Tutorial on Lug Evaluation using CAEPIPE

This document explains the procedure to perform evaluation of Pipe Wall at Welded
Rectangular Attachments as per ASME Section Ill, Division 1 (2010) — Appendix Y for NC-Class 2
Piping using CAEPIPE Lug Evaluation Module.
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General

Lugs (integral attachments) are forged attachments or attachments welded on the pressure-
loaded wall of a straight pipe which transfer piping loadings to the steel framework or concrete.

Loads on attachments cause local stresses in the pipe wall. Equations to determine these pipe
stresses at lug attachments are given in different codes. These local stresses are then added to
the piping system stresses at the attachments. The combined stresses thus obtained are checked
for compliance with the appropriate equations given in those codes.

The Lug Evaluation module implemented in CAEPIPE computes local pipe stresses as per the
following codes for Rectangular and Hollow Circular cross sectional attachments.

e ASME Section lll, Division 1 (2010) — Appendix Y (NC Piping — Class 2)
e ASME Section lll, Division 1 (2010) — Appendix Y (ND Piping — Class 3)
EN 13480-3 (2017), Section 11

The details on the implementation of this module are provided in the Section titled “Lug
Evaluation” of the CAEPIPE Code Compliance Manual.



Tutorial

In the layout shown below, in order to prevent the Axial Movement of the Pipe (Global Z),
Rectangular Cross Sectional Attachments are welded to the Pipe at the Nodes 1130, 3130 and
5130.

As an example, this tutorial shows the procedure to qualify ASME B31.1 piping at the Rectangular
Attachment at Node 3130 as per ASME Section lll, Division 1 (2010) — Appendix Y (NC) using
CAEPIPE “Lug Evaluation” module.

*I* Caepipe : Graphics - [lugevalasme.res (chtutorials\lugevaluation]]

File View Options Window Help
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Step 1:

From the stress analysis results of CAEPIPE for the piping system shown above, note down the
following at Node 3130.

1. Section properties of Run Pipe (OD and Thickness).

2. Sustained (SL), Expansion (Se) and Occasional Stresses (S.o) computed at Node 3130 from
Sorted Stresses results of CAEPIPE.

Allowable Stress Range (SA) and Hot Allowable Stress (SH) for Material at Node 3130.
Yield Stress of Material corresponding to Node 3130 from the Material properties.

Forces and Moments at Node 3130 for Sustained, Expansion and Occasional load cases
from Support Loads and Support Load Summary results of CAEPIPE



Given below are the snapshots corresponding to the different information listed above.

Pipe Section Properties

*I* Caepipe : Pipe Sections (5) - [lugevalasme.mod [chtutorialshlugevaluation)]
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# Sch [QD

Marme | Nom Thk CorAl | M.Tal | Ins.Dens | Ins Thk | Lin.Dens | Lin.Thk | Sc
Dia finch) [(inch) |Ginch) | (%) | (b/f3) finch) | ilb/ft3) finch)
1 |jiG 16" 10 |16 D25 (004 (125
2 (10 10" 105 |1075 (D165 004 |125
(3 |AvG | Non Std 86375 (01665 | 0.04 |125
ERE 8" 105 | 8625 (01458 |004 |125
5 |2 2" 40 |2.375 (0154 {004 |125

Stresses and Allowable Stresses for Run Pipe at Node 3130

=i Caepipe : B31.1 (2022) Code compliance (Sorted stresses) - [lugevalasme.res (C\Tutorials\LugEvaluation)]
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Susgtained Expansion Dccasional Hydratest Stress
# SLO|SH [SL SE SA SE 50 1.25H (50 SL[SLka [SL
MNode |(psi) |(psi) |SH |Mode |(psi) |(ps) |SA |MNode [(psi) [(psi) |1.23H|MNode [(psi) |(psi | SLA

1145160 [630 |17100|0.04| 6404 | 5236 (429930121670 |2728 |20%20 |03 |1870 |&70 |27000|0.03
115 |1200 |68 |17100|0.04) 3810 |5289 (434590121870 |2724 |20520 |03 |3530 |868 |27000|0.03
116|670 BBE | 17100 |0.04| 285 B023 |42049|01Z2| 3600 (2710 |20520 |013 |5260 |67 27000 (0.03
1171480 |[B77 | 17100 |0.04|520 4380 | 41719 |02 |1280 (2694 | 20520 |03 [3180 [&67 | 27000 (0.03
1183370 677 |171000.04|290 4856 | 42370 |07 3340 | 2692 | 20520 |03 3900 |[&G6&4 | 27000 (0.03
1193130 (674 |17100|0.04| 1430 | 4833 (4280901715100 |2665 |20520 |03 |3710 |826 |27000|0.03
120|3510 674 |17100|0.04| 1600 |4804 (4274801713900 |2641 |20520 |03 | 3720 |&18 |27000|0.03
1213190 [670 |17100|0.04| 5906 |4825 (42937 0171|1640 |2640 |Z20%20 |03 |5200 |&14 |27000|0.03
122 |1650 |66 |17100|0.04| 30908 |4755 (42471 0171|3640 |2635 |20520 |03 | 1130 |&14 |27000|0.03
1231340 668 |17100|0.04|1620 |4664 (4181601151708 | 2621 |20520 {013 |1670 |&10 |27000|0.03
124 |36880 |B65 |17100(0.04|530 4657 | 41909 | 0.1 | 50904 (2691 | 20520 |03 | 3620A (602 | 27000 (0.03
125|610 BB4 | 17100 |0.04| 31108 | 4597 (41775| 011 | 12308 | 2553 |20520 |02 | 3200 801 |27000|0.03
126 |1210 [B61 | 17100 |0.04| 3610 [4722 [43316|0.171 32604 | 2552 | 20520 |02 | 690 799 | 27000 | 0.03

=I= Caepipe: B31.1 (2022) Code compliance (Sorted stresses) - [lugevalasme.res (C:\Tutorials\LugEvaluation)]
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Sustained Expansion Occasional Hydrotest Stress
# 5L |SH  [SL SE SA |SE 50 |1.25H |50 5L |SLA | SL
MNode |(psi) |(psi) |SH |Mode |(psi) |(ps]) |SA |MNode [(psi) [(ps) |1.25H|Node [(psi) |(ps) | SLA

2231780 [282 |17100|0.02|1605 (518 [42304|0.01 650 982 20520 [0.05 | 1580 390 (27000 (0.01
22413300 273 |17100(0.02 (1430 |481 42764 | 0.01 | 50906 |980 | 20520 |0.05 [1790 (387 |27000|0.00
2285|3570 [276 |17100|0.02|1860 (478 [42770|0.01 540 950 20520 (005 | 3590 385 (27000 (0.01
226 |1760 [ 267 |17100|002|3130 (474 [42570|0.01 (1050 |946 |20520|0.05 |3260A (382 |27000|0.00
227 |3220 2668 |17100|0.0Z|3835 |480 [42304|0.01 1460 |943 |20520|0.05 |3030 (380 |27000|0.00
228 |1410 [ 264 |17100|0.02 | 50604 (458  [42719|0.01 3870 |93%9 |=20520 |0.05 |[3570 (372 |27000|0.00
229 |1230A [ 264 |17100 (002 (1020 (445 (43404 |0.01 (1210 |&79 |20520|0.04 (5220 (370 |27000|0.01
2303440 [ 263 |17100|0.02|3490 |434 [43175|0.01 3490 |669 | 20520 |0.04 (1750 (370 |27000|0.00
231 | 3170A [ 261 | 17100 (002 | 3830 421 42775 |0.01 (1830 842 |20520 |0.04 [1170A (369 |27000|0.00
2323070 [260 |17100|0.02|35%00 (417 [43099|0.01|5190 &30 |20520|0.04 (3300 (366 |27000|0.00
2333360 [253 |17100|0.02|120 382 | 436130071610 G268 |[20520 (004|620 366 | 27000 | 0.01
2341740 258 |17100|0.0Z2|3%30 (375 (42862 |0.01|3045 774 | 20520 |0.04 3220 (384 | 27000000
2353580 [254 |17100(0071 (1460 |3368 (431730013240 |763 | 20520 |0.04 |[5250 (363 |27000|0.00




[lugevalasme.res {C:\Tutorials\ LugEvaluation])]

File Results View Options Window Help

QE+eE=> HA

Sustained Expansiaon Cccasional Hydrotest Stress
# L |SH [EL SE SA |EE s0 125H |50 SL|SLA |5L
Maode [(ps) |(psi) |SH |Mode |(ps)) |(psi) | SA |Mode [(psd |(ps) [1.25H | Mode |(psi) |(ps) | SLA

180 | 3140 (420 (17100 (0023190 |1085 |42974|0.02)3130 (1470 |20520 |0.07 |240 578 | 27000 | 002
1681|6080 (413 (17100 (002 |1810 |1046 |42777|0.02)3180 (1445 (20520 |0.07 |3630B |563 (27000 |0.02
182 | 31708 (411 (17100 (002 | 1115 | 1046 |42920|0.02)5180 (1433 (20520 |0.07 |1460 |562 |27000 |0.02
1831370 408 (17100 (0023050 |1050 |43282|0.02)145 1427 20520 |0.07 |3430 |560 (27000 |0.02
184 |1510 (408 (17100 (002|650 1041 [43098 (0.02 (30908 | 1418 | 20520 |0.07 |1040 |558 |27000|0.02
185 |1880 (407 (17100 (002 |1080 |983 |43167|0.02)1420 (1403 (20520 |0.07 |3045 |553 (27000 |0.02 I
186 |5070 [405 (17100 (0023570 |961 43377 |0.02 | 675 1400 (20520 |0.07 |1830 |553 |27000 (002
187 | 3400 (404 (17100 (002 |1070 |954 |43223|0.02)1580 (1374 (20620 |0.07 |3860 |550 (27000002
185 | 51204 (403 (17100 (0023590 |949 |43352|0.02)1180 (1362 (20620 |0.07 |3170B 550 (27000 002
189 | 3540 (400 (17100 (0023840 |923 |42776|0.02)|5060A (1352 (20520 |0.07 |3130 |547 (27000 |0.02
190 | 3910|399 (17100 (0023080 |4931 43329 [0.02 (1510 |1329 | 20520 |0.06 |1570B |542 |2¥000|0.02
191|570 389 (17100 (0023115 (917 (42850 | 0.02 | 1045 (1315 |Z20620 (006 |3310 (531 |27000 {002
192 | 5080 |385 (17100 (0021045 |907 |42610|0.02)690 1315 |20520 |0.06 |1030 |509 |27000 (002

Material # 1

I aterial name

Description |453 Grade B [Seamless]

Type IES : Carbon steel ;I

Denzity IEI.283 [IbAir3]
Mu IU.3
Joirt Factar I'I.UU

Ok, I Cancell Froperties Library

Support Loads for Sustained, Expansion and Occasional Load Cases at Node 3130

*I* Caepipe : Loads on Restraints: Sustained (W+P) - [lugevalasme.res [C\Tutorials\Lug...
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# |Node |Tag |FX (k) |FY (k) | FZ (k)
1 |6eo 27 |43 |0

2 |1095 34

3 |1115 75

4 | 1130 14
5 | 3095 44
B

7

B

9

1

s -26e
330 -1

50495 -296
5115 -B
05130 -2




File Results View Options Window Help
=; QAEE> e =5
# |Mode | Tag |F<(lb) | F¥ (k) | FZ (k)

1 | 620 4649 142 12

2 | 1095 92

3 | 1115 34

4 11130 -670

B | 3095 -1434

B | 3115 -hEa

713130 -644

g | 5095 heZ

5 |5115 110

1015130 -3

File Results View Options Window Help

A EHeE=> Heams =5 Ee

Node | Tag |FX (k) | FY (k) | FZ (Ik)
620 2550 |-7 -3
1095 54

#

1

2

3

4 11130 82
5 | 3095 -121
b

7

g

9

1

s hed
330 2
50495 -14
E115 624
05130 6o




Support Load Summary for Node 3130

2]

=I= Caepipe : Support load summary for restraint at node 3130 -...
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A EeE=> EH
Load comhbination F () [ F (I | F2 (k)
Sustained -1
Operatingl -388
Operating? 2hh
Hydrotest 14
Sustained+Yind 71
Operating1 +Wind -316
Operating +ind 327
Sustained+ywind 2 -1
Operating] +Wind 2 -388
Operating +ind 2 2R
sustained+wind 3 -1
Operatingl +Wind 3 -388
Operating2 +yind 3 L
Sustained+wWind 4 -1
Operatingl +Wind 4 -388
OperatingZ +vind 4 2hh
Sustained+Seismic 1 111
Sustained-Seismic 1 -112
Operatingl+Seismic 277
Operatingl-Seismic -499
Operating2 +Seismic 1 367
Operating2-Seismic 144
bdaximum 367
binimum -439
Allowables 0
Step 2:

Lug Evaluation module is separate from a piping stress model file and hence, can be accessed
from File Menu > Open/New command.

Mew

" Model [.mod)

" Matenal Library [.mat]

™ Spectrum Library [.zpe)
£ Yalve Library [.val]

™ Beam Section Libramy [.bli]
" Flange Qualification [.flg)

™ Mozzle Evaluation [.noz)

% L g Evaluation [ lugf

s I Cancel




Step 3:

Double-clicking anywhere in the window shown (or select the option Edit menu > Edit (Ctrl+E))
opens a dialog with input fields which you can now edit. You will need to enter all of your data
obtained above in this dialog including the Rectangular Attachment Dimensions as shown below.

L1 = 0.25 inch (see the picture in page 1 for L1 and L2)
L2 =1.50inch

Evaluation of Piping at Lug Attachment

Lug Evaluation Code |ASME Sec I, Div 1 - NC(2010) LI Level |C LI

' Rectangular Attachment ¢ Hollow Circular Attachment

Outside Diameter of Run Pipe (0D] I‘ID_ [inch)
Nominal Wall Thickness of Run Pipe (Thk) [0.165  (inch)
Half Lenath of Attachment in Circumferential Direction [L1)] W [inch)
Half Length of Attachment in Longitudinal Direction (L2) [15  finch)
Sustained Stress at Run Pipe (Eq.8) IB?47 [psi)
Expansion Stress at Run Pipe ([Eq.10) |4747 [psi)
Sustained + Occasional Stress at Run Pipe [Eq.9) IF [psi)

Settlement Stress at Run Pipe [10a] Ii [psi)

Thermal + Sustained Stress at RBun Pipe [Eq. 11) Ii [psi)
Allowable Stress at Marimumn Temperature (sh) W [psi)
Allowable Stress Range [sa) IW [psi)

Yiekd Strength (sy) [20520  (psi)

Creep Stress [fer) Ii [psi)

Weld Type | Full Penetration LI

Circumnferential Moment (MMN)

(MN) [ft-Ib)
(ML) (ftb)
Cancel |

Loads applied to the Attachment  Sustained Occasional Thermal Settlement Abs. Max.
Thrust Load (w) | | | | [\ I I ™)
Circurnferential Shear Load (@1) | [ [ | @@= [
Longitudinal Shear Load (02) |- |54 [544 | @27 00 [b)
Torsional Moment (MT) | [ | MT= [ ()
I I
I |

Longitudinal Moment (ML)




Step 4:

Once all the data values are input, save the model (filename will have a .lug extension). Now,
select File menu > Analyze to evaluate, which will be shown right below the input information.

=l= Caepipe : Evaluation of Piping at Lug Attachment (68) - [LUG_XEEQ3_AS..

File Edit Options Help

N =

Circumferential Shear Load applied to the Attachment [21]: 0 (b
Longitudinal Shear Load applied to the Attachment [Q2): 644 [Ib)
Torsional Moment applied to the Attachment [MT]: 0 [(fb)
Circumferential Moment applied to the Attachment [MMN); 0 [fb)
Longitudinal Moment applied to the Attachment [ML]: 0 [ft-Ib)
Forces and Moments at Pipe surface: Settlerment

Thrust Load applied to the Attachment [w): 0 (k]
Circumferential Shear Load applied to the Attachment [Q1]: 0 (k)
Longitudinal Shear Load applied to the Attachment [Q2): 0 (k)
Tarsional Moment applied to the Attachment [MT]: 0 [(fb)
Circumferential Moment applied to the Attachment [MM); 0 [fb)
Longitudinal Moment applied to the Attachment (ML): 0 (ftdb)
Abs. Max. Forces and Moments occuring simultaneously at Pipe surface
Thrust Load applied to the Attachment [Ww*]: 0 [ib)
Circumferential Shear Load applied to the Attachment (1% 0 [ib)
Longitudinal Shear Load applied to the Attachment [Q2%): 500 ()
Torsional Moment applied to the Attachment [MT™): 0 [(ftb)
Circumferential Moment applied to the Attachment [MMN*); 0 [(fb)
Longitudinal Moment applied to the Attachment (ML) 0 [ftlb)

ASME Sec I, Div 1[2010) Appendix v [MC - Class 2)
Evaluation of Piping at Rectangular Attachments
Section ¥-3410: Pipe Stresses at Attachment
Calculated  Allowed Ratio

Sustained Stress [Ssl) [Eq. 8] [psi) 676 25650 0.026
Sustained + Occasional [Sol) [Eq. 9] [psi) 1208 36936 0.033
Thermal Exp. Stress [Se) [Eq. 10]: [psi) 1775 42076 0042
Settlement Stress (Sd) [Eq. 10a] (psi) 0 51300 0.000
Sustained + Thermal Exp. Stress [Ste] [Eq. 11] [psi) 1303 59176 0022

Additional check for Full Penetration \weld

Calculated  Allowed Ratio
Stress [SNT™) as per¥-3410 Eq. 5: [psi) 1m0 41040 0.025
Shear Stress as perv-3410 Eq. 6: [psi] 1mo 20520 0.049

The above results confirm that the calculated local pipe stresses (inclusive of stresses from piping
system analysis) at the rectangular lug attachment at Node 3130 are well within the respective
stress allowable as per ASME Section Ill, Division 1 (2010) Appendix Y (NC-Class 2 Piping) code.



Step 5:

You can print the Report by using the Print command. You can also preview the report by clicking

the Preview button on the print dialog.

Caepipe Page 1
Title:
Evaluation of Piping at Lug Attachment as per ASME Sec Ill, Div 1 - NC (2010)

Input Data:
Lug Evaluation Code: ASME Sec Ill, Div 1 - NC (2010)
Level: C
Lug Type: Rectangular
Weld Type (Penetration):Full Penetration
Outside Diameter of Run Pipe (OD): 10 (inch)
Nominal Wall Thickness of Run Pipe (Thk): 0.165 (inch)
Half Length of Attachment in Circumferential Direction (L1): 0.25 (inch)
Half Length of Attachment in Longitudinal Direction (L2): 1.5 (inch)
Sustained Stress at Run Pipe (Eq.8): 674 (psi)
Expansion Stress at Run Pipe (Eq.10): 474 (psi)
Sustained + Occasional Stress at Run Pipe (Eq.9): 1077 (psi)
Settlement Stress (Eq.10a): 0 (psi)
Thermal + Sustained Stress (Eq.11): 0 (psi)
Allowable Stress at Maximum Metal Temperature (sh): 17100 (psi)
Allowable Stress Range (sa): 42076 (psi)
Yield Stress (sy): 20520 (psi)

Forces and Moments at Pipe surface: Sustained
Thrust Load applied to the Attachment (W): 0 (Ib)
Circumferential Shear Load applied to the Attachment (Q1): 0 (Ib)
Longitudinal Shear Load applied to the Attachment (Q2): -1 (Ib)
Torsional Moment applied to the Attachment (MT): 0 (ft-Ib)
Circumferential Moment applied to the Attachment (MN): 0 (ft-lb)
Longitudinal Moment applied to the Attachment (ML): 0 (ft-Ib)

Forces and Moments at Pipe surface: Occasional
Thrust Load applied to the Attachment (W): 0 (Ib)
Circumferential Shear Load applied to the Attachment (Q1): 0 (Ib)
Longitudinal Shear Load applied to the Attachment (Q2): 64 (Ib)
Torsional Moment applied to the Attachment (MT): 0 (ft-Ib)
Circumferential Moment applied to the Attachment (MN): 0 (ft-Ib)
Longitudinal Moment applied to the Attachment (ML): 0 (ft-Ib)

Forces and Moments at Pipe surface: Thermal

Thrust Load applied to the Attachment (W): 0 (Ib)
Circumferential Shear Load applied to the Attachment (Q1): 0 (Ib)
Longitudinal Shear Load applied to the Attachment (Q2): -644 (Ib)
Torsional Moment applied to the Attachment (MT): 0 (ft-Ib)
Circumferential Moment applied to the Attachment (MN): 0 (ft-Ib)
Longitudinal Moment applied to the Attachment (ML): 0 (ft-lb)

Forces and Moments at Pipe surface: Settlement
Thrust Load applied to the Attachment (W): 0 (Ib)
Circumferential Shear Load applied to the Attachment (Q1): 0 (Ib)
Longitudinal Shear Load applied to the Attachment (Q2): 0 (Ib)
Torsional Moment applied to the Attachment (MT): 0 (ft-Ib)
Circumferential Moment applied to the Attachment (MN): 0 (ft-Ib)
Longitudinal Moment applied to the Attachment (ML): 0 (ft-Ib)

Abs. Max. Forces and Moments occurring simultaneously at Pipe surface
Thrust Load applied to the Attachment (W**): 0 (Ib)
Circumferential Shear Load applied to the Attachment (Q1**): 0 (Ib)
Longitudinal Shear Load applied to the Attachment (Q2**): 500 (lb)
Torsional Moment applied to the Attachment (MT**): 0 (ft-Ib)
Circumferential Moment applied to the Attachment (MN**): 0 (ft-Ib)
Longitudinal Moment applied to the Attachment (ML**): 0 (ft-Ib)
ASME Sec lIl, Div 1(2010) Appendix Y (NC - Class 2)

Evaluation of Piping at Rectangular Attachments

Version 12.10 LUG_XEE03_ASME_RA.lug Jan 5,2024




Section Y-3410: Pipe Stresses at Attachment

Additional check for Full Penetration Weld

Caepipe
Calculated
(psi)
Sustained Stress (Ssl) [Eq. 8]: (psi) 676
Sustained + Occasional (Sol) [Eq. 9]: (psi) 1208
Thermal Exp. Stress (Se) [Eqg. 10]: (psi) 1775
Settlement Stress (Sd) [Eq. 10a]: (psi) 0
Sustained + Thermal Exp. Stress (Ste) [Eq. 11]: (psi) 1303
Calculated
(psi)
Stress (SNT**) as per Y-3410 Eq. 5: (psi) 1010
Shear Stress as per Y-3410 Eq. 6: (psi) 1010

Allowed
(psi)
25650
36936
42076
51300
59176

Allowed
(psi)
41040
20520

Ratio

0.026
0.033
0.042
0.000
0.022

Ratio

0.025
0.049

Page 2
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