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Lecture Outline 
Day 1 

I. Introductions 
II. Motivations 

 
III. Static Weld Designs 

1. ASME Section VIII Div. 1 (Code Formula) 
2. ASME Section VIII Div. 2 (Part 4 Design by Formula) 
3. Code Weld Types 
4. Weld Joint Efficiencies 
5. ASME Section VIII Div. 2 Part 5 (Finite Element Analysis Rules) 

a. Elastic Stress Analysis Method 
b. Limit load Analysis Method 
c. Elastic-Plastic Stress Analysis Method 
d. Protection Against Local Failure 

 
IV. Cyclic Loading (Fatigue) Weld Designs 

1. Fatigue Assessments – Elastic Stress Analysis and Equivalent Stresses [Crack Initiation Model] 
2. Fatigue Assessments – Elastic-Plastic Stress Analysis and Equivalent Strains [Crack Initiation Model] 
3. Fatigue Assessments – Elastic Analysis and Structural Stress [Crack Propagation Model] 

 
V. Brittle Failure  

a. ASME Section VIII Div. 1 
b. WRC 562 (Recommendations for Establishing the Minimum Pressurization Temperature (MPT) for 

Equipment 
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Day 2 

VI. Fitness-for-Service  
1. ASME FFS-1 / API-579 
2. Crack Growth Models [Paris Equations-Hand Calculations] 
3. Determining Stress Intensity Factors (K) and J-Integral using Finite Element Analysis 
4. XFEM Finite Element Analysis for Determining Crack Initiation, Crack Growth and Failure 
5. FEA Examples 

 
VII. ASME Section IX 

1. Essential Variables, Non-Essential Variables, and Supplemental Variables 
2. Welding Procedure Specification and Procedure Qualification Record 

a. Pre-Heat 
b. Maximum Interpass Temperature 
c. Post Weld Heat Treatment 
d. Weld Groove Dimensions 
e. Weave vs. Stringers 
f. Heat Input 
g. Welding Rod/Electrode Selection 

 
VIII. National Board Inspection Code (NBIC) Alternative Welding Procedures 

1. Welding Method 1 
2. Welding Method 3 (Temper Bead Technique) 

 
IX. Welding Metallurgical Aspects 

1. Bake-Out (for Hydrogen Service to Prevent Cold Cracking) 
2. Sensitization, Sigma Phase, Spheriodization, Graphitization, Grain Boundary Sulfur, Alpha Prime 
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Static Weld Designs 
 

Figure 1:  ASME Section VIII Div. 1 Weld Joint Type 

 
 

Figure 2:  ASME Section VIII Div. 2 Weld Joint Type 
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Figure 3:  ASME Section VIII Div. 2 Weld Categories 
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Figure 4:  ASME Section VIII Div. 2 Weld Types 
 

 
 

 

Backing Strip 
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Figure 5:  ASME Section VIII Div. 1 Weld Joint Efficiencies 

 

Note 5:  There is no joint efficiency E in the design equations of this Division for Category C and D corner joints.  When 
needed, a value of E not greater than 1.00 may be used.

Unless the sizing basis is given elsewhere in this Division, the allowable load on fillet welds shall equal the product of the weld 
area (based on minimum leg dimension), the allowable stress value in tension of the material being welded and E=0.55.
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Figure 6:  ASME Section VIII Div. 2 Weld Joint Efficiencies 

 

ISO 15608 

1.1 Carbon Steel 
1.2 High Strength CS 

8.1 Austenitic SS 

9.1, 9.2, 9.3 Nickel Alloys 

10 Duplex SS 
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ASME Section VIII Div. 1 Internal Pressure Formula 
 

Circumferential Stress (Longitudinal Joints) 
 

࢚ ൌ ࡾࡼ
ࡼ૙.૟ିࡱࡿ

  or ࡼ ൌ ࢚ࡱࡿ
ା૙.૟࢚ࡾ

 
 
 
 

Longitudinal Stress (Circumferential Joints) 
 

࢚ ൌ ࡾࡼ
૛ࡱࡿା૙.૝ࡼ

  or 	ࡼ ൌ ૛࢚ࡱࡿ
૙.૝࢚ିࡾ

 
 
 

ASME Section VIII Div. 2 Internal Pressure Design by Formula 
 
 

Cylindrical Shells 
 

࢚ ൌ
ࡰ
૛
൬࢖࢞ࢋ ൤

ࡼ
ࡱࡿ
൨ െ ૚൰ 

 
R and D are based on ID. 
S (SA-516 70) = 20-ksi (Safety Factor of 3.5 on UTS) 
Sm (SA-516 70) = 23,300-ksi (Safety Factor of 3.0 on UTS) 
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Figure 7:  ASME Section VIII Div. 1 and VIII Div. 2 Part 4 (DBF) – Pre-Approved Weld Designs 
 

 

tmin = the smaller of ¾” or the thickness of the thinner of the parts joined by a fillet, single‐bevel, or single‐J weld. 

tc = not less than the smaller of ¼” or 0.7tmin.
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ASME Section VIII – Div. 2 Part 5 – 5.2.2 Elastic Stress Analysis Method 
 

5.2.2.1 Overview ...A quantity known as the equivalent stress is computed at locations in the component 
and compared to an allowable value of equivalent stress to determine if the component is suitable 
for the intended design conditions. 

 

௘ݏ ൌ ௘ߪ ൌ
1
√2

ሾሺߪଵ െ ଶሻଶߪ ൅ ሺߪଶ െ ଷሻଶߪ ൅ ሺߪଷ െ  ଵሻଶሿ଴.ହߪ

A finite element analysis (FEA) model is created to generate stress plots for the following load cases, as applicable. 
Don’t use Elastic Stress Analysis method for heavy walls (R/t ⩾4ሻ.	
 

Figure 8:  Div. 2 Load Cases for Elastic Analysis 
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Figure 9:  Stress Classification Line 
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Figure 10:  Pm, Pb, Q, F 
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Figure 11A:  Examples of Stress Classification – 1 
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Figure 11B:  Examples of Stress Classification – 2 
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Figure 12:  Stress Category Hopper 

 

S = Sm (II Part D) 

SPL = greater of 1.5S or 
Sy 

Sps = greater of 3S or 
2Sy (taken at average 
temperature of cycle. 
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Example FEA Model and Evaluation for Elastic Stress Method  
(External PDF Containment_10May10) 
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ASME Section VIII – Div. 2 Part 5 – 5.2.3 Limit-Load Analysis Method 
 
 

1. The material model is elastic-perfectly plastic with a specified yield strength. 
2. Use small displacement theory for FEA. 
3. Loss of equilibrium defines limit point (either due to gross yielding, or local/gross buckling). 
4. Very simple to use.  Setup model, apply materials, loads, and constraints, and test for convergence at design 

partial safety factors.  No SCL or stress categorization required.  Mesh insensitive. 
5. Strain results are unusable.  Must use E-P Analysis for local damage check. 

 

Class Designation 

 

1. Class 1 – Design follows Part 4 DBF and Part 5 DBA is only used where design rules in Part 4 are not 
provided for a particular part design.  Class 1 DBA shall not be used in lieu of DBF Part 4 Rules. 

2. Class 2 – The entire design is per Part 5 DBA rules. 

 

Figure 13:  Load Factor β and Pressure Test Factor βT 
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Figure 14:  Div. 2 Load Cases for Limit Load Analysis 
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ASME Section VIII – Div. 2 Part 5 – 5.2.4 Elastic-Plastic Stress Analysis Method 

 

 

1. The material model is elastic-plastic (full stress-strain curve); however, use of elastic-perfectly plastic 
material model is acceptable (is conservative). 

2. Use large displacement theory for FEA. 

3. Loss of equilibrium defines failure (either due to ultimate failure, or local/gross buckling). 
4. More data than Limit Load method is required.  Setup model, apply materials, loads, and constraints, and test 

for convergence at design partial safety factors.  No SCL or stress categorization required.  This method is 
mesh sensitive, but is the most accurate.  Provide mesh sensitivity study and/or perform submodeling of 
areas of interest. 

5. ASME Section VIII Div. 2 Annex 3-D 3-D.3 Stress Strain Curve provides the equation and data necessary to 
estimate full stress-strain curves for materials. 
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Figure 15:  Div. 2 Load Cases for Elastic-Plastic Analysis 
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Example FEA Model and Evaluation for Limit Load and Elastic-Plastic Analysis Methods 
(External PDF Containment_10May10) 
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Figure 16:  Limit Load Additional Example 
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ASME Section VIII – Div. 2 Part 5 – 5.3 Protection Against Local Failure 
 

1. This check not required if the design is proven by Part 4 DBF. 
2. Two methods to perform: 

 

5.3.2  Elastic Analysis – Triaxial Stress Limit.  The algebraic sum of the three linearized primary principal stresses 
from Design Load Combination (1) of Table 5.3 shall be used for checking this criterion. 

 

ሺߪଵ ൅ ଶߪ ൅ ଷሻߪ ൑ 4ܵ 

 

 5.3.3 Elastic-Plastic Analysis – Local Strain Limit.  Perform an elastic-plastic stress analysis based on the load 
case combinations for the local criteria given in Table 5.5.  The effects of non-linear geometry shall be considered 
in the analysis. 
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Protection Against Local Failure – FEA Example 
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28 

Cyclic (Fatigue) Weld Designs 
Screening Criteria for Fatigue Analysis – Section 5.5.2 of Div. 2 Code provides two screening method for 
determining if a cyclic analysis is required. 

 

ASME Section VIII Div. 2 5.5.3 Fatigue Assessment – Elastic Stress Analysis and Equivalent Stresses 

Stress tensor is taken directly from the FEA plot (σ11, σ22, σ33, σ12, σ23, σ31), at areas of expected highest 
PL+Pb+Q+F fluctuations.  Multiple locations may need to be evaluated.  Multiple cycle ranges (kth) may need to 
be evaluated.  Two models will be needed, one with all loads, and one with only thermal loads (Local Thermal – 
LT).  Cycle is between times “n” and “m”. 

Step 1:  Determine stress tensor range minus thermal loads. 

	௜௝,௞ߪ∆ ൌ ൫ߪ௜௝,௞ െ ௜௝,௞௅்ߪ ൯௠ െ ൫ߪ௜௝,௞ െ ௜௝,௞௅்ߪ ൯௡ 

Step 2:  Calculate intensity stress range of PL+Pb+Q+F minus thermal loads. 

൫∆ܵ௣,௞ െ ∆ܵ௅்,௞൯ ൌ
1
√2

ቂ൫∆ߪଵଵ,௞ െ ଶଶ,௞൯ߪ∆
ଶ ൅ ൫∆ߪଵଵ,௞ െ ଷଷ,௞൯ߪ∆

ଶ ൅ ൫∆ߪଶଶ,௞ െ ଷଷ,௞൯ߪ∆
ଶ ൅ 6൫∆ߪଵଶ,௞ଶ ൅ ଵଷ,௞ଶߪ∆ ൅ ଶଷ,௞ଶߪ∆ ൯ቃ

଴.ହ
 

Step 3:  Determine stress tensor range for only thermal loads. 

௅்	௜௝,௞ߪ∆ ൌ ൫ߪ௜௝,௞௅் ൯௠ െ ൫ߪ௜௝,௞௅் ൯௡ 

Step 4:  Calculate stress intensity range of PL+Q+F for thermal loads only (no Pb). 

∆ܵ௅்,௞ ൌ
1
√2

ቂ൫∆ߪଵଵ,௞௅் െ ଶଶ,௞௅்ߪ∆ ൯ଶ ൅ ൫∆ߪଵଵ,௞௅் െ ଶଶ,௞௅்ߪ∆ ൯ଶ ൅ ൫∆ߪଶଶ,௞௅் െ ଷଷ,௞௅்ߪ∆ ൯ଶቃ
଴.ହ
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Step 5:  Determine the effective alternating equivalent stress amplitude for the kth cycle. 

ܵ௔௟௧,௞ ൌ
௘,௞൫∆ܵ௣,௞ܭ௙ܭ െ ∆ܵ௅்,௞൯ ൅ ௩,௞∆ܵ௅்,௞ܭ

2
 

Kf (fatigue strength reduction factor) is taken in Div. 2 Tables 5.11 and 5.12. 

 

Figure 17:  Weld Surface Fatigue-Strength-Reduction Factors (Table 5.11) 
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Figure 18:  Weld Surface Fatigue-Strength-Reduction Factors (Table 5.12) 
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Figure 19:  Fatigue Penalty Factors

 
 Ke,k = 1.0     (for ΔSn,k ⩽ SPS) 

௘,௞ܭ  ൌ 1.0 ൅ ሺଵି௡ሻ
௡ሺ௠ିଵሻ

ቀ∆ௌ೙,ೖ
ௌುೄ

െ 1ቁ  (for SPS < ΔSn,k < m SPS)        

௘,௞ܭ  ൌ
ଵ
௡
     (for ΔSn,k ⩾	m SPS)  

  

ΔSn,k is the equivalent stress range, derived from stress linearization, for PL+Pb+Q.  SPS is the allowable value as 
shown on Page 16.   
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Kv,k is the Poisson correction factor. 

௩,௞ܭ ൌ ቆ
1 െ ௘ݒ
1 െ ௣ݒ

ቇ 

 

ve = elastic Poisson’s ratio 

vp = plastic Poisson’s ratio 

 

௣ݒ ൌ ݔܽ݉ ቈ0.5 െ 0.2 ቆ
ܵ௬,௞
ܵ௔,௞

ቇ ,  ௘቉ݒ

 

Step 6:  Determine the permissible number of cycles, Nk, for the alternating equivalent stress Salt,k.  Fatigue curves 
are provided in Div. 2 Annex 3-F, 3-F.1. 

Smooth Bar Design Fatigue Curve Usage 

Fatigue analysis performed through direct interpretation of the smooth bar fatigue curves found in 3-F.5 requires 
the calculated stress amplitude, Sa, be corrected for temperature by the ratio of the modulus of elasticity of the 
given fatigue curve to the value used in the analysis.  The equations used to correct Sa for the temperature effect 
based upon the different material fatigue curves are provided in Table 3-F.1.  The temperature-corrected stress 
amplitude, Sac, is then used to enter the smooth bar fatigue curves to determine the number of allowable cycles, N. 

Fatigue life can also be calculated in equation form. 

N = 10X 
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Figure 20:  Smooth Bar Fatigue Curve Stress Amplitude Correction Equations 

 
 

 

 

 

 



34 

Figure 21:  Fatigue Calculation Sub-Formulas 
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Figure 22:  Smooth Bar Fatigue Curve 

 
Step 7:  Determine the fatigue damage for the kth cycle, where the actual number of repetitions of the kth cycle is nk.  
Nk is the allowable cycles just calculated. 

௙,௞ܦ ൌ
݊௞
௞ܰ
 

Sac  = 300,000 psi 
20,000 cycles 
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Step 8:  Repeat the Nk calculation each of the subsequent kth cycles. 

 

Step 9:  Compute the accumulated fatigue damage using Miner’s rule.  The location in the component is acceptable 
for continued operation if this equation is satisfied.  (M equals number of all cycles.) 

 

௙ܦ ൌ ෍ܦ௙,௞ ൑
ெ

௞ୀଵ

1.0 

 

Step 10:  Repeat all previous steps for each point of interest in the FEA model. 

 

*** Keep in mind that the stress and life cycle results are highly dependent upon mesh density levels, mesh quality 
and element type, points of singularities, and false readings for tie constraints, couplings, etc. 
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ASME Section VIII Div. 2 5.5.4 Fatigue Assessment – Elastic-Plastic Stress Analysis and Equivalent Strains 

 

The Effective Strain Range is used to evaluate the fatigue damage for results obtained from an elastic-plastic stress 
analysis.  The Effective Strain Range is calculated for each cycle in the loading histogram using either cycle-by-
cycle analysis or the Twice Yield Method.  For the cycle-by-cycle analysis, a cyclic plasticity algorithm with 
kinematic hardening shall be used. 

 

Twice Yield Method 

1. Performed in a single loading step (zero load to full load). 
2. Materials use a stabilized cyclic stress-strain range curve model. 
3. Model output on the plots is directly stress range and strain range. 
4. Kinematic hardening material property not required.  
5. Within 2Sy, a component can enter elastic shakedown, meaning after some initial plasticity, the stresses 

cycle elastically.   

 

Cycle-by-Cycle Analysis 

1. FEA model requires being cycled multiple times (typically 5-10 times). 
2. Materials use a stabilized stress-strain curve model. 
3. Kinematic hardening material property is required.  Kinematic hardening is the ramp of the cyclic stress-

strain curve from the yield point to the true failure stress. (Unfortunately, the not as simple to enter into FEA 
program.) 

4. Above 2Sy, there can be either plastic shakedown, meaning plastic equal plasticity each cycle, or 
shakedown, a progressive plasticity to failure. 
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Figure 23:  Smooth Bar Fatigue Curve 

 

 

Cycle‐by‐Cycle Analysis 

Twice Yield 
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Step 1:  Generate either a Twice Yield or Cycle-by-Cycle elastic-plastic FEA model. 

Step 2:  Calculate ΔSp,k and Δεpeq,k, plus Eyak.  Capture max stress and strain tensors, at point of interest. 

 

൫∆ܵ௣,௞൯ ൌ
1
√2

ቂ൫∆ߪଵଵ,௞ െ ଶଶ,௞൯ߪ∆
ଶ ൅ ൫∆ߪଵଵ,௞ െ ଷଷ,௞൯ߪ∆

ଶ ൅ ൫∆ߪଶଶ,௞ െ ଷଷ,௞൯ߪ∆
ଶ ൅ 6൫∆ߪଵଶ,௞ଶ ൅ ଵଷ,௞ଶߪ∆ ൅ ଶଷ,௞ଶߪ∆ ൯ቃ

଴.ହ
 

 

௣௘௤,௞ߝ∆ ൌ
√2
3 ቂ൫∆݌ଵଵ,௞ െ ଶଶ,௞൯݌∆

ଶ ൅ ൫∆݌ଶଶ,௞ െ ଷଷ,௞൯݌∆
ଶ ൅ ൫∆݌ଷଷ,௞ െ ଵଵ,௞൯݌∆

ଶ ൅ 1.5൫∆݌ଵଶ,௞ଶ ൅ ଶଷ,௞ଶ݌∆ ൅ ଷଵ,௞ଶ݌∆ ൯ቃ
଴.ହ

 

 

Δpij is the plastic strain range tensor, calculated similarly as for the stress strain range ΔSp,k previously defined (p11 
mth cycle – p11 nth cycle for example for Δp11.).  For Twice Yield ΔSp,k and Δεpeq,k are taken directly off of the FEA 
stress plot! 

Eyak is the modulus of elasticity at point of interest at the mean cycle temperature. 

 

Step 3:  Calculate the Effective Strain Range for the kth cycle. 

௘௙௙,௞ߝ∆ ൌ
∆ܵ௣,௞
௬௔,௞ܧ

൅  ௣௘௤,௞ߝ∆

Step 4:  Determine the effective alternating equivalent stress for the kth cycle. 

ܵ௔௟௧,௞ ൌ
௬௔,௞ܧ ∗ ௘௙௙,௞ߝ∆

2
 

Steps 5:  Same as Steps 6-10 for Elastic Stress Analysis Method. 
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Twice Yield FEA Example 
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Cycle-by-Cycle FEA Example 
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