,Membrane) Case 4

      7) Bending < User (OPE,Bending) Case 4

      8) Pl+Pb+Q+F < Sa (SIF,Outside) Case 6

      9) Pl+Pb+Q+F < Sa (SIF,Outside) Case 7

      10) Pl+Pb+Q+F < Sa (SIF,Outside) Case 8

      11) Pl+Pb+Q+F < Sa (SIF,Outside) Case 9

      12) Pl+Pb+Q+F < Sa (SIF,Outside) Case 10

      13) Pl+Pb+Q < SPS (EXP,Inside) Case 5

      14) Pl+Pb+Q < SPS (EXP,Outside) Case 5

      15) Pl+Pb+Q+F < Sa (EXP,Inside) Case 5

      16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5
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  Region Data 

  Shell Next to Nozzle 1

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.350 

  Nozzle 1 Next to Shell

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 



    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.350 

  Shell Next to Nozzle 1 Pad

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.350 

  NOT USED

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.350 

  Nozzle 1 Pad Weld Area

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 



    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.350 

  Shell In Nozzle 1 Vicinity

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.000 

  Nozzle 1 Transition Area

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.350 

  Nozzle 1 Barrel Section



    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.000 

  Nozzle 1

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 

    Stress Concentration .....   1.000 

  Pad at Nozzle 1

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   2 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      47.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   9 

    Nominal Stress   (M/Z) ...     138.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case  10 

    Nominal Stress   (M/Z) ...      47.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   5.486   mm. 



    Stress Concentration .....   1.350 
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  Stress Results - Notes 

  - Results  in  this  analysis  were  generated using the finite 

    element solution method.

  - Using post 07 ASME Section VIII Division 2 

  - Use Polished Bar fatigue curve. 

    Assume pressure increases all other stresses. 

  - Assume free end displacements of attached pipe are 

    secondary loads within limits of nozzle reinforcement. 

  - Use Equivalent Stress (Von Mises). 

  - S1+S2+S3 evaluation omitted from operating stress. 

    Include S1+S2+S3 evaluation in primary case evaluation. 

    Assume bending stress not local primary for S1+S2+S3. 
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  ASME Overstressed Areas

               *** NO OVERSTRESSED NODES IN THIS MODEL *** 
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  Highest Primary Stress Ratios

  Shell Next to Nozzle 1

         Pl       (1.5)(S)     Primary Membrane Load Case 2

         51            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 2

              40%

  Nozzle 1 Next to Shell

         Pl       (1.5)(S)     Primary Membrane Load Case 2

         41            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 2

              32%

  Shell In Nozzle 1 Vicinity

         Pl       (1.5)(S)     Primary Membrane Load Case 2

         61            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 2

              48%

  Nozzle 1 Transition Area

         Qb            SPS     Primary Bending Load Case 2

         27            252     Plot Reference:

        MPa            MPa     2) Qb < SPS (SUS,Bending) Case 2



              10%

  Nozzle 1

         Pl       (1.5)(S)     Primary Membrane Load Case 2

         12            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 2

               9%
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  Highest Secondary Stress Ratios

  Shell Next to Nozzle 1

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 4

        321            438     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 4

              73%

  Nozzle 1 Next to Shell

    Pl+Pb+Q            SPS     Primary+Secondary (Inner) Load Case 4

         98            414     Plot Reference:

        MPa            MPa     4) Pl+Pb+Q < SPS (OPE,Inside) Case 4

              23%

  Shell In Nozzle 1 Vicinity

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 4

        135            438     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 4

              30%

  Nozzle 1 Transition Area

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 4

        241            414     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 4

              58%

  Nozzle 1

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 5

        115            414     Plot Reference:

        MPa            MPa     14) Pl+Pb+Q < SPS (EXP,Outside) Case 5

              27%
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  Highest Fatigue Stress Ratios

  Shell Next to Nozzle 1

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 5

        216     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.017 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 18,152.

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 177,931.



                               WRC 474 99% Probability Cycles = 41,335.

         1%                    WRC 474 95% Probability Cycles = 57,388.

                               BS5500 Allowed Cycles(Curve F) = 20,941.

                               Membrane-to-Bending Ratio = 0.271

                               Bending-to-PL+PB+Q Ratio = 0.787

                               Plot Reference:

                               16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5

  Nozzle 1 Next to Shell

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Inner) Load Case 5

         66     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.005 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 1.1971E8

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 2,565,689.

                               WRC 474 99% Probability Cycles = 596,033.

         0%                    WRC 474 95% Probability Cycles = 827,517.

                               BS5500 Allowed Cycles(Curve F) = 486,559.

                               Membrane-to-Bending Ratio = 1.308

                               Bending-to-PL+PB+Q Ratio = 0.433

                               Plot Reference:

                               15) Pl+Pb+Q+F < Sa (EXP,Inside) Case 5

  Shell In Nozzle 1 Vicinity

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 5

         67     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.005 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 91,675,544.

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 2,417,485.

                               WRC 474 99% Probability Cycles = 561,604.

         0%                    WRC 474 95% Probability Cycles = 779,716.

                               BS5500 Allowed Cycles(Curve F) = 284,026.

                               Membrane-to-Bending Ratio = 1.017

                               Bending-to-PL+PB+Q Ratio = 0.496

                               Plot Reference:

                               16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5

  Nozzle 1 Transition Area

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 5

        163     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.013 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 43,639.

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 607,893.

                               WRC 474 99% Probability Cycles = 141,219.

         1%                    WRC 474 95% Probability Cycles = 196,065.

                               BS5500 Allowed Cycles(Curve F) = 49,341.

                               Membrane-to-Bending Ratio = 0.829

                               Bending-to-PL+PB+Q Ratio = 0.547

                               Plot Reference:

                               16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5

  Nozzle 1

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 5

         58     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.005 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 1.9481E9

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 5,676,684.

                               WRC 474 99% Probability Cycles = 1,318,745.

         0%                    WRC 474 95% Probability Cycles = 1,830,912.

                               BS5500 Allowed Cycles(Curve F) = 449,161.

                               Membrane-to-Bending Ratio = 15.287

                               Bending-to-PL+PB+Q Ratio = 0.061

                               Plot Reference:

                               16) Pl+Pb+Q+F < Sa (EXP,Outside) Case 5
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  Stress Intensification Factors

  Branch/Nozzle Sif Summary 

                    Peak      Primary    Secondary 

  Axial   :        3.171       1.291       4.697 

  Inplane :        1.639       1.082       2.428 

  Outplane:        1.787       1.056       2.647 

  Torsion :        0.660       0.881       0.978 

  Pressure:        1.919       1.301       2.856 

  The above stress intensification factors are to be used 

  in a beam-type analysis of the piping system.  Inplane, 

  Outplane and Torsional sif's should be used with the 

  matching branch pipe whose diameter and thickness is given 

  below.  The axial sif should be used to intensify the 

  axial stress in the branch pipe calculated by F/A.  The 

  pressure sif should be used to intensify the nominal 

  pressure stress in the PARENT or HEADER, calculated 

  from PD/2T. 

  Pipe OD :       88.900  mm. 

  Pipe Thk:        5.486  mm. 

  Z approx:    29981.322  cu.mm. 

  Z exact :    28252.744  cu.mm. 

  B31.3 Branch Pressure i-factor =       16.911 

        Header Pressure i-factor =        3.837 

  The B31.3 pressure i-factors should be used with with 

  F/A, where F is the axial force due to pressure, and

  A is the area of the pipe wall. This is equivalent to 

  finding the pressure stress from (ip)(PD/4T). 

  B31.3   (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          4.035         Inplane 

                          5.200         Outplane 

                          1.000         Torsional 

  B31.1  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          2.771         Inplane 

                          2.771         Outplane 

                          2.771         Torsional 

  WRC 330  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          1.871         Inplane 

                          1.871         Outplane 

                          1.000         Torsional 
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  Allowable Loads

  SECONDARY                     Maximum     Conservative         Realistic 

  Load Type (Range):         Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )     134065.        31041.              46562. 

  Inplane   Moment (mm.  N )    5097448.       834564.            1770379. 

  Outplane  Moment (mm.  N )    4674912.       765386.            1623629. 

  Torsional Moment (mm.  N )   11954630.      2973179.            4459768. 

  Pressure         (MPa    )       4.30          1.32                1.32 

  PRIMARY                       Maximum     Conservative         Realistic 

  Load Type:                 Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )     140112.        26920.              40380. 

  Inplane   Moment (mm.  N )    3286062.       702606.            1490452. 

  Outplane  Moment (mm.  N )    3368226.       708943.            1503894. 

  Torsional Moment (mm.  N )    4034601.      1219977.            1829966. 



  Pressure         (MPa    )       2.70          1.32                1.32 

          NOTES: 

          1) Maximum Individual Occuring Loads are the maximum 

             allowed values of the respective loads if all other 

             load components are zero, i.e. the listed axial force 

             may be applied if the inplane, outplane and torsional 

             moments, and the pressure are zero. 

          2) The Conservative Allowable Simultaneous loads are 

             the maximum loads that can be applied simultaneously. 

             A conservative stress combination equation is used 

             that typically produces stresses within 50-70% of the 

             allowable stress. 

          3) The Realistic Allowable Simultaneous loads are the 

             maximum loads that can be applied simultaneously.  A 

             more realistic stress combination equation is used 

             based on experience at Paulin Research.  Stresses are 

             typically produced within 80-105% of the allowable. 

          4) Secondary allowable loads are limits for expansion 

             and operating piping loads. 

          5) Primary allowable loads are limits for weight, 

             primary and sustained type piping loads. 
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  Flexibilities 

    The following stiffnesses should be used in a piping, 

    "beam-type" analysis of the intersection.  The stiff- 

    nesses should be inserted at the surface of the 

    branch/header or nozzle/vessel junction.  The general 

    characteristics used for the branch pipe should be: 

    Outside Diameter =   88.900  mm. 

    Wall Thickness   =    5.486  mm. 

    Axial Translational Stiffness   =        270011.   N /mm. 

    Inplane Rotational Stiffness    =      25898422.  mm. N /deg 

    Outplane Rotational Stiffness   =      25992060.  mm. N /deg 

    The following stiffness(es) were not generated because 

    of errors in input or because the finite element model 

    is stiffer than the piping model. 

    Torsional Rotational Stiffness 

    Intersection Flexibility Factors for 

Branch/Nozzle                                                                   : 

    Find axial stiffness: K = 3EI/(kd)^3   N /mm. 

    Find bending and torsional stiffnesses: K = EI/(kd)  mm. N per radian. 

    The EI product is   0.25493E+12    N mm.^2 

    The value of (d) to use is:  83.414  mm.. 

    The resulting bending stiffness is in units of force x length per radian. 

    Axial Flexibility Factor     (k) =     1.696 

    Inplane Flexibility Factor   (k) =     2.060 

    Outplane Flexibility Factor  (k) =     2.052 
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Nozzle C Tabular Results 

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME 

Section III and ASME Section VIII, Division 2.  
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  Model Notes

    Input Echo:

    Model Type                    : Cylindrical Shell

    Parent Outside Diameter       :     720.000 mm.

           Thickness              :       7.000 mm.

           Fillet Along Shell     :      11.000 mm.

           Parent Properties:

           Cold Allowable         :       138.0 MPa

           Hot  Allowable         :        83.8 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       483.0 MPa

           Yield Strength (Amb)   :       262.0 MPa

           Yield Strength (Hot)   :       176.0 MPa

           Elastic Modulus (Amb)  :    203050.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm.(NOT USED)

    Nozzle Outside Diameter       :     206.248 mm.

           Thickness              :      23.924 mm.

           Length                 :     243.500 mm.

           Nozzle Weld Length     :      11.000 mm.

           RePad Width            :      46.880 mm.

           RePad Thickness        :      10.000 mm.

           Nozzle Tilt Angle      :       0.000 deg.

           Distance from Top      :    1558.000 mm.

           Distance from Bottom   :    1737.000 mm.

           Nozzle Properties

           Cold Allowable         :       138.0 MPa

           Hot  Allowable         :        83.9 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       483.0 MPa

           Yield Strength (Amb)   :       248.0 MPa

           Yield Strength (Hot)   :       166.0 MPa

           Elastic Modulus (Amb)  :    201900.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm. (NOT USED)

    Design Operating Cycles       :          0.

    Ambient Temperature (Deg.)    :       21.00

    The following temperatures have been specified for the analysis:



    Nozzle Inside  Temperature    :      425.00 deg.

    Nozzle Outside Temperature    :      425.00 deg.

    Vessel Inside  Temperature    :      425.00 deg.

    Vessel Outside Temperature    :      425.00 deg.

    Nozzle Pressure               :       1.318 MPa

    Vessel Pressure               :       1.318 MPa

    FEA Model Loads:

    These are the user defined loads applied to the FEA model

    at the end of the nozzle in global coordinates.

    Forces(  N )  Moments (N-m)

    Load Case        FX         FY         FZ         MX         MY         MZ

    ---------------------------------------------------------------------------

       OPER:     5148.5     5148.5     4658.2     2883.2    -2883.2    -3726.5

    The "top" or "positive" end of this model is "free" in

    the axial and translational directions.

    Stresses are NOT averaged.

    No pad weld dimensions have been given for the pad

    connection to the shell. Few correlations have been

    performed to investigate the sensitivity of peak stresses

    to this value. Reasonable lengths have been assumed.

    Vessel Centerline  Vector     :  0.000   1.000   0.000

    Nozzle Orientation Vector     :  0.000   0.000  -1.000
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  Load Case Report

  Inner and outer element temperatures are the same

  throughout the model.  No thermal ratcheting

  calculations will be performed.

  THE   8  LOAD CASES ANALYZED ARE:

    1   SUSTAINED      (Pr Only)

        Sustained case run to satisfy local primary

        membrane and bending stress limits.

        /-------- Loads in Case   1

          Pressure Case    1

    2   Thermal ONLY

        Thermal ONLY case run in the event expansion

        stresses exceed the secondary stress allowable.

        /-------- Loads in Case   2

          Temperature Case    1

    3   OPERATING      (Fatigue Calc Performed)

        Case run to compute the operating stresses used in

        secondary, peak and range calculations as needed.

        /-------- Loads in Case   3

          Pressure Case    1

          Temperature Case    1

          Loads from (Operating)

    4   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   4

          Loads from (Axial)

    5   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   5



          Loads from (Inplane)

    6   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   6

          Loads from (Outplane)

    7   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   7

          Loads from (Torsion)

    8   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   8

          Pressure Case    1
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  Solution Data 

  Maximum Solution Row Size =     972 

  Number of Nodes           =    2220 

  Number of Elements        =     732 

  Number of Solution Cases  =       8 

  Summation of Loads per Case 

  Case #               FX                  FY                  FZ

     1                  0.             526185.               9029. 

     2                  0.                  0.                  0. 

     3               5148.             527058.              13687. 

     4                  0.                  0.          -55109282. 

     5                  0.                  1.                  0. 

     6                 -1.                  0.                  0. 

     7                  0.                  0.                  0. 

     8                  0.             526185.               9029. 
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  ASME Code Stress Output Plots 

      1) Pl < (1.5)(S) (SUS,Membrane) Case 1

      2) Qb < SPS (SUS,Bending) Case 1

      3) S1+S2+S3 < 4S (SUS,S1+S2+S3) Case 1

      4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

      5) Pl+Pb+Q < SPS (OPE,Outside) Case 3

      6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3

      7) Pl+Pb+Q+F < Sa (EXP,Outside) Case 3

      8) Membrane < User (OPE,Membrane) Case 3

      9) Bending < User (OPE,Bending) Case 3

      10) Pl+Pb+Q+F < Sa (SIF,Outside) Case 4

      11) Pl+Pb+Q+F < Sa (SIF,Outside) Case 5

      12) Pl+Pb+Q+F < Sa (SIF,Outside) Case 6

      13) Pl+Pb+Q+F < Sa (SIF,Outside) Case 7



      14) Pl+Pb+Q+F < Sa (SIF,Outside) Case 8
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  Region Data 

  Pad/Header at Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      11.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    4022.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......  23.924   mm. 

    Stress Concentration .....   1.350 

  Branch at Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      11.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    4022.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......  23.924   mm. 

    Stress Concentration .....   1.350 

  Branch Transition

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      11.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    4022.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 



    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......  23.924   mm. 

    Stress Concentration .....   1.000 

  Pad Outer Edge Weld

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      11.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    4022.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......  23.924   mm. 

    Stress Concentration .....   1.350 

  Header Outside Pad Area

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      11.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    4022.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......  23.924   mm. 

    Stress Concentration .....   1.000 

  Branch removed from Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      11.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 



    Case   4 

    Nominal Stress   (M/Z) ...    4022.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......  23.924   mm. 

    Stress Concentration .....   1.000 

  Pad removed from Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      11.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    4022.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      98.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......  23.924   mm. 

    Stress Concentration .....   1.000 
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  Stress Results - Notes 

  - Results  in  this  analysis  were  generated using the finite 

    element solution method.

  - Using post 07 ASME Section VIII Division 2 

  - Use Polished Bar fatigue curve. 

    Assume pressure increases all other stresses. 

  - Assume free end displacements of attached pipe are 

    secondary loads within limits of nozzle reinforcement. 

  - Use Equivalent Stress (Von Mises). 

  - S1+S2+S3 evaluation omitted from operating stress. 

    Include S1+S2+S3 evaluation in primary case evaluation. 

    Assume bending stress not local primary for S1+S2+S3. 
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  ASME Overstressed Areas



               *** NO OVERSTRESSED NODES IN THIS MODEL *** 
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  Highest Primary Stress Ratios

  Pad/Header at Junction

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         41            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              32%

  Branch at Junction

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         21            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              17%

  Branch Transition

         Pl       (1.5)(S)     Primary Membrane Load Case 1

          9            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

               7%

  Pad Outer Edge Weld

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         73            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              58%

  Header Outside Pad Area

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         73            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              58%
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  Highest Secondary Stress Ratios

  Pad/Header at Junction

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 3

        177            438     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 3

              40%

  Branch at Junction

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 3

         85            414     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 3

              20%



  Branch Transition

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 3

         19            414     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 3

               4%

  Pad Outer Edge Weld

    Pl+Pb+Q            SPS     Primary+Secondary (Inner) Load Case 3

        231            438     Plot Reference:

        MPa            MPa     4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

              52%

  Header Outside Pad Area

    Pl+Pb+Q            SPS     Primary+Secondary (Inner) Load Case 3

        143            438     Plot Reference:

        MPa            MPa     4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

              32%
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  Highest Fatigue Stress Ratios

  Pad/Header at Junction

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 3

        119     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.010 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 156,850.

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 873,958.

                               WRC 474 99% Probability Cycles = 203,028.

         0%                    WRC 474 95% Probability Cycles = 281,879.

                               BS5500 Allowed Cycles(Curve F) = 124,685.

                               Membrane-to-Bending Ratio = 0.149

                               Bending-to-PL+PB+Q Ratio = 0.871

                               Plot Reference:

                               7) Pl+Pb+Q+F < Sa (EXP,Outside) Case 3

  Branch at Junction

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 3

         57     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.005 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 2.2532E9

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,361.9                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 6,319,848.

                               WRC 474 99% Probability Cycles = 1,468,158.

         0%                    WRC 474 95% Probability Cycles = 2,038,353.

                               BS5500 Allowed Cycles(Curve F) = 1,091,047.

                               Membrane-to-Bending Ratio = 0.264

                               Bending-to-PL+PB+Q Ratio = 0.791

                               Plot Reference:

                               7) Pl+Pb+Q+F < Sa (EXP,Outside) Case 3

  Branch Transition

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 3

         10     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.001 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 1.0000E11

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,361.9                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 5.5762E8



                               WRC 474 99% Probability Cycles = 1.2954E8

         0%                    WRC 474 95% Probability Cycles = 1.7985E8

                               BS5500 Allowed Cycles(Curve F) = 4.2472E8

                               Membrane-to-Bending Ratio = 3.917

                               Bending-to-PL+PB+Q Ratio = 0.203

                               Plot Reference:

                               7) Pl+Pb+Q+F < Sa (EXP,Outside) Case 3

  Pad Outer Edge Weld

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Inner) Load Case 3

        156     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.013 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 49,915.

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 642,177.

                               WRC 474 99% Probability Cycles = 149,184.

         1%                    WRC 474 95% Probability Cycles = 207,123.

                               BS5500 Allowed Cycles(Curve F) = 56,264.

                               Membrane-to-Bending Ratio = 0.262

                               Bending-to-PL+PB+Q Ratio = 0.792

                               Plot Reference:

                               6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3

  Header Outside Pad Area

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Inner) Load Case 3

         71     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.006 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 26,435,368.

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 2,560,550.

                               WRC 474 99% Probability Cycles = 594,839.

         0%                    WRC 474 95% Probability Cycles = 825,859.

                               BS5500 Allowed Cycles(Curve F) = 237,669.

                               Membrane-to-Bending Ratio = 1.344

                               Bending-to-PL+PB+Q Ratio = 0.427

                               Plot Reference:

                               6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3
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  Stress Intensification Factors

  Branch/Nozzle Sif Summary 

                    Peak      Primary    Secondary 

  Axial   :       50.409       8.961      74.681 

  Inplane :        4.921       3.923       7.290 

  Outplane:       24.294       3.977      35.991 

  Torsion :        1.019       1.346       1.510 

  Pressure:        0.900       1.079       1.333 

  The above stress intensification factors are to be used 

  in a beam-type analysis of the piping system.  Inplane, 

  Outplane and Torsional sif's should be used with the 

  matching branch pipe whose diameter and thickness is given 

  below.  The axial sif should be used to intensify the 

  axial stress in the branch pipe calculated by F/A.  The 

  pressure sif should be used to intensify the nominal 

  pressure stress in the PARENT or HEADER, calculated 

  from PD/2T. 

  Pipe OD :      206.248  mm. 

  Pipe Thk:       23.924  mm. 

  Z approx:   624613.000  cu.mm. 

  Z exact :   561667.250  cu.mm. 

  B31.3 Branch Pressure i-factor =       21.465 

        Header Pressure i-factor =        1.799 

  The B31.3 pressure i-factors should be used with with 



  F/A, where F is the axial force due to pressure, and

  A is the area of the pipe wall. This is equivalent to 

  finding the pressure stress from (ip)(PD/4T). 

  B31.3   (Branch)

  Peak Stress Sif ....    0.000         Axial 

                         13.762         Inplane 

                         17.211         Outplane 

                          1.000         Torsional 

  B31.1  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                         17.211         Inplane 

                         17.211         Outplane 

                         17.211         Torsional 

  WRC 330  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          5.036         Inplane 

                         17.211         Outplane 

                          5.036         Torsional 
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  Allowable Loads

  SECONDARY                     Maximum     Conservative         Realistic 

  Load Type (Range):         Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )      80370.        21965.              32948. 

  Inplane   Moment (mm.  N )   33744580.      6521336.           13833843. 

  Outplane  Moment (mm.  N )    6835244.      1320951.            2802159. 

  Torsional Moment (mm.  N )  162953840.     44270604.           66405908. 

  Pressure         (MPa    )       6.39          1.32                1.32 

  PRIMARY                       Maximum     Conservative         Realistic 

  Load Type:                 Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )     192214.        26800.              40199. 

  Inplane   Moment (mm.  N )   17994936.      1774103.            3763441. 

  Outplane  Moment (mm.  N )   17750348.      1749990.            3712288. 

  Torsional Moment (mm.  N )   52457212.      7313896.           10970844. 

  Pressure         (MPa    )       2.27          1.32                1.32 

          NOTES: 

          1) Maximum Individual Occuring Loads are the maximum 

             allowed values of the respective loads if all other 

             load components are zero, i.e. the listed axial force 

             may be applied if the inplane, outplane and torsional 

             moments, and the pressure are zero. 

          2) The Conservative Allowable Simultaneous loads are 

             the maximum loads that can be applied simultaneously. 

             A conservative stress combination equation is used 

             that typically produces stresses within 50-70% of the 

             allowable stress. 

          3) The Realistic Allowable Simultaneous loads are the 

             maximum loads that can be applied simultaneously.  A 

             more realistic stress combination equation is used 

             based on experience at Paulin Research.  Stresses are 

             typically produced within 80-105% of the allowable. 

          4) Secondary allowable loads are limits for expansion 

             and operating piping loads. 

          5) Primary allowable loads are limits for weight, 

             primary and sustained type piping loads. 
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  Flexibilities 



    The following stiffnesses should be used in a piping, 

    "beam-type" analysis of the intersection.  The stiff- 

    nesses should be inserted at the surface of the 

    branch/header or nozzle/vessel junction.  The general 

    characteristics used for the branch pipe should be: 

    Outside Diameter =  206.248  mm. 

    Wall Thickness   =   23.924  mm. 

    Axial Translational Stiffness   =         51022.   N /mm. 

    Inplane Rotational Stiffness    =      78016496.  mm. N /deg 

    Outplane Rotational Stiffness   =      11863920.  mm. N /deg 

    Torsional Rotational Stiffness  =     857076096.  mm. N /deg 

    Intersection Flexibility Factors for 

Branch/Nozzle                                                                   : 

    Find axial stiffness: K = 3EI/(kd)^3   N /mm. 

    Find bending and torsional stiffnesses: K = EI/(kd)  mm. N per radian. 

    The EI product is   0.11700E+14    N mm.^2 

    The value of (d) to use is: 182.324  mm.. 

    The resulting bending stiffness is in units of force x length per radian. 

    Axial Flexibility Factor     (k) =     4.841 

    Inplane Flexibility Factor   (k) =    14.356 

    Outplane Flexibility Factor  (k) =    94.405 

    Torsional Flexibility Factor (k) =     1.307 
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Nozzle D Tabular Results 

Results were generated with the finite element program FE/Pipe®. Stress results are post-processed in accordance with the rules specified in ASME 

Section III and ASME Section VIII, Division 2.  
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  Model Notes

    Input Echo:

    Model Type                    : Cylindrical Shell

    Parent Outside Diameter       :     720.000 mm.

           Thickness              :       7.000 mm.

           Fillet Along Shell     :      11.000 mm.

           Parent Properties:

           Cold Allowable         :       138.0 MPa

           Hot  Allowable         :        83.8 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       483.0 MPa

           Yield Strength (Amb)   :       262.0 MPa

           Yield Strength (Hot)   :       176.0 MPa

           Elastic Modulus (Amb)  :    203050.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm.(NOT USED)

    Nozzle Outside Diameter       :     168.275 mm.

           Thickness              :       7.973 mm.

           Length                 :     243.500 mm.

           Nozzle Weld Length     :      11.000 mm.

           RePad Width            :      65.860 mm.

           RePad Thickness        :      10.000 mm.

           Nozzle Tilt Angle      :       0.000 deg.

           Distance from Top      :     470.000 mm.

           Distance from Bottom   :    2825.000 mm.

           Nozzle Properties

           Cold Allowable         :       138.0 MPa

           Hot  Allowable         :        83.9 MPa

           Material ID #2         :  Low Alloy Steel

           Ultimate Tensile (Amb) :       483.0 MPa

           Yield Strength (Amb)   :       248.0 MPa

           Yield Strength (Hot)   :       166.0 MPa

           Elastic Modulus (Amb)  :    201900.0 MPa

           Poissons Ratio         :       0.300

           Weight Density         :  0.7682E-04  N /cu.mm. (NOT USED)

    Design Operating Cycles       :          0.

    Ambient Temperature (Deg.)    :       21.00

    The following temperatures have been specified for the analysis:



    Nozzle Inside  Temperature    :      425.00 deg.

    Nozzle Outside Temperature    :      425.00 deg.

    Vessel Inside  Temperature    :      425.00 deg.

    Vessel Outside Temperature    :      425.00 deg.

    Nozzle Pressure               :       1.318 MPa

    Vessel Pressure               :       1.318 MPa

    FEA Model Loads:

    These are the user defined loads applied to the FEA model

    at the end of the nozzle in global coordinates.

    Forces(  N )  Moments (N-m)

    Load Case        FX         FY         FZ         MX         MY         MZ

    ---------------------------------------------------------------------------

       OPER:    -6934.3     5148.5      346.7      596.4    -2883.2     4673.8

    The "top" or "positive" end of this model is "free" in

    the axial and translational directions.

    Stresses are NOT averaged.

    No pad weld dimensions have been given for the pad

    connection to the shell. Few correlations have been

    performed to investigate the sensitivity of peak stresses

    to this value. Reasonable lengths have been assumed.

    Vessel Centerline  Vector     :  0.000   1.000   0.000

    Nozzle Orientation Vector     :  0.707   0.000   0.707
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  Load Case Report

  Inner and outer element temperatures are the same

  throughout the model.  No thermal ratcheting

  calculations will be performed.

  THE   8  LOAD CASES ANALYZED ARE:

    1   SUSTAINED      (Pr Only)

        Sustained case run to satisfy local primary

        membrane and bending stress limits.

        /-------- Loads in Case   1

          Pressure Case    1

    2   Thermal ONLY

        Thermal ONLY case run in the event expansion

        stresses exceed the secondary stress allowable.

        /-------- Loads in Case   2

          Temperature Case    1

    3   OPERATING      (Fatigue Calc Performed)

        Case run to compute the operating stresses used in

        secondary, peak and range calculations as needed.

        /-------- Loads in Case   3

          Pressure Case    1

          Temperature Case    1

          Loads from (Operating)

    4   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   4

          Loads from (Axial)

    5   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   5



          Loads from (Inplane)

    6   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   6

          Loads from (Outplane)

    7   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   7

          Loads from (Torsion)

    8   Program Generated -- Force Only

        Case run to compute sif's and flexibilities.

        /-------- Loads in Case   8

          Pressure Case    1
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  Solution Data 

  Maximum Solution Row Size =     870 

  Number of Nodes           =    2412 

  Number of Elements        =     796 

  Number of Solution Cases  =       8 

  Summation of Loads per Case 

  Case #               FX                  FY                  FZ

     1              -2291.             526174.              -2291. 

     2                  0.                  0.                  0. 

     3              -9221.             527223.              -1944. 

     4            8644635.                  0.            8644635. 

     5                  0.                  0.                  0. 

     6                  0.                  0.                  0. 

     7                  0.                  0.                  0. 

     8              -2291.             526174.              -2291. 
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  ASME Code Stress Output Plots 

      1) Pl < (1.5)(S) (SUS,Membrane) Case 1

      2) Qb < SPS (SUS,Bending) Case 1

      3) S1+S2+S3 < 4S (SUS,S1+S2+S3) Case 1

      4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

      5) Pl+Pb+Q < SPS (OPE,Outside) Case 3

      6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3

      7) Pl+Pb+Q+F < Sa (EXP,Outside) Case 3

      8) Membrane < User (OPE,Membrane) Case 3

      9) Bending < User (OPE,Bending) Case 3

      10) Pl+Pb+Q+F < Sa (SIF,Outside) Case 4

      11) Pl+Pb+Q+F < Sa (SIF,Outside) Case 5

      12) Pl+Pb+Q+F < Sa (SIF,Outside) Case 6

      13) Pl+Pb+Q+F < Sa (SIF,Outside) Case 7



      14) Pl+Pb+Q+F < Sa (SIF,Outside) Case 8
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  Region Data 

  Pad/Header at Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      40.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    3045.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   7.973   mm. 

    Stress Concentration .....   1.350 

  Branch at Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      40.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    3045.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   7.973   mm. 

    Stress Concentration .....   1.350 

  Branch Transition

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      40.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    3045.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 



    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   7.973   mm. 

    Stress Concentration .....   1.000 

  Pad Outer Edge Weld

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      40.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    3045.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   7.973   mm. 

    Stress Concentration .....   1.350 

  Header Outside Pad Area

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      40.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    3045.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   7.973   mm. 

    Stress Concentration .....   1.000 

  Branch removed from Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      40.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 



    Case   4 

    Nominal Stress   (M/Z) ...    3045.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   7.973   mm. 

    Stress Concentration .....   1.000 

  Pad removed from Junction

    Cold Allowable ...........     138.  MPa 

    Hot Allowable @ 425 deg ..      84.  MPa 

    Case   1 

    Nominal Stress   (M/Z) ...       0.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   3 

    Nominal Stress   (M/Z) ...      40.  MPa 

    Pressure Stress (Pd/2t) ..      68.  MPa 

    Case   4 

    Nominal Stress   (M/Z) ...    3045.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   5 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   6 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   7 

    Nominal Stress   (M/Z) ...      80.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Case   8 

    Nominal Stress   (M/Z) ...      68.  MPa 

    Pressure Stress (Pd/2t) ..       0.  MPa 

    Smallest Thickness .......   7.973   mm. 

    Stress Concentration .....   1.000 
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  Stress Results - Notes 

  - Results  in  this  analysis  were  generated using the finite 

    element solution method.

  - Using post 07 ASME Section VIII Division 2 

  - Use Polished Bar fatigue curve. 

    Assume pressure increases all other stresses. 

  - Assume free end displacements of attached pipe are 

    secondary loads within limits of nozzle reinforcement. 

  - Use Equivalent Stress (Von Mises). 

  - S1+S2+S3 evaluation omitted from operating stress. 

    Include S1+S2+S3 evaluation in primary case evaluation. 

    Assume bending stress not local primary for S1+S2+S3. 
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  ASME Overstressed Areas



               *** NO OVERSTRESSED NODES IN THIS MODEL *** 
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  Highest Primary Stress Ratios

  Pad/Header at Junction

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         48            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              38%

  Branch at Junction

         Qb            SPS     Primary Bending Load Case 1

         75            252     Plot Reference:

        MPa            MPa     2) Qb < SPS (SUS,Bending) Case 1

              29%

  Branch Transition

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         20            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              15%

  Pad Outer Edge Weld

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         72            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              57%

  Header Outside Pad Area

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         76            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              60%

  Branch removed from Junction

         Pl       (1.5)(S)     Primary Membrane Load Case 1

         21            126     Plot Reference:

        MPa            MPa     1) Pl < (1.5)(S) (SUS,Membrane) Case 1

              16%
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  Highest Secondary Stress Ratios

  Pad/Header at Junction

    Pl+Pb+Q            SPS     Primary+Secondary (Inner) Load Case 3

        160            438     Plot Reference:

        MPa            MPa     4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

              36%



  Branch at Junction

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 3

        251            414     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 3

              60%

  Branch Transition

    Pl+Pb+Q            SPS     Primary+Secondary (Inner) Load Case 3

         52            414     Plot Reference:

        MPa            MPa     4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

              12%

  Pad Outer Edge Weld

    Pl+Pb+Q            SPS     Primary+Secondary (Outer) Load Case 3

        248            438     Plot Reference:

        MPa            MPa     5) Pl+Pb+Q < SPS (OPE,Outside) Case 3

              56%

  Header Outside Pad Area

    Pl+Pb+Q            SPS     Primary+Secondary (Inner) Load Case 3

        119            438     Plot Reference:

        MPa            MPa     4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

              27%

  Branch removed from Junction

    Pl+Pb+Q            SPS     Primary+Secondary (Inner) Load Case 3

         62            414     Plot Reference:

        MPa            MPa     4) Pl+Pb+Q < SPS (OPE,Inside) Case 3

              14%

Table of Contents

  Highest Fatigue Stress Ratios

  Pad/Header at Junction

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Inner) Load Case 3

        108     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.009 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 235,387.

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 1,052,860.

                               WRC 474 99% Probability Cycles = 244,589.

         0%                    WRC 474 95% Probability Cycles = 339,581.

                               BS5500 Allowed Cycles(Curve F) = 169,893.

                               Membrane-to-Bending Ratio = 0.462

                               Bending-to-PL+PB+Q Ratio = 0.684

                               Plot Reference:

                               6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3

  Branch at Junction

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 3

        170     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.014 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 37,787.

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,361.9                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 436,187.



                               WRC 474 99% Probability Cycles = 101,330.

         1%                    WRC 474 95% Probability Cycles = 140,684.

                               BS5500 Allowed Cycles(Curve F) = 44,153.

                               Membrane-to-Bending Ratio = 0.360

                               Bending-to-PL+PB+Q Ratio = 0.736

                               Plot Reference:

                               7) Pl+Pb+Q+F < Sa (EXP,Outside) Case 3

  Branch Transition

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Inner) Load Case 3

         26     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.002 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 1.0000E11

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,361.9                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 53,346,204.

                               WRC 474 99% Probability Cycles = 12,392,807.

         0%                    WRC 474 95% Probability Cycles = 17,205,854.

                               BS5500 Allowed Cycles(Curve F) = 5,094,046.

                               Membrane-to-Bending Ratio = 11.043

                               Bending-to-PL+PB+Q Ratio = 0.083

                               Plot Reference:

                               6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3

  Pad Outer Edge Weld

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Outer) Load Case 3

        167     0.000 Life     Stress Concentration Factor = 1.350

        MPa     0.013 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 40,060.

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 491,495.

                               WRC 474 99% Probability Cycles = 114,179.

         1%                    WRC 474 95% Probability Cycles = 158,523.

                               BS5500 Allowed Cycles(Curve F) = 45,382.

                               Membrane-to-Bending Ratio = 0.415

                               Bending-to-PL+PB+Q Ratio = 0.707

                               Plot Reference:

                               7) Pl+Pb+Q+F < Sa (EXP,Outside) Case 3

  Header Outside Pad Area

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Inner) Load Case 3

         59     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.005 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 1.0561E9

  Allowable                    "B31" Fatigue Stress Allowable = 277.2

   12,423.1                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 4,497,310.

                               WRC 474 99% Probability Cycles = 1,044,766.

         0%                    WRC 474 95% Probability Cycles = 1,450,526.

                               BS5500 Allowed Cycles(Curve F) = 412,119.

                               Membrane-to-Bending Ratio = 1.783

                               Bending-to-PL+PB+Q Ratio = 0.359

                               Plot Reference:

                               6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3

  Branch removed from Junction

  Pl+Pb+Q+F    Damage Ratio    Primary+Secondary+Peak (Inner) Load Case 3

         31     0.000 Life     Stress Concentration Factor = 1.000

        MPa     0.002 Stress   Strain Concentration Factor = 1.000

                               Cycles Allowed for this Stress = 1.0000E11

  Allowable                    "B31" Fatigue Stress Allowable = 277.4

   12,361.9                    Markl Fatigue Stress Allowable = 1689.2

        MPa                    WRC 474 Mean Cycles to Failure = 31,022,136.

                               WRC 474 99% Probability Cycles = 7,206,716.

         0%                    WRC 474 95% Probability Cycles = 10,005,629.

                               BS5500 Allowed Cycles(Curve F) = 3,008,875.

                               Membrane-to-Bending Ratio = 4.394

                               Bending-to-PL+PB+Q Ratio = 0.185

                               Plot Reference:

                               6) Pl+Pb+Q+F < Sa (EXP,Inside) Case 3
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  Stress Intensification Factors

  Branch/Nozzle Sif Summary 

                    Peak      Primary    Secondary 

  Axial   :        9.882       4.636      14.641 

  Inplane :        2.730       1.532       4.045 

  Outplane:        5.036       2.380       7.461 

  Torsion :        0.725       0.946       1.074 

  Pressure:        1.232       1.121       1.826 

  The above stress intensification factors are to be used 

  in a beam-type analysis of the piping system.  Inplane, 

  Outplane and Torsional sif's should be used with the 

  matching branch pipe whose diameter and thickness is given 

  below.  The axial sif should be used to intensify the 

  axial stress in the branch pipe calculated by F/A.  The 

  pressure sif should be used to intensify the nominal 

  pressure stress in the PARENT or HEADER, calculated 

  from PD/2T. 

  Pipe OD :      168.275  mm. 

  Pipe Thk:        7.973  mm. 

  Z approx:   160908.641  cu.mm. 

  Z exact :   153664.016  cu.mm. 

  B31.3 Branch Pressure i-factor =       12.010 

        Header Pressure i-factor =        2.465 

  The B31.3 pressure i-factors should be used with with 

  F/A, where F is the axial force due to pressure, and

  A is the area of the pipe wall. This is equivalent to 

  finding the pressure stress from (ip)(PD/4T). 

  B31.3   (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          4.586         Inplane 

                          5.736         Outplane 

                          1.000         Torsional 

  B31.1  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          5.736         Inplane 

                          5.736         Outplane 

                          5.736         Torsional 

  WRC 330  (Branch)

  Peak Stress Sif ....    0.000         Axial 

                          5.036         Inplane 

                          5.736         Outplane 

                          5.036         Torsional 
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  Allowable Loads

  SECONDARY                     Maximum     Conservative         Realistic 

  Load Type (Range):         Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )     113538.        29531.              44296. 

  Inplane   Moment (mm.  N )   15728697.      2892743.            6136434. 

  Outplane  Moment (mm.  N )    8526147.      1568086.            3326413. 

  Torsional Moment (mm.  N )   59235968.     15406983.           23110474. 

  Pressure         (MPa    )       4.67          1.32                1.32 

  PRIMARY                       Maximum     Conservative         Realistic 

  Load Type:                 Individual     Simultaneous        Simultaneous 

                               Occuring       Occuring            Occuring 

  Axial Force      ( N     )     108989.        20818.              31227. 

  Inplane   Moment (mm.  N )   12624399.      1637369.            3473384. 

  Outplane  Moment (mm.  N )    8126690.      1392549.            2954043. 

  Torsional Moment (mm.  N )   20445490.      5333051.            7999576. 



  Pressure         (MPa    )       2.18          1.32                1.32 

          NOTES: 

          1) Maximum Individual Occuring Loads are the maximum 

             allowed values of the respective loads if all other 

             load components are zero, i.e. the listed axial force 

             may be applied if the inplane, outplane and torsional 

             moments, and the pressure are zero. 

          2) The Conservative Allowable Simultaneous loads are 

             the maximum loads that can be applied simultaneously. 

             A conservative stress combination equation is used 

             that typically produces stresses within 50-70% of the 

             allowable stress. 

          3) The Realistic Allowable Simultaneous loads are the 

             maximum loads that can be applied simultaneously.  A 

             more realistic stress combination equation is used 

             based on experience at Paulin Research.  Stresses are 

             typically produced within 80-105% of the allowable. 

          4) Secondary allowable loads are limits for expansion 

             and operating piping loads. 

          5) Primary allowable loads are limits for weight, 

             primary and sustained type piping loads. 
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  Flexibilities 

    The following stiffnesses should be used in a piping, 

    "beam-type" analysis of the intersection.  The stiff- 

    nesses should be inserted at the surface of the 

    branch/header or nozzle/vessel junction.  The general 

    characteristics used for the branch pipe should be: 

    Outside Diameter =  168.275  mm. 

    Wall Thickness   =    7.973  mm. 

    Axial Translational Stiffness   =        109868.   N /mm. 

    Inplane Rotational Stiffness    =      56626236.  mm. N /deg 

    Outplane Rotational Stiffness   =      16381206.  mm. N /deg 

    Torsional Rotational Stiffness  =     640828800.  mm. N /deg 

    Intersection Flexibility Factors for 

Branch/Nozzle                                                                   : 

    Find axial stiffness: K = 3EI/(kd)^3   N /mm. 

    Find bending and torsional stiffnesses: K = EI/(kd)  mm. N per radian. 

    The EI product is   0.26116E+13    N mm.^2 

    The value of (d) to use is: 160.302  mm.. 

    The resulting bending stiffness is in units of force x length per radian. 

    Axial Flexibility Factor     (k) =     2.587 

    Inplane Flexibility Factor   (k) =     5.022 

    Outplane Flexibility Factor  (k) =    17.358 

    Torsional Flexibility Factor (k) =     0.444 
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1 = 0.961

1/D1 = 0.103

=(1.084 * 728.4 * 1.663)/(2 * 176.8 * 1) + 0

=(1.084 * 700)/(2 * 176.8 * 1 – 0.5 * 1.084) + 0

= f( = A, (s1–c)/D = 0.02029) = 1.25

=2 * 176.8 * 1 * (14.2 – 0) / (728.4 *  1.25))

=2 * 176.8 * 1 * (14.2 – 0) / (700 +0.5 * ( 14.2 – 0))

1.084  

328 > 0.8 * (728.4 * (14.2 – 0))1/2
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3
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=(77.93 + 2 * 0) / [1 – (2 * 210 / 1.4 ·103 )2] 
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= (1.4·103 * (14.2 – 0))1/2 + (1.4·103 * (14.2 – 0))1/2

= min{ 225; 1.25 * ((77.93 + 2 * 0) * (5.49 – 0))1/2} =

=min{1.0, 139.3 / 176.8} = 0.7878

= min{ 0; 0.5 * ((77.93 + 2 * 0) * (5.49 – 0 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878 +       25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 –
0 –  0) * 0.7878)  / (152.3 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 152.3)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 152.3    +

[(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 152.3 ]     )) = 0.7882} 

= 0.7882

=2 * 2 * (14.2 - 0) * 1 * 176.8 / [0.5 * (1.4 ·103 + 1.4·103 ) + (14.2 - 0) * 

0.7882] * 0.7882

= 5.608 

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  

= min{1; [1 + (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 + 2 * 

(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.9393} 

= 0.9393
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= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 +       25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 

+ 0 * (5.49 –  0 –  0) * 0.9473·10-3 )  / (152.3 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 152.3)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 
25.86 / 152.3    + [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 152.3 ]     )) = 0.7144} 

= 0.7144

=2 * 2 * (14.2 - 0) * 1 * 2.382·105 / [0.5 * (1.4·103 + 1.4·103 ) + (14.2 - 0) 
* 0.7144] * 0.7144

= 6.854
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= 0.4 * (1.4·103 * (14.2 – 0))1/2

  

= min{1; [1 + (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 ) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 

+ 2 * (77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.8897} 

= 0.8897
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[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}= 17
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[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{208.9 / 1.5; 405.7 / 2.4; - / -; - / -}=

425
o
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E1 = 1.887
5

=1.086 * (77.93 + 2 * 0) / (2 * 139.3 * 1 – 1.086)

= 2 * 139.3 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0)

1.086  

sp

=(77.93 + 2 * 0) / [1 – (2 * 210 / 1.4 ·103 )2] 

= 2 * ((14.2 – 0) / 2.153 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 1.635
3

dp < d0:

= (1.4·103 * (14.2 – 0))1/2 + (1.4·103 * (14.2 – 0))1/2

= min{ 225; 1.25 * ((77.93 + 2 * 0) * (5.49 – 0))1/2} 
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=min{1.0, 139.3 / 176.8} = 0.7878

= min{ 0; 0.5 * ((77.93 + 2 * 0) * (5.49 – 0 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878 +       25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 –

0 –  0) * 0.7878)  / (158.2 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 158.2)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2    +

[(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2 ]     )) = 0.7981} 

= 0.7981

=2 * 2 * (14.2 - 0) * 1 * 176.8 / [0.5 * (1.4 ·103 + 1.4·103 ) + (14.2 - 0) * 

0.7981] * 0.7981

= 5.678 

= (1.4·103 * (14.2 – 0))1/2

  =

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  

= min{1; [1 + (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 + 2 * 
(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.9393} 

= 0.9393

=2 * 2 * (14.2 – 0) * 1 * 176.8 * 0.9393 / [1.4 ·103 + (14.2 – 0) * 0.9393]

  

1.086  

=0.5 * (85.64 – 56.4) * 2.153 = 0.3147
-4 2

=25.86 * (5.49 - 0.3049 - 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.7878 + 141 * (14.2 –2.153 - 0)
2
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=2.728 * (77.93 + 2 * 0) / (2 * 225.6 * 1 – 2.728)

= 2 * 225.6 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0)

2.728  

sp

= 2 * ((14.2 – 0) / 0.004008 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 9.988
5

dp < d0:

=min{1.0, 225.6 / 2.382 ·105 } = 0.9473
-3

  

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 +       25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 
+ 0 * (5.49 –  0 –  0) * 0.9473·10-3 )  / (158.2 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 158.2)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 

25.86 / 158.2    + [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2 ]     )) = 0.7259} 

= 0.7259

=2 * 2 * (14.2 - 0) * 1 * 2.382·105 / [0.5 * (1.4·103 + 1.4·103 ) + (14.2 - 0) 

* 0.7259] * 0.7259

= 6.963
3

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  



. »

= min{1; [1 + (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 ) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 
+ 2 * (77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.8897} 

= 0.8897

=2 * 2 * (14.2 – 0) * 1 * 2.382·105 * 0.8897 / [1.4 ·103 + (14.2 – 0) * 0.8897] = 8.52
3

[p] = min{ 8.52
3
 ;  6.963

3

6.963
3

2.728  

=0.5 * (85.64 – 56.4) * 0.004008 = 0.586
-7 2

=25.86 * (5.49 - 0.4739 - 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.9473·10-3 + 141 * (14.2 –0.004008 - 0)
2

Ar = 0.586
-7 2 2

B4

SA-516 70

14.2 

SA-106B

1:

s: 0

1:

:



. »

:

: (-

3:

s1:

: 

l = 1

  

= 1

=2 * 700 = 1.4
3

425
o
C

1.089

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

SA-106B 425
o

[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{208.9 / 1.5; 405.7 / 2.4; - / -; - / -}=

425
o
C:

E1 = 1.887
5

=1.089 * (77.93 + 2 * 0) / (2 * 139.3 * 1 – 1.089)

= 2 * 139.3 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0) =18.33 

1.089  

sp



. »

=(77.93 + 2 * 0) / [1 – (2 * 210 / 1.4 ·103 )2] 

= 2 * ((14.2 – 0) / 2.159 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 1.629
3

dp < d0:

= (1.4·103 * (14.2 – 0))1/2 + (1.4·103 * (14.2 – 0))1/2

= min{ 625; 1.25 * ((77.93 + 2 * 0) * (5.49 – 0))1/2} 

=min{1.0, 139.3 / 176.8} = 0.7878

= min{ 0; 0.5 * ((77.93 + 2 * 0) * (5.49 – 0 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878 +       25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 –

0 –  0) * 0.7878)  / (158.2 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 158.2)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2    +

[(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2 ]     )) = 0.7981}

= 0.7981

=2 * 2 * (14.2 - 0) * 1 * 176.8 / [0.5 * (1.4 ·103 + 1.4·103 ) + (14.2 - 0) * 

0.7981] * 0.7981

= 5.678 

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  



. »

= min{1; [1 + (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 + 2 * 
(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.9393} 

= 0.9393

=2 * 2 * (14.2 – 0) * 1 * 176.8 * 0.9393 / [1.4 ·103 + (14.2 – 0) * 0.9393]

  

1.089  

=0.5 * (85.64 – 56.4) * 2.159 = 0.3156
-4 2

=25.86 * (5.49 - 0.3058 - 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.7878 + 141 * (14.2 –2.159 - 0)
2

Ar = 0.3156
-4 2 2

  

20
o
C

2.732

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

SA-106B
o

[ ]
20

1= * Re/20/ nT = 1 * 248.2 / 1.1 =
o
C:

E1 = 2
5

=2.732 * (77.93 + 2 * 0) / (2 * 225.6 * 1 – 2.732)

= 2 * 225.6 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0)

2.732  

sp

= 2 * ((14.2 – 0) / 0.004014 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 9.974
5

dp < d0:



. »

=min{1.0, 225.6 / 2.382 ·105 } = 0.9473
-3

  

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 +       25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 

+ 0 * (5.49 –  0 –  0) * 0.9473·10-3 )  / (158.2 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 158.2)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 

25.86 / 158.2   + [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2 ]     )) = 0.7259}

= 0.7259

=2 * 2 * (14.2 - 0) * 1 * 2.382·105 / [0.5 * (1.4·103 + 1.4·103 ) + (14.2 - 0) 

* 0.7259] * 0.7259

= 6.963
3

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  

= min{1; [1 + (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 ) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 

+ 2 * (77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.8897}

= 0.8897

=2 * 2 * (14.2 – 0) * 1 * 2.382·105 * 0.8897 / [1.4 ·103 + (14.2 – 0) * 0.8897] = 8.52
3

[p] = min{ 8.52
3
 ;  6.963

3

6.963
3

2.732  

=0.5 * (85.64 – 56.4) * 0.004014 = 0.5868
-7 2

=25.86 * (5.49 - 0.4746 - 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.9473·10-3 + 141 * (14.2 –0.004014 - 0)
2

Ar = 0.5868
-7 2 2

B3



. »

SA-516 70

14.2 

SA-106B

1:

s: 0

1:

:

:

: (-

3:

s1:

:

l = 1

  

= 1

=2 * 700 = 1.4
3



. »

425
o
C

1.087

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

SA-106B 425
o

[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{208.9 / 1.5; 405.7 / 2.4; - / -; - / -}=

425
o
C:

E1 = 1.887
5

=1.087 * (77.93 + 2 * 0) / (2 * 139.3 * 1 – 1.087)

= 2 * 139.3 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0) =18.33 

1.087  

sp

=(77.93 + 2 * 0) / [1 – (2 * 210 / 1.4 ·103 )2] 

= 2 * ((14.2 – 0) / 2.156 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 1.632
3

dp < d0:

= (1.4·103 * (14.2 – 0))1/2 + (1.4·103 * (14.2 – 0))1/2

= min{ 425; 1.25 * ((77.93 + 2 * 0) * (5.49 – 0))1/2} 



. »

=min{1.0, 139.3 / 176.8} = 0.7878

= min{ 0; 0.5 * ((77.93 + 2 * 0) * (5.49 – 0 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878 +       25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 –
0 –  0) * 0.7878)  / (158.2 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 158.2)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2    +

[(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2 ]     )) = 0.7981}

= 0.7981

=2 * 2 * (14.2 - 0) * 1 * 176.8 / [0.5 * (1.4 ·103 + 1.4·103 ) + (14.2 - 0) * 

0.7981] * 0.7981

= 5.678 

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  

= min{1; [1 + (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 + 2 * 

(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.9393}

= 0.9393

=2 * 2 * (14.2 – 0) * 1 * 176.8 * 0.9393 / [1.4 ·103 + (14.2 – 0) * 0.9393]

min{ 6.673;  

1.087  

=0.5 * (85.64 – 56.4) * 2.156 = 0.3152
-4 2

=25.86 * (5.49 - 0.3054 - 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.7878 + 141 * (14.2 –2.156 - 0)
2

Ar = 0.3152
-4 2 2

  

20
o
C

2.73



. »

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

SA-106B
o

[ ]
20

1= * Re/20/ nT = 1 * 248.2 / 1.1 =
o
C:

E1 = 2
5

=2.73 * (77.93 + 2 * 0) / (2 * 225.6 * 1 – 2.73)

= 2 * 225.6 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0)

2.73  

sp

= 2 * ((14.2 – 0) / 0.004011 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 9.981
5

dp < d0:

=min{1.0, 225.6 / 2.382 ·105 } = 0.9473
-3

  

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 +       25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 
+ 0 * (5.49 –  0 –  0) * 0.9473·10-3 )  / (158.2 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 158.2)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 

25.86 / 158.2   + [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 158.2 ]     )) = 0.7259}

= 0.7259

=2 * 2 * (14.2 - 0) * 1 * 2.382·105 / [0.5 * (1.4·103 + 1.4·103 ) + (14.2 - 0) 

* 0.7259] * 0.7259

= 6.963
3

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  



. »

= min{1; [1 + (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 ) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 
+ 2 * (77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.8897} 

= 0.8897

=2 * 2 * (14.2 – 0) * 1 * 2.382·105 * 0.8897 / [1.4 ·103 + (14.2 – 0) * 0.8897] = 8.52
3

3
 ;  6.963

3

6.963
3

2.73  

=0.5 * (85.64 – 56.4) * 0.004011 = 0.5864
-7 2

=25.86 * (5.49 - 0.4742 - 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.9473·10-3 + 141 * (14.2 –0.004011 - 0)
2

Ar = 0.5864
-7 2 2

B1

SA-516 70

14.2 

SA-106B

1:

s:

1:

:



. »

:

: (-

3:

s1:

: 

l = 1

  

= 1

=2 * 700 = 1.4
3

425
o
C

1.087

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

SA-106B 425
o

[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{208.9 / 1.5; 405.7 / 2.4; - / -; - / -}=

425
o
C:

E1 = 1.887
5

=1.087 * (77.93 + 2 * 0) / (2 * 139.3 * 1 – 1.087)

= 2 * 139.3 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0)

1.087  

sp



. »

=(77.93 + 2 * 0) / [1 – (2 * 210 / 1.4 ·103 )2] 

= 2 * ((14.2 – 0) / 2.156 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 1.632
3

dp < d0:

= (1.4·103 * (14.2 – 0))1/2 + (1.4·103 * (14.2 – 0))1/2

= min{ 425; 1.25 * ((77.93 + 2 * 0) * (5.49 – 0))1/2} 

=min{1.0, 139.3 / 176.8} = 0.7878

= min{ 0; 0.5 * ((77.93 + 2 * 0) * (5.49 – 0 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878 +       25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 –

0 –  0) * 0.7878)  / (152.3 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 152.3)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 152.3    +
[(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 152.3 ]     )) = 0.7882} 

= 0.7882

=2 * 2 * (14.2 - 0) * 1 * 176.8 / [0.5 * (1.4 ·103 + 1.4·103 ) + (14.2 - 0) * 
0.7882] * 0.7882

= 5.608 

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2



. »

  

= min{1; [1 + (25.86 * (5.49 – 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.7878) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 + 2 * 
(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.9393}

= 0.9393

=2 * 2 * (14.2 – 0) * 1 * 176.8 * 0.9393 / [1.4 ·103 + (14.2 – 0) * 0.9393]

  

1.087  

=0.5 * (85.64 – 56.4) * 2.156 = 0.3152
-4 2

=25.86 * (5.49 - 0.3054 - 0) * 0.7878 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.7878 + 141 * (14.2 –2.156 - 0)
2

Ar = 0.3152
-4 2 2

  

20
o
C

2.73

-
o
C

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

SA-106B
o

[ ]
20

1= * Re/20/ nT = 1 * 248.2 / 1.1 =
o
C:

E1 = 2
5

=2.73 * (77.93 + 2 * 0) / (2 * 225.6 * 1 – 2.73)

= 2 * 225.6 * 1 * (5.49 - 0) / (77.93 + 5.49 + 0)

2.73  

sp

= 2 * ((14.2 – 0) / 0.004011 – 0.8) * (1.4·103 * (14.2 – 0))1/2 = 9.981
5

dp < d0:



. »

=min{1.0, 225.6 / 2.382 ·105 } = 0.9473
-3

  

K3 = 1

  

= min{1; (1 + [ (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 +       25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 
+ 0 * (5.49 –  0 –  0) * 0.9473·10-3 )  / (152.3 * (14.2 - 0))]) / (  1 * (0.8 + (85.64 + 85.64) / (2 * 152.3)  + 2 * [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 

25.86 / 152.3    + [(77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 152.3 ]     )) = 0.7144} 

= 0.7144

=2 * 2 * (14.2 - 0) * 1 * 2.382·105 / [0.5 * (1.4·103 + 1.4·103 ) + (14.2 - 0) 

* 0.7144] * 0.7144

= 6.854
3

= (1.4·103 * (14.2 – 0))1/2

  

= 0.4 * (1.4·103 * (14.2 – 0))1/2

  

= min{1; [1 + (25.86 * (5.49 – 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 – 0 – 0) * 0.9473·10-3 ) / (141 * (14.2 – 0))] / [1 + 0.5 * (85.64 – 56.4) / 141 

+ 2 * (77.93 + 2*0) / 1.4 ·103 * 1 / 1 * 25.86 / 141] = 0.8897} 

= 0.8897

=2 * 2 * (14.2 – 0) * 1 * 2.382·105 * 0.8897 / [1.4 ·103 + (14.2 – 0) * 0.8897] = 8.52
3

3
 ;  6.854

3

6.854
3

2.73  

=0.5 * (85.64 – 56.4) * 0.004011 = 0.5864
-7 2

=25.86 * (5.49 - 0.4742 - 0) * 0.9473·10-3 + 0 * 0 * 0 + 0 * (5.49 - 0 - 0) * 0.9473·10-3 + 141 * (14.2 –0.004011 - 0)
2

Ar = 0.5864
-7 2 2

H



. »

SA-516 70

10

SA-266-2

d:

1:

s:

1:

: 2.625
3

: 

3: 0

s1:

SA-266-2

2:

2:

:

1:

2: 

:

l = 1

  

= 1



. »

425
o
C

p: 1.059

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

SA-266-2 425
o

[ ]1= 

425
o
C:

E1 = 1.788
5

SA-266-2 425
o

[ ]2=

425
o
C:

E2 = 1.788
5

=1.059 * (457.2 + 2 * 3) / (2 * 134 * 1 – 1.059)

= 2 * 134 * 1 * (10 - 3) / (457.2 + 10 + 3)

1.059  

sp

=457.2 + 2 * 3

= 2 * ((10 – 3) / 2.103 – 0.8) * (700 * (10 – 3))1/2

= (700 * (10 – 3))1/2 + (700 * (10 – 3))1/2



. »

= min{ 130; 1.25 * ((457.2 + 2 * 3) * (10 – 3))1/2} 

=min{1.0, 134 / 176.8} = 0.758

= min{101.4; (700 * (10 + 10 – 3))1/2} 

=min{1.0, 134 / 176.8 } = 0.758

= min{ 0; 0.5 * ((457.2 + 2 * 3) * (10 – 3 – 0))1/2} 

= (700 * (10 – 3))1/2

  

= 0.4 * (700 * (10 – 3))1/2

  

= min{1; [1 + (71.18 * (10 – 3) * 0.758 + 101.4 * 10 * 0.758 + 0 * (10 – 3 – 0) * 0.758) / (70 * (10 – 3))] / [1 + 0.5 * (463.2 – 28) / 70 + 1 * 
(457.2 + 2*3) / 700 * 1 / 1 * 71.18 / 70] = 0.6984}

= 0.6984

=2 * 1 * (10 – 3) * 1 * 176.8 * 0.6984 / [700 + (10 – 3) * 0.6984]

  

1.059  

=0.5 * (463.2 – 28) * 2.103 = 0.4576
-3 2

=71.18 * (10 - 1.838 - 3) * 0.758 + 101.4 * 10 * 0.758 + 0 * (10 - 3 - 0) * 0.758 + 70 * (10 –2.103 - 3)
2

Ar = 0.4576
-3 2 2

  

20
o
C

2.696



. »

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

SA-266-2 
o

[ ]
20

1= * Re/20/ nT = 1 * 220 / 1.1 =
o
C:

E1 = 1.99
5

SA-266-2 
o

[ ]
20

2= * Re/20/ nT = 1 * 220 / 1.1 =
o
C:

E2 = 1.99
5

=2.696 * (457.2 + 2 * 3) / (2 * 200 * 1 – 2.696)

  
= 2 * 200 * 1 * (10 - 3) / (457.2 + 10 + 3)

2.696  

sp

= 2 * ((10 – 3) / 0.003961 – 0.8) * (700 * (10 – 3))1/2 = 2.473
5

dp < d0:

=min{1.0, 200 / 2.382 ·105 } = 0.8397
-3

  

=min{1.0, 200 / 2.382 ·105 } = 0.8397
-3

  

= (700 * (10 – 3))1/2

  = 70

= 0.4 * (700 * (10 – 3))1/2

  

= min{1; [1 + (71.18 * (10 – 3) * 0.8397·10-3 + 101.4 * 10 * 0.8397 ·10-3 + 0 * (10 – 3 – 0) * 0.8397·10-3 ) / (70 * (10 – 3))] / [1 + 0.5 * (463.2 –
28) / 70 + 1 * (457.2 + 2*3) / 700 * 1 / 1 * 71.18 / 70] = 0.2097} 

= 0.2097



. »

=2 * 1 * (10 – 3) * 1 * 2.382·105 * 0.2097 / [700 + (10 – 3) * 0.2097]

  

2.696  

=0.5 * (463.2 – 28) * 0.003961 = 0.862
-6 2

=71.18 * (10 - 3.143 - 3) * 0.8397·10-3 + 101.4 * 10 * 0.8397 ·10-3 + 0 * (10 - 3 - 0) * 0.8397·10-3 + 70 * (10 –0.003961 - 3)

= 0.4908
-3 2

Ar = 0.862
-6 2

0.4908
-3 2

C

SA-516 70

10

SA-105

1:

s:

1:

: 1.475
3

: 

3:

s1:

SA-516 70

2:

2:

:

1: 

2:



. »

:

l = 1

  

= 1

425
o
C

1.068

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

- 425
o

[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{203.3 / 1.5; 452.1 / 2.4; - / -; - / -}=

425
o
C:

E1 = 1.879
5

- 425
o

[ ]2= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E2 = 1.887
5

=1.068 * (152.4 + 2 * 3) / (2 * 135.5 * 1 – 1.068)

= 2 * 135.5 * 1 * (26.92 - 3) / (152.4 + 26.92 + 3)

1.068  

sp



. »

=152.4 + 2 * 3

= 2 * ((10 – 3) / 2.122 – 0.8) * (700 * (10 – 3))1/2

dp < d0:

= (700 * (10 – 3))1/2 + (700 * (10 – 3))1/2

= min{ 240; 1.25 * ((152.4 + 2 * 3) * (26.92 – 3))1/2} 

=min{1.0, 135.5 / 176.8} = 0.7667

= min{46.88; (700 * (10 + 10 – 3))1/2} 

=min{1.0, 176.8 / 176.8 } = 1

= min{ 0; 0.5 * ((152.4 + 2 * 3) * (26.92 – 3 – 0))1/2} 

= (700 * (10 – 3))1/2

  

= 0.4 * (700 * (10 – 3))1/2

  

= min{1; [1 + (76.94 * (26.92 – 3) * 0.7667 + 46.88 * 10 * 1 + 0 * (26.92 – 3 – 0) * 0.7667) / (70 * (10 – 3))] / [1 + 0.5 * (158.4 – 28) / 70 + 1 * 

(152.4 + 2*3) / 700 * 1 / 1 * 76.94 / 70] = 2.218} 

= 1

=2 * 1 * (10 – 3) * 1 * 176.8 * 1 / [700 + (10 – 3) * 1]

  



. »

1.068  

=0.5 * (158.4 – 28) * 2.122 = 0.1383
-3 2

=76.94 * (26.92 - 0.6268 - 3) * 0.7667 + 46.88 * 10 * 1 + 0 * (26.92 - 3 - 0) * 0.7667 + 70 * (10 –2.122 - 3)
2

Ar = 0.1383
-3 2 2

  

20
o
C

2.707

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

-
o

[ ]
20

1= * Re/20/ nT = 1 * 248 / 1.1 =
o
C:

E1 = 2
5

-
o

[ ]
20

2= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E2 = 2
5

=2.707 * (152.4 + 2 * 3) / (2 * 225.5 * 1 – 2.707)

= 2 * 225.5 * 1 * (26.92 - 3) / (152.4 + 26.92 + 3)

2.707  

sp

= 2 * ((10 – 3) / 0.003978 – 0.8) * (700 * (10 – 3))1/2 = 2.462
5

dp < d0:

=min{1.0, 225.5 / 2.382 ·105 } = 0.9466
-3

  



. »

=min{1.0, 2.382·105 / 2.382·105 } = 1

= (700 * (10 – 3))1/2

  

= 0.4 * (700 * (10 – 3))1/2

  

= min{1; [1 + (76.94 * (26.92 – 3) * 0.9466·10-3 + 46.88 * 10 * 1 + 0 * (26.92 – 3 – 0) * 0.9466·10-3 ) / (70 * (10 – 3))] / [1 + 0.5 * (158.4 – 28) / 

70 + 1 * (152.4 + 2*3) / 700 * 1 / 1 * 76.94 / 70] = 0.8992}

= 0.8992

=2 * 1 * (10 – 3) * 1 * 2.382·105 * 0.8992 / [700 + (10 – 3) * 0.8992] = 4.245
3

  4.245
3

4.245
3

2.707  

=0.5 * (158.4 – 28) * 0.003978 = 0.2594
-6 2

=76.94 * (26.92 - 0.9567 - 3) * 0.9466·10-3 + 46.88 * 10 * 1 + 0 * (26.92 - 3 - 0) * 0.9466·10-3 + 70 * (10 –0.003978 - 3)

= 0.9602
-3 2

Ar = 0.2594
-6 2

0.9602
-3 2

D

SA-516 70

10

SA-266-2

1:

s:



. »

1:

: 2.825
3

:

3:

s1:

SA-266-2

2:

2:

:

1:

2: 

:

l = 1

  

= 1

425
o
C

1.057

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

SA-266-2 425
o

[ ]1=

425
o
C:



. »

E1 = 1.788
5

SA-266-2 425
o

[ ]2=

425
o
C:

E2 = 1.788
5

=1.057 * (146.3 + 2 * 3) / (2 * 134 * 1 – 1.057)

= 2 * 134 * 1 * (10.97 - 3) / (146.3 + 10.97 + 3)

1.057  

sp

=146.3 + 2 * 3

= 2 * ((10 – 3) / 2.1 – 0.8) * (700 * (10 – 3))1/2

dp < d0:

= (700 * (10 – 3))1/2 + (700 * (10 – 3))1/2

= min{ 141; 1.25 * ((146.3 + 2 * 3) * (10.97 – 3))1/2} 

=min{1.0, 134 / 176.8} = 0.758

= min{65.86; (700 * (10 + 10 – 3))1/2} 

=min{1.0, 134 / 176.8 } = 0.758

= min{ 0; 0.5 * ((146.3 + 2 * 3) * (10.97 – 3 – 0))1/2} 



. »

= (700 * (10 – 3))1/2

  

= 0.4 * (700 * (10 – 3))1/2 = 28 

  

= min{1; [1 + (43.55 * (10.97 – 3) * 0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 – 3 – 0) * 0.758) / (70 * (10 – 3))] / [1 + 0.5 * (152.3 – 28) / 70 + 1 * 

(146.3 + 2*3) / 700 * 1 / 1 * 43.55 / 70] = 1.263}

= 1

=2 * 1 * (10 – 3) * 1 * 176.8 * 1 / [700 + (10 – 3) * 1]

  

1.057  

=0.5 * (152.3 – 28) * 2.1 = 0.1305
-3 2

=43.55 * (10.97 - 0.6034 - 3) * 0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 - 3 - 0) * 0.758 + 70 * (10 –2.1 - 3)
2

Ar = 0.1305
-3 2 2

  

20
o
C

2.694

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

SA-266-2 
o

[ ]
20

1= * Re/20/ nT = 1 * 220 / 1.1 =
o
C:

E1 = 1.99
5

SA-266-2 
o

[ ]
20

2= * Re/20/ nT = 1 * 220 / 1.1 =
o
C:

E2 = 1.99
5



. »

=2.694 * (146.3 + 2 * 3) / (2 * 200 * 1 – 2.694)

  
= 2 * 200 * 1 * (10.97 - 3) / (146.3 + 10.97 + 3)

2.694  

sp

= 2 * ((10 – 3) / 0.003959 – 0.8) * (700 * (10 – 3))1/2 = 2.474
5

dp < d0:

=min{1.0, 200 / 2.382 ·105 } = 0.8397
-3

  

=min{1.0, 200 / 2.382 ·105 } = 0.8397
-3

  

= (700 * (10 – 3))1/2

  

= 0.4 * (700 * (10 – 3))1/2

  

= min{1; [1 + (43.55 * (10.97 – 3) * 0.8397·10-3 + 65.86 * 10 * 0.8397 ·10-3 + 0 * (10.97 – 3 – 0) * 0.8397·10-3 ) / (70 * (10 – 3))] / [1 + 0.5 * 

(152.3 – 28) / 70 + 1 * (146.3 + 2*3) / 700 * 1 / 1 * 43.55 / 70] = 0.4951}

= 0.4951

=2 * 1 * (10 – 3) * 1 * 2.382·105 * 0.4951 / [700 + (10 – 3) * 0.4951] = 2.347
3

  2.347
3

2.347
3

2.694  

=0.5 * (152.3 – 28) * 0.003959 = 0.2461
-6 2

=43.55 * (10.97 - 1.033 - 3) * 0.8397·10-3 + 65.86 * 10 * 0.8397 ·10-3 + 0 * (10.97 - 3 - 0) * 0.8397·10-3 + 70 * (10 –0.003959 - 3)

= 0.4905
-3 2

Ar = 0.2461
-6 2

0.4905
-3 2



. »

E

SA-516 70

8.5 

SA-105

1:

s:

1:

:

:

: (-

3:

s1:

:



. »

l = 1

  

= 1

=7002 / (2 * 175) * (1 – 4 * (7002 – 4*1752) * 2702 / 7004)1/2 = 1.042
3

425
o
C

1.052

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

- 425
o

[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{203.3 / 1.5; 452.1 / 2.4; - / -; - / -}=

425
o
C:

E1 = 1.879
5

=1.052 * (50.8 + 2 * 3) / (2 * 135.5 * 1 – 1.052)

  
= 2 * 135.5 * 1 * (16.64 - 3) / (50.8 + 16.64 + 3) =52.49 

1.052  

sp

=(50.8 + 2 * 3) / [1 – (2 * 270 / 1.042 ·103 )2]1/2

= 2 * ((8.5 – 3) / 2.087 – 0.8) * (1.042·103 * (8.5 – 3))1/2

dp < d0:



. »

= (1.042·103 * (8.5 – 3))1/2 + (1.4·103 * (8.5 – 3))1/2

= min{ 254.4; 1.25 * ((50.8 + 2 * 3) * (16.64 – 3))1/2} 

=min{1.0, 135.5 / 176.8} = 0.7667

= min{ 0; 0.5 * ((50.8 + 2 * 3) * (16.64 – 3 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (34.79 * (16.64 – 3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.7667 +       43.55 * (10.97 – 3) * 0.758 + 65.86 * 10 * 0.758 + 
0 * (10.97 –  3 –  0) * 0.758)  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (66.42 + 152.3) / (2 * 161.3)  + 2 * [(50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 

161.3    + [(146.3 + 2*3) / 1.4 ·103 * 1 / 1 * 43.55 / 161.3 ]     )) = 1.454} 

= 1

=2 * 2 * (8.5 - 3) * 1 * 176.8 / [0.5 * (1.042 ·103 + 1.4·103 ) + (8.5 - 3) * 1] * 
1 

= 3.171 

= (1.042·103 * (8.5 – 3))1/2

  

= 0.4 * (1.042·103 * (8.5 – 3))1/2

  

= min{1; [1 + (34.79 * (16.64 – 3) * 0.7667 + 0 * 10 * 0 + 0 * (16.64 – 3 – 0) * 0.7667) / (75.69 * (8.5 – 3))] / [1 + 0.5 * (66.42 – 30.28) / 75.69 + 

2 * (50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 75.69] = 1.454} 

= 1



. »

=2 * 2 * (8.5 – 3) * 1 * 176.8 * 1 / [1.042 ·103 + (8.5 – 3) * 1]

  

1.052  

=0.5 * (66.42 – 30.28) * 2.087 = 0.3771
-4 2

=34.79 * (16.64 - 0.2214 - 3) * 0.7667 + 0 * 10 * 0 + 0 * (16.64 - 3 - 0) * 0.7667 + 75.69 * (8.5 –2.087 - 3)

= 0.6163
-3 2

Ar = 0.3771
-4 2

0.6163
-3 2

  

20
o
C

2.688

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

-
o

[ ]
20

1= * Re/20/ nT = 1 * 248 / 1.1 =
o
C:

E1 = 2
5

=2.688 * (50.8 + 2 * 3) / (2 * 225.5 * 1 – 2.688)

  
= 2 * 225.5 * 1 * (16.64 - 3) / (50.8 + 16.64 + 3)

2.688  

sp

= 2 * ((8.5 – 3) / 0.00395 – 0.8) * (1.042·103 * (8.5 – 3))1/2 = 2.107
5

dp < d0:

=min{1.0, 225.5 / 2.382 ·105 } = 0.9466
-3

  

K3 = 1

  



. »

= min{1; (1 + [ (34.79 * (16.64 – 3) * 0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.9466·10-3 +       43.55 * (10.97 – 3) * 0.8397·10-3 + 65.86 
* 10 * 0.8397·10-3 + 0 * (10.97 –  3 –  0) * 0.8397·10-3 )  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (66.42 + 152.3) / (2 * 161.3)  + 2 * [(50.8 + 2*3) /

1.042·103 * 1 / 1 * 34.79 / 161.3    + [(146.3 + 2*3) / 1.4 ·103 * 1 / 1 * 43.55 / 161.3 ]     )) = 0.6418} 

= 0.6418

=2 * 2 * (8.5 - 3) * 1 * 2.382·105 / [0.5 * (1.042 ·103 + 1.4·103 ) + (8.5 - 3) 

* 0.6418] * 0.6418

= 2.747
3

= (1.042·103 * (8.5 – 3))1/2

  

= 0.4 * (1.042·103 * (8.5 – 3))1/2

  

= min{1; [1 + (34.79 * (16.64 – 3) * 0.9466·10-3 + 0 * 10 * 0 + 0 * (10.97 – 3 – 0) * 0.9466·10-3 ) / (75.69 * (8.5 – 3))] / [1 + 0.5 * (66.42 – 30.28) 

/ 75.69 + 2 * (50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 75.69] = 0.7767}

= 0.7767

=2 * 2 * (8.5 – 3) * 1 * 2.382 ·105 * 0.7767 / [1.042 ·103 + (8.5 – 3) * 0.7767] = 3.891
3

3
 ;  2.747

3

2.747
3

2.688  

=0.5 * (66.42 – 30.28) * 0.00395 = 0.7138
-7 2

=34.79 * (16.64 - 0.3406 - 3) * 0.9466·10-3 + 0 * 10 * 0 + 0 * (10.97 - 3 - 0) * 0.9466·10-3 + 75.69 * (8.5 –0.00395 - 3)

= 0.4165
-3 2

Ar = 0.7138
-7 2

0.4165
-3 2

P



. »

SA-516 70

8.5 

SA-105

1:

s:

1:

:

:

: (-

3:

s1:

:

l = 1

  

= 1

=7002 / (2 * 175) * (1 – 4 * (7002 – 4*1752) * 2702 / 7004)1/2 = 1.042
3



. »

425
o
C

1.052

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

- 425
o

[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{203.3 / 1.5; 452.1 / 2.4; - / -; - / -}=

425
o
C:

E1 = 1.879
5

=1.052 * (50.8 + 2 * 3) / (2 * 135.5 * 1 – 1.052)

= 2 * 135.5 * 1 * (16.64 - 3) / (50.8 + 16.64 + 3)

1.052  

sp

=(50.8 + 2 * 3) / [1 – (2 * 270 / 1.042 ·103 )2]1/2

= 2 * ((8.5 – 3) / 2.087 – 0.8) * (1.042·103 * (8.5 – 3))1/2

dp < d0:

= (1.042·103 * (8.5 – 3))1/2 + (1.4·103 * (8.5 – 3))1/2

= min{ 254.4; 1.25 * ((50.8 + 2 * 3) * (16.64 – 3))1/2} 



. »

=min{1.0, 135.5 / 176.8} = 0.7667

= min{ 0; 0.5 * ((50.8 + 2 * 3) * (16.64 – 3 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (34.79 * (16.64 – 3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.7667 +       43.55 * (10.97 – 3) * 0.758 + 65.86 * 10 * 0.758 + 

0 * (10.97 –  3 –  0) * 0.758)  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (66.42 + 152.3) / (2 * 161.3)  + 2 * [(50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 

161.3   + [(146.3 + 2*3) / 1.4·103 * 1 / 1 * 43.55 / 161.3 ]     )) = 1.454}

= 1

=2 * 2 * (8.5 - 3) * 1 * 176.8 / [0.5 * (1.042 ·103 + 1.4·103 ) + (8.5 - 3) * 1] * 

1 

= 3.171 

= (1.042·103 * (8.5 – 3))1/2

  

= 0.4 * (1.042·103 * (8.5 – 3))1/2

  

= min{1; [1 + (34.79 * (16.64 – 3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.7667) / (75.69 * (8.5 – 3))] / [1 + 0.5 * (66.42 – 30.28) / 75.69 + 2 

* (50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 75.69] = 1.454}

= 1

=2 * 2 * (8.5 – 3) * 1 * 176.8 * 1 / [1.042 ·103 + (8.5 – 3) * 1]

  

1.052  

=0.5 * (66.42 – 30.28) * 2.087 = 0.3771
-4 2

=34.79 * (16.64 - 0.2214 - 3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 - 3 - 0) * 0.7667 + 75.69 * (8.5 –2.087 - 3)

= 0.6163
-3 2

Ar = 0.3771
-4 2

0.6163
-3 2

  

20
o
C

2.688



. »

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

-
o

[ ]
20

1= * Re/20/ nT = 1 * 248 / 1.1 =
o
C:

E1 = 2
5

=2.688 * (50.8 + 2 * 3) / (2 * 225.5 * 1 – 2.688)

= 2 * 225.5 * 1 * (16.64 - 3) / (50.8 + 16.64 + 3)

2.688  

sp

= 2 * ((8.5 – 3) / 0.00395 – 0.8) * (1.042·103 * (8.5 – 3))1/2 = 2.107
5

dp < d0:

=min{1.0, 225.5 / 2.382 ·105 } = 0.9466
-3

  

K3 = 1

  

= min{1; (1 + [ (34.79 * (16.64 – 3) * 0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.9466·10-3 +       43.55 * (10.97 – 3) * 0.8397·10-3 + 65.86 
* 10 * 0.8397·10-3 + 0 * (10.97 –  3 –  0) * 0.8397·10-3 )  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (66.42 + 152.3) / (2 * 161.3)  + 2 * [(50.8 + 2*3) / 

1.042·103 * 1 / 1 * 34.79 / 161.3   + [(146.3 + 2*3) / 1.4 ·103 * 1 / 1 * 43.55 / 161.3 ]     )) = 0.6418}

= 0.6418

=2 * 2 * (8.5 - 3) * 1 * 2.382·105 / [0.5 * (1.042 ·103 + 1.4·103 ) + (8.5 - 3) 

* 0.6418] * 0.6418

= 2.747
3

= (1.042·103 * (8.5 – 3))1/2

  

= 0.4 * (1.042·103 * (8.5 – 3))1/2

  



. »

= min{1; [1 + (34.79 * (16.64 – 3) * 0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.9466·10-3 ) / (75.69 * (8.5 – 3))] / [1 + 0.5 * (66.42 – 30.28) / 
75.69 + 2 * (50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 75.69] = 0.7767} 

= 0.7767

=2 * 2 * (8.5 – 3) * 1 * 2.382 ·105 * 0.7767 / [1.042 ·103 + (8.5 – 3) * 0.7767] = 3.891
3

3
 ;  2.747

3

2.747
3

2.688  

=0.5 * (66.42 – 30.28) * 0.00395 = 0.7138
-7 2

=34.79 * (16.64 - 0.3406 - 3) * 0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 - 3 - 0) * 0.9466·10-3 + 75.69 * (8.5 –0.00395 - 3)

= 0.4165
-3 2

Ar = 0.7138
-7 2

0.4165
-3 2

F

SA-516 70

8.5 

SA-105

1:

s:

1:

:



. »

:

: (-

3:

s1:

: 

l = 1

  

= 1

=7002 / (2 * 175) * (1 – 4 * (7002 – 4*1752) * 2702 / 7004)1/2 = 1.042
3

425
o
C

1.052

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

- 425
o

[ ]1= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{203.3 / 1.5; 452.1 / 2.4; - / -; - / -}=

425
o
C:

E1 = 1.879
5

=1.052 * (50.8 + 2 * 3) / (2 * 135.5 * 1 – 1.052)

= 2 * 135.5 * 1 * (16.64 - 3) / (50.8 + 16.64 + 3)

1.052  



. »

sp

=(50.8 + 2 * 3) / [1 – (2 * 270 / 1.042 ·103 )2]1/2

= 2 * ((8.5 – 3) / 2.087 – 0.8) * (1.042·103 * (8.5 – 3))1/2

dp < d0:

= (1.042·103 * (8.5 – 3))1/2 + (1.4·103 * (8.5 – 3))1/2

= min{ 254.4; 1.25 * ((50.8 + 2 * 3) * (16.64 – 3))1/2} 

=min{1.0, 135.5 / 176.8} = 0.7667

= min{ 0; 0.5 * ((50.8 + 2 * 3) * (16.64 – 3 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (34.79 * (16.64 – 3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.7667 +       43.55 * (10.97 – 3) * 0.758 + 65.86 * 10 * 0.758 + 
0 * (10.97 –  3 –  0) * 0.758)  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (66.42 + 152.3) / (2 * 161.3)  + 2 * [(50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 

161.3   + [(146.3 + 2*3) / 1.4·103 * 1 / 1 * 43.55 / 161.3 ]     )) = 1.454}

= 1

=2 * 2 * (8.5 - 3) * 1 * 176.8 / [0.5 * (1.042 ·103 + 1.4·103 ) + (8.5 - 3) * 1] * 

1 

= 3.171 

= (1.042·103 * (8.5 – 3))1/2

  

= 0.4 * (1.042·103 * (8.5 – 3))1/2



. »

  

= min{1; [1 + (34.79 * (16.64 – 3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.7667) / (75.69 * (8.5 – 3))] / [1 + 0.5 * (66.42 – 30.28) / 75.69 + 2 
* (50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 75.69] = 1.454}

= 1

=2 * 2 * (8.5 – 3) * 1 * 176.8 * 1 / [1.042 ·103 + (8.5 – 3) * 1]

  

1.052  

=0.5 * (66.42 – 30.28) * 2.087 = 0.3771
-4 2

=34.79 * (16.64 - 0.2214 - 3) * 0.7667 + 0 * 0 * 0 + 0 * (16.64 - 3 - 0) * 0.7667 + 75.69 * (8.5 –2.087 - 3)

= 0.6163
-3 2

Ar = 0.3771
-4 2

0.6163
-3 2

  

20
o
C

2.688

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

-
o

[ ]
20

1= * Re/20/ nT = 1 * 248 / 1.1 =
o
C:

E1 = 2
5

=2.688 * (50.8 + 2 * 3) / (2 * 225.5 * 1 – 2.688)

= 2 * 225.5 * 1 * (16.64 - 3) / (50.8 + 16.64 + 3)

2.688  

sp

= 2 * ((8.5 – 3) / 0.00395 – 0.8) * (1.042·103 * (8.5 – 3))1/2 = 2.107
5

dp < d0:



. »

=min{1.0, 225.5 / 2.382 ·105 } = 0.9466
-3

  

K3 = 1

  

= min{1; (1 + [ (34.79 * (16.64 – 3) * 0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.9466·10-3 +       43.55 * (10.97 – 3) * 0.8397·10-3 + 65.86 

* 10 * 0.8397·10-3 + 0 * (10.97 –  3 –  0) * 0.8397·10-3 )  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (66.42 + 152.3) / (2 * 161.3)  + 2 * [(50.8 + 2*3) / 

1.042·103 * 1 / 1 * 34.79 / 161.3   + [(146.3 + 2*3) / 1.4 ·103 * 1 / 1 * 43.55 / 161.3 ]     )) = 0.6418}

= 0.6418

=2 * 2 * (8.5 - 3) * 1 * 2.382·105 / [0.5 * (1.042 ·103 + 1.4·103 ) + (8.5 - 3) 

* 0.6418] * 0.6418

= 2.747
3

= (1.042·103 * (8.5 – 3))1/2

  

= 0.4 * (1.042·103 * (8.5 – 3))1/2

  

= min{1; [1 + (34.79 * (16.64 – 3) * 0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 – 3 – 0) * 0.9466·10-3 ) / (75.69 * (8.5 – 3))] / [1 + 0.5 * (66.42 – 30.28) / 

75.69 + 2 * (50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 75.69] = 0.7767}

= 0.7767

=2 * 2 * (8.5 – 3) * 1 * 2.382 ·105 * 0.7767 / [1.042 ·103 + (8.5 – 3) * 0.7767] = 3.891
3

3
 ;  2.747

3

2.747
3

2.688  

=0.5 * (66.42 – 30.28) * 0.00395 = 0.7138
-7 2

=34.79 * (16.64 - 0.3406 - 3) * 0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 - 3 - 0) * 0.9466·10-3 + 75.69 * (8.5 –0.00395 - 3)

= 0.4165
-3 2

Ar = 0.7138
-7 2

0.4165
-3 2

G



. »

SA-516 70

8.5 

SA-266-2

1:

s:

1:

:

:

3:

s1:

SA-266-2

2:

2:

:

1:

2:

l = 1

  

= 1



. »

=7002 / (2 * 175) * (1 – 4 * (7002 – 4*1752) * 02 / 7004)1/2 = 1.4
3

425
o
C

1.052

- 425
o

[ ]= *min( Re/t/nT; Rm/t/nB; Rm/10n/t / n ; Rp1,0/10n/t / n ) = 1*min{1.831·104 / 1.5; 424.3 / 2.4; - / -; - / -}=

425
o
C:

E = 1.887
5

SA-266-2 425
o

[ ]1= 

425
o
C:

E1 = 1.788
5

SA-266-2 425
o

[ ]2=

425
o
C:

E2 = 1.788
5

=1.052 * (146.3 + 2 * 3) / (2 * 134 * 1 – 1.052)

= 2 * 134 * 1 * (10.97 - 3) / (146.3 + 10.97 + 3) =13.32 

1.052  

sp

=146.3 + 2 * 3 =

= 2 * ((8.5 – 3) / 2.086 – 0.8) * (1.4·103 * (8.5 – 3))1/2

dp < d0:



. »

= (1.4·103 * (8.5 – 3))1/2 + (1.042·103 * (8.5 – 3))1/2

= min{ 224; 1.25 * ((146.3 + 2 * 3) * (10.97 – 3))1/2} 

=min{1.0, 134 / 176.8} = 0.758

= min{65.86; (1.4·103 * (10 + 8.5 – 3))1/2} 

=min{1.0, 134 / 176.8 } = 0.758

= min{ 0; 0.5 * ((146.3 + 2 * 3) * (10.97 – 3 – 0))1/2} 

K3 = 1

  

= min{1; (1 + [ (43.55 * (10.97 – 3) * 0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 – 3 – 0) * 0.758 +       34.79 * (16.64 – 3) * 0.7667 + 0 * 0 * 0 + 0 

* (16.64 –  3 –  0) * 0.7667)  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (152.3 + 66.42) / (2 * 161.3)  +   2 * [(146.3 + 2*3) / 1.4·103 * 1 / 1 * 43.55 / 

161.3   + [(50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 161.3 ]     )) = 1.454}

= 1

=2 * 2 * (8.5 - 3) * 1 * 176.8 / [0.5 * (1.4 ·103 + 1.042·103 ) + (8.5 - 3) * 1] * 

1 

= 3.171 

= (1.4·103 * (8.5 – 3))1/2

  

= 0.4 * (1.4·103 * (8.5 – 3))1/2

  

= min{1; [1 + (43.55 * (10.97 – 3) * 0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 – 3 – 0) * 0.758) / (87.75 * (8.5 – 3))] / [1 + 0.5 * (152.3 – 35.1) / 
87.75 + 2 * (146.3 + 2*3) / 1.4 ·103 * 1 / 1 * 43.55 / 87.75] = 1.452}

= 1

=2 * 2 * (8.5 – 3) * 1 * 176.8 * 1 / [1.4 ·103 + (8.5 – 3) * 1]

  

1.052  



. »

=0.5 * (152.3 – 35.1) * 2.086 = 0.1425
-3 2

=43.55 * (10.97 - 0.6002 - 3) * 0.758 + 65.86 * 10 * 0.758 + 0 * (10.97 - 3 - 0) * 0.758 + 87.75 * (8.5 –2.086 - 3)
2

Ar = 0.1425
-3 2 2

    

20
o
C

2.687

-
o

[ ]
20

= * Re/20/ nT = 1 * 2.62·105 / 1.1 = 2.382
5

o
C:

E = 2
5

SA-266-2 
o
C

[ ]
20

1= * Re/20/ nT = 1 * 220 / 1.1 =
o
C:

E1 = 1.99
5

SA-266-2 
o

[ ]
20

2= * Re/20/ nT = 1 * 220 / 1.1 =
o
C:

E2 = 1.99
5

=2.687 * (146.3 + 2 * 3) / (2 * 200 * 1 – 2.687)

  
= 2 * 200 * 1 * (10.97 - 3) / (146.3 + 10.97 + 3)

2.687  

sp

= 2 * ((8.5 – 3) / 0.003949 – 0.8) * (1.4·103 * (8.5 – 3))1/2 = 2.443
5

dp < d0:

=min{1.0, 200 / 2.382 ·105 } = 0.8397
-3

  



. »

=min{1.0, 200 / 2.382 ·105 } = 0.8397
-3

  

K3 = 1

  

= min{1; (1 + [ (43.55 * (10.97 – 3) * 0.8397·10-3 + 65.86 * 10 * 0.8397 ·10-3 + 0 * (10.97 – 3 – 0) * 0.8397·10-3 +       34.79 * (16.64 – 3) * 

0.9466·10-3 + 0 * 0 * 0 + 0 * (16.64 –  3 –  0) * 0.9466·10-3 )  / (161.3 * (8.5 - 3))]) / (  1 * (0.8 + (152.3 + 66.42) / (2 * 161.3)  + 2 * [(146.3 + 

2*3) / 1.4·103 * 1 / 1 * 43.55 / 161.3   + [(50.8 + 2*3) / 1.042 ·103 * 1 / 1 * 34.79 / 161.3 ]     )) = 0.6418}

= 0.6418

=2 * 2 * (8.5 - 3) * 1 * 2.382·105 / [0.5 * (1.4·103 + 1.042·103 ) + (8.5 - 3) 

* 0.6418] * 0.6418

= 2.747
3

= (1.4·103 * (8.5 – 3))1/2

  

= 0.4 * (1.4·103 * (8.5 – 3))1/2

  

= min{1; [1 + (43.55 * (10.97 – 3) * 0.8397·10-3 + 65.86 * 10 * 0.8397 ·10-3 + 0 * (10.97 – 3 – 0) * 0.8397·10-3 ) / (87.75 * (8.5 – 3))] / [1 + 0.5 * 

(152.3 – 35.1) / 87.75 + 2 * (146.3 + 2*3) / 1.4 ·103 * 1 / 1 * 43.55 / 87.75] = 0.5641}

= 0.5641

=2 * 2 * (8.5 – 3) * 1 * 2.382 ·105 * 0.5641 / [1.4 ·103 + (8.5 – 3) * 0.5641] = 2.106
3

[p] = min{ 2.106
3
 ;  2.747

3

2.106
3

2.687  

=0.5 * (152.3 – 35.1) * 0.003949 = 0.2315
-6 2

=43.55 * (10.97 - 1.03 - 3) * 0.8397·10-3 + 65.86 * 10 * 0.8397 ·10-3 + 0 * (10.97 - 3 - 0) * 0.8397·10-3 + 87.75 * (8.5 –0.003949 - 3)

= 0.4831
-3 2

Ar = 0.2315
-6 2

0.4831
-3 2

  



. »

  

1:

2:

3:

o: 1.276
3

4:

1:

1:

1:

1: 

:

2:

3:

2:

= 1

425
o
C

*
, Gi

1 3.009
3

2 33.63

3 33.63

4 93.42

5 63.53

6 63.53

7 1.67
4



. »

9 383.7

10 323.9

11 92.47

12 910.1

13 72.78

14 72.78

15 72.78

16 138.5
*

= 2.206
4

= (2.206·104 + 0) / 2 + 270.9 / (700 + 2 * (239 + 10 + 10)) = 1.125
4
  

– 

= 1.07 * 700 / (2 * (10 – 3))

=  53.51 / (1.25* 176.8 * 1) = 0.2421

= 0.4

= 0.9325

1

= 0.9325 * 1.25 * 176.8 =

= ln (700 / (2 * 10 – 3)) = 3.912

= ln (300 / 700) = (-0.8473)

= ln (350 / 700) = (-0.6931)

8

=min{

exp[(–49.919 – 39.119 * 3.912 – 107.01 * (-0.6931) – 1.693 * 3.9122 – 11.920 * 3.912 * (-0.6931) – 39.276 * (-0.6931)2 +
0.237 * 3.9123 + 1.608 * 3.9122 * (-0.6931) + 2.761 * 3.912 * (-0.6931)2 – 3.854 * (-0.6931)3) * 10–2]exp[(–5.964 – 

11.395 * 3.912 – 18.984 * (-0.8473) – 2.413 * 3.9122 – 7.286 * 3.912 * (-0.8473) – 2.042 * (-0.8473)2 + 0.1322 * 3.9123 +

0.4833 * 3.9122 * (-0.8473) + 0.8469 * 3.912 * (-0.8473)2 + 1.428 * (-0.8473)3) * 10–2] 
= 0.2525

2/b3 = 0.7143):

= 206.1 * 350 * (10 – 3)2 / (0.2525 * (239 + 10)) = 5.621
4

F1 = 1.125
4

[F1] = 5.621
4

20
o
C



. »

*
, Gi

1 3.277
3

2 35.37

3 35.37

4 98.24

5 66.81

6 66.81

7 1.875
4

9 418.2

10 331

11 96.31

12 1.001
3

13 73.61

14 73.61

15 73.61

16 144.6
*

= 2.454
4

= (2.454·104 + 0) / 2 + 286.7 / (700 + 2 * (239 + 10 + 10)) = 1.25
4
  

– 

= 2.709 * 700 / (2 * (10 – 3))

=  135.5 / (1.05* 2.382 ·105 * 1) = 0.5416
-3

  

= 0.4

= 1.17

1

= 1.17 * 1.05 * 2.382·105  = 2.927
5

= ln (700 / (2 * 10 – 3)) = 3.912

= ln (300 / 700) = (-0.8473)

= ln (350 / 700) = (-0.6931)

8

=min{

exp[(–49.919 – 39.119 * 3.912 – 107.01 * (-0.6931) – 1.693 * 3.9122 – 11.920 * 3.912 * (-0.6931) – 39.276 * (-0.6931)2 +

0.237 * 3.9123 + 1.608 * 3.9122 * (-0.6931) + 2.761 * 3.912 * (-0.6931)2 – 3.854 * (-0.6931)3) * 10–2]exp[(–5.964 – 

11.395 * 3.912 – 18.984 * (-0.8473) – 2.413 * 3.9122 – 7.286 * 3.912 * (-0.8473) – 2.042 * (-0.8473)2 + 0.1322 * 3.9123 +
0.4833 * 3.9122 * (-0.8473) + 0.8469 * 3.912 * (-0.8473)2 + 1.428 * (-0.8473)3) * 10–2] 

= 0.2525

2/b3 = 0.7143):

= 2.927·105 * 350 * (10 – 3)2 / (0.2525 * (239 + 10)) = 7.984
7

F1 = 1.25
4

[F1] = 7.984
7
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20.5. U ASME
ASME U-Form





20.6.
Vessel Weld Map






