Form 2137

» Los Alamos Conduct of Engineering
NATIONAL LABORATORY Request for Variance or Alternate Method
1.0 General
1.1 Document Number: VAR—-10667 1.2 Revision: 0

1.3 Brief Descriptive Title: Tube Bending Guidance Deletion from ESM Chapter 6, D20 Rev. 6

1.4 Affected Program: Engineering Standards 1.5 Request Type: Variance

1.6a Affected Tech Area 99 1.6b Affected Buildings Sitewide

1.7 Requestor: Oruch, Tobin H  Organization: ES-FE Conduct of Engineering Office

1.8 Revision History
Revision Number Changes and Comments
0 Initial issue.

2.0 Affected Conduct of Engineering Program/Documents

2.1 Affected “P” Document: 2.2 Subordinate or related document(s) [AP, master spec, LANL ESM chapter &
N/A section; or code, Order, standard, etc.]: Document Title/No.: Engineering
Standards Manual STD-342-100, Chapter 6-Mechanical, Section D20,

. ) Plumbing/Piping/Vessels
If against the P document itself,
revision (or N/A): 6

N/A Document Title/No.:

Document Title/No.: Enter text..

Enter text..

2.3 Section/Paragraph:

STD-342-100, ESM Ch 6, Section D20, D2090 Other Plumbing and Piping Systems (R&D, Prog, & FAC), 1.0, G

2.4 Specific Requirement(s) as Written in the Document(s):

G. Tube Bending?’

1. When selecting tubing outside the scope of the UPC and UMC, design with accounting for pressure,
erosion/corrosion, and ovality and wall thinning resulting from bending in the applicable ASME code.
Guidance: ASME B31.3 bending is addressed in ESM Chapter 17. Table D2090-2 can also be used to
determine wall thinning for a given bend radius.

» ASME B31.3
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Table D2090-2 3°

Wall Thinning when Bending Tubing
For Tube Bend
<180°
Tubing OD Centerline Centerline Wall Thinning
(inch) Bend Radius Calculated Bend Radius (%)
(inch) (diameters)
1/8 5/16 25 17
1/4 9/16 2.25 18
1/4 5/8 25 17
1/4 3/4 3.0 14
5/16 25/32 25 17
5/16 15/16 3.0 14
3/8 15/16 25 17
1/2 1-1/4 25 17
1/2 1-1/2 3.0 14
5/8 1-9/16 25 17
3/4 1-7/8 25 17
1 2-1/2 25 17

30 FWO Calculation Number: 00-00-CALC-M-0002.

2.5 Contractual, preference, or other basis for requirement in 2.4:
Contract: Integrated Safety Management per 10 CFR 851

2.6 Type of VAR from ESM Chap 1, Z10 [Applies only to 2.7 Discipline
standards variances) Mechanical

Type 2 Pressure Safety (secondary)

3.0 Request Information & Comments

3.1 NCR required (work has occurred)? No
If Yes, NCR Number:

3.2 System/Component Affected N/A 3.3 Highest ML Level
OpSystem Acronym & Name | ]
System Number or Name | ] ML-1

3.4 Proposal with Justification/Compensatory Measures:
Background/Justification:

LANL calculation 00-00-CALC-M-0002-R0 (Attachment 1) was signed 4/29/2002 and released 6/29/2002.

There was no allowance for pipe bending in the ASME B31.3 1999-code edition (see paragraph 304.2.1) or in
the ASME B31.9 1998-code edition (see paragraph 904.2.1) (refer to Attachment 2).
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This calculation did not meet the ASME B31.3-1999-code edition or the ASME B31.9 1982-code edition
because pipe bends were required to meet the straight pipe requirements (Attachment 2).

The ASME B31.3 2002-code edition was modified to contain prescriptive methods to calculate wall thickness
of piping bends, but the calculation does not meet the revised paragraph 304.2.1.

Calculation 00-00-CALC-M-0002-R0 was not compliant with the ASME B31.3 or B31.9 when it was issued and
it should be removed from the ESM Chapter 6.

Compensatory Measures:

Edit the text of paragraph 1.0.G and remove Table D2090-2 in ESM Ch 6, Section D20, D2090.

G. Tube Bending®®

1. When selecting tubing outside the scope of the UPC and UMC, design with accounting for pressure,
erosion/corrosion, and ovality and wall thinning resulting from bending in the applicable ASME code.
Guidance: ASME B31.3 pipe bends is addressed in ESM Chapter 17, PS-REQUIREMENTS, 8.8.B. Fable-B2090-
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3.5 Attachments
Attachment 1: 00-00-CALC-M-0002-R0
Attachment 2: ASME B31.9 and B31.3 Code Citations
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3.6a Project ID 3.6b: Project Name 3.6¢: Code of Record Date

N/A N/A B31.3 1999 and later editions
or B31.9 1982 and later editions
3.7 Duration: 3.8a If Finite Period, Start Date: 3.8b End Date:
Lifetime

3.8c Provide the PFITS number for tracking removal/correction:

3.9 USQD/USID required (Nuclear, High/Mod Hazard)? Yes

If Yes, USQD/USID Number  PF400-24-1415, WCRR-24-1414, RANT-24-1413, TWF-24-1412, RLW-24-
1411, CMR-24-1410, TA55-24-1408

3.10 QA Review for process change matters potentially affecting LANL’s NQA-1 implementation
Is a QPA Determination required?: No If Yes, then:
QPA Comments:

3.11 POC Determination: Accept
POC Comments:

3.12 Management Program Owner’s (SMPO) Approval for P341 and APs; P342, ESM, ML-1 and -2, and Contract
Matters; and P343

SMPO Determination: Accept
Comments:

4.0 Participant Signatures NOTE: DO NOT ADD NAMES FROM WITHIN WORD! Save and close the form first, then do 1-4 below:
1. From the SharePoint library, select the document, then click the ellipsis (...) in the second column; a small dialog appears
2. Inthe small dialog click the ellipsis again
3. Click Edit Properties and check out the document if prompted toEnter names using the controls provided, then Save

4.1 POC (Management Program Owner’s Organization Signature

Representative): ES-WPD Diai .

gitally signed by
M ICHAEL MICHAEL LADACH
Ladach, Michael ] LADACH (Affiliate)

o Date: 2024.06.06
(Affiliate) 10:26:52 -06'00'

4.2 Facility Design Authority Representative Organization Signature

[FDARName]
FDAR signature not required

4.3 LANL Owning Manager (FOD or R&D/Program) | Organization Signature

[FODorPrgmMgrName]
FOD or Program Manager signature not required
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Role: ESM Chapter 17 POC

4.4 Quality Reviewer's Name: Organization Signature
[QPAName]
QPA review/signature not required
4.5 Safety or Security Management Program Organization Signature
Owner’s Approval for P341 and APs; P342, ESM ES-DO o .
and Contract Matters; and P343 Digitally signed by
MICHAEL
Richardson, Michael Joseph ) // ﬁ /. RICHARDSON
SMPO signature not required (Type 1 variance) ] Afﬁllate
Date: 2024.06.06
10:36:50 -06'00'
4.6 Additional Signer 1 Organization Signature
Digitally signed
Swartz, Ari Ben ES-OPS ARI 9 ysl9

by ARI SWARTZ

SWARTZ (Affiliate)

- Date: 2024.06.06
(Affiliate) 10:30:38 -06'00"

4.7 Additional Signer 2
[AdditionalSigner2]

Role:

Organization

Signature

4.8 CoE Administrator Signature
Leyba, Matthew Anthony

NOTE: The CoE Admin is always the last signature
placed on this document. The date of that signing is
the date of this document.

Signature

Digitally signed by
M att h ew Matthew Leyba

Date: 2024.06.06

Leyba 11:05:21 06100
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ASME B31.3 1999

Date of Issuance: April 15, 1999
Mandatory Date: October 15, 1999

This Edition was approved by the American National Standards Institute
and designated ASME B31.3-1999 Edition on March 26, 1999.

304.2 Curved and Mitered Segments of Pipe

304.2.1 Pipe Bends. The minimum required thick-
ness f,, of a bend, after bending, shall be determined
as for straight pipe in accordance with para. 304.1.





304.1.2 Straight Pipe Under Internal Pressure

(a) Fort < D/6, the internal pressure design thickness
for straight pipe shall be not less than that calculated
in accordance with Eq. (3a):

PD
f =
2(SE + PY)

(3a)

Equation (3b), (3c), or (3d) may be used instead of
Eq. (}a):

: I = 'ﬁ (3b)
t = -?—(1 - /ig: ﬁ) (Lamé Equation) (3c)
P(d + %)

' = AsE- P(1-7)] (o)

(b) For t 2 D/6 or for P/SE > 0.385, calculation
of pressure design thickness for straight pipe requires
special consideration of factors such as theory of failure,
effects of fatigue, and thermal stress.





ASME B31.3 2002

Date of Issuance: April 30, 2002
Mandatory Date: October 30, 2002

This edition was approved by the American National Standards Institute
and designated ASME B31.3-2002 on February 14, 2002.

304.2 Curved and Mitered Segments of Pipe

304.2.1 Pipe Bends. The minimum required thick-
ness 1, of a bend, after bending. in its finished form,
shall be determined in accordance with Eq. (2) and
Eq. (3c):

PD

— 3‘
"= 3GEI) + PY 12

where at the intrados (inside bend radius)

_ 4R/D) -1 )
I'= 4(R,/D) - 2 (3d)
and at the extrados (outside bend radius)
4R/D) + 1
— ‘;"
I'= ZR/D) 12 (2€)

and at the sidewall on the bend centerline radius.
= 1.0
R, = bend radius of welding elbow or pipe bend
Thickness variations from the intrados to the extrados
and along the length of the bend shall be gradual. The





thickness requirements apply at the mid-span of the
bend, /2, at the intrados, extrados, and bend centerline
radius. The minimum thickness at the end tangents
shall not be less than the requirements of para. 304.1
for straight pipe (see Fig. 304.2.1).

Intrados —r\
|
I

\ Extrados

FIG. 304.2.1 NOMENCLATURE FOR PIPE
BENDS

304.1.2 Straight Pipe Under Internal Pressure

(a) Fort < D/6, the internal pressure design thickness
for straight pipe shall be not less than that calculated
in accordance with either Eq. (3a) or Eq. (3b):





PD

T =
2(SE + PY)

(3a)

- P(d + 2¢) (3b)
~2AsE-P( -Y)] ]

(b) For t =2 D/6 or for P/SE > 0.385. calculation
of pressure design thickness for straight pipe requires
special consideration of factors such as theory of failure,
effects of fatigue, and thermal stress.





ASME B31.9 1982

904.2 Curved and Mitered Segments of Pipe

904.2.1 Pipe Bends

(A) Thickness of Bends. The minimum wall thick-
ness f,, atany point in a completed pipe bend shall not
be less than that required by 904.1.2(A). Table 904.2.1
(A) may be used as a guide in specifying wall thickness
for ordering pipe to be bent.

(B) Flattening of Bends. Flattening of a bend, as
measured by the difference of maximum and minimum
diameters, shall not exceed 8% of the average measured
outside diameter of the pipe before bending.

Greater flattening may be permitted or less flatten-
ing may be required, if specified by the engineering
design.

904 PRESSURE DESIGN OF COMPONENTS
904.1  Straight Pipe

904.1.1 Straight Pipe Under Internal Pressure

(A) Steel, Alloy, and Non-Ferrous Pipe. The mini-
mum wall thickness of pipe wall, including allowances,
shall not be less than that determined by Formula (1):

PD
=—+ 4 (1)
28E

t

m





TABLE 904.2.1(A)
PIPE THICKNESS FOR BENDS

Radius of Bends, Min. Thickness
Pipe Diameters Recommended Prior to
D,, [Note (1)} Bending
6 or greater 1.06 ¢z,
S 1.08 ¢,,
4 1081,
3 1.24 ¢,
NOTE:
(1) Interpolation is permissible for a radius other than those
listed.

ASME B31.9 2020

904.2 Curved and Mitered Segments of Pipe
904.2.1 Pipe Bends

(a) Thickness of Bends. The minimum wall thickness, t,,,,
atany pointin a completed pipe bend shall not be less than
that required by para. 904.1.1. Table 904.2.1 may be used
as a guide in specifying wall thickness for ordering pipe to
be bent.

(b) Flattening of Bends. Flattening of a bend, as
measured by the difference of maximum and minimum
diameters, shall not exceed 8% of the average measured
outside diameter of the pipe before bending.

Greater flattening may be permitted or less flattening
may be required if specified by the engineering design.





Table 904.2.1 Pipe Thickness for Bends

Radius of Bends, Minimum Thickness, t,,,
Pipe Diameters, D, Recommended
[Note (1)] Prior to Bending
6 or greater 1.06
5 1.08
4 1.14
3 1.24

NOTE: (1) Interpolation is permissible for a radius other than those
listed.

904.1 Straight Pipe
904.1.1 Straight Pipe Under Internal Pressure

(a) Steel Alloy, and Nonferrous Pipe. The minimum wall
thickness of pipe wall, including allowances, shall not be
less than that determined by eq. (1).

D 4 (1)

~ 2SE

b
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Facility & Waste Operations Division
Systems, Engineering & Maintenance

Tobin Oruch/

Calculation No.: 00-0000-CALC-M-0002 Originator: N. Hoadley
Calculation Title: Tube Bending Checker: R.A.Romero
TA / Bldg.: 00-0000 Revision: 0

Pl No.: 100332, LANL Engineering Standards Page: 2of6

1.0 Purpose & Objective

Provide a technical basis for the fabrication of tube bends associated with instrument and small process
lines. This calculation will determine minimum bend radius for common size tubing and the degree of
wall thinning for that tube size. Results will be suitable for presentation in the LANL Engineering
Manual and Construction Specifications.

This calculation is applicable to only metallic tubing and piping of standard commercial sizes, 1/8 through
1 inch.

2.0 Methodology & Acceptance Criteria

Of concern in the fabrication of tube bends are three conditions that may render the tubing unsuitable for
service. The first is wall thinning of the outer radius of the bend caused by the material stretching in
tension. The second condition is ovality of the cross section, also caused by the material stretching and
compressing. The third condition is buckling on the inner radius due to the compressive strain.

Of the three conditions, wall thinning is of primary concern and will be discussed in detail later. Ovality
limits are specified by ref. 2), with an 8% variation of diameter for internal pressure service and 3% for
external pressure service. If minimum bend radii are conservatively chosen or bending mandrels are
used, ovality is usually not of concern. Buckling is associated with the bending of large diameter tubing
with thin walls and is not of concern with the common tubing sizes that are the subject of this calculation.

Per ref. 4) tube bends less than 2.5 centerline bend radius without the use of mandrels are generally not
recommended. This means the minimum radius of the bend is 2.5 X the tube OD with the arc originating
from its centerpoint to the centerline of the tube. However, per ref. 5), commercial bending tools provide
bend radii that vary from 2.5D bends. These standard bend radii will also be addressed.

Tubing differs from pipe in the manner that size and wall thickness is specified. Tubing size is specified
by outer diameter (OD) with a standard variety of wall thickness (.020, .035, etc. inches). Pipe size is
specified by inner diameter (ID) with a standard variety of wall thickness by schedule (10, 20, 40, etc.).
The numerical method used to estimate of wall thinning based on bend radius was selected from ref. 1), a
piping handbook. In examining a number of common pipe size diameter (OD) to wall thickness ratios
and comparing them to tubing OD to wall thickness ratios, the ratios were found to be very similar. Thus,
the numerical method used for piping should yield accurate results for tubing.
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Facility & Waste Operations Division
Systems, Engineering & Maintenance

Calculation No.: 00-0000-CALC-M-0002 Originator:
Calculation Title: Tube Bending Checker:
TA / Bldg.: 00-0000 Revision:
Pl No.: 100332, LANL Engineering Standards Page:

o

2.5 D Bend Radius

Figure 1

3.0 Assumptions

None.

4.0 Design Inputs

Tobin Oruch/
N. Hoadley

R. A. Romero

0

3of6

1. Swagelok Tube Bender Product Literature, www.swagelok.com (standard tube bending radii)

2. Advanced Tubular Technologies, Inc. Web Forum, General Technical Document #1,

www.advancedtubular.com (tubing bending recommendations)

3. ASME B31.3-1999 Edition, Part 2, Pressure Design of Piping Components

5.0 Software

None. A handheld calculator was used to manipulate the data.

6.0 References
1. Piping Handbook, Sixth Edition, Mohinder 1. Nayyar, 1992.
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Systems, Engineering & Maintenance

Tobin Oruch/

Calculation No.: 00-0000-CALC-M-0002 Originator: N. Hoadley
Calculation Title: Tube Bending Checker: R.A.Romero
TA / Bldg.: 00-0000 Revision: 0

Pl No.: 100332, LANL Engineering Standards Page: 4of6

2. ASME/ANSI B31.3, Process Piping, 1999 Edition.
3. WEBCO Stainless Tubing Menu, www.webcotube.com

4. Swagelok Tubing Data, www.swagelok.com

7.0 Summary and Conclusions

Based on industry recommendations, restrict minimum bend radius for the field fabrication of tube bends
to generally 2.5D centerline, and in small sizes, to no less than 2.25D. The percentage of wall thinning
associated with 2.25D up to 3.0D centerline bends is as shown in Table 1. Original tube wall thickness
should be determined based on the amount of wall thinning from bending, corrosion, and other factors
addressed by the applicable ASME code. Tubing generally is very robust from a pressure-rating
standpoint due to the advantage of its smaller relative diameters versus pipe and can be chosen with
sufficient wall margins to accommodate bends in moderate to high-pressure service.

8.0 Calculations

Using a 2.5 Centerline Bend Radius, determine wall thinning for a number of common tube sizes.

From Reference 1: Chapter A6

T = Ty = R
R+r where : T is the Final Tube Wall Thickness
T, is Original Tube Wall Thickness
R is Centerline Bend Radius
r is Tube Radius

OR % Wall Thinning=1-Tg= 1-_R
To R+r
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Tobin Oruch/

Calculation No.: 00-0000-CALC-M-0002 Originator: N. Hoadley

Calculation Title: Tube Bending Checker: R.A.Romero

TA I Bldg.: 00-0000 Revision: 0

Pl No.: 100332, LANL Engineering Standards Page: 5of6

For 1/8 inch tubing: 1- (2.5x 1/8) = 0.17or 17%
(2.5x1/8)+(1/2x1/8)

For 1/4 inch tubing: 1- (2.5x 1/4) = 0.17o0r 17%
(2.5x1/4)+(1/2x1/4)

It follows that wall thinning for standard size tubing (1/8 through 1 inch) subject to 2.5 D bend radius will
be 17% based on the linear nature of the calculation

Other common tube bend sizes:

For 1/4 inch tubing with a bend radius of 9/16 inch: 1- 9/16 = 18%
9/16 + (1/2x1/4)

For % inch tubing with a bend radius of 3/4 inch: 1- 3/4 = 14%
3/4+ (1/2x1/4)

For 5/16 inch tubing with a bend radius of 15/16 inch: 1 - 15/16 = 14%

15/16 + (1/2x 5/16)

For 3/8 inch tubing with a bend radius of 15/16 inch: 1 - 15/16 = 17%

15/16 + (1/2x3/8)
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> Los Alamos
NATIONAL LABORATORY
Facility & Waste Operations Division
Systems, Engineering & Maintenance

CALCULATION SHEET

Tobin Oruch/

Calculation No.: 00-0000-CALC-M-0002 Originator: N. Hoadley
Calculation Title: Tube Bending Checker: R.A.Romero
TA / Bldg.: 00-0000 Revision: 0
Pl No.: 100332, LANL Engineering Standards Page: 60f6
For 1/2 inch tubing with a bend radius of 1 1/2 inch: 1- 1172 = 14%
11/2+(1/2x1/2)
Summary for sizes of tubing 1/8 inch through 1 inch:
Table 1
TUBE BENDS LESS THAN 180°
TUBING OD (INCH) MINIMUM MINIMUM WALL THINNING (%)
CENTERLINE CENTERLINE
BEND RADIUS BEND RADIUS
(INCH) (DIAMETERS)
1/8 5/16 2.5 17
1/4 9/16 2.25 18
1/4 5/8 2.5 17
1/4 3/4 3.0 14
5/16 25/32 25 17
5/16 15/16 3.0 14
3/8 15/16 2.5 17
1/2 1-1/4 25 17
1/2 1-1/2 3.0 14
5/8 1-9/16 2.5 17
3/4 1-7/8 25 17
1 2-1/2 2.5 17
9.0 Appendices

None.
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