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MECHANICAL AND MATERIAL REQUIREMENTS
FOR METRIC EXTERNALLY THREADED STEEL
FASTENERS—SAE J1199

SAE Standard

Report of Iron and Steel Technical Committee approved February 1978.

1. Scope

1.1 ghis standard covers the mechanical and material requirements for
eight property classes of steel, externally threaded metric fasteners in sizes
M1.6 thru M36, inclusive, and suitable for use in automotive and related
applications.

1.2 Products included are bolts, screws, studs, U-bolts, pre-assembled
screw and washer assemblies (sems), and products manufactured the same
as sems except without washer.

1.3 Products not covered are tappmg screws thread rolling screws, and
self-drilling screws.
are covered in othef SAE documents.

1.4 The term sjud as referred to herein applies to a cylindrical rod of
moderate length, threaded on either one or both ends or throughout its
entire length. It dops not apply to headed, collared, or similar products
which are more clogely characterized by requirements shown herein for
bolts.

1.5 For specifi¢ation purposes, this standard treats U-bolts as studs.
Thus, wherever the Wword studs appears, U-bolts is also implied. U-bolts
covered by this starjdard are those used primarily in the suspension and
related areas of vehjcles. (Designers should recognize that the U config-
uration may not sugtain a load equivalent to two bolts or studs of the
same size and grade} thus actual load carrying capacity of U-bolts should
be determined by s3ddle load tests.)

2. Designations 1

2.1 Property clhsses are designated by numbers where increasing num-
bers generally reprepent increasing tensile strengths. The designation sym-
bol consists of two parts:

(a) The first numpral of a two-digit symbol or the first two numerals of
a three-digit symbol approximates 1/100 of the minimum tensile strength
in MPa.

(b) The last numgral approximates 1/10 of the ratio expressed as aper-
centage between mihimum yield stress and minimum tensile stress.

2.2 For specifidation purposes (on engineering drawings; purchase
orders, etc.) all progerty class designations are used in combination with a
single basic specific3tion number as follows:

SAE J|1199 (4.6) SAE J1199 ( 9.8)

SAE J[1199 (4.8) SAEJ1199 (10.9)
SAE J]1199 (5.8) SAE J1199 (12.8)
SAE J]1199 (8.8) ""SAEJ1199(12.9)

2.3 Property Clsses
2.3.1 Machine sclews are normally available only in classes 4.8 and 9.8;
other bolts, screws, hnd studs are available in all classes within the specified
product size limitations givenin Table 1.
2.32 Screw and asher assemblies (sems) are covered by classes 4, 8 and
9.8, and allowable devi 2 : men A

(e) Class 10.9 is approximately equivalent to
ASTM A354, Grade BD.

SAE J429, Grade 8, and

(f) Class 12,9 has properties approximately equivalent to ASTM AS574.
2.4.2 Note that class 8.8 is applicable to sizes above 16 mm, and class

9.8 is applicable to sizes 16 mm and smaller.
3. Materials and Processes
3.1 Steel Characteristics—Bolts, screws, and

studs shall be made of steel

conforming to the description and chemical composition requirements

specified in Table 2 for the applicable property
. g Practice

class.

3.2.1 Methods other than upsetting and/or/ektrusion are permitted only
by special agreement between purchaserand mjnufacturer.

3.2.2 Class 4.6 may behot or cold Keaded at dption of the manufacturer.

3.2.3 Class 4.8,5.8,8.8,9.8,10.9/and 12.9 polts and screws in sizes up
to M20 inclusive, and lengths up to™10 times thf nominal product size or

150 mm, whichever is shortef, shall be cold he

ed, except that they may

be hot headed by special agreement of the purchaser. Larger sizes and
longer lengths may be ¢old or hot headed at oplion of the manufacturer.

3.3 Threading Practice—Class 4.8, 5.8, 8.8
and screws in sizes up to M20 inclusive, and lengt]
shall be roll thfeaded, except by special agreem
class 4.6 bolts'and screws and class 4.8, 5.8, 8.8
and screwsin'sizes over M20 and/or lengths lon
rolled;.eut or ground, at option of the manufacy
and_sizes of studs may be rolled, cut, or ground

_turer:

3.4 Heat Treatment Practice
3.4.1 Class 4.6 bolts and screws and class 4.6
not be heat treated. Class 4.8 and 5.8 bolts and
lieved if necessary to assure the soundness of th
When specified by the purchaser, class 5.8 bolts
relieved at a minimum stress relief temperature
temperatures are necessary to relieve stresses in
mechanical requirements shall be agreed upon b
purchaser.

,19-8,10.9, and 12.9 bolts

hs up to 150 mm inclusive,
nt. Threads of all sizes of
9.8,10.9,and 12.9 bolts
per than 150 mm may be
lurer. Threads of all classes
at option of the manufac-

4.8, and 5.8 studs need
screws shall be stress re-
head to shank junction.
and screws shall be stress
f470°C. Where higher
feverely upset heads,
manufacturer and

3.4.2 Class 8.8 and 9.8 bolts, screws, and studs shall be heat treated,

quenched in oil or water-base quenchant at the o
and tempered at a minimum tempering temperaf
and 410°C for class 9.8. For class 9.8 screw and
quenchants whose principal constituent is water|
tempering temperature shall be no less than 340

3.4.3 Medium carbon alloy steel class 10.9 bo
be heat treated, oil quenched, and tempered at 2

tion of the manufacturer,

ure of 425°C for class 8.8

washer assemblies (sems),
shall NOT be used, and

C. Sec also Section 3.4.6.
ts, screws, and studs shall

minimum tempering tem-

perature of 425°C. Low carbon martensite stee
and studs shall be heat treated, quenched in oil {
at the optxon of the manufacturer and tempere

class 10.9 bolts, screws,
r water-base quenchant
at a minimum tempering

footnotes throughout the standard.

2.3.3 At the option of the manufacturer, class 5.8 may be supplied when
either class 4.6 or 4.8 is ordered, and class 4.8 may be supplied when class
4.6 is ordered.

2.4 Conversion Guidance

2.4.1 For guidance purposes only, to assist designers in selecting a
property class:

(a) Class 4.6 is approximately equivalent to SAE J429, Grade 1 and
ASTM A307, Grade A.

(b) Class 5.8 is approximately equivalent to SAE J429, Grade 2.

(c) Class 8.8 is approximately equivalent to SAE 1429, Grade 5, and
ASTM A449.

(d) Class 9.8 has properties approximately 9% stronger than SAE J429,
Grade 5, and ASTM A449.

Cdpyright © 1978 Society of Automotive Engineers, Inc.

3.4.4 Class 12.9 bolt bolts, SCrews, and studs shall be heat treated, oil
quenched, and tempered at a minimum tempering temperature of 380°C.

See also Section 3.4.6.

3.4.5 Under no circumstances should heat treatment or carbon restora-
tion be accomplished in the presence of nitrogen compounds, such as car-

bonitriding or cyaniding.

3.4.6 Tempering Temperature Audit Test (for checking whether products
have been tempered at specified temperature). Conduct hardness test -

(SAE J1216, Section 3.1) on one or more bolts, screws, or studs; retemper
the product(s) at a temperature 10°C less than the specified minimum tem-
pering temperature for 30 min; repeat product hardness test. The difference
between the mean hardnesses (before and after retempering) shall be no
greater than 2 pomts Rockwell C (approxunately 20 Vicker points),
4. Mechanical and Physncal Properties

4.1 Mechanical—Bolts, screws, and studs shall be tested in accordance
with the mechanical testing requirements for the applicable type, property
class, size, and length of product as specified in Table 3, and shall meet the
mechanical requirements specified for that product in Table 1.
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TABLE 2—CHEMICAL COMPOSITION REQUIREMENTS
Product Analysis {% by mass)
Property Classes 4.6 and 4.8
.~ Manufacturer’s option—
Low or medium carbon steels (for all sizes), within following limits:
C 0.55 max, P 0.048 max, S 0.058 max

Property Class 5.8
Manufacturer’s option—
Low or medium carbon steels (for all slzes) within following limits:
C 0.13—0.55, P 0.048 max, S 0.058 max
For studs only, sulfur content may be 0.33 max

Property Class 8.8
Manufacturer’s option—
Medium carbon steels (for all sizes), within following limits:
C 0.28-0.55, P 0.048 max, S 0.058 max

—Forstudsonty; suffurcomtentmmay be 0 T3 max

Medium carbon alloy steels {for sizes over M24), within following limits:
C 0.28—0.55, P 0.040 max, S 0. 045 m max

When authorized by purchaser—
Low carbon martensite steels (for sizes thru M20), within following limits:
co. 15—0 27, Mn 0.74-1.46, P 0.038 max, S 0.048 max, B 0.0005--0.003 {Seé Notd 1 below)
Medium carbon boron steels {for sizes thru M24), within following limits:
C 0 25-0.40, Mn 0. 74 min, P 0.048 max, S 0.058 max, B 0.0005—0.003\(See Note 1 below)

Property Class 9.8

Medium carbon steels (for all sizes), within following limits:

C 0.28-0.55, P 0.048 max, S 0.058 max
For studs only, sulfur content may be 0.13 max
For screw and washer assemblies (sems) and for proddcts manufactured
same as sems except without washer, sizes thru M12 ‘only, carbon content
may be 0.15—0.40 (See Note 2 Table 6}

When authorized by purchaser-—
Low carbon martensite steels (for sizes thru M20) within following limits:
C 0.15—0.27, Mn 0.74-1.46, P 0.038 max, S 0.048 max, B 0.0005— 0.003 (See Note 1 below)

Medium carbon boron steels {for sizes thru M24), wnthln following limits:
€:0.25-0.40, Mn 0.74 min, P 0,048 max, § 0.058 max, B 0.0005-0.003 (See Note 1 below)

F'roperty Class 10.9

Manufacturer’s option—
Medium carbon alloy steels {for all sizes), within following limits:
C|0.28-0.55, P,0.040 max, S 0.045 max
Fine grain
Hardenabitity=47 min HRC (See Note 2 below)
SAE 1541 or.SAE 1541H (for sizes thru M12)
Fine grain
When authorized by purchaser—
Carbon'steels (for sizes thru M20); Fine grain
Low carbon martensite steels {for sizes thru M20}, within following limits:
€'0.15-0 .27, Mn 0.74—1.46, P 0.038 max, S 0.048 max, B 0.0005—0.003 {See Note 1 below)
Hardenability—40 min HRC {See Note 2 below}

Medium carbon boron steels {for sizes th, M24), within following limits:
C O 25--0.40, Mn 0.74 min, P 0.048 m.x, S 0.058 max, B 0.0005—0.003 (See Note 1 below)
Hardenability—47 min HRC (See Note 2 below)}

Property Class 12.9

‘Alioy steels (for all sizes), within following limits:
. C 0.31—0.65, P 0.045 max, S 0.045 max

One ormore of the alloying elements chromium,
nickel, molybdenum, or vandium shall be present in
sufficient quantity to insure that the specified
strength properties are met after quenching and
tempering.

Fine grain .

Hardenability—47 min HRC (See Note 2 below}

NOTES: (1) Products made from low carbon martensite steels and medium carbon boron steels shall be identified

as specified in Table 6, Note (1).

(2) Steels shall have hardenability that is capable of producing the minimum hardness (Rockwell C)
shown at the center of a transverse section one nominal diameter from the threaded end of bolt, screw, or stud (after

quenching).
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TABLE 4-TENSILE TEST WEDGE ANGLES

Wedge
Property Angle
Product Class - Nominal Dia Deg
Hex and hex washer
:lcﬂd lllﬂbh;llﬂ SLITCYWS "'3,38 l:ll\-l rV‘;‘Ic p*J
Hex bolts and screws thru M20Q 4
threaded 2D and closer 129
to underside of head over M20 to M36
thru M20 6
All other hex bolts and screws 129
over M20 to M36
. Hex bolts and screws thru M20
“threaded 1D and closer 8.8,9.8,109
to underside of head over(M20 to M36 4
Hex flange and hex -
washer head bolts 46,48,58, thru M36 6
and screws 88,98,109 .
46,48,58, thru M24 10
All other hex bolts and screws 88 98 109
T (N over M24 to M36 6
thru M20
~ Studs : All
Over M20 to M36 4

products shall canform to decarburization class 1/2H, and class 12.9

products shall conform to decarburization class 3/4H as specified in SAE
J121. In additiop for class.12.9; no gross decarburization is permitted on
product threads.

4.2 Decarbu{"zation—Unless otherwise specified, class 8.8,9.8,and 10.9

and clearly to identify the property class and the manufacturer. The prop-
erty class symbols shall be as given in Table 6] the symbol for the manu-
facturer’s identification shall be at his option.| Markings shall be located on
the top of the head of bolts and screws, and may be either raised or depressed
at option of the manufacturer. Alternatively |for hex head products, the
markings may be indented on the side of the head.

4.3 Surface Discontinuities ’
4.3.1 Bolts, sclews,jand studs of classes 8.8, 9.8, and 10.9 in sizes up to
M24 inclusive, and Tengihs up 10 mm inclusive, shall not hay » surface

discontinuities exceeding the limits specified in SAE J1061.
Surface discontinuities for sizes and lengths of products not covered in
the scope of SAE J1061 shall be within limits specified by purchaser.
. 4.3.2 When the engineering requirements of the application necessitate
that surface discontinuities must be more closely controlied, such as for
class 12.9 products, the purchaser shall specify the applicable limits in the
original inquiry and purchase order. For certain fasteners, this may be done
by reference to SAE J123. »
5. Methods of Test - S
5.1 General—Procedures for conducting the tests to determine the me-
chanical properties as specified in Table 3 for the applicable product, prop-
erty class, size, and length are given in SAE J1216. Table 3 specifies the ap-
plicable test method to be followed when determining each mechanical
property.
6. Marking .
6.1 Bolts and Screws—Slotted and cross-recessed screws of all sizes and
other screws and bolts of sizes smaller than M5 need not be marked. All
other bolts and screws of sizes MS and larger shall be marked permanently

Property class marking shalt conform to the following:

Bolt or Screw Size Height of Symbol
mm mm
5thru 6 1.5 min

8 thru 10 " 23min
12and 14 3.2 min
" 16 and larger 4.0 min

Metric bolts and screws shall not be marked with radial line symbols.

6.2 Studs—All studsof sizes MS and larger shall be marked permanently
and clearly to identify the property class. The symbols used shall be as

-given in Table 6. Markings shall be located on the extreme end of the stud,

and may be raised or depressed at the option of the manufacturer. For
studs with an interference fit thread, the markings shall be located at the
nutend. Studs ofsizes smaller than M12 may be marked using the property
class symbols given in Table 6.


https://saenorm.com/api/?name=793e5c9dfba775a9aa1d6aa3c3871f78

