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Foreword

This British Standard has been prepared under the authority of the Mechanical Engineering Industry Standards
Committee and is the completion of a series of standards for high strength friction grip bolts, the first two parts
having been published as follows:

Part 1 of this standard provides for a general grade of parallel shank high strength friction grip bolts and their
associated nuts and washers. The mechanical properties of the bolts conform to metric equivalents of USA
standard SAE grade 5 material used in BS 3139 ‘High strength friction grip bolts for structural engineering’,
Part 1 ‘General grade bolts’ and ASTM A325 ‘High-strength carbon steel bolts for structural joints, including the
suitable nuts and plain hardened washers’.

Part 2 of this standard gives requirements for a higher grade of parallel shank bolt with mechanical properties
conforming to ISO/R 898/I strength grade 10.9. The requirements for the nuts in Part 2 of the standard are in
accordance with ISO/R 898/II strength grade 12,

This part deals with the waisted shank version of the higher grade bolt. It is intended that the techniques
described in BS 4604 “The use of high strength friction grip bolts in structural steelwork. Metric series’ Part 3
‘Higher grade (waisted shank)’ shall be used, The nuts and washers specified in this part of the standard are the
same as those in Part 2,

Although the basic hexagon sizes for the bolts and nuts are in accordance with those given in ISO/R 272, the
next larger width across flats for any given diameter, as shown in the normal metric series, has been selected in order
to provide greater bearing areas for both bolts and nuts.

The diametral dimensions for the flat washers have been based on those of the ‘large diameter series’ detailed in

ISO/R 887. The thicknesses for the flat washers have been based on those currently given in BS 3139 and the
American Standard ASTM A325 since it was felt that these thicknesses were more compatible with the function

for which these washers are used, the washer thicknesses quoted in ISO/R 887 being more applicable to use with
ordinary hexagon bolts and nuts.

The dimensions of square taper washers have been based.on the inch sizes currently given in BS 3139.

_Although at present there are no ISO Recommendations, draft recommendations or draft proposals relating
specifically to high strength friction grip bolts, account has been taken of current documentation prepared by ISO
Committee ISO/TC 2, ‘Bolts, nuts and accessories’, and where appropriate the provisions of the following ISO
Recommendations have been incorporated in the text of this standard:

ISO Recommendation R 225  ‘Bolts, screws and nuts, dimensions’.

ISO Recommendation R 272 ‘Hexagon bolis and nuts, metric series, width across flats, heights of heads,
thicknesses of nuts’.

ISO Recommendation R 733 ‘Hexagon bolts and nuts, metric series, tolerances on widths across flats,
widths across corners’.

ISO Recommendation R 885  ‘Bolts and screws. Radii under the head for general purpose bolts and screws.
Metric series’.

ISO Recommendation R 887  ‘Washers for hexagon bolts, metric series’.

ISO Recommendation R 888  ‘Nominal lengths for bolts, screws and studs, thread lengths for general purpose
bolts’.

ISO Recommendation R 898/I ‘Mechanical properties of fasteners’. Part I, ‘Bolts, screws and studs’.

ISO Recommendation R 898/II ‘Mschanical properties of fasteners’. Part II, ‘Nuts with specified proof load
values’,

5

A Sub-Committee of ISO/TC 2 is studying the requirement for bolts and nuts for steel structures and in its
deliberations high strength friction grip bolts will be included.

Although the minimum radii under the head, specified for bolts in this standard, are in accordance with those
given in ISO/R 885, the transition diameter (d, max.) quoted in Table 5 falls between the values stated for finished
and semi-finished products in the recommendation. This minor deviation is considered justified on the grounds
that these products are not general-purpose belts and it is therefore considered desirable to specify a maximum
fransition diameter consistent with their specialised function.
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British Standard Specification for
High strength friction grip bolts £ agscciaked noks & taswess Yo

structural engineering. Metric series
Part 3. Higher grade bolts (waisted shank) nuts and general grade washers

Specification
1.  General

1.1 Scope

Part 3 of this British Standard relates to the higher grade (10.9) of quenched and tempered high strength friction
grip hexagon head bolts (waisted shanks) and their associated nuts (grade 12) and washers, for structural engin-
eering,

Dimensions are given for a range of nominal sizes from 16 mm (M 16) to 33 mm (M 33) inclusive and mech-
anical properties are specified. Full details of tests, inspection procedure and provisions for marking are also
included,

Attention is drawn to the importance of ensuring that these bolts are correctly used if satisfactory results are to
be obtained. Recommendations giving guidance in the use of this form of fastener are given in BS 4604 : Part 3. Any
alternative method of use shall be the responsibility of the engineer concerned and shall be noted on the relevant
documents andfor drawings. :

NOTE. The titles of the British Standards referred to in this standard are listed on the inside back cover.
1.2 Definition
For the purposes of this British Standard the following definition applies:

High strength friction grip bolts. Bolts of high tensile steel used in conjunction with high tensile steel nuts and
quenched and tempered steel washers, which are tightened to a predetermined shank tension in order that the
clamping force thus provided will transfer loads in the connected members by friction between the parts and not
by shear in, or bearing on, the bolts or plies of connected members.

2. Bolts

2.1 Material

Steel used in the manufacture shall be that produced by the open-hearth process, electric process or any of the
oxygen processes™, The maximum content of sulphur and phosphorus shall not exceed 0.06 % of each. In the
case of the oxygen processes the maximum content of nitrogen shall not exceed 0.008 %.

2.2 Heat treatment ‘

Bolts shall be heat-treated under uniform conditions. They shall be harderied by quenching in oil or water and
shall then be tempered.

2.3 Mechanical properties

Bolts shall meet the requirements of Table 4 for all properties selected for the test programme (see 2.4). The
manper in which tests shall be conducted is specified in Appendix A. .

NOTE, The figures given in columns 4 to 7, inclusive, of Table 4 are minimum values,

* This term includes both top and bottom blown oxygen processes, © ‘ D ocu me‘nts
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2.4 Test programme

Appendix B gives a list of mechanical properties for bolts and indicates by the symbol ‘@’ the tests to be
carried out by the supplier for all bolts. The tests indicated by the symbol ‘@’ are optional and shall be agreed
between the purchaser and manufacturers,

2.6 General test requirements

'2.5.1 Number of tests. Each test selected from Appendix B shall be made three times per batch of bolts.

A batch shall consist of the number of pieces shown in Table 1.

Table 1. Number of pieces comprising a batch of bolts

Diameter of bolt d Number of pieces in batch

16 mm 15 000 or fraction thereof
Over 16 mm up to and |

including 24 mm 5 000 or fraction thereof
Over 24 mm 2 500 or fraction thereof

2.5.2 Retests. Should any specimen fail to meet the requirements of a specified test, an additional sample of
double the number of specimens from the same batch at the time of manufacture shall be tested and only if all
the additional specimens satisfy the requirements of the test shall the batch be deemed to have passed the test.
2.6 Dimensions and finish

The dimensions, tolerances and general finish of the bolts shall be in accordance with the requirements of 2.6.1
to 2.6.6 inclusive and of Table 5.

2.6.1 Length of bolts

2.6.1.1 Nominal length. The nominal length of the bolt shall be the distance from the underside of the head to
the extreme end of the shank, including any chamfer or radius. The standard nominal lengths are given in
Appendix E together with preferred size combinations of diameter and length.

2.6.1.2. Tolerance, The tolerance on the nominal length shall be as shown in Table 2.

Table 2. Tolerance on nominal length

Nominal fength
Tolerance on length
Over Up to and including
mm mm mm
30 50 +1.25
50 80 +1.50
80 120 ) 1,75
120 180 +2.00
180 250 +2.30
250 315 + 2.60
315 400 +2.85
400 500 . +3.15

2.6.2 Ends of bolts. The ends of bolts, at the option of the manufacturer, may be finished either with a 450°
chamfer to a depth slightly exceeding the depth of the thread or with a radius approximately equal to 1} times
the nominal diameter of the shank; - boc uments
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2.6.3 Screw threads.

2.6.3.1 General, The form of thread, and the diameters and associated pitches of higher grade metric high strength
friction grip bolts (waisted shank) shall be in accordance with the requirements of BS 3643 : Part 1.

2.6.3.2 Tolerances. The screw threads shall be made to the tolerances for the ‘medium’ class of fit (6g) as specified
in BS 3643 : Part 2,

2.6.4 Length of thread

2.6.4.1 General, The length of thread on bolts shall be the distance from the end of the bolt (including any chamfer
or radius) to the last full formed thread nearest to the waisted portion.

Table 3. Thread lengths

Nominal length of bolt Length of thread

Up to and including 125 mm | 2d+ 6 mm
Over 125 mm up to and

including 200 mm 2d+12mm
Over 200 mm 2d+25mm

2.64.2 Tolerances. The tolerances on bolt thread lengths shall be plus two pitches for all diameters.

2.6.5 Chamfering and facing of head. The heads shall be chamfered at an angle of approximately 30° on their upper
faces, The diameter of the ring formed by the chamfer on the upper face of the bolt shall not be smaller than 90%
of the minimum across-flats dimension (see Fig. 1).

The lower or bearing face shall be washer faced. The bearing face shall be machined or shall have a surface equal
to that produced by machining,

AERARNE
tzr\‘

‘M' = ISO metric identification
‘XYZ' = manufacturer’s (trade) marking
‘109* = strength grade 10.9

=
g/

Fig. 1. Chamfering, facing and marking of bolts

2.6.6 Diameter of shank. The maximum and minimum diameters of the shank and the waisted part of the bolt
shall be in accordance with the dimensions given in Table 5, The shank shall be capable of acceptance by a ring
gauge having an internal diameter equal to the maximum shank diameter as specxﬁed in Column 3 and subject
to a tolerance of plus 0.025 mm plus 0.050 mm.

A suitable design of gauge for this test would be a plain ring gauge having a maximum thlckness equal to the
nominal diameter of the bolt, a minimum fillet radius in the bore equal to the maximum radius under the bolt
head and an internal diameter as specified above,

2.7 Marking

Bolts shall be identified as higher grade high strength bolts by being marked ‘M’ to signify ISO metric thread
and ‘109’ to signify strength grade de31gnat10n 10.9 (see Fig. 1). They shall also bear the manufacturer’s identi-

fication mark _ Documents
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