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THE ENGINEERING EQUIPMENT AND MATERIALS 
USERS ASSOCIATION 

The Engineering Equipment and Materials Users Association-EEMUA-was formed in 1983 by the 
Amalgamation of the Oil Companies Materials Association (OCMA) and the Engineering Equipment 
Users Association (EEUA). It is an organisation of substantial purchasers and users of engineering 
products, whose members include leading national and multi-national companies in the petroleum, gas; 
chemical and energy industries. A list of Full and Associate Members (the latter being limited to 
membership of three technical committees) is given below. EEMUA is concerned with the design, 
installation, operation and maintenance of the engineering plant used by members in pursuing their 
business activities. 

The Association aims to reduce members' costs by providing the opportunity for them to share 
resources and expertise in order to keep abreast of technological developments and improve the 
effectiveness and efficiency of their engineering activities. EEMUA supports the British Standards 
Institution, works with other institutions, associations, government departments, regulatory authorities 
and the Confederation of British Industry, and is also actively involved with other standards-making 
bodies, both national and international, such as the American ~etroleum Ins_titute. 

Work, which is carried out in-house by members alone or with the help of other organisations. may 
lead to the production of Association publications. These are prepared primarily for members· use. 
but are usually offered for sale and thus for more general use. Such publications may also be 
submitted, normally through the British Standards Institution. as bases for appropriate national. 
European or international standards. · 

A list of current EEMUA Publications which may be purchased from the Association is given at the 
end of this document. 

Full Members 

Associated Octel 
BG 
BP Amoco 
Caltex Petroleum 
Conoco 
Dow Corning 
E~tem Generation 
Esso!ExxonMobil 
EuteCh 
Foster Wheeler Energy 
Lindsey Oil Refinery 
National Power 
PowerGen 
Shell 

ii 

AstraZeneca 
BASF 

Associate Members 

D&C Engineering/MER CON [Netherlands] 
Elf Exploration UK 
Flexsys 
Phillips Petroleum UK 
Pilkington Technology 
Royal Vopak (was Royal Pakhoed) 

[Netherlands 1 
Texaco 
UOP 
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ABOUT TillS PUBLICATION: LEGAL ASPECTS 

In order to ensure that nothing in this publication can in any manner offend against or be affected by 
the provisions of the Restrictive Trade Practices Act 1976. the recommendations which it contains 
will not take effect until the day following that on which its particulars are furnished to the Office of 
Fair Trading. 

As the subject dealt with seems likely to be of wide interest, this publication is also being made 
available for sale to non-members of the Association. Any person who encounters an inaccuracy or 
ambiguity when making use of this publication is asked to notify EEMUA without delay so that the 
matter may be investigated and appropriate action taken. 

lt has been assumed in the preparation of this publication that the user will ensure selection of those 
parts of its contents appropriate to the intended application and that such selection and application are 
correctly carried out by appropriately qualified and experienced people for whose guidance the 
publication has been prepared. EEMUA does not. and indeed cannot, make any representation or 
give any warranty or guarantee in connection with material contained in its publications. and expressly 
disclaims any liability or responsibility for damage or loss resulting from their use. Any 
recommendations contained herein are based on the most authoritative information available at the 
time of writing and on good engineering practice, but it is essential for the user to take account of 
pertinent subsequent developments or legislation. 

All rights are reserved. No part of this Publication may be reproduced. stored in a retrieval system. 
or transmitted in any form or by any means: electronic. mechanical. phowcopying, recording or 
other. 

Infringing the copyright is not only breaking the law. hut also. through reducrion in Association's 
income. jeopardising the availability of future publications. 

Ill 
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FOREWORD 

The Publications in this series of specifications for 90110 copper nickel tubes, flanges and fittings are 
as follows: 

Publication No. 144 Tubes- Seamless and Welded 

Publication No. 145 Flanges - Composite and Solid 

Publication No. 146 Fittings 

Material selected from the series of specifications contained in EEMUA Publications Nos. 144, 145 
and 146 provide for the total requirements of90/10 copper nickel piping systems intended to operate 
at pressures up to 16 bar at 75°C or 20 bar at 38°C. 

This publication comprises a series of sections for pipe fittings suitable for use with 90/10 Cu Ni tube. 
The sections are as follows:-

Section one 
Section two 
Section three 
Section four 
Section five 
Section six 
Section seven 

90/10 Cu Ni butt welding fittings. 
90/10 Cu Ni socket welding fittings (including unions) 
copper alloy capillary brazing fittings (including unions) 
copper alloy flareless, non manipulative type compression fittings 
copper alloy threaded fittings 
90/10 Cu Ni reinforced branch connectors 
90/10 Cu Ni saddle pieces 

Fittings other than butt weld tube may be suitable for design pressures and temperatures higher 
than those required by this specification. Where this is required the manufacturer of such fittings 
should be consulted. 

In order that a more satisfactory match than hitherto is obtained between the bores of fittings (and 
other butt welding components) and the bores of tubes to which they would be butt welded, a 
greater emphasis has been placed on the bore dimensions and tolerances of the fittings. The mean 
bore dimensions of butt weld fittings (See section one of this publication) correspond to the mean 
bore dimensions of the corresponding 16 or 20 bar rated tubes covered by EEMUA Publication 144: 
1987: Tubes- seamless and welded. 

The "building in" dimensions of butt-welding fittings, apart from end caps, have been based on 
ANSI 816.9. End caps have been based on DIN 28011 (with suitable amendments) since the majority 
of manufacturers tend to follow this particular specification. 

Additional compensatory thicknesses have been applied to the intrados of long radius (butt welded) 
elbows and to the end caps, {see section one of this publication). 

Socket weld type fittings are included as an alternative to capillary brazed fittings or flareless, non 
manipulative fittings. 

Threaded fittings including caps, plugs and bushings have also been included in this publication . 

. MateriaH;~of manufacture for each type of fitting are covered in the relevant sections within this 
.>pubJication, 'Where other copper base or non ferrous materials ·are covered in the various sections, 
:ttle purchaser may select accordingly. All materials covered are compatible with the 90/10 Cu Ni 

... aU()¥. However, reference should also be made to 8S MA18 for design limitations . 

. ;:Theb~c.dimensions, based on ANSI 816.11, together with the acceptance criteria are included with 
,~adQitionaltest requirements for union type fittings. With reference to capillary brazed fittings, 
_appr-op,-~ate tests to establish that sufficient brazing alloy has been included as an integral part of the 
.-fi!tinD d~ign are outlined, together with the extra test requirements for the acceptance o! union type 
fittings. 

·-A·I.ist of other standards and codes referred to in this publication is given in Appendix A. 

viii 
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The correlation between nominal inch sizes and the specified sizes in millimetres are given below: 

Nominal Specified 
size 010 
in mm 

1f2 16 

:% 25 

1 30 

1% 38 

Ph 44.5 

2 57 

21f2 76.1 

3 88.9 

4 108 

6 159 

8 219.1 

10 267 

12 323.9 

14 368 

16 419 

18 457.2 

I 20 508 

I 24 610 

28 711 

32 813 

36 914 

Note: For .threaded fittings see table 5.2. 

ix 
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Butt welding fittings 

SECTION ONE- 90/10 CU Nl BUTT WELDING FITTINGS 

1.1 

1.2 

1.3 

1.4 

Scope and design basis 

Section one covers wrought butt welding fittings in sizes 1 in/30 mm up to and 
including 36 in/914 mm in 90/10 Cu Ni alloy UNS 7060X* as modified in Appendix C of 
this publication. for maximum allowable working pressures (MAWP) of 16 bar and 20 
bar for temperatures up to and including 75°C and 38°C respectively (see appendix 0). 
The dimensions and tolerances are such that they are suitable for butt welding to 
seamlesss or seam-welded 90/10 Cu Ni tubes to EEMUA Publication No. 144 sections 1 
and 2 respectively. 

This section also covers the acceptance criteria and proof testing requirements for butt 
welding fittings. 

The design features and wall thicknesses of butt welding tees and reducers shall be 
established by mathematical analysis given in a nationally recognised pressure vessel 
or piping code acceptable to the purchaser. The design of fittings which cannot be 
qualified by such analyses shall be established in accordance with the proof testing 
procedure in clause 9 of ANSI 816.9- 1978. 

Information to be supplied by the purchaser 

The purchaser shall state in the enquiry and order the following information: 

(a) The title and number of this section (EEMUA Publication No. 146: 1987: section 1 ). 

(b) The type of fitting and size in inches and millimetres- and material designation 
(see appendix C). 

(c) The pressure rating- 16 or 20 bar. 

(d) Whether manufacturer's certificates are required; (see clause 1.12). 

(e) Whether it is his intention to 'inspect the material at supplier's works (see 
Addendum). 

(f) Whether any additional identification marki,,g other than that specified herein is 
required. · 

(g) Whether any test samples or individual test analyses are required to be supplied 
(see Addendum). 

Freedom from defects 

The fittings shall be visually clean, smooth and free from defects greater than 0.5 mm in 
depth, irregularities, scale or deposits, and shall be free from deleterious films in the 
bore. Repairs by welding shall be limited to seam welds only. 

Materials and manufacture 

The fittings shall be seamless or seam-welded and manufactured from tube sheet or 
plate as follows: 

Tubes (seamless) shall have chemical composition and mechanical properties in 
accordance with EEMUA Publication No 144:1987 section 1, .. Specification for 90/10 Cu 
Ni seamless tubes... · 

*Alloy UNS 7060X is a modified form of the following national designated alloys- UNS 70600, BS CN102 
and DIN 2.08 72. See Appendix C of this specification for chemical composition and mechanical properties. 
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Butt welding fittings 

1.5 

1.5.1 

1.5.2 

1.5.3 

1.6 

1.7 

1.7.1 

1.7.2 

1.8 

Tubes (seam-welded) shall have chemical composition and mechanical properties in 
accordance with EEMUA Publication No 144: Section 2, "Specification for 90/10 copper 
nickel seam-welded tubes." 

Sheets or plates shall be hot rolled or cold rolled and annealed in accordance with BS 
2870 , BS 2875, ASTM B171 or ASTM B402 but with chemical composition as modified 

. in this specification (see appendix C). 

The dimensions and tolerances of seamless and seam-welded fittings shall comply 
with the requirements of tables 1.1 to 1.9. 

The chemical composition and mechanical properties of butt-welding fittings to this 
specification are given in appendix C. 

Welding 

Consumables 

The composition of the filler wire or rods used for the production of seain welds shall 
be selected from BS 2901 : Part 3, Table 1 :- Alloy C18. 

Alternatively filler wires and rods shall be selected from the American Welding Society 
Specification AWS-A5.7- Class ER Cu Ni. Flux coated electrodes shall be selected from 
the American Welding Society Specification AWS A5.6- Class E Cu Ni. 

Welding procedure qualification 

The welding procedure qualifications shall be as quoted in ASME Code Section IX -
"Qualification Standard for Welding and Brazing Procedures, Welders, Brazers, and 
Welding and Brazing Operators." 

Welder qualification 

The welder qualification shall be in accordance with ASME Code Section IX. 

Selection of test samples 
(a) Fittings made from seamless or seam-welded tube to EEMUA Publication No. 144: 

1987 sections 1 or 2 do not require any additional testing other than hardness 
testing in order to ensure compliance with Appendix C of this specification. 

(b) Fittings formed from sheet or plate shall be subject to the relevant requirements of 
EEMUA Publication 144: 1987: Section 2. 

Non-destructive testing 

liquid dye penetrant test 

· · . The weld seams of all welded fittings shall be examined externally by the liquid dye 
. penetrant method in accordance with ASME Code Section V, Article 6 and shall meet 
~he acceptance requirements of ASME Code Section VIII, Division 1, Appendix 8. 

Radiography 

Radiographic examination shall be performed for the complete length of each weld to 
meet the requirements of ASME Code, Section VIII, UW51. 

Repairs to welded seams 

Visible defects such as cracks, pinholes and incomplete fusion and defects detected by 
the tests performed under clause 1.7 shall be removed and repaired in accordance with 
clause 1.5. 

2 
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Butt welding fittings 

Retests of repairs 

A repaired weld seam shall meet the requirements of the original weld and be re­
examined and retested in accordance with clause 1.7. 

Marking 

All fittings shall be individually permanently marked and identified by clear. legible 
printing by means of a vibratory etching tool, electro chemical etching, paint or ink 
stencilling and where applicable, in such colours as to be clearly visible as follows: 

(a) Purchase order number (PO). 

(b) The number of this section (EEMUA Publication No. 146: 1987: section 1 ). 

(c) Material designation UNS 7060X (See appendix C). 

(d) Size: inches and millimetres. 

(e) Pressure rating- 16 or 20 bar. 

(f) Manufacturer's name and/or trademark (MTM). 

(g) Test certificate number (TCN). 

(h) Cast number. 

(j) Where applicable- welder identity (WI). 

Example of marking: 
PO 146/1 7060X 14/368 16 MTM TCN Cast No WI 

On fittings 44.5 mm and smaller and where it is not practical to apply the full 
requirements of 1.10.1 to the fitting the marking shall detail: 

(a) Material designation. 

(b) Cast Number. 

(c) Manufacturer's name or trademark. 

(d) Size: inches and millimetres. 

(e) Pressure rating- 20 bar. 

The remainder of the marking requirements shall be applied to indestructible type 
labels securely attached to the components. The labels shall be clearly and 
permanently marked. Alternatively the additional marking requirements shall be 
applied to the carton in which the fittings are packed. 
Note 1: Stamping with metallic stamps is not permitted. 
Note 2: Manufacturers shall ensure that any marking materials used shall not be 

detrimental to the material of the fittings. 

1.11 Inspection and testing 

This section does not make provision for routine pressure testing of fittings. They shall, 
however, be dimensionally correct and be marked in accordance with this section. All 
fittings shall be capable of withstanding without leakage or signs of distress a hydraulic 
pressure of 1.5 times the maximum design pressure at ambient temperatures as 
follows: 

16 bar rated fittings, test pressure = 24 bar 

20 bar rated fittings, test pressure = 30 bar 

3 
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Butt welding fittings 

1.12 

1.12.1 

1.12.2 

Note: 

Certification 

Certificate(s) shall be supplied, either: 

A certificate of compliance which shall state that the fittings have been made in 
accordance with all the requirements of this section CEEMUA Publication No. 146: 
section 1: 1987) or: 

A manufacturer's certificate which shall state that the fittings have been made in 
accordance with all the requirements of this section (EEMUA Publication No. 146: 
section 1 : 1987} and: 

(a) State the actual compositional limits determined for each of the elements 
designated in appendix C of the casts used in the manufacture of each order for 
seamless tubes used to manufacture fittings and/or: 

State the actual compositional limits determined for each of the elements 
designated in appendix C of each cast used in the manufacture of each sheet or 
plate used in the manufacture of fittings. 

Note: Individual cast analyses shall be retained by the manufacturer - see 
Addendum. 

(b) State the results of mechanical tests performed on the seamless tubes used to 
manufacture fittings in accordance with appendix C and/or state the results of 
mechanicat tests performed on sheets or plates formed into fittings in accordance 
with appendix C. 

(c) State the results of the dye penetrant and radiographic examination of each weld 
on each fitting carried out in accordance with and complying with clauses 1. 7, 1.8 
and 1.9. 

Figure 1.1 

Dimensions of welding ends on butt welding components 

See Tables 1.1 and 1.2 for dimensions A, 8 and t, for 16 and 20 bar ratings respectively. 

1-4-------- A 

~ ~ Rootf~e 1.6 ± 0.8 

slope 1:4 

In the case of specified wall thicknesses (t} of less than 3mm, the weld bevel of 37112° ± 
21f2° may be omitted. 

4 
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Figure 1.2 

Guidance for the design of tees 
(See also appendix D of ANSI/ASME 831.3 1984 edition) 

Welding tee per 
ANSI B 16.9 with 
rx;:::: 1/8 Db 
Tc;:::: 1.5 T 

Extruded welding tee 
r" ;:::: 0.05 Db 
Tc < 1.5 T 

I 
I 

- -- - --+------r-

where: t = nominal thickness of the 
matching pipe. 

Tc = crotch thickness of tees. 
r2 = mean radius of matching 

pipe. 
r x = see definition in 304.3.4(c) 

of ANSI/ASME 831.3- 1984 
edition. 

Db = outside diameter of 
branch pipe. 

---- -t- ---- -+-......-
1 

5 
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Butt welding f"rttings 

Table 1.1 
Dimensions of welding ends for all butt welding components 

16 bar rating (see also fig. 1.1). 
For tolerances see table 1.3 

Size* pipe wall thickness inside diameter 
at 

welding ends 
A t B 

specified specified minimum maximum minimum 
OD 

30 

38 

44.5 

Use 
57 20 bar 

SEE TABLE 1.2 
.76.1 

88.9 

108 

159 3.0 2.63 154.5 153.0 

219.1 4.0 3.50 211.9 210.4 

267 4.5 3.94 258.7 257.2 

323.9 5.5 4.81 313.6 312.0 

368 6.5 5.69 355.2 353.2 

419 7.0 6.13 405.0 403.0 

457.2 8.0 7.00 443.0 440.0 

508 8.5 7.44 492.0 489.0 

610 10.5 9.19 591.0 588.0 

711 -- 12.0 10.50 689.0 686.0 

813 - 13.5 11.81 788.0 785.0 

914 15.5 13.56 885.0 882.0 

Note: Ovality - The ovality of finished butt welding fittings shall be such that the difference between the 
maximum and minimum diameters measured on the same cross section shall not exceed 2% of the specified 
size in column 1 of this table. 

* For inch/millimetre correlation - see foreword. All dimensions in miflimetres 
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Butt welding fittings 

Table 1.2 
Dimensions of welding ends for all butt welding components 

20 bar rating (see also fig 1.1 ). 
For tolerances see table 1.3 

Size* Pipe wall thickness Inside diameter 
at 

welding ends 
A t 8 

specified specified minimum maximum minimum 
OD 

30 2.5 2.25 25.555 24.475 

38 2.5 2.25 33.57 32.49 

44.5 2.5 2.25 40.07 38.99 

57 2.5 2.25 52.70 51.62 

. 76.1 2.5 2.25 71.80 70.65 

88.9 2.5 2.25 84.65 83.60 

108 3.0 2.70 102.85 101.40 

159 3.5 3.06 153.0 151.50 

219.1 4.5 3.94 210.9 209.40 

267 5.5 4.81 256.7 255.20 

323.9 7.0 6.13 310.5 309.0 

368 8.0 7.00 352.0 350.0 

419 9.0 7.88 401.0 399.0 

457.2 9.5 8.31 440.0 437.0 

508 11.0 9.63 488.0 485.0 

610 13.0 11.38 586.0 583.0 

711 15.0 13.13 683.0 680.0 

813 17.0 14.88 781.0 778.0 

914 19.0 16.63 878.0 I 875.0 

Note: Ovality - The ovality of finished butt welding fittings shall be such that the difference between the 
maximum and minimum diameters measured on the same cross section shall not exceed 2% of the specified 
size in column 1 of this table. 

* For inch/millimetre correlation - see foreword. 
All dimensions in millimetres. 
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Butt welding f"'rttings 

Table 1.3 
Tolerances - fittings 

90 deg & 45 deg 
Size* elbows & tees reducers 

(see tables 1.4. 1.6 & 1. 7} (see table 1.9} 

Specified 00 centre-to-end overall length 
dimension H 

·- 0, E. C & M 

up to and including 267 ±2 ±2 

323.9 up to and 
including 711 ±3 ±3 

813 up to and 
including 914 ±5 ±5 

Size* angularity I 
Specified off off 
00 angle plane 

0 p 

up to and ±1 ±2 
including 
108 

over 108 up to 
and including ±2 ±4 
219.1 

267 up to 
and including ±3 ±5 
323.9 

368 up to 
and including ±3 ±7 
419 

.. 

A5Z.2 up to· 
and indridillg ±4 ±10 
611!':~:> -

·-

711. ±5 ±10 

813 up to 
and including ±5 ±13 
914 

All dimensions in millimetres 
* For inch/millimetre correlation - see foreword 
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end caps 
(see table 1.8) 

overall length 
h1 + h2 

+0.015 0 0 

-0 

This end flush 
against S'lUare 

0 
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Butt welding f'rttings 

Table 1.4 
Dimensions of long radius elbows 

Centre-to-end 

Size" 90 deg elbows 45 deg elbows 
Specified D E 
00 

max nom min max nom min 

30 40 38 36 24 22 20 

38 50 48 46 27 25 23 

44.5 59 57 55 31 29 27 

57 78 76 74 37 35 33 

76.1 97 95 93 46 44 42 

. 88.9 116 114 112 53 51 49 

108 154 152 150 66 64 62 

159 231 229 227 97 95 93 

219.1 307 305 303 129 127 125 

267 383 381 379 161 159 157 

323.9 460 457 454 193 190 187 

368 536 533 530 225 222 219 

419 613 610 607 257 254 251 

457.2 689 686 683 289 286 283 

508 765 762 759 321 318 315 

610 917 914 911 384 381 378 

711 1070 1067 1064 441 438 435 

813 1224 1219 1214 507 502 497 

914 1377 1372 1367 570 565 560 

All dimensions in millimetres 
Notes: For inside diameters at the plain or bevelled ends - see tables 1.1 & 1.2 and figure 1.1. 

See table 1.5 for elbow wall thicknesses. 
• For inch/millimetre correlation - see foreword. 
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Butt welding f'rttings 

Table 1.5 
lntrados thickness of long radius elbows 

Thickness Thickness 

minimum minimum I Size* t minimum t minimum 
intrados tube wall intrados tube wall 

Specified 
@ .... ,, 

00 see note 1 see note 2 see note 1 see note 2 

16 bar 20 bar 

30 2.25 2.25 

38 2.25 2.25 

. 44.5 USE 20 bar 2.25 2.25 

57 2.25 2.25 

76.1 2.25 2.25 

88.9 2.25 2.25 

108 2.70 2.70 

159 2.83 2.63 3.40 3.06 

219.1 3.74 3.50 4.54 3.94 

267 4.42 3.95 5.38 4.81 

323.9 5.27 4.81 6.45 6.13 

368 5.88 5.69 7.20 7.00 

419 6.61 6.13 8.12 7.88 

457.2 7.10 7.00 8.73 8.31 

508 7.84 7.44 9.65 9.63 
f 

610 9.31 9.19 11.49 11.38 

711 10.76 10.50 - -

813 12.24 11.81 - -

914 13.70 13.56 - -

All dimensions in millimetres * For inch/millimetre correlation - see foreword 

Note 1: See appendix B for basis for the calculation of "t" - intrados thickness. The minimum thickness at the 
centre of the intrados of an elbow shall not be less than the thickness shown in the above table. 

Note 2: The minimum allowable thickness of an elbow at any point shall not be less than the minimum 
allowable thickness of the corresponding tube. 

Note 3: For inside diameters at the plain or bevelled ends -see tables 1.1 and 1.2 and figure 1.1 
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Butt welding f"rttings 

Table 1.6 
Dimensions of straight (equal) tees 

Centre-to-end 
Size* 

Specified run C outlet M 

00 
max nom min max nom min 1-- c --1-- c --l 

30 40 38 36 40 38 36 

38 50 48 46 50 48 46 

44.5 59 57 55 59 57 55 

57 66 64 62 66 64 62 

76.1 78 76 74 78 76 74 

88.9 88 86 84 88 86 84 

108 107 105 103 107 105 103 

159 145 143 141 145 143 141 

219.1 180 178 176 180 178 176 

267 218 216 214 218 216 214 

323.9 257 254 251 257 254 251 

368 282 279 276 282 279 276 

419 308 305 302 308 305 302 

457.2 346 343 340 346 343 340 

508 384 381 378 384 381 378 

610 435 432 429 435 432 429 

711 524 521 518 524 521 518 

813 602 597 592 602 597 592 

914 678 673 668 678 673 668 

All dimensions in millimetres 
Note: For inside diameters at the plain or bevelled ends - see tables 1.1 & 1.2 and figure 1.1. 

* For inch/millimetre correlation - see foreword 
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Butt welding fittings 

Table 1.7.1 
Dimensions of reducing outlet tees- sizes up to 159 x 159 x 108. 

Size* Centre-to-end 
run outlet 

Specified 00 c M 

run run outlet max nom min max nom min 
• I I i-- c- .!-- c --+j 

30 30 25 40 38 36 40 38 36 

38 38 30 50 48 46 50 48 46 

38 38 25 

44.5 44.5 38 

44.5 44.5 30 59 57 55 59 57 55 

44.5 44.5 25 

57 57 44.5 62 60 58 

57 57 38 66 64 62 59 57 55 

57 57 30 53 51 49 

. 76.1 76.1 57 72 70 68 

76.1 76.1 44.5 78 76 74 69 67 65 

76.1 76.1 38 66 64 62 

88.9 88.9 76.1 85 83 81 

88.9 88.9 57 88 86 84 78 76 74 

88.9 88.9 44.5 75 73 71 

108 108 88.9 100 98 96 

108 108 76.1 107 105 103 97 95 93 

108 108 57 91 89 87 

159 159 108 132 130 128 

159 159 88.9 145 143 141 126 124 122 

159 159 76.1 123 121 119 

All dimensions in millimetres 
Note: For inside diameters at the plain or bevelled ends - see tables 1.1 & 1.2 and fig. 1. 1. 

• For inch/millimetre correlation - see foreword 
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