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Example of Design Report
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Safety 
factor

안전계수

Design
factor

3.0

3.5

4.0

설계계수
2.4

Safety 
margin

“안전계수”하면 생각나는 것들
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• 코드 어디에 안전계수가 제시되어 있는가?

1. KEPIC (ASME BPVC)에서의 안전계수는 몇인가?

• “안전계수”는 올바른 표현인가?

2. 안전계수가 높으면 더 안전하다고 할 수 있는가?

• 안전계수 변경의 정당성은?

3. 안전계수의 근거는 무엇인가?

vs.

Contents

3.0 

(Class 1)

Safety Factor

3.5

(Class 2 & 3)

Design Factor

More safe ?

vs.
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ASME BPVC

Edition or Year

Design Factor

Sec. III, Class 2 & 3; 

Sec. VIII, Div.1

Sec. III, Class 1; 

Sec. VIII, Div.2 

prior to 2007

Sec. VIII, Div.2 

since 2007
B31.1

1915
5.0

1935 ?

WWII

4.0

1963 

3.0

1968

1971 

1998

1999 Add

3.5

2004 4.0

2005 Add 3.5

2007

2.42010

2015
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 General Failure Criteria

 Uni-axial stress response of materials

• Simple : (σ11) vs. (SY or ST)

Failure Criteria for General Stress States

Applied Stress
σij

Material Resistance
Rmat (i.e. SY, ST)

vs.

F

F
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 Multi-axial stress states

• Various failure criteria has been derived

 Uncertainty in Material Property

• Margin for material property, e.g., 
SY or ST or 2/3 SY or 1/3 ST 〮〮〮

Failure Criteria for General Stress States

σ11 σ12 σ13
σ21 σ22 σ23
σ31 σ32 σ33

?

?
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 Applied stresses under internal pressure

 Safety Factor in ASME BPVC

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

Safety Factor (Design Margin)

௔௣௣
ఙ೅
௑

𝜎௔௫௜௔௟ ൌ ௉·௥
ଶ௧

𝜎௛௢௢௣ ൑ 𝑅௠௔௧

ఙ೅
௑

Sm

S

Design Stress Intensity Value

Design Allowable Stress Value

X=3.0

X=3.5

𝜎௛௢௢௣ ൌ ௉·௥
௧
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 Allowable Stress (허용응력)

• S
• Sec. II, Part D, Table 1A, 1B

Allowable Stress  vs. Stress Intensity

 Stress Intensity (응력강도)

• Sm
• Sec. II, Part D, Tables 2A and 2B

SmS
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Safety Factor in the Code

 Sec. II, Mandatory App.1

• “Basis for Establishing Stress Values in Tables 1A and 1B”

• 𝑆 ൌ 𝑀𝑖𝑛 ௌ೅
ଷ.ହ

, ଶ
ଷ⁄ 𝑆௒

 Sec. II, Mandatory App.2

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

• 𝑆𝑚 ൌ 𝑀𝑖𝑛 ௌ೅
ଷ.଴

, ଶ
ଷ⁄ 𝑆௒
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Historical Change of Design Margin

ASME BPVC

Edition or Year

Design Factor

Sec. III, Class 2 & 3; 

Sec. VIII, Div.1

Sec. III, Class 1; 

Sec. VIII, Div.2 

prior to 2007

Sec. VIII, Div.2 

since 2007
B31.1

1915
5.0

1935 ?

WWII

4.0

1963 

3.0

1968

1971 

1998

1999 Add

3.5

2004 4.0

2005 Add 3.5

2007

2.42010

2015

Table 
1A, 1B

Table 
2A, 2B

Table 
5A, 5B



2022 KEPIC Week 한국원자력안전기술원 송태광 12/30

Sample Problem

 내압 및 모멘트가 작용하는 SA-106 배관 설계 (Class 1 과 2 간략 비교)

• Class 2 배관 (NC-3652, Consideration of Design Conditions)
          

𝑩𝟏
𝑷𝑫𝒐
𝟐𝒕𝒏

൅ 𝑩𝟐
𝑴𝑨
𝒁

 ൑ 𝟏. 𝟓𝑺

• Class 1 배관 (NB-3652, Consideration of Design Conditions)

𝑩𝟏
𝑷𝑫𝒐

𝟐𝒕
൅ 𝑩𝟐

𝑫𝒐
𝟐𝑰

𝑴𝒊  ൑ 𝟏. 𝟓𝑺𝒎
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Allowable Stress of SA-106 (1/2)

ST= 48 ksi SY= 30 ksi

Table 1A
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Allowable Stress of SA-106 (2/2)

S= 13.7 ksi Basis?

Maximum Allowable Stress



2022 KEPIC Week 한국원자력안전기술원 송태광 15/30

Allowable Stress and Stress Intensity of SA-106

 Allowable Stress of SA-106 (Class 2)

• 𝑆 ൌ 𝑀𝑖𝑛 ௌ೅
ଷ.ହ

, ଶ
ଷ⁄ 𝑆௒ with ST=48 ksi and SY=30 ksi

= 𝑀𝑖𝑛 13.7 𝑘𝑠𝑖, 20.0 𝑘𝑠𝑖

= 13.7 ksi

 Stress Intensity of SA-106 (Class 1)

• 𝑆𝑚 ൌ 𝑀𝑖𝑛 ௌ೅
ଷ.଴

, ଶ
ଷ⁄ 𝑆௒ with ST=48 ksi and SY=30 ksi

= 𝑀𝑖𝑛 16.0𝑘𝑠𝑖, 20.0 𝑘𝑠𝑖

= 16.0 ksi
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For comparison…

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

• 𝑆 ൌ 𝑀𝑖𝑛 ௌ೅
ଷ.ହ

, ଶ
ଷ⁄ 𝑆௒ with ST=70 ksi and SY=25 ksi

= 𝑀𝑖𝑛 20 𝑘𝑠𝑖, 16.7 𝑘𝑠𝑖

= 16.7 ksi

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

• 𝑆𝑚 ൌ 𝑀𝑖𝑛 ௌ೅
ଷ.଴

, ଶ
ଷ⁄ 𝑆௒ with with ST=70 ksi and SY=25 ksi

= 𝑀𝑖𝑛 23.3 𝑘𝑠𝑖, 16.7 𝑘𝑠𝑖

= 16.7 ksi
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Material Properties

SA-106 SA-312 TP304vs.
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Interim remark

“안전계수”란…

• “안전계수” 용어 정의는 코드에 명시되어 있지 않지만,

• 통상 허용응력(Class 2, 3) 또는 응력강도(Class 1) 산출 시 인장강도를

나누는 계수로 알려져 있다.

• 동일한 재료라도 재료가 사용되는 분야(service area 또는 ASME Secti

on)에 따라, Code 년판 등에 따라 안전계수는 달라진다.
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Failure Criteria

 Principle Stress

 Maximum Principle Stress Theory (최대주응력 이론)

 Maximum Shear Stress Theory (최대전단응력 이론)

 Maximum Distortion Energy Theory (최대변형에너지 이론)


σ11 σ12 σ13
σ21 σ22 σ23
σ31 σ32 σ33

σ1    0 0
0 σ2   0
0 0 σ3
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Maximum Principle Stress Theory (최대주응력 이론)

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

uniaxial yield strength of the material(𝜎௬)

• Failure occurs when

Max [ 𝜎ଵ , 𝜎ଶ , 𝜎ଷ ] = 𝜎௬

• Perhaps the simplest failure criterion 

• Great success for predicting failure of brittle materials
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Maximum Shear Stress Theory (최대변형응력 이론)

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

in shear (𝜏଴)

• often called the Tresca criteria

• Failure occurs when

Max [ ఙభିఙమ
ଶ

, ఙమିఙయ
ଶ

, ఙయିఙభ
ଶ

] = 𝜏଴

 Max [ ఙభିఙమ
ଶ

, ఙమିఙయ
ଶ

, ఙయିఙభ
ଶ

] = 
ఙ೤

ଶ

or 

Max [ 𝜎ଵ െ 𝜎ଶ , 𝜎ଶ െ 𝜎ଷ , 𝜎ଷ െ 𝜎ଵ ] =𝜎௬

• Great success for predicting failure of ductile materials
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• Failure is expected when the maximum distortion energy per unit volume 

reaches the uniaxial yield strength of the material(𝜎௬) 

• Often called the Von Mises criteria

• Failure occurs when

ఙభିఙమ 𝟐ା ఙభିఙమ 𝟐ା ఙభିఙమ 𝟐

𝟐
=𝜎௬

• Great success for predicting failure of ductile materials

Maximum Distortion Energy Theory (최대변형에너지 이론)
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• 최대주응력이론이 단순하고 직관적이나, 

• 전단변형이 작용하는 경우(특히, 주응력의 방향이 반대인 경우) 부정확(비보수적) 할 수 있다. 

최대주응력이론 vs. 최대변형응력이론

• 최대변형응력이론은 상대적으로 단순하며, 최대변형에너지이론 대비 결과의 차이가 크지 않

다.(15% 내외)

최대변형응력이론 vs. 최대변형에너지이론

Comparison of Failure Criteria
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Basis of Safety Factor

• 단순하지만 부정확할 수 있다

• 상대적으로 높은 안전계수 3.5 적용

• Sec. III, Div.1, Class 2,3 ; Sec. VIII, Div. 1

Maximum Principal Stress Theory

• 상대적으로 단순하며 정확하다

• 상대적으로 낮은 안전계수 3.0 적용

• Sec. III, Div.1, Class 1 ; Sec. VIII, Div.2(2007년 이전)

Maximum Shear Stress Theory 

• 정확하다

• 상대적으로 가장 낮은 안전계수 2.4 적용

• Sec. VIII, Div. 2 (2007년 이후)

Maximum Distortion Energy Theory
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Comprehensive basis of Safety Factor

Tresca criteria

Fracture Toughness

Fatigue Evaluation

Extensive NDE 

Von Mises Criteria

Extensive NDE

Improvements in the Code 

that have been added since the 1960s

Competition with other Codes

ASME BPVC

Edition or 

Year

Design Factor

Sec. III, Class 2 & 3; 

Sec. VIII, Div.1

Sec. III, Class 1; 

Sec. VIII, Div.2 

prior to 2007

Sec. VIII, Div.2 

since 2007
B31.1

1915
5.0

1935 ?

WWII

4.0

1963 

3.0

1968

1971 

1998

1999 Add

3.5

2004 4.0

2005 Add 3.5

2007

2.42010

2015
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Safety Factor vs. Design Factor

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

• ASME Section III is more safe than Section VIII ?

Question

• 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.

Design Factor
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Trade-Off Concept in Design Factor

Stress Theories

Fatigue analysis 

NDE

Fracture toughness

Material quality

Experience

Trade-Off
with maintaining the same level of safety

Design Factor
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Concluding Remarks

• is intended to account for unknowns in design and construction

Design Factor

• is different depending on each Code Section and Division

Design Factor

• 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

Level of Safety
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