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1.0 OBJECTIVE

The objective of this calculation package is to determine if the ASME Code, Section III design
requirements are satisfied for a weld overlay repair of the reactor coolant pump (RCP) discharge nozzle
safe end welds at Davis-Besse Nuclear Power Station, Unit 1. Design drawings of the weld overlay
repairs (optimized and full structural) are provided in References 1 and 2. This evaluation bounds both
the optimized and full structural weld overlay designs.

Several finite element stress and thermal analyses have been performed [4] to support the ASME Code
evaluations. These analyses, together with the design requirements of the ASME Code, are used to
determine the adequacy of the repair.

2.0 DESIGN CRITERIA

The weld overlay repair is designed to the requirements of the ASME Code, Section III for Class 1
components. Thus, the rules of Article NB-3000 of Section III of the ASME Code, 2001 Edition with
Addenda through 2003 [5] are used.

The weld overlay repair region is located at the reactor coolant pump (RCP) discharge nozzle safe end,
which will be treated as integral with the reactor coolant pump. The section of the ASME Code that is
applicable to the pump design is Subarticle NB-3400. Subarticle NB-3400 provides general design
requirements for pumps, but, it does not specifically provide stress intensity limits for the different
Service Levels. Instead, different paragraphs within Subarticle NB-3400 refer to different areas of
Subarticle NB-3200 for establishing the stress intensity limit requirements, noted as follows:

" Paragraph NB-3414 refers to Subarticle NB-3 100 for general design considerations, and in
turn, Subsubparagraph NB-3112.1 (a) refers to showing compliance of the stress intensity
limits contained in Subsubarticle NB-3220 for the design pressure. In addition,
Subparagraph NB-3122.3 also refers to satisfying the stress intensity limits contained in
Subsubarticle NB-3220 for the secondary and peak stresses.

" Subparagraph NB-3415(b) refers to the stress combination requirements of Subarticle NB-
3200.

o Subparagraph NB-3432(b) refers to meeting the stress intensity requirements of Paragraph
NB-3222.

Since the overall stress compliance requirements of the Subarticle NB-3400 refer to stress limits
contained in Subarticle NB-3200, guidance from the rules of Subarticle NB-3200 of the ASME Code will
be taken to satisfy acceptance criteria.

Note that the safe end and cold leg pipe can be evaluated using the rules of Subarticle NB-3600, but is
conservatively evaluated using the rules NB-3200 of the ASME Code.
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3.0 LOADS

This evaluation only considers Service Level A and Service Level B operating conditions in regards to
meeting ASME Code, Section III Service Level A/B allowables and fatigue. As such, thermal stresses
resulting from Service Level C and Service Level D thermal transients are not considered
[5, NB-3224.4 and Appendix F- 1310].

Primary stresses (such as mechanical loads due to deadweight, and seismic effects) resulting from
Service Levels A, B, C and D operating conditions were previously evaluated in References 8 and 11,
and are discussed in Section 4.0.

Pressure

Per Table 5 of Reference 7, the operating pressure loads range from 15 psia (0 psig) to 2,620 psia (2,605
psig) throughout the various thermal transients, whose temperatures range from 70'F to 590'F. The
Hydrotest pressure ranges from 15 psia (0 psig) to 3,125 psia (3,110 psig) and the corresponding
temperatures are 100'F through 400'F. The pressures for various transients are summarized in Table 2.
The gauge pressure is used in all calculations.

Thermal Transients

Based on Table 5 of Reference 7, five bounding thermal transients (Heatup, Cooldown, Reactor Trip 8A,
Reactor Trip 8C, and Change of Flow) and one test condition (Hydrotest) are considered. These thermal
transients were evaluated in Reference 4. Details of the various transients are shown in Table 2.

The number of cycles shown in Table 2 are for the original 40-year design operating period [7] and are
multiplied by 1.5 to generate cycles as if for a 60-year operating period. The complete set of cycles (for
all 60 years) is evaluated for the repair configuration.

Details of the thermal stress analyses are provided in Reference 4.

Mechanical Piping Loads

The RCP discharge nozzle is subjected to mechanical piping loads due to thermal expansion, OBE, and
deadweight. These are defined in Table 3 of Reference 7. See Table 3 in this calculation for details.
Note that deadweight loads are constant loads, which occur for all load conditions. Therefore,.
deadweight loads do not contribute to the stress ranges for Service Levels A and B load combinations
and fatigue evaluations (per NB-3222.2 and NB-3222.4) and are excluded for those evaluations.

4.0 LOAD COMBINATIONS

The load combinations used in the repair design are:

File No.: 0800368.325 Page 4 of 19
Revision: 0

F0306-O1RO



V Structural Integrity Associates, Inc.

1. Level A Load Combination
2. Level B Load Combination
3. Level C Load Combination
4. Level D Load Combination
5. Test Load Combination

Two weld overlay sizing calculations were performed, one for an "optimized" weld overlay and one for a
"full structural" weld overlay. These weld overlay sizing evaluations [8 and 11 ] considered general
primary membrane, Pm, and primary membrane-plus-bending, Pm+Pb, stress intensities resulting from
Service Levels A and B operating conditions and Service Levels C and D conditions. While local
membrane, PL, stress intensities were not specifically evaluated, any local stress effects due to the weld
overlay repair are expected to be minimal.

The sizing calculations do not specifically evaluate loads resulting from the Test Load Combination
(Hydrotest). However, the Test Load Combination considers only primary stresses, which only result
from pressure and mechanical loads. The added thickness of the weld overlay will only serve to reduce
the general primary membrane and local membrane stress intensities, Pm and PL, respectively, and are not
expected to be adversely affected when compared to the original configuration. Therefore, the only load
combinations which are considered herein are for Service Levels A and B. The specific load
combinations are shown in Table 4. The allowable stress intensities for these load combinations are
shown in Table 5 [5]. Also, as indicated in Table 5, for Service Levels A and B, peak stresses and cyclic
operation criterion must also be met.

Thus, this calculation, together with References 8 and 11, contains the ASME Code qualification for the
weld overlay repair. This calculation bounds both the "optimized" and "full structural" weld overlay
designs shown in References 1 and 2. The minimum overlay corresponds to the minimum "optimized"
dimensions in Reference 1, and the maximum overlay corresponds to the maximum "full structural"
overlay dimensions in Reference 2.

It should be noted that in using the ASME Code, Section III, Class 1 rules in NB-3200, Service Levels A
and B are combined together using bounding load combinations.

5.0 ASME CODE STRESS LIMITS EVALUATION

Stress intensity ranges are calculated for the various load combinations shown in Table 4 and compared
to the allowable limits shown in Table 5. Linearized through-wall stresses are extracted through six
paths (Paths 1 through 6, see Figure 1) throughout the transient time histories and from the pressure and
mechanical load analyses [4]. These calculated stress intensities are evaluated in accordance with ASME
Code, Section III, Subarticle NB-3200 [5] for Paths 1 through 6.
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5.1 Service Level A/B Load Combination

Examination of the membrane-plus-bending stresses from Reference 4 does not provide an obvious
pairing of stresses resulting from the various thermal transients for determination of the worst operating
ranges. Thus, the VESLFAT program [9] developed by Structural Integrity is used to calculate primary-
plus-secondary (P+Q) and total (P+Q+F) stress intensity ranges. The same program is used to perform
the fatigue usage analysis described in Section 6.0.

The primary-plus-secondary (P+Q) and total (P+Q+F) component stress values are combined prior to use
in the VESLFAT program. The thermal component stresses resulting at each time increment from the
various thermal transients are added to the component stresses resulting from corresponding pressure,
and to the component stresses resulting from corresponding mechanical loads. The combination of the
various component results are manipulated to produce the combined transient stress conditions,
including:

o The primary-plus-secondary (P+Q) and total (P+Q+F) stress components due to pressure are
scaled from the 1,000 psi unit pressure evaluation performed in Reference 4. The actual
pressure at specific time points for a given transient is defined in Reference 7 and shown in
Table 2 of this calculation. The pressure between any two specified time points is assumed to
vary linearly throughout each of the thermal transients.

* The primary-plus-secondary (P+Q) and total (P+Q+F) stress components due to axial and
moment loads are calculated using the component stress results for moment (1,000 in-lb) and
axial (1,000 lb) loads developed in Reference 4. Both in-plane and out-of-plane moment load
analyses were evaluated in Reference 4, and the bounding stress results are used for Paths 1
through 6.

The OBE piping loads are defined in Sections 3.0 and 5.0 of Reference 7 as having a
total of 650 events (or cycles) over 40 years of operation. The number of OBE events
are multiplied by 1.5 to account for 60 years of operation. Therefore, 975 (i.e., 650 x
1.5) cycles of OBE loading are applied to the thermal range loads with no self-cycling.
The OBE loads are added to the piping loads and to one of the thermal transient pair
events that produce the highest stress intensity range, as determined on a per-path
basis. For all paths, the full range OBE loads are used.

All moments and axial forces related to piping mechanical loads are evaluated in the
same manner for each event. The component moments and forces are added together
where appropriate and the resulting moments and axial forces are then combined by
SRSS to create a single bounding moment and axial force load.

> Because it is not obvious which direction of applied moment and axial force loading
produces the worst stress range, the evaluation considers both positive (Base case)
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and negative (Reverse case) loading directions for the thermal expansion and OBE
loads, in order to determine the worst range.

Cyclic information, as well as material property data, are also needed to complete the VESLFAT input,
though they do not play a direct role in the determination of membrane-plus-bending stress intensity
ranges. This data is needed to support the fatigue evaluations, and is discussed in detail in Section 6.0.

Table 6 presents the evaluation of the primary-plus-secondary stress intensity ranges for Service Levels
A/B operating conditions. The stress ranges extracted from VESLFAT files, with the extension *.FAT,
are the stress intensity ranges that produce the greatest ratio of stress intensity range versus allowable
stress.

Examination of the maximum primary-plus-secondary stress intensity range load pairs and fatigue
causing load pairs (in the *.FAT files), for all of the 'Base' and 'Reverse' case evaluations, identified the
controlling thermal transients to which OBE is applied. OBE is applied to the events as shown in
Table 1. The correlation between the transients and event number is provided in Table 7. The 'Primary-
Plus-Secondary' columns list the event that OBE is applied to create the largest primary-plus-secondary
stress intensity ranges. The 'Fatigue' columns list the event where OBE is applied to create the largest
alternating stress intensity range corresponding to the highest fatigue usage. Therefore, the results
shown in Table 6 and Table 9 include the OBE loads for those thermal transient load pairs.
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Table 1: Transient Load Pairs that Consider (Full Range) OBE

Primary-Plus-Secondary Fatigue
Location

Base Reverse Base Reverse

Path 1 Inside HU (1) HT (6) HU (1) HT (6)

Path 1 Outside HU (1) RT2 (4) HU (1) RT2 (4)

Path 2 Inside HU (1) HT (6) HU (1) HU (1)

Path 2 Outside RT2 (4) RT2 (4) RT2 (4) HU (1)

Path 3 Inside HU (1) RT2 (4) HU (1) RT2 (4)

Path 3 Outside RT2 (4) RT2 (4) RT2 (4) RT2 (4)

Path 4 Inside HU (1) HT (6) HU (1) HU (1)

Path 4 Outside RT2 (4) RT2 (4) RT2 (4) RT2 (4)

Path 5 Inside HU (1) RT2 (4) HU (1) HU (1)

Path 5 Outside RT2 (4) CD (2) RT2 (4) CD (2)

Path 6 Inside HU (1) HT (6) HU (1) HU (1)

Path 6 Outside RT2 (4) RT2 (4) RT2 (4) RT2 (4)

Note: The number in parenthesis denotes the event ID # referred to in the VESLFAT analyses.
These ID #Ws are identified in Table 7.
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6.0 FATIGUE EVALUATION

The fatigue evaluations are performed for Paths 1 through 6 for the weld overlay repair (see
Figure 1). Both the inside and outside locations of the indicated paths are evaluated. The evaluations are
performed in accordance with ASME Code, Section III, Subsubparagraph NB-3222.4(e) [5], using the
Structural Integrity developed VESLFAT program [9].

6.1 VESLFAT Program

The VESLFAT program requires three input files. The first is the *.CYC file, which includes the
number of cycles for each load combination. The data used in the *.CYC file is discussed in detail in
Section 6.1.1. The second file is the *.FDT file, which includes the fatigue curve data, appropriate
temperature dependent material properties, and simplified elastic-plastic limits and factors. These
values are discussed in Section 6.1.2. The final input file is the *.STR file, which contains the
component membrane-plus-bending and membrane-plus-bending-plus-peak (i.e., total) stresses for the
various load conditions to be evaluated. Additional details are provided in Section 6.1.3. As several
load conditions occur within each load case, these load conditions will be identified by a number, which
matches the load condition to the load case. This number is defined in the *.CYC file. Each of these
three files must be identically named, with the exception of the file extension.

A number of intermediate files are generated, which can be used to check the final results. The *.ST 1
file is an echo output of the *.STR file but includes transformations to output the results in terms of psi.
The *.ALL file reflects all of the stress range pairs that are calculated. The *.PR file is a shortened
version of the *.ALL file and lists only the significant (i.e., fatigue causing) pairs. The *.ORD file
re-sequences the *.PR file such that the ordered pairs are arrayed in order of reducing alternating stress.

The actual final output file is labeled *.FAT. It echoes the input data, shows the significant cycle
pairings, the cycle elimination, individual cycle pair fatigue contributions, and the final overall fatigue
usage. See Section 6.1.4 for fatigue results.

6.1.1 Cyclic Data (*. CYC)

Reference 7 assigned a total number of cycles for each bounding event, which are tabulated in
Table 7.

As the piping OBE loads are added to the thermal transient pair events that produce the highest stress
intensity range, the higher of the two cycle numbers from the OBE event and the pairing thermal
transient event is conservatively used.

See Appendix B for an example of a *.CYC file.
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6.1.2 Fatigue Data Input File (*.FDT)

The materials at the surfaces of the stress paths indicated in Figure 1 are tabulated in Table 8.

The fatigue curve for the stainless steel components is per Reference 5, Section III Appendices. The
curve consists of two portions; the low cycle stress portion (•106 cycles) that is covered by
Figure 1-9.2.1, and a high cycle portion for which Curve C, Figure 1-9.2.2, is conservatively used.

The fatigue curve for the A-516 Grade 70 material is also per Reference 5, Section III, Appendices. Both
curves presented in Figure 1.9.1 are used, with the conservatively lower alternating stress, Sa, used
throughout.

The modulus of elasticity correction factor from the fatigue curves are based on Reference 6 temperature
dependent modulus of elasticity values with a fatigue curve elastic modulus of 28.3e6 psi for the
austenitic materials, and 30.0e6 psi for the A-516 Grade 70 material.

See Appendix B for an example *.FDT file.

6.1.3 Stress Data Input File (*. STR)

Linearized through-wall membrane-plus-bending (P+Q) and membrane-plus-bending-plus-peak
(P+Q+F) component stresses from the finite element stress analyses [4] are extracted for pressure,
mechanical, and thermal transient loads. Stresses are scaled in cases (pressure and mechanical) where
the applied load magnitude is not the same as that analyzed.

The resulting component stresses are then added together to create the load combination for each
thermal transient throughout the length of the event. Thus, thermal stresses are added to the scaled
pressure stresses and to the scaled mechanical load stresses to create each membrane-plus-bending and
membrane-plus-bending-plus-peak component stress entry.

Paths 1 through 6 terminate at outside locations with geometric discontinuities. For these locations, the
magnitude of the P+Q+F stress is determined by applying a fatigue strength reduction factor to the P+Q
stress obtained from the finite element analysis [4].

For Paths 1 through 6 outside, the fatigue strength reduction factors were 2.635, 2.426, 3.010, 2.410, 2.264,
and 2.275, respectively. These values are based on Reference 10, pages 91 and 92, and the minimum and
maximum weld overlay dimensions (taken from the finite element models in Reference 3), where:

,8= angle of contour
= 9.7' for Path 1 outside (for maximum overlay)
= 44.4' for Path 2 outside (for minimum overlay)
= 14.90 for Path 3 outside (for maximum overlay)
= 48.4' for Path 4 outside (for minimum overlay)
= 45.00 for Path 5 outside (for minimum overlay)
= 74.00 for Path 6 outside (for maximum overlay)
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r = radius at contour interface
= 0.25 inches (conservatively assumed)

h = height difference between contours
= 1.149 inches for Path 1 (for maximum overlay)
= 0.749 inches for Path 2 (for minimum overlay)
= 0.006 inches for Path 3 (for maximum overlay)
= 0.536 inches for Path 4 (for minimum overlay)
= 0.920 inches for Path 5 (for minimum overlay)
= 0.045 inches for Path 6 (for maximum overlay)

t = half thickness of thinner contour
= 1.531 inches for Path 1 (for maximum overlay)
= 2.106 inches for Path 3 (for maximum overlay)
= 1.450 inches for Path 5 (for minimum overlay)
= 1.650 inches for Paths 2 (for minimum overlay), 4 (for minimum overlay), and 6 (for

maximum overlay)

The stress concentration factors calculated above are used as the fatigue strength reduction factors.
Thus, the fatigue strength reduction factors calculated above can be assumed to account for the as-
welded condition at those locations.

For those paths that do not occur at a geometric discontinuity, no fatigue strength reduction factor is
used. Instead, the membrane-plus-bending-plus-peak (P+Q+F) component stresses from the finite
element stress analyses [4] will be used directly.

The *.STR file includes the temperature of the location as it varies throughout the events and the
pressure. The pressures vary as indicated in Table 2. The temperature at the location is based on the
actual metal temperature of the material rather than the fluid temperature. These metal temperatures are
extracted from the prior stress evaluations in Reference 4 via the linearized stress results files which
include the temperature data in the last field under "Total" stress.

Because it is not obvious which direction of applied force and moment loading produces the worst stress
ranges, the fatigue evaluation considers both positive (Base Case) and negative (Reverse Case)
mechanical load directions, in order to capture the worst ranges and, therefore, the greatest fatigue
usage.

An example of the *.STR file is shown in Appendix B.
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6.1.4 Fatigue Usage (*.FAT)

The fatigue evaluation automatically selects the load pairs that create the greatest stress intensity range,
performs a K, calculation, corrects for the modulus of elasticity, and performs the fatigue evaluation. It
repeats this process selecting the next highest stress range until the available cycles are used up or the
remaining stress ranges fall below the endurance limit. An example *.FAT file is included in
Appendix B. The intermediate solution files *.ST1, *.ALL, *.PR, and *.ORD are included with
computer files.

Table 9 tabulates the total fatigue usage for each location. In addition, the table includes information on
the load pairing which produces the greatest alternating stress for each location, including the
membrane-plus-bending stress intensity range, the calculated K, elastic-plastic factor, and the
alternating stress, Sa, for the specific load pair.

7.0 CONCLUSIONS

An evaluation of the reactor coolant pump discharge nozzle safe end with weld overlay repair for Davis-
Besse Nuclear Power Station, Unit 1 has been performed in accordance with the requirements of the
ASME Boiler and Pressure Vessel Code, Section III, for Class 1 components [5]. Stress intensities were
conservatively determined for pressure, piping loads and bounding thermal transients provided in
Reference 7, and compared to ASME Code allowable values for primary-plus-secondary stress effects.
In all cases, the reported values of stress intensity are less than their corresponding allowable values.

A detailed fatigue analysis was also performed. For the given number of expected cycles over a 60-year
period, tabulated in Table 7, the total usage at all locations evaluated is below the allowable value of 1
(see Table 9).

In conclusion, the reactor coolant pump discharge nozzle safe end with weld overlay repair design
provided in References 1 and 2 satisfy the requirements of the ASME Code, and are qualified for the
balance of plant life.
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Table 2: Bounding Transients for Analysis

Description
Plant Heatup

Plant Cooldown

Reactor Trip 8A

Time,
sec

0
17532
23400
24480

0
10800
21600
43200

0
12
30

25200
0
2

10
15
20
30
40
60

100
0

30
150
180

Reactor Trip 8C

T, IF m', lb/hr

70 0
557 46323539
557 46323539
579 46323539
550 46323539
300 22560165
280 22560165
140 0

556.5 46323539
570 18800138
550 10026740
550 0

556.5 46323539
560 46323539
565 46323539
562 46323539
585 46323539
590 46323539
580 46323539
565 46323539
552 46323539

556.5 46323539
546.5 11580885
557.5 0
559.5 0

100
400
100

P, psia
15

1050
2250
2250
2250

350
250

15
2250
2500
2200
2250
2200
2240
2400
2500
2620
2500
2200
2100
2025
2190
2130
2250
2200

15
3125

15

h,

Cycles"1 ) Btu/hr-
(40 yrs) ft2-0F

240 27.6
8461.5
8461.5
8666.6

240 8426.2
3638.4
3492.9

43.2
590 8461.5

4176.2
2477.0

81.8
188 8461.5

8505.0
8507.5
8505.0
8626.0
8642.9
8588.8
8507.5
8442.8

21060 8461.5
2773.4

81.9
82.3

T
factor
0.000
1.002
1.002
1.047
1.008
0.473
0.432
0.144
1.001
1.028
0.987
0.987
1.001
1.008
1.018
1.012
1.059
1.070
1.049
1.018
0.991
1.001
0.980
1.003
1.007
0.062
0.679
0.062

Change of Flow

Hydrotest 20

Note: 1) The table is reproduced from Table 5 of Reference 7. The indicated numbers of cycles for different events is for 40
years but are required to be factored by 1.5 to account for a total life of 60 years.

Table 3: Bounding Piping Interface Loads

Forces, lbs Moments, in-lbs
Load Case Fx Fy Fz Mx My Mz
Deadweight 6512 14600 8768 1500714 500583 839695
Thermal 109334 50100 192378 7741583 13082884 5813321
OBE 44160 59600 77946 7185016 4905840 4587384

(Note: Reproduced from Table 3 in Reference 7)
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Table 4: Load Combinations

Load Combinations
LOADS

Level A Level B

Pressure Note 1 Note 1

Temperature Note 2 Note 2

Mechanical Piping Loads X X

Seismic X

Thermal Transients

Heatup (HU) X

Cooldown (CD) X

Reactor Trip 8A (RT1) X

Reactor Trip 8C (RT2) X

Change of Flow (CF) X

Hydrostatic Test (HT) X

Notes:
1. Varies between 0 psig and 2605 psig depending on transient conditions [7], summarized in Table 2.
2. Varies between 70'F and 590'F depending on transient conditions [7], summarized in Table 2.

Table 5: Allowable Stress Intensities

Note:
1. The requirements of ASME Code, Section III, Subparagraph NB-3222.4(e) [5] for peak stresses and cyclic operation

must be met.
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Table 6: Service Level A/B Load Combination, Primary-Plus-Secondary Stress Intensity Evaluation

Maximum Stress Maximum Stress
Path (b ) Surface Intensity Range Intensity Range Allowable Accept

Number (Sn) (psi) (S.) (psi) 3Sm (psi)(Ac
- Base(8 ,o10 ) Reverse(9,1°)

Inside(3) 24,123 25,269 51,459 Yes1
Outside(3) 32,310 43,936 51,950 Yes

Inside(2) 19,526 17,844 42,909 Yes
2 Outside(1 ) 29,895 21,188 59,280 Yes

Inside(5) 26,528 22,475 52,296 Yes
3

Outside(5) 19,111 24,181 51,888 Yes

Inside(2) 20,651 17,915 42,909 Yes
4

Outside(1 ) 28,268 30,115 58,956 Yes

Inside(4) 24,152 27,612 51,522 Yes5
Outside(4) 30,333 17,901 52,020 Yes

Inside(2) 26,907 23,138 42,441 Yes6 Outside(1 ) 43,507 25,861 58,956 Yes

Notes:
1. Material at location is A-516, Grade 70 [3].
2. Material at location is SA-240 304L [3].
3. Material at location is SA-430, FP316 [12].
4. Material at location is SA-376, TP316 [3].
5. Material at location is SA-182, F316 [3].
6. All material stress intensity allowables [5, 6] are based on the maximum S,/3S,, ratio from VESLFAT output files ending

in *.FAT (see Appendix B for example).
7. See Figure 1 for illustration of indicated locations.
8. Mechanical loads are applied in the positive direction (Base Case).
9. Mechanical loads are reverse from the Base Case (Reverse Case).
10. S, are based on the maximum Sn/3Sm ratio from VESLFAT output files ending in *.FAT (see Appendix B for example).
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Table 7: Event Cycles

Transient Event(1) Cycles(2 )

Heatup (HU) 1 240

Cooldown (CD) 2 240

Reactor Trip 8A (RT1) 3 590

Reactor Trip 8C (RT2) 4 188

Change of Flow (CF) 5 21,060

Hydrotest (HT) 6 20

OBE(3) --- 650

Notes:
1. Used by VESLFAT to identify event groupings.
2. The cycles provided in Table 5 of Reference 7 are for 40 years of operation, and need to be

multiplied by 1.5 for this analysis to account for 20 years of additional life.
3. OBE is identified in Reference 7 as 650 events (or cycles) occurring over 40 years. These cycles

will be conservatively applied to the bounding transient pairing, with no self-cycling. Similarly,
these cycles need to be multiplied by 1.5 for this analysis to account for 20 years of additional life.

Table 8: Materials for Fatigue Evaluation

Path") Surface Material

1 Inside & Outside SA-430 FP316 (3)

2, 4, and 6 Inside SA-240 304L(2)

2, 4, and 6 Outside SA-516 Grade 70(2)

3 Inside & Outside SA-182 F316(2)

5 Inside & Outside SA-376 TP316(2)

Notes:
1. See Figure 1 for illustration of indicated locations.
2. Identified in Reference 3.
3. Identified in Reference 12.
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Table 9: Fatigue Usage Results

Path Maximum Alternating Stress Load Pair Total

T Surc Sn K Alternating Fatigue
Transient Pair (psi) Stress (psi) Usage( 3)

Inside HU (1) & HT (6) 22,102 1.000 13,778 0.0000002
1

Outside HU (1) & RT2 (4) 43,936 1.000 64,205 0.1064273(2)

Inside HU (1) & HT (6) 15,146 1.000 - 23,891 0.0006052
2

Outside HU (1) & RT2 (4) 29,895 1.000 40,358 0.1305775

Inside HU (1) & RT2 (4) 12,973 1.000 17,973 0.0001693
3

Outside HU (1) & RT2 (4) 24,181 1.000 40,370 0.0095176(2)

Inside HU (1) & HT (6) 16,479 1.000 24,788 0.00068744 Outside HU (1) & RT2 (4) 30,115 1.000 40,373 0.1275101(2)

Inside HU (1) & RT2 (4) 24,332 1.000 14,740 0.0000307(2)
5

Outside HU (1) & RT2 (4) 30,333 1.000 38,080 0.0068483

Inside HI1U (1) & HT (6) 16,395 1.000 25,564 0.0007493
6

Outside HU (1) & RT2 (4) 43,507 1.000 55,067 0.3464163

Notes:
1. See Figure 1 for illustration of indicated locations.
2. Reversed Piping Load Case.
3. Cumulative fatigue usage from all contributing load pairs.
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Figure 1: Stress Path Definitions for ASME Code, Section III Evaluations

(Note: The Minimum Weld Overlay is shown, which is representative of all minimum/maximum weld overlay paths. The
inside node is located on the inside face of the safe end/elbow for Paths 1 through 6.

This figure is reproduced from Figure 10 in Reference 4.)
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APPENDIX A
Support Files

File Name Description

P* I.CYC Cycle Data Input File for Inside Surface Locations for VESLFAT Program where
-* = 1,2, 3,4, 5, and 6

P* O.CYC Cycle Data Input File for Outside Surface Locations for VESLFAT Program where
- * 1, 2, 3, 4, 5, and6

PI.FDT Material Data Input File for Inside Surface Locations for VESLFAT Program where
* = 1, 2, 3, 4, 5, and 6

P* O.FDT Material Data Input File for Outside Surface Locations for VESLFAT Program where
-* = 1,2, 3, 4, 5, and 6

P*_I.STR Stress Data Input File for Inside Surface Locations for VESLFAT Program where
1, 2, 3, 4, 5, and 6

P*_O.STR Stress Data Input File for Outside Surface Locations for VESLFAT Program where
* = 1, 2, 3, 4, 5, and 6

P* I.ALL
P* _LORD Intermediate Result File for Inside Surface Locations Created by VESLFAT Program where
P•-I.PR * 1, 2, 3, 4, 5, and 6
P*-I.ST1

P* O.ALL
P*_O.ORD Intermediate Result File for Outside Surface Locations Created by VESLFAT Program where
P* O.PR = ,2, 3, 4, 5, and 6
P*_O.STl

P* I.FAT Fatigue Result File for Inside Surface Locations Created by VESLFAT Program where
* = 1, 2, 3, 4, 5, and 6

P* O.FAT Fatigue Result File for Outside Surface Locations Created by VESLFAT Program where
* = 1, 2, 3, 4, 5, and 6

Kfactor.xls Excel Spreadsheet used to calculate the fatigue strength reduction factors.

P+Q.xls Excel Spreadsheet used to summarize all VESLFAT results showing bounding pair, and event
where OBE was applied.

0800368.325.xls Excel Spreadsheet used to generate all VESLFAT *.STR files.
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APPENDIX B

VESLFAT Example Files
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VESLFAT INPUT FILE PI-I.CYC:

N Name N

1
2
3
4
5
6

HU
CD
RT1
RT2
CF
HT

975
360
885
282
31590
975

Increased to account for full OBE cycles

Increased to-account for full OBE cycles
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VESLFAT INPUT FILE PI-I.FDT:

Fatigue Analysis Properties - Note: All text must remain in the file - ksi
1.7 .3 m and n for elastic plastic analysis
28300 E fatigue Curve,ksi
1 Multiplying factor to convert *.STR file data to psi
0.010 Max Membrane Stress (ksi) per psi applied pressure
40 NB-3222.5 (b) limit on Sy if large number of cycles
25 Number of Points on Fatigue Curve
10 Number of points on Material Property Curve

Fatigue Curve with Cycles (ascending) and Salt, ksi
10 708
20 512
50 345

100 261
200 201
500 148

1000 119
2000 97
5000 76

10000 64
20000 55.5
50000 46.3

100000 40.8
200000 35.9
500000 31

1000000 28.2
2000000 22.8
5000000 18.4

10000000 16.4
20000000 15.2
50000000 14.3

100000000 14.1
1000000000 13.9

10000000000 13.7
100000000000 13.6
Material Property Curve (SA-430 FP316)

Temp E,ksi Sm, ksi Sy, ksi
70 28300 20.0 30.0

200 27600 20.0 25.8
300 27000 20.0 23.3
400 26500 19.2 21.4
500 25800 17.9 19.9
600 25300 17.0 18.8
650 25050 16.6 18.4
700 24800 16.3 18.1
750 24450 16.0 17.8
800 24100 15.8 17.6
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VESLFAT INPUT FILE PI-I.STR:
N Name Sax Syy Sea

1.00 1.00 0.00 0.00 0.00
1.00 1.00 -2366.22 -3997.92 -4538.23

1.20 1.20 -4710.44 -5341.84 -7123.46
1.00 1.00 -7223.66 -6656.76 -9928.69
1.00 1.00 -9786.87 -7895.68 -12734.92
1.00 1.00 -9797.84 -7834.53 -12698.16
1.00 1.00 -9803.81 -7743.38 -12631.40
1.00 1.00 -9806.78 -7652.22 -12544.65
1.00 1.00 -9908.75 -7541.07 -12457.99
1.00 1.00 -9806.72 -7429.92 -12371.13
1.00 1.20 -9896.69 -7308.76 -12274.38
1.00 1.00 -9924.74 -3088.89 -9478.91
1.00 1.20 -10179.78 -669.02 -8253.45
1.02 1.00 -10500.83 1140.85 -7537.98
1.00 1.00 -10843.87 2740.72 -6982.52
1.00 0.00 -10957.61 1971.11 -7758.41
1.02 1.00 -11070.35 1301.51 -8404.31
1.00 1.00 -01166.08 781.90 -8880.20
1.00 1.00 -11244.82 392.29 -9216.10
1.00 1.00 -11248.93 392.29 -9206.10
1.00 1.00 -11248.92 422.29 -9176.10
1.03 1.00 -11246.92 452.29 -9136.10
1.00 1.00 -11243.82 492.29 -9096.10
1.00 1.00 -11239.82 532.29 -9046.10
1.00 1.00 -11234.82 582.29 -8996.10
1.00 1.00 -10974.82 2682.29 -7016.10
2.00 2.00 -10771.85 2792.03 -6919.65
2.00 2.00 -9725.37 4671.99 -4201.59
2.02 2.00 -8775.90 5114.94 -2839.54
2.00 2.00 -7795.43 4943.99 -2135.48
2.03 2.00 -6917.96 4573.95 -1598.43
2.00 2.00 -6154.49 3889.80 -0372.37
2.00 2.20 -5219.02 35337.76 -734.32
2.00 2.00 -4311.55 2949.71 -292.26
2.00 2.00 -3558.07 2194.46 -120.22
2.00 2.00 -3686.73 4.20 -2029.90
2.00 2.00 -3713.39 -890.27 -2712.62
2.00 2.00 -3687.05 -1215.73 -2910.30
2.00 2.00 -3642.71 -1335.20 -2949.99
2.00 2.00 -3592.37 -1383.66 -2939.69
2.02 2.03 -3541.03 -1409.13 -2913.39
2.00 2.00 -3487.69 -1426.60 -2883.09
2.03 2.03 -3434.35 -1444.06 -2849.79
2.00 2.02 -2752.93 -463.34 -1631.51
2.00 2.00 -2045.31 1.39 -828.23
2.00 2.00 -1451.80 159.51 -373.95
2.02 2.00 -10007.29 -9.36 -304.77

2.00 2.00 -0003.00 -100.46 -310.57
2.00 2.00 -10000.29 -116.96 -323.77
2.00 2.00 -999.28 -137.76 -340.97
2.00 2.00 -996.78 -160.56 -360.17
2.00 2.00 -973.48 -769.16 -989.67
3.00 3.00 -10820.44 2757.95 -6946.53
3.00 3.00 -0064.29 2999.96 -6916.21
3.00 3.00 -10923.13 3161.76 -696g.9
3.00 3.00 - 900 96.48 3283.67 -7075.59
3.00 3.00 -11082.82 3355.56 -7225.27
3.00 3.00 -11096.39 2880.03 -7473.26
3.00 3.00 -11060.96 2584.50 -7523.26
3.00 3.00 -10988.53 2398.96 -7437.25
3.80 3.03 -10891.10 2313.43 -7251.25
3.80 3.00 -10733.17 2993.74 -6521.15
3.03 3.03 -10666.24 3304.05 -6201.05
3.00 3.00 -10632.31 3464.36 -6050.95
3.02 3.00 -10612.39 3554.67 -5960.86
3.00 3.00 -10710.50 2729.01 -6960.30
3.02 3.02 -10739.62 2673.35 -6949.75
3.00 3.02 -10756.73 2727.70 -6939.20
3.00 3.00 -10771.85 2792.03 -6918.65
3.00 3.00 -10771.85 2792.03 -6918.65
4.00 4.00 -10759.69 2499.35 -7029.13
4.00 4.00 -10760.50 2582.47 -7022.5
4.02 4.02 -10760.31 2655.59 -7024.98
4.00 4.02 -10861.66 2973.15 -7072.77
4.00 4.02 -10974.01 3072.73 -7170.56
4.00 4.00 -11081.47 3261.24 -7169.99
4.02 4.02 -11177.93 3491.35 -7119.42
4.02 4.02 -11125.73 3505.22 -7278.09
4.00 4.00 -11123.53 3289.29 -7696.74
4.00 4.00 -11220.79 2192.59 -9665.92
4.02 4.00 -11280.04 1216.08 -9464.99
4.00 4.00 -11254.48 152.65 -10242.78
4.00 4.02 -11162.93 -680.70 -10352.69
4.00 4.02 -11169.32 -762.60 -10322.25
4.00 4.00 -11153.72 -740.93 -10193.42
4.00 4.00 -11123.12 -660.85 -10004.79
4.00 4.02 -11080.51 -510.97 -9746.16
4.00 4.00 -10987.93 -125.81 -9263.20
4.00 4.00 -10903.35 249.26 -8890.24
4.00 4.00 -10819.77 654.32 -8317.27
4.00 4.00 -12731.19 1069.39 -7824.31
4.02 4.00 -10558.19 1889.39 -6994.31
4.00 4.00 -10484.19 2249.39 -6624.31
4.00 4.00 -10446.19 2419.39 -6454.31
4.00 4.00 -10426.19 2499.39 -6394.31
4.00 4.00 -10513.19 1619.39 -7294.31
5.00 5.00 -10747.54 2447.63 -7045.65
5.02 5.00 -10737.17 2486.24 -6960.47
5.00 5.00 -10710.79 2594.84 -6795.30
5.02 5.00 -10671.41 2763.45 -6570.13
5.00 5.00 -10626.03 2962.05 -6304.96
5.00 5.00 -10574.91 3285.62 -6047.21
5.00 5.00 -10576.79 3379.19 -6019.47
5.00 5.00 -10603.67 3372.77 -6111.73

Sxy

2.200

-98.47
-226.19
-371.28
-525.18
-524.86
-524.93
-525.11
-525.38
-525.76
-526.14
-542.83
-549.62
-551.21
-551.40
-551.92
-552.04
-552.65
-553.77
-553.47
-553.47
-553.47
-553.57
-553.77
-553.87
-566.57
-551.38
-531.96
-501.63
-459.61
-423.09

-391.67
-351.65
-312.23
-279.91
-263.57
-254.64
-249.90
-244.27
-242.43
-236.99
-233.96
-230.92
-197.25
-155.09
-117.70
-99.03
-99.57
-99.11
-97. 67
-97.23
-72.34
-555.20
-561.35

-565.99
-569.14
-571.39
-556.91
-549.43
-543.45
-542.37
-552.97
-553.67
-554.77

-555.37
-552.39
-551.72
-551.45
-151.39
-551.39
-555.29

-559.79
-564.11

-565.31
-565.95
-559.26
-54.308

-592.95
-602.64
-596.40
-579.25

-562.71
-553.47
-549.50
-546.43
-544.26
-542.10
-544.70
-545.19
-544.99
-544.79
-552.29
-554.59
-555.99
-556.69
-553.79
-5555.25

-552.03
-550.22
-549.09
-547.36

-553.55
-556.14
-557.13

Sa-

0.00

1292.96
2967.91
4497.97
6215.93
6221.72
6227.62
6232.51
6239.41
6244.30
6250.20
6341.83
6303.45
6245.08
6174.71
6163.98
6158.05
6161.22
6173.39
6174.39
6176.39
6179.39
6190.39
6182.39
6184.39
6316.39
6143.40
6071.34
5991.29

5454.24
5021.18
4693.13
42894.0
3893.02
3558.97
3317.45
3201.93
3142.41
3103.89
3071.37
3041.95

3013.33
2984.81
2628.13
2129.45
1647.77
1294.09
1277.09
1270.09
1263.09
1255.29
1029.29
6184.33
6155.26
6128.19
6104.11

6126.51
6163.97
6196.44
6223.90
6206.89
6206.97
6212.96

6214.84
6162.48
6151.12
6146.76
6143.40
6143.40
6197.83
6194.21
6171 .68
6144 .97
6120.26
6117.62
6111.98
6251.49
5999.21

6033.11
6262.21
6129.94
6187.66
6199.07
6208.47
6215.88
6223.29
6217.39
6217.49
6221.59
6227.69
6228.69
6241.69
6252.69
6260.69
6216.69
6200.53
6210.69
6219.85
6227.00
6236.16
6223.48
6216.80
6212.12

Syc

0.00

74.50
143.95

212.37
282.40
291.65
291.42

291.15
2:0.80
290.55
290.30
278.43
280.75
284.38
298.11
292.05
294.49

296.44
299.18
297.58
297.19
296.98
296.69
296.49
296.29
294.09
296.04
264.69
246.73

223.09
203.12
183.97
161.22
142.46
124.11
125.85
124.89
123.54
122.28
120.93
119.59
118.22
116.88
97.74
77.07
57.70
41.73
41.62
41.51
41.41
41.32
39.52

297.87
294.91
322. 65
329.90
316.64

324.61
292.08
281.15
271.62
276.82
279.73
291.23
292.13
205.40
285.73
285.8 9
286.04
296.04
297.25
290.24

294.42
321.71
327.02
323.90
300.09
322.76
349.93
350.59
348.56
330.92
314.75
304.83
296.32

299.71
281.70
278.11
274.71
271.22
267.83
275.43
278.63
280.23
281.13
283.93
297.13
282.54
278.25
274.46
270.98
277.37
281.97
285.26

$xa

1.95

555.10
1239.16
2030.21
2069.27
2094.33
2113.39
2128.45
2141.51
2152.57
2167.52
1991.47
1747.42
1480.37
1349.70
1290.03
1254.36
1232.69
1261.69
1280.69
1294.69
1306.69
1316.69

1325.68
1559.69
1470.95
1944.94

1922.73
1899.62
1925.52
1973.41
1906.30
1866.19
1881.08
1540.97
1429.86
1382.75
1359.64
1347.53
1338.42
1331.31
1325.21
1234.70
1019.20
826.89
665.89
657.99
650.59
643.79
637.39
481.19
1491.34
1115.34
740.34
393.34
74.35

733.29
1347.23
1972.17
2314.11
198.8.05
1135.20
1762.94
1719.69
1522.90
1496.92
1492.93
1410.95
1470.95
9224.50
9205.34
a776.19
8459.27
8212.37
8424.12
8625.97
7282.76
5986.66
6289.60
6599.54
7709.72
8625.90
9119.716
9513.62
9947.47

10141.33
10179.19
10237.26
10304.92
10372.79
9112.79
9592.79
9482.79
9422.79
9352.79
1549.13
1769.43
1961.73
2127.23
2279.32
1947.17
1733.02
1586.86

Syy S-a

0.00 0.00

-3952.91 -3764.99
-3675.62 -4284.99
-2954.42 -4596.97
-1891.23 -4705.96
-1698.87 -4517.35
-1496.50 -4348.74
-1304.14 -4190.12
-1121.77 -4041.51
-939.41 -3992.90
-772.05 -3754.29
4269.91 -396.40
6979.66 1057.49
8953.52 1941.36

10673.37 2637.24
9511.20 1567.62
8691.02 856.01
8099.85 370.40
7673.68 39.79
7763.68 134.79
7852.68 227.79
7938.68 313.79
9019.69 395.79
8097.68 473.79
8171.68 547.79

10751.68 2745.79
10684.23 2632.74
12956.65 5290.87
12991.98 5926.99
12276.50 5907.11
11397.93 5907.73
10342.35 5526.58

9319.78 5323.18
7999.20 4906.60
6773.63 4491.72
3656.78 1909.22
2483.94 1049.72
2025.00 754.22
1826.45 644.72
1721.91 599.22
1650.36 575.71
1589.82 558.21
1531.28 543.71
2257.64 1316.62
2159.45 1433.72
1831.39 1324.83
1150.03 926.23
1122.03 922.63
1287.23 873.13
1049.93 941.93
1011.83 810.43
63.83 55.53

10696.93 2656.20
10246.90 1965.82
9642.86 1125.43
8986.83 246.04
8315.78 -641.35
8913.29 307.35
9975.90 1588.05

10902.31 2901.75
1190.893 4169.44
12312.15 4425.57
12256.49/ 4309.69
12164.90 4191.92
12277.13 2869.95
10651.15 2695.14
10565.18 2594.34
10617.21 2607.55
10684.23 2632.74
10684.23 2632.74
21912.93 17299.92
21695.93 16777.65
21402.32 16309.39
21143.96 15865.04
21202.59 15475.70
21607.67 15969.89
22307.76 16545.09
20225.93 14116.26
17806.13 11403.33
16851.82 10853.05
16349.63 10714.16
17134.04 12195.81
17959.15 13627.56
19269.65 14852.14
20052.17 15919.73
20939.68 16971.31
21744.19 17727.90
22316.31 18252.68
22762.44 18673.47
23149.56 19045.25
23490.68 19377.03
22489.69 19214.03
21926.69 17604.03
21606.69 17264.03
21412.68 17062.03
20901.68 16650.03
10368.85 2529.84
10920.64 3142.09
11553.42 3923.31
12199.21 4504.54
12957.99 5200.78
12470.96 4672.36
11965.93 4075.94
11497.90 3544.52

Sxy

-532.24
-924.78

-1314.62
-1690.16
-1678.06
-1669.96
-1661.96
-1655.75
-1650.65
-1645.55
-1526.19
-1477.93
-1455.47
-1441.12
-1497.52
-1532.92
-1560.32
-1582.72
-1574.72
-1569.72
-1565.72
-1562.72
-1558.72
-1556.72
-1467.72
-1425.33
-1217.32
-1084.30
-953.19
-847.97
-750.26
-641.04
-551.83
-468.51
-571.19
-602.56
-611.14
-612.72
-606.79
-601.27
-595.14
-599.62

-454.77
-338.43
-240.78
-174.83
-175.33
-175.93
-176.63
-177.33
-195.33

-1434.99
-1524.28
-1614.59
-1697.87
-1774.17
-1614.77
-1463.30
-1333.98
-1224.58
-1299.58
-1335.58
-1353.58
-1363.50
-1422.27

-1424.95
-1425.64
-1425.33
-1425.33
-872.34
-913.38
-963.33

-1031.36
-1084.40
-1032.56
-976.43

-1276.56
-1598.98
-1602.12
-1593.26
-1395.75
-1222.23
-I104.90
-1o04.57
-915.34
-834.11
-796.35
-756.59
-714.93
-673.29
-758.99
-792.08
-907.78
-916.69
-972.28

-1436.49
-1377.23
-1322.97
-1275.71
-1229.44
-1311.41
-1369.39
-1406.34

Sac

0.00

535.45
1129.10
1712.65
2343.19
2346.27
2346.35
2347.42
2347.50
2347.57
2347.65
2342.11
2340.59
2344.04
2348.50
2360.21
2374.92
2399.64
2401.35
2403.35
2403.35
2403.35
2403.35
2403.35
2403.35
2395.35
2330.60
2193.14
2043.69
1949.23
1681.7B
1538.32
1355.87
1194.41
1053.96
1036.42
1224.75
1214.49

1204.14
993.38
982.63
971.67
960.82
806.90
629.70
471.97
352.45
350.75
349.15
347.75
346.35
310.55
2346.44
2328.04
2315.63
2309.23
2307.83
2355.79
2383.75
2396.71
2399.67
2347.67
2333.67
2328.67
2327.67
2329.90
2330.14
2330.37
2330.60
2330.60

-5046.49
-5054.89
-5062.30
-5062.48
-5059.67
-5044.94
-5034.20
-5079.60
-5109.20
-5069.79
-5043.58
-5006.02
-4985.45
-4975.40
-4969.35
-4966.30
-4965.25
-4976.02
-4983.79
-4990.56
-4999.33
-5034.33
-5053.33
-5066.33
-5074.33
-5026.33
2345.32
2352.72
2355.12
2353.52
2353.91
2329.52
2323.13
2324.74

Oye

0.00

523.58
1110.36
1724.54
2365.72
2364.62
2365.51
2365.41
2366.31
2367.21
2368.11
2388.79
2379.47
2388.16
2382.84
2389.91
2395.99
2403.06
2410.13
2409.13
2409.13
2409.13
2409.13
2409.13
2409.13
2432.13
2367.75
2271.24
2149.74
1960.24
1797.73
1658.23
1402.73
1321.23
1081.72
1137.20
1111.28
1093.56

1069.11
1057.39
1045.67
1034.95
984.24
699.34
530.64
401.03
399.13

397.23
395.33
393.53
340.63
2382.83
2401.32
2418.81
2434.30
2446.79
2410.59
2379.39
2355.19
2334.99
2358.99
2368.99
2373.99
2376.98
2370.67
2369.36
2368.06
2367.75
2367.75
2163.08
2171.60
2179.13
2185.17
2189.21
2176.95
2166.68
2216.34
2261.00
2248.53
2241.05
2209.72
2196.39
2170.96
2158.54
2148.11
2138. 68
2139.10
2137.53
2135.95
2134.37
2154.37
2161.37
2165.37
2167.37
2158.37
2384.33
2372.67
2363.01
2354.35
2347.69
2367.21
2378.74
2395.27

Tmax

191.60
313.30

435.00
556.80
556.80
556.80
556.80
556.80
556.80
556.80
556.90
557.00
557.00
557.20
562.40
567.90
573.40
578.90
578.90
578.90
578.90
578.90
578.90
579.90
579.00
550.00
519.10
407.90
456.70
425.50
394.20
363.00

331.70
302.50
297.70
295.10
292.60
290.10
287.50
285.00
202.50
280.00
245.20
210.30
175.50
149.40

148.00
147.70
147.40
147.10
140.08
556.50
559.30
562.30
565.40
568.50
564.70
560.50
556.10
551.90
550.70
552.40
552.30

550.30
550.00
550.00
55.200
55.200
550.00
556.50
559.00
559.60
562.10
564.50
563.30
561.90
572.20
593.00
596.20
5 88.80
584.50
579.80
576.20
572.60
569.00
565.30
562.02
558.80
555.60
552.40
552.20
552.10
552.10
552.10
552.00
556.50
554.40
552.20
549.90
547.60
548.80
550.40
552.00

Pmax

0.00

258.75
517.50
776.25
1035.20
1039.09

1043.18
1047.27
1051.36
1055.45
1059.54
1353.40
1647.27
1941.13
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
1997.50

1760.00
1522.50

1295.00
1047.50
810.00
572.50
335.00
322.50
310.00

297.50
285.00
272.50
260.00
247.52
235.00
176.25
117.50
58.75
0.00
0.02
0.02

0.020
0.00

2235.02
2297.50
2360.02
2422.50
2485.00
2410.00
2335.00
2260.00
2185.00
22185. 06
2185.12
21 15.19
2185.24
2197.68
2210.12
2222.56
2235.00
2235.00
2185.00
2205.00
2225.00
2305.20
2385.00
2435.00
2485.00
2545.00
2605.00
2545.00
2485.00
2335.00
2185.00
2160.02
2135.00
2110.00
2085.00
2066.25
2047.50
2028.75
2010.80
2010.00
2010.00
2010.00
2010.00
2 010.0 0
2175.00
2160.00
2145.00
2130.00
2115.00
2135.00
2155.00
2175.00
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5.00 5.00 -10045.55 3286.34 -6263.99 -557.62 6207.44 287.76 1479.71 11084.87 3081.11 -1434.31 2328.35 2389.79 553.50 2195.0
5.30 5.00 -10685.43 3188.81 -1436.25 -557.61 8200.77 288.55 148.55 10778.84 2729.61 -1453.28 2332.56 2393.32 554.80 2215.00
5.00 5.00 -10743.30 3193.48 -8508.51 -556.00 6184.08 289.25 1428.40 10853.85 2759.27 -1444.24 2738.57 2088.85 555.00 2235.00
5.00 5.30 -10724.79 2878.71 -6641.79 -556.75 6189.60 289.22 1446.54 10610.98 2611.68 -1448.12 2340.23 2309.48 555.30 2210.00
5.00 5.00 -10707.28 2765.93 -6765.07 -556.90 6204.11 289.29 1458.68 10353.16 2449.11 -1455.00 2340.90 2390.12 555.80 2185.00
5.00 5.00 -10737.28 2575.93 -6959.07 -556.40 6200.11 289.19 1466.68 10198.16 2310.11 -1456.00 2343.80 2389512 556.40 2185.00
5.00 5.00 -10758.28 2445.93 -7085.07 -555.90 6195.11 288.98 1474.68 10113.16 2237.11 -1456.00 2345.90 2387.52 556.80 2185.00
5.00 5.00 -10773.28 2355.93 -7185.07 -555.60 6192.11 288.89 1481.68 10063.16 2196.11 -1456.00 2346.90 2386.52 557.00 2185.00
5.00 5.00 -10785.28 2295.93 -7245.07 -555.30 6189.11 288.78 1486.68 10035.16 2173.11 -1455.00 2347.90 2386.12 557.20 2185.00
5.00 5.00 -10781.28 2485.93 -7035.07 -556.90 6216.11 288.09 1549.68 10430.16 2562.11 -1441.00 2351.90 2391.12 559.50 2185.00
6.00 6.00 -912.91 2962.97 4512.80 -31.43 -308.63 64.84 230.43 4099.08 6108.51 -231.48 207.04 151.12 1O0.O0 0.00
6.00 6.00 -9606.57 13800.30 3281.76 -359.42 3121.64 264.53 -518.84 20245.30 11438.04 -1063.22 1676.12 1583.53 400.00 3110.00
6.00 6.00 -912.91 2962.97 4512.80 -31.43 -308.63 64.86 230.43 4089.08 6108.51 -231.49 207.04 151.12 100.00 0.00
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VESLFAT RESULT FILE PI-I.FAT:

VESLFAT Version 1.42 12/29/2006 (VeslFatlp42)
06-02-2009 14:48:12
Page 1

VESLFAT Load Set Pair Module Version 1.42 - 01/03/2007 (&VeslFatPairlp42)
Stress Pairing Analysis
Elastic Plastic Properties

m= 1.7
n = 0.3

Stresses Multiplied by 1 to convert to psi
Max General Membrane Stress(ksi) per unit Pressure (psi)

Upper Limit on Sy for large number of cycles NB-5222.5(b)

0.01
(ksi) = 40

Material Properties vs Temperature
T, F

70
200
300
400
500
600
650
700
750
800

E, ksi
28300
27600
27000
26500
25800
25300
25050
24800
24450
24100

3Sm, ksi
20.0
20.0
20.0
19.2
17.9
17.0
16.6
16.3
16.0
15.8

Sy, ksi
30.0
25.8
23.3
21.4
19.9
18.8
18.4
18.1
17.8
17. 6

Stress ranges < 13328 psi neglected

Files:

Input Stress File =
Converted Stress File =

All Stress Ranges File =

Significant Ranges File =

Thermal Ratchet Case File

p1-i. STR
pl-i. STl
pl-i.ALL
p1-i. PR
p1-i. TRC

Max Ratio of Sn/3Sm = 0.438691 for Trans Pair 1 and 6
Max P+Q Stress, psi = 25268.63 <= 3Sm, psi 57600

VESLFAT Load Pair Sort Module Version 1.42 - 12/29/2006 (&VeslFatSortlp42)
Sorting Stress Ranges from File = pl-i.PR
Storing Output Ordered Ranges in File = pl-i.ORD

Fatigue Analysis using VESLFAT Fatigue Module Version 1.42 - 12/29/2006
(&VeslFatFatlp42)
Page 2 06-02-2009 14:48:15

Input Echo:
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Fatigue Properties:
m = 1.7 n = 0.3
E (Fatigue Curve), ksi = 28300
E (Analysis) chosen at the highest of transient pair temperatures
Sm chosen at the highest of transient pair temperatures

Fatigue Curve: Cycles
1.OE+01
2. OE+01
5. OE+01
1. OE+02
2 . OE+02
5. OE+02
1. OE+03
2 . OE+03
5. OE+03
1.0OE+04
2 . OE+04
5. OE+04
1. OE+05
2 . OE+05
5. OE+05
1.OE+06
2 . OE+06
5. OE+06
1 . OE+07
2. OE+07
5. OE+07
1 . OE+08
1 . OE+09
1. OE+I0
1. OE+ll

Salt, ksi
708.00
512.00
345.00
261.00
201.00
148.00
119.00
97.00
76.00
64.00
55.50
46.30
40.80
35.90
31.00
28.20
22.80
18.40
16.40
15.20
14.30
14.10
13.90
13.70
13.60

Cycles
975
360
885
282

31590
975

Events:Index Name Num.
1 HU
2 CD
3 RT1
4 RT2
5 CF
6 HT

Stress input file:
N N.e. Sxx Syy Sea Say 3S- Sy. Sxx Syy Sz- Sxy Sxz Sys Tmax Pmax

0.00 1.00 0.00 0.00 0.0o 0.00 o.oo 0.00 0.00 0.00 o.oo 0.o0 0.0o 0.00 70.0 0.o0
0.00 0.00 -2366.22 -3997.92 -4539.23 -98.47 1282.96 74.50 1.85 -3950.91 -3764,99 -532.04 535.45 523.58 191.60 258.75
1.00 1,00 -4710.44 -5341.84 -7123.46 -226.19 2:67,91 143.85 555.10 -3675,62 -4284,98 -924.78 1109.00 1100.36 313.30 507.50
1.00 1.00 -7223.66 -6656.76 -9928.69 -371.28 4487.87 212.37 1239.16 -2954.42 -4596.97 -1314.62 1712.65 1724.54 435.00 776.25
1.00 1.00 -9786.87 -7895.68 -12734.92 -525.18 6215.83 282.40 2030.21 -1891.23 -4705.96 -1690.16 2343.19 2365.72 556.80 1035.00
1.00 0. 00 -9797.84 -7834.53 -12698.16 -524.86 6221.72 291.65 2069.27 -1689.97 -4517.35 -1678.06 2346.27 2364.62 556.90 1039.09
1.00 1.00 -9803.91 -7743.38 -12631.40 -524.83 6227.62 291.40 2094.33 -0496.50 -4348.74 -0669.96 2346.35 2365.51 556.80 043.18

Fatigue Analysis using VESLFAT Fatigue Module Version 1.42 - 12/29/2006 (&VeslFatFatlp42)
Page 3 06-02-2009 14:48:15

1.00 1.00 -9906.79 -7652.22 -12544.65 -520.11
1.00 1.00 -9909.70 -7541.07 -12457.89 -525.38
1.00 1. 00 -9909.72 -7429.92 -12371.13 -520.76
1.00 1.00 -9806.69 -7308.78 -12274.38 -526.14
1.00 1.00 -9924.74 -3089.89 -9478.91 -542.83
1.00 1.00 -10179.78 -669.02 -8253.45 -549.62
1.00 1.00 -10500.983 1140.85 -7537.98 -551.21
1.00 1.00 -10843.87 2740.72 -6992.:2 -551.40
1.00 1.00 -10957.61 1971.11 -7758.41 -551.92
1.00 1.00 -11070.35 1301.51 -8404.31 -552.04
1.00 1.00 -11166.09 791.90 -9990.20 -552.65
1.00 1.00 -10244.92 392.29 -9216.10 -553.77
1.00 1.00 -11248.82 392.29 -9206.10 -553.47

6232.51 291.15 2113.39 -1304.14 -4190.12 -1661.86 2347.42 2365.41 556.90 1047.27
6238.41 290.80 2128.45 -0121.77 -4041.51 -1655.75 2347.50 2366.31 556.90 1051.36
6244.30 280.55 2141.51 -939.41 -3892.90 -1650.65 2347.57 2367.21 556.80 1055.45
6250.20 280.30 2152.57 -770.05 -3754.28 -1645,55 2347.65 2368.11 556.80 1059.54
6341.93 279.43 2167.52 4269.81 -396.40 -1526.19 2342.11 2388.79 556.90 1353.40
6303.45 280.75 1991.47 6978.66 1057.48 -1477.83 2340.58 2390.47 557.00 1647.27
6245.08 284.38 1747.42 8953.52 1941.36 -1455.47 2344.04 2388.16 557.00 1941.13
6174.71 299.11 1480.37 10673.37 2637.24 -1440.12 2348.50 2382.84 55:700 2235.00
6163.89 292.05 1349.70 9501.20 1567.62 -1497.52 2360.21 2389.91 562.40 2235.00
6158.05 294.49 1290.03 8691.02 856.01 -1532.92 2374.92 2395.99 567.90 2235.00
6161.22 296.44 1254.36 9099.05 370.40 -1560.32 2309.64 2403.06 573.40 2235.00
6173.39 299.10 1232.69 7673.68 38.79 -1582.72 2401.35 2410.13 579.90 2235.00
6174.39 297.58 1261.68 7763.68 134.79 -1574.72 2403.35 2409.13 578.90 2235.00
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1.90 1.00 -11248.82 422.29 -9176.10 -553.47 6176.39
1.20 1.02 -11246.62 452.29 -9136.10 -593.47 6176.39
1.00 1.00 -11243.82 492.29 -9096.10 -553.57 6180.39
1.00 1.00 -11236.82 532.29 -9046.10 -553.77 6182.39
1.00 1.00 -11234.82 582.29 -8996.10 -653.67 6164.39
1.00 1.00 -00974.62 2682.29 -3016.10 -566.57 6316.39
2.00 2.00 -10771.85 2792.03 -6918.65 -151.36 6143.40
2.00 2.00 -9725.37 4671.99 -4201.59 -521.96 6071.34
2.00 2.00 -8775.90 5114.94 -2839.54 -501.63 5891.29
2.00 2.00 -7795.43 4943.89 -2135.49 -459.61 5454.24
2.00 2.00 -6917.96 4573.65 -1596.43 -423.09 5021.16
2.00 2.00 -6154.496 3669.0 -1372.37 -391.67 4693.13
2.00 2.00 -5219.02 3537.76 -734.32 -351.65 4284.08
2.00 2.00 -4311.55 2949.71 -282.26 -312.23 3693.02
2.00 2.00 -3558.07 2194.46 -120.20 -278.91 3558.97
2.00 2.00 -3686.73 4.20 -2029.90 -263.57 3317.45
2.00 2.00 -3713.39 -890.27 -2712.60 -254.64 3201.93
2.00 2.00 -3687.05 -1215.73 -2910.30 -246.60 3142.41
2.00 2.00 -3642.71 -1335.20 -2949.99 -244.27 3103.89
2.00 2.00 -3592.37 -1383.66 -2939.69 -240.43 3071.37
2.00 2.00 -3541.03 -1406.13 -2913.39 -236.99 3041.865
2.00 2.00 -3467.69 -1426.60 -2883.09 -233.86 3013.33
2.00 2.00 -3434.35 -1444.06 -2849.79 -230.92 2984.61
2.00 2.00 -2752.83 -463.34 -1631.51 -197.25 2628.13
2.00 2.00 -2045.31 1.39 -828.23 -155.08 2129.45
2.00 2.00 -1451.80 159.51 -373.95 -117.70 1647.77
2.00 2.00 -1007.28 -91,36 -304.77 -69.03 1264.09
2.00 2.00 -i0003.06 -100.46 -310057 -8.57 12773.09
2.00 2.00 -1000.28 -116.96 -323.77 -66.11 1270.09
2.00 2.00 -996.28 -137.76 -340.97 -87.67 1263.09
2.00 2.00 -996.78 -160.56 -360.17 -67.23 1255.09
2.00 2.00 -973.48 -769.16 -880.67 -72.34 1028.09
3.00 3.00 -10820.44 2757.95 -6946.53 -555.00 6164.33
3.00 3.00 -10864.29 2999.86 -6916.21 -561.35 6155.26
3.00 3.00 -10923.13 3161.76 -6965.69 -565.69 6126.19
3.00 3.00 -10996.96 3283.67 -7075.56 -569.14 6104.11
3.00 3.00 -11082.82 3351.16 -7225.37 -571.39 6061.04
3.00 3.00 -11096.39 2886.03 -7479.26 -556.91 6126.51
3.00 3.00 -11060.96 2564.50 -7523.26 -548.43 6163.97

297.16
296.60
296.66
296.46

296.28
294.08
286.04
264.69
246.73
223.08
203.12
183.97
161.22
142.46
124.11
125.85
124.89
123.54
122.28
120.93
119.56
116.22
116.66
97.74
77.07
57.70
41.73
41.62
41.51
41.41
41.32
38.52

287.87
294.91
302.65
309.90
316.64

304.61
292.08

1200.66 7852.66 227.79 -1569.72 2403.35
1294.66 7936.68 313.79 -1565.72 2403.35
1306.66 6019.66 395.79 -1562.72 2403.35
1316.69 6097.66 473.79 -1558.72 2403.35
1325.68 6171.68 547.79 -1556.72 2403.35
1559.68 10751.69 2745.79 -1467.72 2395.35
1470.95 10684.23 2632.74 -1425.33 2330.60
1844.84 12956.65 5290.87 -1217.32 2193.14
1922.73 12991.98 5926.99 -1084.30 2043.69
1898.62 12276.50 5907.11 -953.19 1846.23
1925.52 11397.93 5607.73 -647.93 1661.76
1973.41 10342.35 5526.58 -750.26 1538.32
1906.30 9319.78 5323.18 -641.04 1355.87
1866.19 7989.20 4906.60 -551.83 1194.41
1881.08 6773.63 4491.72 -468.51 1053.96
1540.97 3656.76 1909.22 -571.19 1036.40

.1429.86 2483.94 1049.72 -602.56 1024.75
1382.75 2025.00 754.22 -611.14 1014.49
1359.64 1826.45 644.72 -610.72 1004.14
1347.53 1721.91 599.22 -606.79 993.38
1338.42 1650.36 575.71 -601.27 992.63
1331.31 1589.82 558.21 -595.14 971.67
1325.21 1531.28 543.71 -568.62 960.82
1234.70 2257.64 1316.62 -454.77 606.90
1019.20 2159.45 1433.72 -336.43 629.76
826.69 1831.39 1324.63 -240.79 471.87
665.69 1150.03 926.23 -174.83 352.45
657.99 1122.03 902.63 -175.33 350.75
650.59 1067.23 873.13 -175.93 349.15
643.79 1049.93 641.93 -176.63 347.75
637.39 1011.83 810.43 -177.33 346.35
481.19 63.83 55.53 -195.33 310.55
1491.34 10696.93 2656.20 -1434.99 2346.44
1115.34 10248.90 1965.82 -1524.26 2328.04
740.34 9642.66 1125.43 -1614.56 2315.63
393.34 6966.63 246.04 -169"7.87 2309.23

74.35 6315.76 -641.35 -1774.17 2307.83
733.29 8913.29 307.35 -1614.77 2355.79
1347.23 0675.60 1586.05 -1463.38 2383.75

Fatigue Analysis using VESLFAT Fatigue Module Version 1.42 - 12/29/2006 (&VeslFatFatlp42)
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3.00 3.00 -10966.53 2396.96 -7437.25 -543.45 6196.44 281.15
3.00 3.00 -10691.10 2313.43 -7251.25 -540.37 6223.90 271.62
3.00 3.00 -10733.17 2993.74 -6521.15 -550.97 6206.69 276.62
3.00 3.00 -10666.24 3304.05 -6201.05 -553.67 6206.67 279.73

3.00 3.00 -10632.31 3464.36 -6050.95 -564.77 6210.66 261.23
3.00 3.00 -10612.39 3554.67 -5960.86 -555.37 6214.64 262.13
3.00 3.00 -10710.50 2729.01 -6860.30 -552.39 6162.48 285.48
3.00 3.00 -10739.62 2673.35 -6949.75 -551.72 6151.12 265.73
3.00 3.00 -10756.73 2727.70 -6939.20 -551.45 6146.76 265.99
3.00 3.00 -10771.65 2792.03 -6916.65 -551.36 6143.40 266.04
3.00 3.00 -10771.85 2792.03 -6916.65 -551.36 6143.40 266.04
4.00 4.00 -10759.69 2499.35 -7029.13 -555.29 6197.83 287.25
4.00 4.00 -10760.50 25682.47 -7002.05 -559.37 6164.26 290.24
4.00 4.00 -10760.31 2655.568 -7004.99 -564.17 6171.68 294.42
4.00 4.00 -10661.66 2673.15 -3032.77 -65.31 6144.97 301.71
4.00 4.00 -10974.01 3070.33 -3170.56 -565.95 6120.26 307.00
4.00 4.00 -11061.47 3261.04 -7169.99 -559.26 6117.62 303.90
4.00 4.00 -11177.93 3491.35 -7119.42 -554.36 6111.96 300.09
4.00 4.00 -11125.73 3505.22 -7276.06 -580.95 6051.49 322.76
4.00 4.00 -11123.53 3289.09 -7696.74 -600.64 5998.01 348.93
4.00 4.00 -11220.79 2182.59 -8665.82 -566.40 6033.11 350.59
4.00 4.00 -11260.04 1216.08 -9464.89 -579.25 6060.21 348.56
4.00 4.00 -11254.48 152.65 -10042.78 -562.71 6129.94 330.90
4.00 4.00 -11162.93 -680.78 -10350.68 -553.47 6187.66 314.75
4.00 4.00 -11168.32 -760.60 -10322.05 -549.50 6199.07 304.83
4.00 4.00 -11153.72 -740.83 -10193.42 -546.43 6206.47 296.32
4.00 4.00 -11123.12 -660.85 -10004.79 -544.06 6215.88 286.71
4.00 4.00 -11080.51 -510.87 -9746.16 -542.10 6223.29 291.70
4.00 4.00 -10987.93 -125.81 -9263.20 -544.70 6217.39 278.11
4.00 4.00 -10903.35 249.26 -8800.24 -545.19 6217.49 274.71
4.00 4.00 -10818.77 654.32 -8317.27 -564.99 6221.59 271.22
4.00 4.00 -10731.19 1069.39 -7824.31 -544.79 6227.69 267.83
4.00 4.00 -10558.19 1889.39 -6984.31 -552.09 6228.69 275.43
4.00 4.00 -10484.19 2249.39 -6624.31 -554.59 6241.69 276.63
4.00 4.00 -10446.19 2419.39 -6454.31 -555.89 6252.69 200.23
4.00 4.00 -10426.19 2489.39 -6394.31 -556.69 6260.69 261.13
4.00 4.00 -10513.19 1619.39 -7294.31 -553.79 6216.69 283.63
5.00 5.00 -10747.54 2447.63 -7045.65 -555.25 6200.53 267.13
5.00 5.00 -10737.17 2486624 -6960.47 -552.03 6210.69 282.54
5.00 5.00 -10710.79 2594.84 -6795.30 -550.20 6219.85 278.25
5.00 5.00 -10671.41 2763.45 -6570.13 -549.08 6227.00 274.46
5.00 5.00 -10626.03 2962,05 -6304.96 -547.36 6236.16 270.96
5.00 5.00 -10574.91 3285.62 -6047.21 -553.55 6223.46 277.37
5.00 5.00 -10576.79 3379.19 -6019.47 -556.14 6216.80 281.97
5.00 5.00 -10603.67 3372.77 -6111.73 -557.13 6212.12 285.26
5.00 5.00 -10645.55 3286,34 -6263.99 -557.62 6207.44 287.76
5.00 5.00 -10695.43 3189.91 -6436.25 -557.61 6200.77 269.55
5.00 5.00 -10743.30 3193.48 -6508.51 -556.60 6194.09 269.25
5.00 5.00 -10724.79 2979.71 -6641.79 -536.75 6199.60 289.22
5.00 5.00 -10707.28 2765.93 -6765.07 -556.90 6204.11 289.29
5.00 5.00 -10737.28 2575,93 -6955.07 -556.40 6200.11 289.19
5.00 5.00 -10758.28 2445.93 -7095.07 -5556.90 6195.11 286.99

1870.17 10902.31 2901.75 -0333.96 2396.71
2314.11 11910.83 4169.44 -1224.58 2399.67
1966.05 12312.15 4425.57 -1299.58 2347.67
1835.00 12256.48 4309.69 -1335.56 2333.67
1760.94 12164.80 4191.60 -1353.58 2328.67
1718.88 12077.13 4089.95 -1363.56 2327.67
1522.90 10651.15 2695.14 -1420.27 2329.90
1496.92 10565.18 2594.34 -1424.95 2330.14
1482.93 10617.21 2607.55 -1425.64 2330.37
1470.95 10684.23 2632.74 -1425.33 2330.60
1470.95 10684.23 2632.74 -1425.33 2330.60
9224.50 21912.53 17089.90 -870.34 -5046.49
9005.34 21695.93 16772.65 -903.36 -5054.89
8776.18 21402.32 16389.39 -963.33 -5062.30
6459.27 21143.96 15865.04 -1031.36 -5062.48
8212.37 21002.59 15475.70 -1084.40 -5059.67
9424.12 21607.67 15969.89 -1032.56 -5044.94
8625.67 22307.76 16545.09 -976.43 -5034.20
7282.76 20225.93 14116.26 -1276.56 -5079.60
5966.66 17806.13 11403.33 -1586.98 -5109.00
6269.60 16651.62 10853.05 -1602.12 -5069.39
6596.54 16349.63 10714.16 -1593.26 -5043.58
7709.72 17134.84 12195.81 -1395.75 -5006.02
8625.90 17959.15 13627.56 -1222.23 -4985.45
9119.76 19069.66 14852.14 -1104.90 -4975.40
9513.62 20052.17 15919.73 -1004.57 -4969.35
9647.47 20938.68 16671.31 -915.34 -4966.30

10141.33 21744.19 17727.90 -834.11 -4965.25
10179.19 22316.31 18252.68 -796.35 -4976.02
10237.06 22762.44 18673.47 -756.59 -4983.79
10304.92 23149.56 19045.25 -714.93 -4990.56
10372.79 23490.66 19377.03 -673.08 -4999.33
9812.79 22468.66 18214.03 -758.88 -5034.33
9592.79 21926.68 17604.03 -792.08 -5053.33
9462.79 21606.68 17264.03 -807.78 -5066.33
9422.79 21412.68 17062.03 -616.68 -5074.33
9352.79 20901.68 16650.03 -870.28 -5026.33
1549.13 10368.85 2529.64 -1436.49 2345.32
1768.43 10920.64 3142.08 -1377.23 2352.72
1961.73 11553.42 .3823.31 -1322.97 2355.12
2127.03 12198.21 4504.54 -1275.71 2353.52
2278.32 12857.99 5200.76 -1229.44 2353.91
1947.17 02470.96 4672.36 -0351.41 2329.52
1733.02 11965.93 4075.94 -1366.38 2323.13
1586.86 11497.90 3544.52 -1406.34 2324.74
1479.71 11084.87 3081.11 -1434.31 2328.35
1409.55 10778.84 2729.69 -1453.28 2332.96
1429.40 10853.81 2759.27 -1444.24 2338.57
1446.54 10610.99 2611.69 -1449.12 2340.23
1458.68 10353.16 2449.11 -1455.00 2340.90
1466.66 10198.16 2310.11 -1456.00 2343.90
1474.68 10113.16 2237.11 -1456.00 2345.90

2409.13
2409.13

2409.13
2409.13
2409.13
2432.13
2367.75
2271.24
2149.74
1960.24
1397.73
1658.23
1480.73
1321.23
1181.72
1137.00
1111.28
1093.56
1080.84
1069.11
1057.39
1045.67
-034.95
884.24

699.34
530.64
401.03
399.03
397.23
395.33
393.53
340.63
2362.83
2401.32
2416.61

2434.30
2446.79
2410.59
2379.39

2355.19
2334.99
2358. 99
2366.99
2373.99
2376.98
2370.67
2369.36
2368.06
2367.75
2367.75
2163.08
2171.60
2179.13
2185.17
2189.21
2176.95
2166.68

2216.34
2261.00
2248.53
2241.05
2209.72
2186.39
2170.96
2158.54
2148.11
2136.68
2139.10
2137.53
2135.95
2134.37
2154.37
2161.37
2165.37
2167.33
2158.37
2384.33
2372.67
2363.01
2354.35
2347.69
2367.21
2378.74
2385.27
2389.79
2391.32
2388.85
2389.48
2300.12
2389.12
2387.12

2386.12
2386.12
2391.12
151.12

1563.53
151.12

578.90
538.90

576.90
578.90
578.90
579.00
550.00
519.10
487.90
456.70
425.50
394.20
363.00
331.70
300.50
297.70
295.10
292.60
290.10
287.50
265.00
282.50
280.00

245.20
210.30
135.50

148.40
149.00
147.70
147.40
147.10
140.00
556.50
559.30
562.30
565.40
566.50
564.70
5 60.5 0

556.10
551.90
550.70
550.40
550.30
550.30
550.00
550.00
550.00
550.00
550.00
556.50
556.00
559.60
562.10
564.50
563.30
561.90

572.20
583.00
566.20
588.80
584.50
579.80
576.20
572.60
569.00
565.30
562.00
5568.0
555.60
552.40
552.20
552.10
552.10
552.10
552.00
556.50
554.40
552.20
549.90
547.60
548.60
550.40
552.00
553.50
554.80
555.00
555.30
555.60
556.40
556.60

557.00
557.20

559.50
100.00
400.00
100.00

2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
2235.00
1997.50
1760.00

1522.50
1265.00
1047.50
810.00
572.50
335.00
322.50
310.00
297.50
265.00
272.50
260.00

247.50
235.00
176.25
117.50
58.75
0.00

0.00
0.000.00
0.00

2235.00
2297.50
2360.00
2422.50
2485.00
2410.00
2335.00

2260.00
2165.00
2185.06
2185.12
2185.16
2185.24
2197.68
2210.12
2222.56
2235.00
2235.00
2185.00
2205.00
2225.00
2305.00
2385.00
2435.00
24865.00
2545.00
2605.00
2545.00
2485.00
2335.00
2185.00
2160.00
2135.00
2110.00
2085.00
2066.25
2047.50
2028.75
2010.00
2010.00
2010.00
2010.00
2010.00
2010.00
2175.00
2160.00
2145.00
2130.00
2115.00
2135.00
2155.00
2175.00
2195.00
2215.00
2235.00
2210.00
2185.00
2185.00
21865.00

21:5.00
2165.00
2185.00

0.O0
3110.00
0.00

Fatigue Analysis using VESLFAT Fatigue Module Version 1.42 - 12/29/2006 (&VeslFatFatlp42)
Page 5 06-02-2009 14:48:15

5.00 5.00 -10773.28 2355.93 -"165.07 -555.60 6192.11 268.69 1481.66 10063.16 2196.11 -1456.00 2346.90
5.00 5.00 -10765.26 2295.93 -7245.07 -555.30 6189.11 268.79 1486.66 10035.16 2173.11 -1455.00 2347.90
5.00 5.00 -10781.28 2485.93 -7035.07 -556.90 6216.11 266.09 1549.66 10430.16 2562.11 -1441.00 2351.90
6.00 6.00 -912.91 2962.97 4512.80 -31.43 -308.63 64.64 230.43 4099.06 6108.51 -231.49 207.04
6.00 6.00 -9606.57 13800.30 3261.76 -359.42 3121.54 264.53 -518.84 20245.30 11438.04 -1263.22 1676.12
6.00 6.00 -912.91 2962.97 4512.60 -31.43 -308.63 64.84 230.43 4099.09 6106.51 -231.49 227.04

Ordered Input E-corrected Stress Intensities are from: pl-i.ORD
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V Structural Integrity Associates, Inc.

Stress Input (psi. - Salt w/E-modulus correction):
# Eventl # Event 2 Sn Ke Salt
1 ,U and 6 HT 22102 1.0000 13778

Fatigue Analysis using VESLFAT Fatigue Module Version 1.42 - 12/29/2006 (&VeslFatFatlp42)
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I Load Sets Cycles Sn Ke Salt Nallowed Usage
1 1 HU 975 22102 1.000 13778 4.0764E+09 .0000002

6 HT 975

Total Usage = 0.0000002
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