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QHW Designation: F 606M — 01
METRIC

Standard Test Methods for

Determining the Mechanical Properties of Externally and
Internally Threaded Fasteners, Washers, and Rivets
[Metric] *

This standard is issued under the fixed designation F 606M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope Note 1—These test methods are the metric companion of Test Methods

1.1 These test methods establish procedures for conductirngOG'
tests to determine the mechanical properties of metric exte?. Referenced Documents
nally and internally threaded fasteners, washers, and rivets. 21 ASTM Standards:

1.2 F_’roperty requirer_n_ents ?”d_the applicable tests for their E 8M Test Methods for Tension Testing of Metallic Mate-
determination are specified in individual product standards. In rials [Metric]2

those instances where the testing requirements are unique or al= 10 Test Method for Brinell Hardness of Metallic Materi-
variance with these standard procedures, the product shall als
specify the controlling testing requirements.

1.3 These test methods describe mechanical tests for deter-
mining the following properties:

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials
E 83 Practice for Verification and Classification of Exten-

Tests Section
someters
For Externally Threaded Fasteners: 3 .
Product Hardness 31 E 92 Test Method for Vickers Hardness of Metallic Mate-
Proof Load 321 rials?
Method 1, Length Measurement 3.2.3 H H H _
Method 2. Yield Strength My E 384 Test Method for Microindentation Hardness of Ma
Method 3, Uniform Hardness 325 terials®
Axial Tension Testing of Full Size Products 3.4 F 436M Specification for Hardened Steel Washers [Méetric]
Jredge Tension Testing of Ful Size Products 3R F 606 Test Methods for Determining the Mechanical Prop-
ension Testing of Machined Test Specimens 3.6 .
Total Extension at Fracture Test 3.7 erties of Externally and Internally Threaded Fasteners,
For Internally Threaded Fasteners: 4 Washers, and Rivets
Product Hardness PP F 959M Test Methods for Determining the Mechanical
Cone Proof Load Test 4.3 Properties of Externally and Internally Threaded Fasteners,
For Washers and Direct Tension Indicators: 5 Washers, and Rivets [Metriﬂ
General Requirements 5.1
Through Hardened Washers 52 3. Test Methods for Externally Threaded Fasteners
Carburized Washers 53
For Rivets: 6 3.1 Product Hardness-Tests shall be conducted after the
Product Hardness 6.1 : . : .
Test for Embrittlement of Metallic Coated Externally Threaded rem(,)val of any s_urface OXIde’ d.ec.arburlzatlon, platlng or qther
Fasteners 7 coating. All readings shall be within the hardness values listed
Test Method for Measuring Compression Loads (All Finishes) in the product specification. The average of all readings on the

on Direct Tension Indicators Covered by Test Method F 959M Annex Al same part shall be considered as the product hardness. Test

1.4 This standard does not purport to address all of theresults shall conform to the product specification for the lot
safety concerns, if any, associated with its use. It is theepresented by the test specimens to be considered conforming.
responsibility of all of the users of this standard to establishTest specimen preparation and hardness tests shall be con-
appropriate safety and health practices and determine thelucted in accordance with Test Method E 18 for Rockwell
applicability of regulatory limitations prior to use. tests, Test Method E 10 for Brinell tests, Test Method E 92 for

Vickers tests, or Test Method E 384 for Microhardness tests.

The method used is at the option of the manufacturer, with
1 These test methods are under the jurisdiction of ASTM Committee F16 on
Fasteners and are the direct responsibility of Subcommittee F16.01 on Test Methods—————
Current edition approved July 10, 2001. Published October 2001. Originally 2 Annual Book of ASTM Standardgol 03.01.
published as F 606M — 87. Last previous edition F 606M — 98. 2 Annual Book of ASTM Standardgol 01.08.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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regards to the size and grade of the products. withstand without measurable permanent set. Alternatives that
3.1.1 Routine Test LocatiorsFor testing the hardness of determine the ability of a fastener to pass the proof-load test are
the finished product, the following test locations can be usedthe yield strength test and the uniform hardness test. Any of
3.1.1.1 For hex and square head bolts, test shall be comhese tests may be used, but the proof-load test ( 3.2.3) shall be
ducted on the wrench flats, top of head, unthreaded shank, etite arbitration method in case of any dispute. (See Test
of bolt or at the arbitration location. Methods E 8M.)

3.1.1.2 For studs, products without parallel wrench flats, 3 2 |n poth Methods 1 and 2, assemble the product in the
and for head styles other than hex and square, tests shall Bgrre of the tension testing machined so that six complete
conducted on the unthreaded shank, end of the bolt or stud @freads (except for heavy hex structural bolts, which shall be
at the arbitration location. based on four threads) are exposed between the grips. This is

3.1.1.3 Stress-relieved products (see 3.1.1.1 and 3.1.1.2) & Btained by freely running the nut or fixture to the thread
measured anywhere on the surface or through the cross sectiq(}out of the specimen and then unscrewing the specimen six
Refer to the product specification for particular test location O yms. For continuous threaded fasteners, at least six full
use the arbitration location. Hweads shall be exposed. '

a

3.1.1.4 The Rockwell hardness scale may be used for
product diameters; however, the Brinell hardness is limited to 3.2.3 Test Method 1, Length Measuremeriio ensure con-

products over 30 mm nominal diameter. sistent and repetitive length measurements of the fastener3 the
3.1.2 Laboratory Inspection-After observing 3.1 and threadet_:i end and top of the l:_)olt hea(_j shall have_ conical
3.1.1, a minimum of three readings shall be taken on eacf€Pressions made at the approximate axis or center line of the
sample of finished product. fgstener. If raised or depressed mar_kmgs on thg head interfere
3.1.3 Arbitration Test Location-For purposes of arbitration With the placement of the measuring depressions, the head
between the purchaser and seller over reported test resul@@ll be carefully ground. The measuring instrument shall have
hardness tests shall be conducted at the mid-radig¥ ¢f a pointed anvils that mate with thg center line depressions a}nd be
transverse section through the threads taken at a distance ¢#Pable of measuring changes in length of 0.0025 mm with an
approximately one diameter from the point end of the bolt oraccuracy of 0.0025 mm in any 0.025 mm range. Place the
one end of the stud. Four readings shall be taken approximatefgstener between the measuring anvils and rotate it approxi-
90° to one another on the same plane, if product size permit§nately ¥4 turn to the left center, right then center again to
Smaller diameter products may also use the opposite parall@ssure sound seating. Zero the instrument or record indicated
surface area of the bolt head end as sectioned above. (See Figeasurement. If using a bolt extensometer, the bolt with
1). The use of Brinell hardness is limited to product sizesattached extensometer may be assembled into the tension
greater than 48 mm nominal diameter. testing machine. If not, mark the fastener so it may be placed
3.2 Tension Testst is preferred that fasteners and studs beas close as possible to the same position for the second reading.
tested full size, and it is customary, when so testing to specifikemove and assemble the fastener into the tension testing
a minimum ultimate load in kilonewtons (or stress in mega-machine as outlined in 3.4. With a test speed which shall not
pascals). Paragraphs 3.2 through 3.5 apply when testingxceed 3 mm/min, as determined with a free-running cross
externally threaded fasteners full size. Paragraph 3.6 shaflead, axially load the fastener to the proof load value specified
apply where the individual product specifications permit thein the product specification. This load shall be maintained for
use of machined specimens. (See Test Methods E 8M.) a period of 10 s before releasing the load. Replace the fastener
3.2.1 Proof Load—The proof-load test consists of stressing between the measuring anvils and rotate as before, stopping
the product with a specified load that the product muswith the mark at the same approximate position as the first

T_ Primary surtace
for hardness readings

2

Rou;\'\u.s
2/?_

X
1

FIG. 1 Hardness Arbitration Test Location
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reading. The measurement shall show no permanent elongbetween the mid-radius and core hardness shall be not more
tion. A tolerance of £ 0.013 mm shall be allowed (for than three points on a Rockwell C Scale; and both readings
measurement error only) between the measurement madeust be within product specification.
before loading and that made after loading. Variables such as ) ) ) ) ) )
straightness, thread alignment, or measurement error COU?NOTE 2—This test is valid for fasteners up to and including 25 mm in
. . ... _glameter.
result in apparent elongation of the product when the specifie
proof load is initially applied. In such cases, the product may 3.3 Fasteners and Studs Too Short for Tension Testing
be retested using a 3 % greater load, and shall be consider&doduct lengths less than those shown in Table 1 for product 5
acceptable if there is no difference in the length measuremenhrough 20 mm in diameter and less than 3 diameters in length
after this loading within a 0.013-mm measurement tolerance a®r product greater than 20 mm in diameter, or that do not have
outlined. sufficient threads for proper engagement, and still leave the
3.2.3.1 Proof Load-Speed and Time of Loadir§iVhen  specified number of complete threads exposed between the
using Method 1, the speed of testing, as determined with grips, shall be deemed too short for tension testing, and
free-running cross head, shall not exceed 3 mm/min, and thacceptance shall be based on a hardness test performed in
proof load shall be maintained for a period of 10 s beforeaccordance with 3.1. If tests other than product hardness are
releasing the load. required, their requirements should be referenced in the prod-
3.2.4 Method 2, Yield StrengthAssemble the product in uct specification.

the testing equipment as outlined in 3.4. As the load is applied, 3 4 Axial Tension Testing of Full Size Products
measure and record the total elongation of the product or any

part of it that includes the exposed threads to produce Beoqyeen the head and a nut or suitable fixture (see Fig. 2),

load-elangation di%gram. Determine the load or stress at afpar of which shall have sufficient thread engagement to
offset equal to 0.2 % of the length of fastener occupied by si evelop the full strength of the product. Assemble the nut or

full threads as shown in Fig. 2, (except for heavy hex structur jxture on the product, leaving six complete fastener threads
bolts, which shall be based on four threads) by the metho xposed between the grips (except for heavy hex structural

described in 3.6.3.1. : ;
) | . f , which shall have f h d bet .
3.2.4.1 Method 2A, Yield Strength for Austenitic Stainless FREIL MU nall have four threads exposed between grips)

Steel and Nonferrous MaterialtsAssemble the product in the . 3.4.2 Test studs by assembling one ef?d of the threaded
testing equipment as outlined in 3.4. As the load is appliedf'x.ture to.the thread runput. For StUd.S ha\{lng unlike threads,
measure and record the total elongation of the product in ordé is shall be_ the e_nd wWhich _has _the finer pitch thread, or with
to produce a load elongation diagram. Determine the load o 9 Iarger_ minor diameter. _L|keW|se, a_ssem_ble the other end of
stress at an offset equal to 0.2 % strain, based on the length (el stiddnyiie threaded.flxture, Ieavmg six complete thread;
the bolt between the holders as shown in Fig. 2, which will beexposed between the grips. For continuous studs,_at least six
subject to elongation under load, by using the method deSomplete threads shall be exposed between the fixture ends.
scribed in 3.6.3.1. The maximum speed of the free running cross head shall not

3.2.5 Method 3, Uniform HardnessThe fasteners shall be exceed 25 mm/min. When reporting the tensile strength of the
tested for hardness as described in 3.1, and in addition, th[gOdUCt’ calculate the thread stress area as follows:

hardness shall also be determined in the core. The difference A= 0.7854(D — 0.938P)° (1)

3.4.1 Test fasteners in a holder with a load axially applied

GAGE LENGTH BY METHOD
= { 2A. YIELD STRENGTH
GAGE LENGTH BY METHOD 2. R ’%‘ fE— (SEE 3.2.4.1)

YIELD STRENGTH (SEE 3.2.4) - w

(A MINIMUM OF SIX EXPOSED THREADS
EXCEPT HEAVY HEX STRUCTURAL BOLTS
WHICH SHALL HAVE AT LEAST i
FOUR EXPOSED THREADS) ‘  —

&\‘\\\\«w\ o
FIG. 2 Tension Testing of Full-Size Fastener (Typical Set-Up)
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TABLE 1 Tension Test Wedge Angles

Degrees
Nominal Product A Studs and
. Fasteners
Diameter, mm Flange Fasteners
5-24 10 6
Over 24 6 4

AHeat treated fasteners that are threaded one diameter or closer to the
underside of the head, shall use a wedge angle of 6° for sizes 5 to 24 mm and 4°
for sizes over 24 mm.

where

A, = thread stress area, Mm

D = nominal diameter of the fasteners or stud, mm, and
P = thread pitch, mm.

3.5 Wedge Tension Testing of Full-Size Produdthe
wedge tensile strength of a hex or square-head fastener,
socket-head cap screw, (with the exception of socket button or
flat countersunk head products) or stud is the tensile load that
the product is capable of sustaining when stressed with a
wedge under the head. The purpose of this test is to obtain the
tensile strength and demonstrate the “head quality” and duc-
tility of the product.

3.5.1 Wedge Tension Testing of Fasterer®etermine the
ultimate load of the fastener as described in 3.4 except place a
wedge under the fastener head. When both wedge and proof
load testing are required by the product specification use the
proof load-tested fastener for wedge testing. The wedge shall

3.4.3 To meet the requirements of the test described in 3.4 have a minimum hardness of 45 HRC. Additionally, the wedge
and 3.4.2, the product shall support a load prior to fracture noshall have a thickness of one half the nominal fastener diameter
less than the minimum tensile strength specified in the produdmeasure at the thin side of the hole, Fig. 3). The wedge shall
specification for its size, property class, and thread series. Ihave an included angle as shown in Table 1 for the product type
addition, fracture shall occur in the body or the threadedoeing tested. The hole in the wedge shall have a clearance over
section with no fracture at the juncture of the body and headthe nominal size of the fastener, and its edges top and bottom

!
w

=7

C = clearance of hole (Table 2),
D = diameter of fastener,
R = radius of chamfer (Table 2)

Yt

dic

T = reference thickness of wedge at thin side of hole, equals one half diameter of fastener, and

W = wedge angle (Table 1).

FIG. 3 Wedge Test Details—Fasteners
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shall be rounded as specified in Table 2. The minimum outside r "
dimension of the wedge shall be such that during the test no =
corner loading of the product head (adjacent to the wedge) ¢ BORE \\ SUPPORTING
shall occur. (See head orientation in Fig. 3). The bolt shall be ) FIXTURE
tension tested to fracture. The fastener shall be tension tested to /<
fracture. To meet the requirements of this test, the fastener shall
support a load prior to fracture not less than the minimum _JE 0-p— Drc
tensile strength specified in the product specification for the AN 77
applicable size, property class, and thread serles._ln ad_d|t|on, _// //%///////
the fracture shall occur in the body or threaded portion with no WARERDED A
fracture at the junction of head and shank. ARV R

Note 3—Fracture at the junction of the head and shank is prohibited at ( I
any load, including those above the minimum requirements. J W

re— T

3.5.2 Wedge Tension Testing of StaddVhen both wedge
tension and proof load testing are required by the product
specification, assemble one end of the same stud previous(?r: g'lif]‘:::‘ecreo‘f’fs?fée (see Table 2)
used for proof load testing in a threaded fixture to the threag - ragius or chamer, (see Table 2)
runout. For studs having unlike threads, this shall be the end= E plus depth of counterbore
with the finer pitch thread or with the larger minor diameter. W = wedge angle (see Table 1) B
Assemble the other end of the stud in a threaded wedge to the oot of threaded section of wedge = _
runout and then unscrew six full turns, leaving six complete FIG. 4 Wedge Test Details—Studs
threads exposed between the grips (see Fig. 4). For continuous . )
threaded studs, at least six full threads shall be exposedSing test specimens machined from the fastener or stud (see
between the fixture ends. The angle of the wedge for the stufest Methods E 8M). _ .
size and property class shall be as specified in Table 1. 3.6.1 _Faste_ners and stL_st _shall have their _shanks machined
Assemble the stud in the testing machine and tension test {§ the dimensions shown in Fig. 5. The reduction of the shank
fracture, as described in 3.4. The minimum hardness of thdiameter of heat-treated fasteners and studs with nominal
threaded wedge shall be 45 HRC. The length of the threadedi@meters larger than 16 mm shall not exceed 25 % of the
section of the wedge shall be equal to at least the diameter &figinal diameter of the product. Alternatively, fasteners 16
the stud. To facilitate removal of the broken stud, counterbor&M in diameter or larger may have their shanks machined to a
the wedge. The thickness of the wedge at the thin side of thEeSt specimen with the axis of the specimen located midway
hole shall equal the diameter of the stud plus the depth of thBetween the axis and outside surface of the fastener as shown
counterbore. The thread in the wedge shall have Class 4H6[ Fig. 6. In either case, machined test specimens shall exhibit
tolerance, except when testing studs having an interference f@nsile strength, yield strength (or yield point), elongation, and
thread, in which case the wedge will have to be threaded tgeduction of area equal to or greater than the values of these
provide a finger-free fit. The supporting fixture (Fig. 4), shallProperties specified for the product size in the applicable
have a hole clearance over the nominal size of the stud, ar{g{od_uct specification when tested in accordance with this
shall have its top and bottom edges rounded or chamfered &£Ction.
the same limits specified for the hardened wedge in Table 2. To

meet the requirements of this test, the stud shall support a load L,
prior to fracture not less than the minimum tensile strength s,\ ‘
specified in the product specification for its size, property class, Y > I
and thread series. The fracture shall occur in the threaded T —Do—- -4 i}
section or in the body if the stud does not have a continuous | ’ ; !
thread.

3.6 Tension Testing of Machined Test SpecimeWhere Ll [=B>
fasteners and studs cannot be tested full size, conduct tests - L, _

TABLE 2 Tensile Test Wedge Hole Clearance—Details D = nominal thread diameter,

D= diameter of test piece (D, < minor diameter of thread),

Nominal Produce Nominal Clearance Nominal Radius B = length of thread (B = D),
Diameter, mm in Hole, mm on Corners Lo~ 5D, or,
of Hole, mm (5.65N/S,)
L= length of straight portion (L,+ D, ),

To 6 0.50 0.70 ¢ .
Over 6-12 0.80 0.80 t: rg;z't:]eggg ?r;tcetitrg'ece (Lt 2R+ B),
Over 12-20 1.60 1.30 Su= cross-sectional area’l and
Over 20-36 8.20 1.60 R = fillet radius (R = 4 mm).
Over 36 3.20 3.20

FIG. 5 Tension Test Specimen with Turned-Down Shank
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