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Example of Design Report
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Stresses
[Unit: MPa]
Item C oan:i?tdio i Location Code Criterion | Stress Intensity Allowable
Design Stress Intensity 65 142.5
Level A/B Stress Range 360.53" 297
Piping
Level D Stress Intensity 219 220
Design PL 93.89 196.5
Level A’'B P +Pg+P+Q 574.61" 405
P, 200 287
Branch i S i
P +Pg 417 430
Design Longitudinal )
- Condition Hub Stress 104 172.5
Flange Level A/B Stress Range 483.92" 384
Mean Stress 355 506
Level A/B Max. Stress 463 759
Mean Stress 269 506
Stress Intensity 112 700
Flange Level D
Mean Stress 79 700

Note 1) Simplified Elastic-Plastic Analysis according to NB-3228.5 is performed and satisfied.
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Design Factor

ASME BPVC Sec. lll, Class 1;

__ Sec. lll, Class 2 & 3; Sec. VIII, Div.2
Edition or Year Sec. VIII, Div.2
Sec. VI, Div.1 since 2007
prior to 2007

1915

1935

KINS is a Cornerstone for a Safe Korea

WWII

1963

1968

1971

1998

1999 Add

2004

2005 Add

2007

2010

2015
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= General Failure Criteria

Applied Stress
9)

i

= Uni-axial stress response of materials

« Simple : (o44) vs. (Sy or Sy)

vs.

Failure Criteria for General Stress States

Material Resistance
Roat (1.e. Sy Sy)
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= Multi-axial stress states

011042013
01 03, 033 2> |?
031 03, O33

e Various failure criteria has been derived

= Uncertainty in Material Property

« Margin for material property, e.qg.,

SY or ST or 2/3 SY or 1/3 ST

>

Failure Criteria for General Stress States

~J

1 s —
A o
30 mm ) | qu
M A = ]
(7 ry
20 mm
Section a=-a
- i A @
[ ]
o
=
(] Macking
LItimate tensile strength
Fracture strength Fracture
T Wiekd sirengtn
Lo Megking
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l_ Young's modulus = slope
Fracture = siressistrain
gy reform
o sl | plaati
deformalon 1 duformation &
¥ ! Elaslic Plastic smair Strain
' Iran i
- Tetal strain
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Safety Factor (Design Margin)

= Applied stresses under internal pressure

p Hoop Stress
'r
Ohoop — e
p.r = O hoop < Rm at Longitudinal = Stress
Oaxial = ot —
. Fig. 8A- Along, cylindricol pipe is a thin—walled
. Safety Fa Ctor In AS M E B PVC pressure yvessel if the wall is thin with respect to the
radius of the pipe. One can calulate that the hoop
O'T stress is twice as large as the longitudinol stress!
o < —
a —
pp X

X, divisor for tensile strength, is known as “safety factor”
« Safety Factor is not explicitly defined in the Code

o - S ' Val
o7 X35 Design Allowable Stress Value

X

Design Stress Intensity Value
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Allowable Stress vs. Stress Intensity

= Allowable Stress (6|83 4

S

)

Sec. Il, Part D, Table 1A, 1B

NC-3112.4 Design Allowable Stress Values.

(olAllowable strescec for design for materials are
listed in Section 11, Part D, Subpart 1, Tables 14, 1B, and
3, except for vessels designed to the requirements of
NC-3200, for which the design stress intensity values
are listed in Section 11, Part D, Subpart 1, Tables 24, 2B,

and 4. The materials shall not be used at metal and design

NC-3640 PRESSURE DESIGN OF PIPING
PRODUCTS

NC-3641 Straight Pipe

NC-3641.1 Straight Pipe Under Internal Pressure.
The minimum thickness of pipe wall required for Design
Pressures and for temperatures not exceeding those for
the various materials listed in Section 11, Part D, Subpart
1, Tables 1A, 1B, and 3, including allowances for mechan-
ical strength, shall not be less than that determined by eq.
(3) as follows:

£,

- TA 7
fm 2{5 " ij] 3]

_ Pd + 25A + 2yPA .
™o by - P (4

NC-3652 Consideration of Design Conditions

The effects of pressure, weight, and other sustained
mechanical loads must meet the requirements of eq. (8):

S o= Bio o+ Byt 5 155, )
t z

= Stress Intensity (SEHZ )

* Sm
« Sec. Il, Part D, Tables 2A and 2B

NB-3112.4 Design Stress Intensity Values. Design
stress jptensity values for materials are listed in Section
11, Part D, Subpart 1, Tablef 2A, 2B, and 4. The material

NB-3640 PRESSURE DESIGN
NB-3641 Straight Pipe

NB-3641.1 Straight Pipe Under Internal Pressure,
The minimum thickness of a pipe wall required for Design

Pressure shall be determined from one of the following
equations:

m = o — o3 + 4 (1)
" 25, €«
Sm

Pd + 24[5,; + Py]

T — .

NB-3652 Consideration of Design Conditions

The primary stress intensity limit is satisfied if the re-
quirement of eq. (9) is met:

P, o, e :
+ fa=—=M:; = 154 g
7t LT m ]l
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Safety Factor in the Code

= Sec. Il, Mandatory App.1
« "Basis for Establishing Stress Values in Tables 1A and 1B”

.o — i [ST 2
S—Mm/3SY]

= Sec. Il, Mandatory App.2

« "Basis for Establishing Design Stress Intensity Values For Tables 2A
and 2B, and 4, And Allowable Stress Value for Table 3"

° o j S_T 2
S, = Min [E /3Sy]
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Historical Change of Design Margin

Table Table === Table

ZAE 2B - >A, 5B

ASME BPVC Sec. lll, Class 1;
Sec. lll, Class 2 & 3; Sec. VI, Div.2
Edition or Year Sec. VIII, Div.2
Sec. Vi, Div.1 since 2007

prior to 2007

!

\

_—
_—
_—
.

2005 Add

2007

w
(3]
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Sample Problem

= LY U DHIET} 28 6l= SA-106 Hi2F HA| (Class 1 1f 2 Z+2F H| 1)

« Class 2 Hi2F (NC-3652, Consideration of Design Conditions)

Ma
7 <1.5§

« Class 1 Hi2F (NB-3652, Consideration of Design Conditions)

B, PDO

+B;2°M; <1.5S,

2022 KEPIC Week St X[2QtH 7| =) SE Z 12/30



s Table 1A

lowable Stress of SA-106 (1/2)

an _TablelA
Section I;_Section I, Classes 2 and 3;* Section VIII, Division 1; and Section XIl
Maximum Allowable Stress Values S for Ferrous Materials
(*See Maximum Temperature Limits for Restrictions on Class)
Alloy
Line UNS Conditon/ Size/Thickness, Group
No.  Nominal Col Idon Product Form Spec. No. T G No. Temper P-No. No.
1 |tarbon steel Sheet SA-1008 CE-A > s 1 1
2 |carbon steel Sheet SA-1008 C5-8 - 1 1
3 |tarbon steel Har SA-6T5 45 - . 1 1
4 |Carbon steel Wid pipe SA-134 A283A - - 1 1
5 |Carbon steel Plate SA-283 A - - - 1 1
6 |Carbon steel Plate SA-IB5 A KO1700 ... - 1 1
7 |Carbon steel Wid pipe SA-672 A4S KO1700 ... = 1 1
B |Carbon steel Sheet SA-414 A K01501 ... - 1 1
9 |carbon steel Wid tube SA-178 A K01200 .. - 1 1
10 |Carbon steel Wid tube SA-178 A K01200 2 1 i}
11 |Carbon steel Smis. mube SA-179 = K01200 .. - 1 1
12 | Carbon steel Smls. nube - Ko12o01 .. - 1 1
13 | Carbon steel Wid tube K01B07 - 1 1
14 | Carbon steel Smls. tube A2 K01BOT .. - 1 1
15 |Carbon steel Wid tube A2 KO1BOT ... - 1 1
16 |carbon sieel Wid pipe EfA KOZ504 .. i 1 1
17 | carbon steal Wid pipe E/A KO2504 ; 1 1
18 |carbon steel Wid pipe E/A KOZ504 . 1 1
10 |carbon steel Wid pipe F/A 2 ” 1 1
20 |cCarbon steel Smis. pipe S/A K02504 .. 1 1
21 |carbon steel Smils pipe S/A KO2504 .. o 1 1
Iz Jearbon steel Smls. pipe 5A-106 A KO2Z501 .. [
<om DTy r Lyr g T r.y e = T T
24 |Carbon steel Forged pipe SA-369 FPA Ko2501 ... 1 1
25 |carbon steel Wid pipe SA-567 K11500 ... 1 1
26 |Carbon steel Wid pipe SA-587 - K11500 .. 1 1
27 |carbon steel Bar 50 - - 1 1
8 | Carbon stesl Har 50 ” " 1 1
29 |Carbon steel Wid pipe A2Z83B " - 1 1
30 | carbon steel Plate B - . 1 1
31 |Carbon steel Plate SA-285 B Koz200 - 1 1
32 |cCarbon steel Plate SA-285 B K02200 .. - 1 1
33 |Carbon steel Wid pipe SA-6T2 ASD Kozzo0 . 1 1
34 | Carbon steel Sheet SA—414 B Koz201 .. 1 1
35 | Carbon steel Plate SA/EN 10028-3 P2TSNH - Bzts 10 i 1
:36 |Carbon steel Plate SA/EN 10028-2 P235GH - - =2Y, 1 1
37 | Carbon steel Smls ube SAJEN 10216-2 P2ISCH - 1 ces 2 1 1
36 | Carbon sieel Plaie SA/EN 10026-3 P2T5NH i 4=ish 1 1
20 |carbon steel Smls tube SAJEN 10216-2 PZISCH " Fa<ts1% 1 1
40 |cCarbon steel Smils ube SA/EN 10216-2 P235GH - rs s 1 1
41 | Carbon steel Plate SA/EN 10028-3 PITSNH - Y crs4 1 1
42 |Carbon steel Har SA-6T5 55 - - 1 1
43 |Carbon steel Bar SA-675 13 - 1 1
(3
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Section I; Section 111, Classes 2 and 3;* Section VI, Divi

ASME BPVCILD.C-2017

Table 1A

n 1; and Section XIl

Maximum Allowable Stress Values 5 for Ferrous Materials

(*See Maximum Temperature Limits for Restrictions on Class)

Min. Miz. Applicability and Max. Temperature Limits

Tensila Vield (NP = Not Permitted) Bl
Line Swength,  Swength, SPT = Sapparts (ul Pressure
No. ksl kst | jin} VIl-1__ Xl Chart No._ Notes
1 40 20 NP NP 650 NP Cs6 i
2 40 n NP NP 650 NP Co56
1 45 75 NP 650 [CL. 2 only) an0 650 Cs6 G10, GZ2 T10
+ 45 2 NP 300 [CL 3 only) NP NP Cs-1
5 45 24 NP 200 (0L 2 only) 650 650 €51
6 45 2 900 700 200 650 Cs-1
7 45 24 NP 700 NP NE €51 56, W10, W12
8 45 . NP NP 200 650 Cs-1 2
9 47 26 1000 NP NP NP Cs1 51, T2, W13
10 47 26 1000 NP 1000 B50 cs1 G24, 81, T2 Wa
1 47 26 NP NP .00 650 o1
12 a7 % 1000 NP 1000 650 cs-1 3]
13 47 % NP NP 1000 650 51 w6
14 47 26 NP NP 1000 650 €51
15 47 % NP NP 00 650 Cs-1 W6
16 48 30 900 NP NP NP Cs2 51, T2
17 48 30 900 300 (0. 3 only) NP NP cs-2 . T2 Wik wi3
18 48 30 NP NP 00 650 Cs2 w6
19 48 0 750 NP NP NP €2 G2 G10, §10, T2, W15
2 48 30 900 300 (€L 3 only) NP NP Cs2 G10, §1, T2
7 oy 0 NP 700 (SPT) an0 650 cs2 10,

L2l s ([ a0 1000 700 1000 650 CS-2 T1

'~ 7 ~ 7 g g 00 G 53 3 W6
2 48 30 1000 NP NP NP Cs-2 GI0, SL T1
5 48 1] NP 200 (0L 2 only) NP NE o8z
2% 48 0 NP NP B50 650 Cs-2 G24, T2, W6
27 50 25 NP 650 [CL 3 only) NP NP Cs-1
b} 50 25 B50 T00 [SPT) 00 B50 051 G10, G15. G22 S1, T2
29 50 27 NP 300 (€L 3 only) NP NP €51 wiz
n 50 27 NP 200 (€. 3 only) 650 650 5-1 ;
3t 50 27 900 NP NP NP C5-1 G0, S1, Ti
az 50 27 NP 700 a0 650 £5-1 c10, T1
13 50 27 NP 700 NP NP C5-1 s6, T1, W10, W12
3 50 30 NP NP 00 650 52 G0, T1
s 51 31 NP NP 00 NP C5-2 GI0
36 52 31 NP NP 700 NP 5-2 ™
37 52 31 1000 NP 1000 NP 52 G10, 51 T2 W4
8 52 325 NP NP 400 NP Cs2 G10
] 52 325 1000 NP 1000 NP €2 G10, §1, T2 Wi4
40 52 34 1000 NE 1000 NP Cs2 G10, §1, T2 W14
o 535 34 NP NP 400 NP cs2 G10
42 55 275 850 700 (SPT) 00 650 51 GI0, G15, GZ2, 5L T2
42 55 775 NP 650 (CL 2 only) NP NP cs-1
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Capyight ASME Inmmatenal (SPVC|
Frivited by 545 under

ASME BFVCILD.C-2017

Maximum Allowable Stress

lowable Stress of SA-106 (2/2)

Maximum Allowable Stress, ksi (Muldply by 1000 to Obtain psi), for Metal Ts rature, °F, Not Excee dinj
150 200 50 300 400 500 600 650 T00 750 B0 B50 00
14 114 114 109 102 99 3 7] . i i
114 , 114 114 109 102 99 2 . . .
129 129 128 12z s 111 0.7 10.4 82 e 59
129 129 - - - - e
129 129 129 129 129 173 119 -
129 129 129 129 129 123 119 115 0.7 92 79 59
129 129 12.9 129 123 119 15 .
129 129 129 129 129 128 124 19 0.7 92 79 59
9 |134 ;i 134 , 134 134 134 133 128 124 10.7 92 7.9
w |14 114 14 114 114 114 13 109 105 a1 78 67
1 [134 134 134 i 134 134 134 133 128 124 10.7 92 7.9
12 [134 134 134 134 134 128 124 10.7 22 7.9 59
13 |14 1.4 * 114 114 114 109 105 01 78 87 50
14 [134 134 134 134 134 128 124 10.7 92 7.9 59
15 |14 1.4 114 114 114 109 108 21 78 87 50
16 |17 n? s 117 11.7 1.7 117 106 01 7.7 a1 43
17 [13.7 137 137 13.7 137 137 125 10.7 2.0 71 50
18 |17 117 n? s 117 11.7 117 117 106 01 79 a7 55
19 | a2 . 82 B2 8z B2 BZ 75 64 - -
w0 (137 7 u 137 137 117 125 10.7 20 71 50
2 |13 i 137 137 137 125 10.7 23 79 65
2(]13r 7 137 " 137 137 137 137 137 125 10.7 9.3 79 5
T ey ™ T T T "= - . = ™
24 |13.7 137 137 137 137 125 107 2.0 71 50
25 [13.7 137 137 - . = "
% |17 1z 117 1.7 17 117 106 91 7.9 67 i
27 [143 143 s 143 142 136 128 124 . 1
28 |143 143 143 143 142 136 e 124 119 107 9.3 79 &5
2 [143 143 a 143 a e i i . i
30 |143 1 143 143 143 143 138 133 - - - - -
N [143 e 143 . 143 143 143 138 113 125 110 04 73 50
32 |13 143 143 143 143 143 138 133 125 11.2 96 a1 59
13 [143 z 143 % 143 143 143 138 113 125 , 5 b
3 |143 143 143 143 143 143 143 143 125 112 9.6 81 59
5 |45 145 15 145 145 i 5 4 &
36 [149 149 149 149 149 149 149 146 125 s i
7 |19 1o 149 149 149 149 149 149 130 108 a7 59
38 [149 149 s 149 149 " . " . "
319 |149 . 19 149 149 149 149 149 149 130 w08 87
40 [149 149 a 149 149 149 149 149 149 130 108 87
41 |153 153 153 153 153 - -
42 |15.7 157 157 % 187 157 149 141 116 121 12.7 108 87 59
43 |157 157 157 15.7 149 141 136 - .. - .. E

S= 13.7 ksi

loarae wih ASNE

Lisenssm=r
twcrbine =8 Pt for R, DAY

¢ Inat for Niuclear BafelyGH1 4035100
7 23 50 MOTT

Copyright ASME
Friveite by 5 Lrder [iaie

ASME BPVCILD.C-Z017

Table 1A
Section I; Section lll, Classes 2 and 3;* Section VI, Division 1; and Section XIl
Maximum Allowable Stress Values S for Ferrous Materials
(*See Maximum Temperature Limits for Restrictions on Class)

Line Max imum Allowable Stress, ksi (Multiply by 1000 to Obtin psi), for Metal Temperature, °F, Not Exe eding

No. 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650

[N
I
I

TR T

9 |40 25 = - i 2 i = - i 2 % i
w | a4 21 - - - - - -

12 | 40 2

13 | 34 - i i

M | 40 25 e - - - e - - -
15 |34 21

2 | 45 25 s 2 & s i &

Intmmational (SPVC}
e

24 | 30 15 -

37 |40 25 -

39 |40 25 - - - -
40 | 40 25 - = - -

i ASME Lisenaseck(or Inat for Nusear Safetyi551 00100
650 MOT

== [T eE———




Allowable Stress and Stress Intensity of SA-106

= Allowable Stress of SA-106 (Class 2)

. § = Min [%,2/3 sy] with S;=48 ksi and S,=30 ksi
= Min [13.7 ksi, 20.0 ksi]
= 13.7 ksi

= Stress Intensity of SA-106 (Class 1)

+ S, =Min |3Z,2/5Sy| with S;=48 ksi and S,=30 ks
= Min [16.0ksi, 20.0 ksi]
= 16.0 ksi

2022 KEPIC Week St X[2QtH 7| =@ SEiZ 15/30



For comparison...

= Allowable Stress of SA-312 TP304 (Class 2)

. § = Min [%,2/3 sy] with S:=70 ksi and S,=25 ksi
= Min [20 ksi, 16.7 ksi]
= 16.7 ksi

= Stress Intensity of SA-312 TP304 (Class 1)

© S, = Min [3Z,%/5Sy| with with $;=70 ksi and S,=25 ksi
= Min [23.3 ksi, 16.7 ksi]
= 16.7 ksi

2022 KEPIC Week et X[2QtH 7| =) SE Z 16/30



Material Properties

—— 304 sheet
800 |
500
450 —
o
400 \ S 600
350 - o
i)
300 (- =
= 250 [f D =08
£ 200f %
n . =
150
200
100 —Smooth SA106 Air
50 --SA106 N-SSRT
0 T T T T T 0 1 1 I 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.0 0.1 0.2 0.3 0.4 0.5 0.6
Strain, mm/mm Tensile strain (mm/mm)

SA-106 VS. SA-312 TP304
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Interim remark

- A" B0 2l= RE0| AR RUX| X
» S {85 H(Class 2, 3) = S8 E(Class 1) A= Al QHEEE
LiF= A2 22X UL

« SO M=2te =27t AFHEE|= =0F(service area B2 = ASME Secti
on)0f| }2f, Code W& SO M2t QA== E2tZICE
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Failure Criteria

= Principle Stress

0110412013 o, 0O
021 022 O3 > 0 o, 0
031 03, O33 0 0 o3
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Maximum Principle Stress Theory (Z|CHFS 2 0| &)

* Failure is expected when the largest principal normal stress reaches the

uniaxial yield strength of the material(o,)
* Failure occurs when
Max [|o1l, |loz],lo3]] = gy
« Perhaps the simplest failure criterion

 Great success for predicting failure of brittle materials

a,./ Gy,
Safety factor boundary r
imposed by ASME Code 1.0
o4 T o1 oy
er—l o +1.0 I:b G2 + 035
1 /l
, ‘i a, /a,,
| . L i
o,
1 ] ;.,._.‘_L, 2 1.0 -0.% i} 0.5 1.0
-1.0 1
1
" r=—-=-"
o ‘ Sy T-0.8
a2 Gp
-1.0
| 1 Hi viekBing predictes
’ frilisre b vickibing 1.0

Failure surface (yield surface) boundary

2022 KEPIC Week St=#HAIH /|58 SEI-E 20/30



Maximum Shear Stress Theory (Z|CHHES= 0| 2)

failure is expected when the maximum shear stress reaches the yield stress

in shear (t,)

Gn
- often called the Tresca criteria
g PR
!
e Failure occurs when
|lo1—03| |oy—03] |o3—07] -0, .
Max[122’ 223,321]:1_0 ) 0’1
G‘.
01 —0: O->—0 O2—0 o
9 MaX [l 1 2|’| 22 3|’| 32 1|] — 7}’
—ﬂ".
or -

Max [loy — 03], loy — a3l,|l05 — 04 ]] =0y

Great success for predicting failure of ductile materials

2022 KEPIC Week St X[2QtH7|=q SE Z 21/30
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Maximum Distortion Energy Theory (ZICHHEO|L{X| 0| &)

Failure is expected when the maximum distortion energy per unit volume

reaches the uniaxial yield strength of the material(o,)
Often called the Von Mises criteria

Failure occurs when

\/(01—02)2+(U1—02)2"'(01—02)2 _
2 ~Oy

Great success for predicting failure of ductile materials

2022 KEPIC Week St X[2QtH 7| =) SE Z 22/30
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Basis of Safety Factor

Maximum Principal Stress Theory

e Sec. lll, Div.1, Class 2,3 ; Sec. VI, Div. 1

mamw Maximum Shear Stress Theory

o
NTHOE ThY W oHEA S 24 B8

ec. VIII, Div. 2 (2007 0]|Z)
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Tresca criteria
Fracture Toughness
Fatigue Evaluation

Extensive NDE

Improvements in the Code
that have been added since the 1960s

Competition with other Codes

Von Mises Criteria

Extensive NDE

ASME BPVC
Edition or

Year

Design Factor

Sec. lll, Class 2 & 3;
Sec. VI, Div.1

Sec.lll, Class 1;
Sec. VIl|, Div.2
prior to 2007

Sec. VIli, Div.2
since 2007

B31.1

1915

1935

5.0

WWII

. 1963

1968

1971

1998

4.0

B 1999 Add

2004

2005 Add

. 2007

2010

2015

3.5

3.0

4.0

3.5

2.4




Safety Factor vs. Design Factor

« Class 2 piping is more safe than Class 1 piping ?

« ASME Section Ill is more safe than Section VIl ?

s Design Factor

 The design factor used by the ASME Committee to determine allow

able stress has sometimes been referred to as a safety factor. How

ever, the term safety factor is both incorrect and misleading, becaus
e a reduction in the factor would seem to indicate a reduction in sa
fety. In fact, when the Code Committee has considered a reduction

in design factor, it has been allowed only after the Code Committee
determines that other changes to Code requirements have compen
sated for the reduction.

2022 KEPIC Week St X[2QtH7|=q SE Z 26/30



Trade-Off Concept in Design Factor

Stress Theories

Fatigue analysis

NBE Design Factor

Fracture toughness
Material quality

Experience

Trade-Off
with maintaining the same level of safety

2022 KEPIC Week St X[2QtH 7| =) SE Z 27/30



Concluding Remarks

Design Factor

« is intended to account for unknowns in design and construction

mmm Design Factor

« is different depending on each Code Section and Division

mmw Level of Safety

« ASME Code maintains the same level of safety regardless of each
Section and Division.

 The different Code Sections and Divisions address service applicat
ions, not different levels of safety

2022 KEPIC Week St X[2QtH 7| =@ SEHZ 28/30
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" ASME Sec. II, Mandatory Appendix 1, “Basis for establishing stress values in Tables 1A and 1B”, 2015 Ed.

. ASME Sec. 1I, Mandatory Appendix 2, “Basis for establishing design stress intensity values for Tables 2A 2B,

and 4, and allowable stress values for Table 37, 2015 Ed.
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