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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 epsilonej 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 2. Referenced Documents

1.1 These test methods establish procedures for conducting2.1 ASTM Standards:
tests to determine the mechanical properties of metric exter- E 8M Test Methods for Tension Testing of Metallic Mate-
nally and internally threaded fasteners, washers, and rivets. rials [Metric]?

1.2 Property requirements and the applicable tests for their E 10 Test Method for Brinell Hardness of Metallic Materi-
determination are specified in individual product standards. In  als®
those instances where the testing requirements are unique or atE 18 Test Methods for Rockwell Hardness and Rockwell
variance with these standard procedures, the product shall Superficial Hardness of Metallic Materials

specify the controlling testing requirements. E 83 Practice for Verification and Classification of Exten-
1.3 These test methods describe mechanical tests for deter- someter$
mining the following properties: E 92 Test Method for Vickers Hardness of Metallic Mate-
Tests Section rials®
For Externally Threaded Fasteners: 3 F 436M Specification for Hardened Steel Washers [Metric]
Proguct Hardness o F 606 Test Methods for Determining the Mechanical Prop-
Method 1, Length Measurement 3.2.3 erties of Externally and Internally Threaded Fasteners,
Method 2, Yield Strength 3.2.4 Washers, and Rivés
Method 3, Uniform Hardness 3.25
Axial Tension Testing of Full Size Products 3.4
Wedge Tension Testing of Full Size Products ae 3. Test Methods for Externally Threaded Fasteners
Tenslion Testing of Machined Test Specimens 3.6 3.1 Product Hardness-Tests shall be conducted after the
Total Extension at Fracture Test 3.7 H H H H
For Intenally Threaded Fasteners: M remqval of any syrface oxide, d_ec_arburlzatlon, plating or qther
Product Hardness 41 coating. All readings shall be within the hardness values listed
Proof Load 4.2 in the product specification. The average of all readings on the
Cone Proof Load Test 4.3 same part shall be considered as the product hardness. Test
For Washers and Direct Tension Indicators: 5 p p o X '
General Requirements 5.1 results shall conform to the product specification for the lot
Ehr%ug.h Féa\;\c;ensd Washers g; represented by the test specimens to be considered conforming.
For Rivete: | ooners > Test specimen preparation and hardness tests shall be con-
Product Hardness 6.1 ducted in accordance with Test Method E 18 for Rockwell
Test for Embrittlement of Metallic Coated Externally Threaded tests, Test Method E 10 for Brinell tests, Test Method E 92 for
Fasteners 7

Vickers tests, or Test Method E 384 for Microhardness tests.
1.4 This standard does not purport to address all of theThe method used is at the option of the manufacturer, with
safety concerns, if any, associated with its use. It is theegards to the size and grade of the products.
responsibility of all of the users of this standard to establish 3.1.1 Routine Test LocatiorsFor testing the hardness of
appropriate safety and health practices and determine thehe finished product, the following test locations can be used:
applicability of regulatory limitations prior to use. 3.1.1.1 For hex and square head bolts; test shall be con-
Note 1—These test methods are the metric companion of Test MethodgUCted on the Wren(,:h flgts, top ‘?f head, unthreaded shank, end
F 606. of bolt or at the arbitration location.
3.1.1.2 For studs, products without parallel wrench flats and
1 These test methods are under the jurisdiction of ASTM Committee F-16 on
Fasteners and are the direct responsibility of Subcommittee F16.01 on Test Methods——————————
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iy F 606M

for head styles other than hex and square; tests shall Heture of the tension testing machined so that six complete
conducted on the unthreaded shank, end of the bolt or stud d¢inreads (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) apbtained by freely running the nut or fixture to the thread
measured anywhere on the surface or through the cross sectionnout of the specimen and then unscrewing the specimen six
Refer to the product specification for particular test location oifull turns. For continuous threaded fasteners, at least six full
use the arbitration location. threads shall be exposed.
3.1.1.4 The Rockwell hardness scale may be used for all 3.2.3 Test Method 1, Length Measuremeffo ensure con-
product diameters; however, the Brinell hardness is limited tsistent and repetitive length measurements of the fastener, the
products over 30 mm nominal diameter. threaded end and top of the bolt head shall have conical
3.1.2 Laboratory Inspection-After observing 3.1 and depressions made at the approximate axis or center line of the
3.1.1, a minimum of three readings shall be taken on eacfastener. If raised or depressed markings on the head interfere
sample of finished product. with the placement of the measuring depressions, the head
3.1.3 Arbitration Test Locatior-For purposes of arbitration shall be carefully ground. The measuring instrument shall have
between the purchaser and seller over reported test resuligpinted anvils which mate with the center line depressions and
hardness tests shall be conducted at the mid-radius (r/2) oflze capable of measuring changes in length of 0.0025 mm with
transverse section through the threads taken at a distance afi accuracy of 0.0025 mm in any 0.025 mm range. Place the
approximately one diameter from the point end of the bolt orfastener between the measuring anvils and rotate it approxi-
one end of the stud. Four readings shall be taken approximateiately ¥4 turn to the left center, right then center again to
90° to one another on the same plane, if product size permitassure sound seating. Zero the instrument or record indicated
Smaller diameter products may also use the opposite paralleleasurement. If using a bolt extensometer, the bolt with
surface area of the bolt head end as sectioned above. (See Fidtached extensometer may be assembled into the tension
1). The use of Brinell hardness is limited to product sizestesting machine. If not, mark the fastener so it may be placed
greater than 48 mm nominal diameter. as close as possible to the same position for the second reading.
3.2 Tension Tests-t is preferred that fasteners and studs beRemove and assemble the fastener into the tension testing
tested full size, and it is customary, when so testing to specifynachine as outlined in 3.4. With a test speed which shall not
a minimum ultimate load in kilonewtons (or stress in mega-exceed 3 mm/min., as determined with a free-running cross
pascals). Paragraphs 3.2 through 3.5 apply when testingead, axially load the fastener to the proof load value specified
externally threaded fasteners full size. Paragraph 3.6 shailh the product specification. This load shall be maintained for
apply where the individual product specifications permit thea period of 10 s before releasing the load. Replace the fastener
use of machined specimens. (See Test Methods E 8M.) between the measuring anvils and rotate as before, stopping
3.2.1 Proof Load—The proof-load test consists of stressing with the mark at the same approximate position as the first
the product with a specified load that the product mustwith+eading. The measurement shall show no permanent elonga-
stand without measurable permanent set. Alternatives thdion. A tolerance of = 0.013 mm shall be allowed (for
determine the ability of a fastener to pass the proof-load test ammeasurement error only) between the measurement made
the yield strength test and the uniform hardness test. Any dfefore loading and that made after loading. Variables such as
these tests may be used, but the proof-load test ( 3.2.3) shall s&raightness, thread alignment, or measurement error could
the arbitration method in case of any dispute. (See Tegtesult in apparent elongation of the product when the specified
Methods E 8M.) proof load is initially applied. In such cases, the product may
3.2.2 In both Methods 1 and 2, assemble the product in thbe retested using a 3 % greater load, and shall be considered

T_ Primary surtace
for hardness readings

FIG. 1 Hardness Arbitration Test Location Docu ments
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filb F 606M
acceptable if there is no difference in the length measurement TABLE 1 Tension Test Wedge Angles
after this loading within a 0.013 mm measurement tolerance as
outlined. Degrees
3231 Proof Load-Speed and Time of LoadH}then_ Ngglet;nmct FastenersA " E:d;a:?edners

using Method 1, the speed of testing, as determined with a :
free-running cross head, shall not exceed 3 mm/min, and the 5-24 10 6

. . . Over 24 6 4
proof load shall be maintained for a period of 10 s before v — - — " | -
releasing the |0ad. eat treate asteners 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°

3.2.4 Method 2, Yield StrengthAssemble the product in for sizes over 24 mm.
the testing equipment as outlined in 3.4. As the load is applied,

measure and record the total elongation of the product or anter product greater than 20 mm in diameter, or that do not have
part of it that includes the exposed threads to produce gufficient threads for proper engagement, and still leave the
load-elongation diagram. Determine the load or stress at agpecified number of complete threads exposed between the
offset equal to 0.2 % of the length of fastener occupied by Siaygrips, shall be deemed too short for tension testing, and
full threads as shown in Fig. 2, (except for heavy hex structurajcceptance shall be based on a hardness test performed in
bolts, which shall be based on four threads) by the methodccordance with 3.1. If tests other than product hardness are

described in 3.6.3.1. required, their requirements should be referenced in the prod-
3.2.4.1 Method 2A, Yield Strength for Austenitic Stainlessyct specification.

Steel and Non-ferrous MateriatsAssemble the productinthe 3.4 Axial Tension Testing of Full Size Products

testing equipment as outlined in 3.4. As the load is applied, 3.4.1 Test fasteners in a holder with a load axially applied
measure and record the total elongation of the product in ordejetween the head and a nut or suitable fixture (see Fig. 2),
to produce a load elongation diagram. Determine the load ogither of which shall have sufficient thread engagement to
stress at an offset equal to 0.2 % strain, based on the length gkvelop the full strength of the product. Assemble the nut or
the bolt between the holders as shown in Fig. 2, which will befixture on the product, leaving six complete fastener threads
subject to elongation under load, by using the method deexposed between the grips (except for heavy hex structural

scribed in 3.6.3.1. fastener, which shall have four threads exposed between grips).
3.2.5 Method 3, Uniform HardnessThe fasteners shallbe  3.4.2 Test studs by assembling one end of the threaded

tested for hardness as described in 3.1, and in addition, thgture to the thread runout. For studs having unlike threads,
hardness shall also be determined in the core. The differenggis shall be the end which has the finer pitch thread, or with

between the mid-radius and core hardness shall be not mofge larger minor diameter. Likewise, assemble the other end of
than three points on a Rockwell C Scale; and both readingghe stud in the threaded fixture, leaving six complete threads
must be within product specification. exposed between the grips. For continuous studs, at least six

Note 2—This test is valid for fasteners up to and including 25 mm in COMplete threads shall be exposed between the fixture ends.
diameter. The maximum speed of the free running cross head shall not

3.3 Fasteners and Studs Too Short for Tension Testing exceed 25 mm/min. When reporting the tensile strength of the
Product lengths less than those shown in Table 1 for product %roduct, calculate the thread stress area as follows:
through 20 mm in diameter and less than 3 diameters in length A= 0.7854(D — 0.938P)* )}

1 ‘ GAGE LENGTH BY METHOD
= i 2A. YIELD STRENGTH
GAGE LENGTH BY METHOD 2. R \ L (SEE 3.2.4.1)

YIELD STRENGTH (SEE 3.2.4) NI w
(A MINIMUM OF SiX EXPOSED THREADS
EXCEPT HEAVY HEX STRUCTURAL BOLTS

WHICH SHALL HAVE AT LEAST 1

FOUR EXPOSED THREADS) ‘ —

&\\\X“&\ o
FIG. 2 Tension Testing of Full-Size Fastener (Typical Set-Up) Docu ments
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where: wedge under the fastener head. When both wedge and proof
A, = thread stress area, mMm load testing are required by the product specification use the
D = nominal diameter of the fasteners or stud, mm, and proof load-tested fastener for wedge testing. The wedge shall
P = thread pitch, mm. have a minimum hardness of 45 HRC. Additionally, the wedge

3.4.3 To meet the requirements of the test described in 3.4 .dhall have a thickness of one half the nominal fastener diameter
and 3.4.2, the product shall support a load prior to fracture nogmeasure at the thin side of the hole, Fig. 3). The wedge shall
less than the minimum tensile strength specified in the produdtave an included angle as shown in Table 1 for the product type
specification for its size, property class, and thread series. lheing tested. The hole in the wedge shall have a clearance over
addition, fracture shall occur in the body or the threadedhe nominal size of the fastener, and its edges top and bottom
section with no fracture at the juncture of the body and headshall be rounded as specified in Table 2. The minimum outside

3.5 Wedge Tension Testing of Full-Size Produdthe  dimension of the wedge shall be such that during the test no
wedge tensile strength of a hex or square-head fastenarprner loading of the product head (adjacent to the wedge)
socket-head cap screw, (with the exception of socket button ahall occur. (See head orientation in Fig. 3). The bolt shall be
flat countersunk head products) or stud is the tensile load tha¢nsion tested to fracture. The fastener shall be tension tested to
the product is capable of sustaining when stressed with &acture. To meet the requirements of this test, the fastener shall
wedge under the head. The purpose of this test is to obtain theupport a load prior to fracture not less than the minimum
tensile strength and demonstrate the “head quality” and dudensile strength specified in the product specification for the
tility of the product. applicable size, property class, and thread series. In addition,

3.5.1 Wedge Tension Testing of Fasterer®etermine the the fracture shall occur in the body or threaded portion with no
ultimate load of the fastener as described in 3.4 except placefeacture at the junction of head and shank.

H
w R

=7

Yt

dic

C = clearance of hole (Table 2),

D = diameter of fastener,

R = radius of chamfer (Table 2)

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 Docu ments
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