
Paul W.H. Voorhaar       Stress EngineeringPaul W.H. Voorhaar       Stress Engineering
Ma 06-Nov-2000

19:26:39
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This analysis constrains an alternating yielding assessment.
Firstly we have made an assessment according to ASME Section VIII.
For the locations giving the highest stresses also an graphical representation of the loadings and
the yielding envelope has been prepared.
We do have to determine if plastic deformation occurs and that all occuring primary loadings lie
within the yielding envelope.

With the maximum shear theory according to ASME Section VIII div. 2 we have chosen for the case
that the direction of the principal stresses changes as per par. 5-110.3b.

This particular assessment is very interesting since it shows that both calculation methods have
value. With the shear theory one can determine accurately where the highest stress ratio of
occuring and allowable stresses are located.

The method with the yielding envelope shows however that this calculated stress range also falsely
includes non recurrent loadings like settlement.
On the basis of the shear theory of Tresca the pipeline system would fail, as one can clearly see
in the graphical representation with the yielding envelope that no alternating yielding does occur.

NEN 3650 par 10.7.3
ASME Section III div.1 table NB3685.1-2
ASME Section VIII div.2 5-110.3b
Rules for Pressure vessels of Stoomwezen D1200

0 PVo Zo 05-Nov-2000 First Issue
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Zero loads at 10 deg C =Refcase Operating at 130 deg with settlemnt

=SX
Loadcase

  0.0000 =Sx SX
Refcase

=Sx -419.2200

=SF
Loadcase

  0.0000 =Sf SF
Refcase

=Sf  98.4780

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

419.2200 =S
2

-98.4780 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

517.6980 =S
2_3

-98.4780 =S
3_1

-419.2200

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 517.6980 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 643.000

=
Traject

Ratio
Allowable

=Ratio 0.805
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Pre-stress at 70 deg C =Refcase Operating at 130 deg with settlemnt

=SX
Loadcase

 11.0170 =Sx SX
Refcase

=Sx -419.2200

=SF
Loadcase

 36.1800 =Sf SF
Refcase

=Sf  98.4780

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

430.2370 =S
2

-62.2980 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

492.5350 =S
2_3

-62.2980 =S
3_1

-430.2370

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 492.5350 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 612.380

=
Traject

Ratio
Allowable

=Ratio 0.804
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Decrease of temp from 70 to 10 deg =Refcase Operating at 130 deg with settlemnt

=SX
Loadcase

222.5700 =Sx SX
Refcase

=Sx -419.2200

=SF
Loadcase

133.0500 =Sf SF
Refcase

=Sf  98.4780

=TZ
Loadcase

-0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

641.7900 =S
2

 34.5720 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

607.2180 =S
2_3

 34.5720 =S
3_1

-641.7900

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 641.7900 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 612.380

=
Traject

Ratio
Allowable

=Ratio 1.048
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Operating at 130 deg no settlement =Refcase Not operating 10 deg with settlemnt

=SX
Loadcase

-137.1500 =Sx SX
Refcase

=Sx 463.0100

=SF
Loadcase

151.0000 =Sf SF
Refcase

=Sf  47.5980

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz -0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

-600.1600 =S
2

103.4020 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

-703.5620 =S
2_3

103.4020 =S
3_1

600.1600

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 703.5620 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 643.000

=
Traject

Ratio
Allowable

=Ratio 1.094
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Operating at 130 deg with settlemnt =Refcase Decrease of temp from 70 to 10 deg

=SX
Loadcase

-419.2200 =Sx SX
Refcase

=Sx 222.5700

=SF
Loadcase

 98.4780 =Sf SF
Refcase

=Sf 133.0500

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz -0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

-641.7900 =S
2

-34.5720 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

-607.2180 =S
2_3

-34.5720 =S
3_1

641.7900

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 641.7900 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 612.380

=
Traject

Ratio
Allowable

=Ratio 1.048
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Not operating 10 deg with settlemnt =Refcase Operating at 130 deg no settlement

=SX
Loadcase

463.0100 =Sx SX
Refcase

=Sx -137.1500

=SF
Loadcase

 47.5980 =Sf SF
Refcase

=Sf 151.0000

=TZ
Loadcase

-0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

600.1600 =S
2

-103.4020 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

703.5620 =S
2_3

-103.4020 =S
3_1

-600.1600

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 703.5620 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 643.000

=
Traject

Ratio
Allowable

=Ratio 1.094
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IMPROVEMENTS OF FUTURE DEVELOPMENTS PV2000

TRESCA SHEAR ANALYSIS AND YIELDING ENVELOPE METHOD
ALTERNATING YIELDING ASSESSMENT
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Zero loads at 10 deg C =Refcase Operating at 130 deg with settlemnt

=SX
Loadcase

  0.0000 =Sx SX
Refcase

=Sx -437.2400

=SF
Loadcase

  0.0000 =Sf SF
Refcase

=Sf  38.4330

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

437.2400 =S
2

-38.4330 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

475.6730 =S
2_3

-38.4330 =S
3_1

-437.2400

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 475.6730 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 643.000

=
Traject

Ratio
Allowable

=Ratio 0.740
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IMPROVEMENTS OF FUTURE DEVELOPMENTS PV2000

TRESCA SHEAR ANALYSIS AND YIELDING ENVELOPE METHOD
ALTERNATING YIELDING ASSESSMENT
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Pre-stress at 70 deg C =Refcase Operating at 130 deg with settlemnt

=SX
Loadcase

-11.0170 =Sx SX
Refcase

=Sx -437.2400

=SF
Loadcase

-37.2680 =Sf SF
Refcase

=Sf  38.4330

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

426.2230 =S
2

-75.7010 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

501.9240 =S
2_3

-75.7010 =S
3_1

-426.2230

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 501.9240 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 612.380

=
Traject

Ratio
Allowable

=Ratio 0.820
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IMPROVEMENTS OF FUTURE DEVELOPMENTS PV2000

TRESCA SHEAR ANALYSIS AND YIELDING ENVELOPE METHOD
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IMPROVEMENTS OF FUTURE DEVELOPMENTS PV2000

TRESCA SHEAR ANALYSIS AND YIELDING ENVELOPE METHOD
ALTERNATING YIELDING ASSESSMENT
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Decrease of temp from 70 to 10 deg =Refcase Operating at 130 deg with settlemnt

=SX
Loadcase

142.9000 =Sx SX
Refcase

=Sx -437.2400

=SF
Loadcase

-132.5300 =Sf SF
Refcase

=Sf  38.4330

=TZ
Loadcase

-0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

580.1400 =S
2

-170.9630 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

751.1030 =S
2_3

-170.9630 =S
3_1

-580.1400

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 751.1030 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 612.380

=
Traject

Ratio
Allowable

=Ratio 1.227
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IMPROVEMENTS OF FUTURE DEVELOPMENTS PV2000

TRESCA SHEAR ANALYSIS AND YIELDING ENVELOPE METHOD
ALTERNATING YIELDING ASSESSMENT

 1
 2
 3
 4
 5
 6
 7
 8
 9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Operating at 130 deg no settlement =Refcase Not operating 10 deg with settlemnt

=SX
Loadcase

-186.4700 =Sx SX
Refcase

=Sx 434.9800

=SF
Loadcase

-13.3980 =Sf SF
Refcase

=Sf -45.8530

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz -0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

-621.4500 =S
2

 32.4550 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

-653.9050 =S
2_3

 32.4550 =S
3_1

621.4500

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 653.9050 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 643.000

=
Traject

Ratio
Allowable

=Ratio 1.017
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IMPROVEMENTS OF FUTURE DEVELOPMENTS PV2000

TRESCA SHEAR ANALYSIS AND YIELDING ENVELOPE METHOD
ALTERNATING YIELDING ASSESSMENT
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Operating at 130 deg with settlemnt =Refcase Decrease of temp from 70 to 10 deg

=SX
Loadcase

-437.2400 =Sx SX
Refcase

=Sx 142.9000

=SF
Loadcase

 38.4330 =Sf SF
Refcase

=Sf -132.5300

=TZ
Loadcase

 0.00000 =Tz TZ
Refcase

=Tz -0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

-580.1400 =S
2

170.9630 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

-751.1030 =S
2_3

170.9630 =S
3_1

580.1400

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 751.1030 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 612.380

=
Traject

Ratio
Allowable

=Ratio 1.227
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TRESCA SHEAR ANALYSIS AND YIELDING ENVELOPE METHOD
ALTERNATING YIELDING ASSESSMENT
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Calculation according ASME VIII div. 2 appendix 5 par. 5−110.3b at the location with the combination
giving the highest ratio:

=Loadcase Not operating 10 deg with settlemnt =Refcase Operating at 130 deg no settlement

=SX
Loadcase

434.9800 =Sx SX
Refcase

=Sx -186.4700

=SF
Loadcase

-45.8530 =Sf SF
Refcase

=Sf -13.3980

=TZ
Loadcase

-0.00000 =Tz TZ
Refcase

=Tz  0.00000

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(++S
1 or 2 2 2

(
2

=
2SfSF − )(SxSX − )( −SfSF − )(SxSX − ) +

TzTZ − )(+−S
2 or 1 2 2

=S
1

621.4500 =S
2

-32.4550 =S
3

0

=S
1_2

SS −
1 2

=S
2_3

SS −
2 3

= −S
3_1

SS
3 1

=S
1_2

653.9050 =S
2_3

-32.4550 =S
3_1

-621.4500

Traject is the maximum absolute magnitude of:

S
1_2

S
2_3

S
3_1, &

=Traject 653.9050 =Allowable +Re
Loadcase

Re
Refcase

=Allowable 643.000

=
Traject

Ratio
Allowable

=Ratio 1.017
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1: Zero loads at 10 deg C
2: Pre-stress at 70 deg C
3: Decrease of temp from 70 to 10 deg
4: Operating at 130 deg no settlement
5: Operating at 130 deg with settlemnt
6: Not operating 10 deg with settlemnt
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1: Zero loads at 10 deg C
2: Pre-stress at 70 deg C
3: Decrease of temp from 70 to 10 deg
4: Operating at 130 deg no settlement
5: Operating at 130 deg with settlemnt
6: Not operating 10 deg with settlemnt
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1: Zero loads at 10 deg C
2: Pre-stress at 70 deg C
3: Decrease of temp from 70 to 10 deg
4: Operating at 130 deg no settlement
5: Operating at 130 deg with settlemnt
6: Not operating 10 deg with settlemnt
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1: Zero loads at 10 deg C
2: Pre-stress at 70 deg C
3: Decrease of temp from 70 to 10 deg
4: Operating at 130 deg no settlement
5: Operating at 130 deg with settlemnt
6: Not operating 10 deg with settlemnt
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