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The term stiid as referred to herein, appli€s'to a cylindrical rod of moderate length, threaded

1199 was revised to comply with the SAE Technical Standards Board formaty R¢
Section 2. Also in the new 4.4.2 and 4.4.3 reference to paragraph 4.4:6 has
leleted in an earlier version of SAE J1199. The reference should be 4.4.5. Alsg
elled and superseded by ASME B18.2.1.

tandard covers the mechanical and material requirements for eight property d
readed metric fasteners in sizes M1.6 through M36,inclusive, and suitable for u
applications.

luded are bolts, screws, studs, U-bolts, preassembled screw and washer assemi
nufactured the same as sems except without washer.

t covered are tapping screws, thread<folling screws, and self-drilling screws.

Liirements for these products are covered in other SAE documents.

F throughout its entire length;* 1t does not apply to headed, collared, or similar prg
characterized by requiréements shown herein for bolts.

ference Section
changed. The
, SAE J105 has

lasses of steel,

be in automotive

lies (sems), and

Mechanical and

on either one or
ducts which are

For specification purposes, this‘\document treats U-bolts as studs. Thus, wherever the word sjuds appears, U-

bolts is also
areas of vel
two bolts o
determined

implied. U-bolts covered by this document are those used primarily in the suspen
icles. (Designers should recognize that the U configuration may not sustain a Ig

studs of the same size and grade; thus actual load-carrying capacity of U-
by saddierload tests.)

sion and related
ad equivalent to
bolts should be
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2.

References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified
herein. Unless otherwise indicated, the latest issue of SAE publications shall apply.

211

2.1.2

2.1.3

3.1

3.2

3.3

3.3.1

SAE PusBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J121—Decarburization in hardened and Tempered Unified Threaded Fasteners
SAE J123—Surface Discontinuities on Bolts, Screws, and Studs in Fatigue Applications
SAE J429—Mechanical and Material Requirements for Externally Threaded Fasteners
SAE J1061—Surface Discontinuities on General Application Bolts, Screws, and Studs

SAE J1

16 Teoct Mathaoda for Maotvic Theaadad Coactanare
TO TCoTIvVICTTOOS TOT viC e T i caoaoaCc o T aStCTICTS

ASTM PugLICATIONS—AVvailable from ASTM, 100 Barr Harbor Drive, West Conshohocken;, HA 19428-2959.

ASTM A 307—Specification for Carbon Steel Bolts and Studs, 60 000 psi Tensile

ASTM A 354—Specification for Quenched and Tempered Alloy Steel Bolts,Studs, and
Threaded Fasteners

ASTM A 449—Specification for Quenched and Tempered Steel Bolts and Studs

ASME Pu

BLICATION—AVailable from ASME, 345 East 47 Street, Néw York, NY 10017-2330.

ASME H18.2.1

Designatio

Property cla

S

strengths. Tlhe designation symbol consists of two.parts:

a. The

first numeral of a two-digit symbohor the first two numerals of a three-digit symbo

1/1d0 of the minimum tensile strength in MPa.

b. The
stre

last numeral approximateS 1/10 of the ratio expressed as a percentage betwee
Es and minimum tensile stress.

For specification purposes (on €ngineering drawings, purchase orders, etc.) all property class

used in com

bination with a single basic specification number as follows:

SAE J1199 (4.6)

SAE J11
SAE J11
SAE J11
SAE J1

99 (4.8)
99 (5.8)
99 (8:8)

Other Externally

5ses are designated by numbers where increasing numbers generally represent increasing tensile

approximates

N minimum yield

fdesignations are

9949 8)

SAE J1199 (10.9)

Property ClI

asses

Machine screws are normally available only in classes 4.8 and 9.8; other bolts, screws, and studs are
available in all classes within the specified product size limitations given in Table 1.
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TABLE 1A—MECHANICAL REQUIREMENTS FOR BOLTS, SCREWS, AND STUDS

Machined Test
Specimens of Bolts,
Screws, and Studs
(Sizes Larger than

Full Size Bolts, Full Size Bolts,

Machined Test

Specimens of Bolts,

Screws, and Studs
(Sizes Larger Than

Machined Test
Specimens of Bolts,
Screws, and Studs
(Sizes Larger than

Machined Test
Specimens of Bolts,
Screws, and Studs

Screws, and Studs Screws, and Studs M24) M24) (Sizes Larger Than M24)
Proof Load Tensile Strength Yield Strength Tensile Strength M24) Reduction of Area
Property Nominal (Stress) (Stress% Min (Stress) Min@ (Stress) Min Elongation Min Min
Class Dia MPa(®) MPah) MPa MPa % %
46 M5 thru M36 225 400 240 400 22 35
4.8 M1.6 thru M16 310 420 — — — —
5.8 M5 thru M24({L 386 520 —
8.8 M17 thru M3p 600 830 660 830 12 35
9.8 M1.6 thru M14® 650 900 — — € —
10.9 M6 thru M34 830 1040 940 1040 D) 35
1. Proof load and tensie strength values for full size products of each property class are given in Table 5.
2. Yield strength is strdss at which a permanent set of 0.2% of gage length occurs.
3. Yield point shall apply instead of yield strength at 0.2% offset for class 4.6 products.
4. Class 5.8 requiremgnts apply to bolts and screws with lengths 150 mm and shorter, and to studs of all lengths.
5. For class 9.8 screw find washer assemblies (sems), base metal hardness may be 25-40 HRC (270-390 HV) and surface hardness shall npt exceed 60 HR30N.

This requirement applicable also to products manufactured same as sems except without washer, sizes M1.6:thru M12.

TABLE 1B—MECHANICAL REQUIREMENTS FOR.BOLTS, SCREWS, AND STUDS
Surface
Hardness Product Product Product Product
Rockwell Hardness Hardness Hardness Hardness
Property Nominal 30N Rockwell Rockwell Vickers Vickers
Class Dia Max Min®) Max Min(®) Max
4.6 M5 thru M36 — B67 B87 120 180
4.8 M1.6 thru M16 — B71 B87 130 180
5.8 M5 thru M24() — B82 B95 160 220
8.8 M17 thru M36 @ c23 C34 254 336
9.8 M1.6 thru M16(%) ®) c27 C36 279 354
10.9 M6 thru M36 ®) C33 C39 327 382

1. Minimum hardnpss requirement is waived4f minimum tensile strength is met.

2. Class 5.8 requiements apply to balts and screws with lengths 150 mm and shorter, and to studs of all lengths.

3. Surface hardnegs shall not exceed-base metal hardness by more than 2 points (Rockwell C equivalent), and in the cafge of class 10.9
shall also not exceed 59 HR30N.

4. For class 9.8 scfew and washer assemblies (sems), base metal hardness may be 25-40 HRC (270-390 HV) and surfage hardness shall
not exceed 60 HIR30N,~ This requirement applicable also to products manufactured same as sems except without wagher, sizes M1.6
thru M12.

3.3.2 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 A 307, Grade A.
b. Class 5.8 is approximately equivalent to SAE J429, Grade 2.
c. Class 8.8 is approximately equivalent to SAE J429, Grade 5, and ASTM A 449.
d. Class 9.8 has properties approximately 9% stronger than SAE J429, Grade 5, and ASTM A 449.
e. Class 10.9 is approximately equivalent to SAE J429, Grade 8, and ASTM A 354, Grade BD.
3.3.3 Note that class 8.8 is applicable to sizes above 16 mm, and class 9.8 is applicable to sizes 16 mm and

smaller.
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4.1

Materials and Processes

Steel Characteristics—Bolts, screws, and studs shall be made of steel conforming g to the description and
chemical composition requirements specified in Table 2 for the applicable property class.

TABLE 2—CHEMICAL COMPOSITION REQUIREMENTS
PRODUCT ANALYSIS (% BY MASS)

Property Class

Description and Chemical Compositions

4.6 and 4.8

Manufacturer’'s Option—

5.8

8.8

9.8

10.9

Low or medium carbon steels (for all sizes), within following limits: C 0.55 max, P 0.048 max, S+ 0|

Manufacturer’s Option—

Low or medium carbon steels (for all sizes), within following limits: C 0.13 to 0.55, P 0.048/max, {
For studs only, sulfur content may be 0.33 max

Manufacturer’'s Option—

Medium carbon steels (for all sizes), within following limits: C 0.28 to 0.55, P 0.048 max, S 0.05§
For studs only, sulfur content may be 0.13 max

Medium carbon alloy steels (for sizes over M24), within following limits: C_0:28'to 0.55, P 0.040 m}
When Authorized by Purchaser—

Low carbon martensite steels (for sizes thru M20), within following limit§:yC 0.15 to 0.27, Mn 0.74
P 0.038 max, S 0.048 max, B 0.0005 to 0.003()

Medium carbon boron steels (for sizes through M24), within following limits: C 0.25 to 0.40, Mn 0.
P 0.048 max, S 0.058 max, B 0.0005 to 0.003()

Medium carbon steels (for all sizes), within following limits: ~€.*0.28 to 0.55, P 0.048 max, S 0.05§
For studs only, sulfur content may be 0.13 max

058 max

0.058 max

max
ax, S 0.045 max
to 1.46,

4 min,

max

For screw and washer assemblies (sems) and for proddéts manufactured same as sems except without washer,

sizes thru M12 only, carbon content may be 0.15 t0:0:40. See note 2, Table 6.
When Authorized by Purchaser—

Low carbon martensite steels (for sizes thruN¥20), within following limits: C 0.15 to 0.27, Mn 0.74
P 0.038 max, S 0.048 max, B 0.0005 to 0:003()

Medium carbon boron steels (for sizesithru M24), within following limits: C 0.25 to 0.40, Mn 0.74
max, S 0.058 max, B 0.0005 to 0.003(")

Manufacturer’s Option—

Medium carbon alloy steels (for all sizes), within following limits: C 0.28 to 0.55, P 0.040 max, S
Fine grain

Hardenability—47 min HRG®

SAE 1541 or SAE 1541H (for sizes thru M12)

Fine grain

When Authorized\by Purchaser—

Carbon ste€ls.(for sizes thru M20); Fine grain

Low carljonymartensite steels (for sizes thru M20), within the following limits: C 0.15 to 0.27, Mn

0.038wmax; S 0.048 max, B 0.0005 to 0.003()

Hardénability—40 min HRC®

Medium carbon boron steels (for sizes thru M24), within following limits: C 0.25 to 0.40, Mn 0.74

to 1.46,

min, P 0.048

D.045 max

.74t01.46, P

min, P 0.048

fax, S 0.058 max, B 0.0005 to 0.003(%)

Hardenability—47 min HRC'<

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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4.2

421

422

4.2.3

4.3

4.4

441

4.4.2

4.4.3

4.4.4

4.4.5

51

5.2

Heading Practice

Methods other than upsetting and/or extrusion are permitted only by special agreement between purchaser
and manufacturer.

Class 4.6 may be hot or cold headed at option of the manufacturer.
Class 4.8, 5.8, 8.8, 9.8, and 10.9 bolts and screws in sizes up to M20 inclusive, and lengths up to 10 times

the nominal product size or 150 mm, whichever is shorter, shall be cold headed, except that they may be hot
headed by special agreement of the purchaser. Larger sizes and longer lengths may be cold or hot headed

at option of the manufacturer.

Threading

ractice—Class 4.8, 5.8, 8.8, 9.8, and 10.9 bolts and screws in sizes up to ‘M4

lengths up tp 150 mm inclusive, shall be roll threaded, except by special agreement. _Threa
class 4.6 bdlts and screws and class 4.8, 5.8, 8.8, 9.8, and 10.9 bolts and screws (n sizes
lengths londer than 150 mm, may be rolled, cut, or ground, at option of the manufacturer
classes and|sizes of studs may be rolled, cut, or ground at option of the manufaéturet.

Heat Treatment Practice

Class 4.6
bolts and 1
When spe
relief temp
heads, ms¢

Class 8.8
the option
and 410 °
constituen
4.45.

Medium ¢
tempered

screws, a
manufacty

Under no
nitrogen ¢

Tempering

bolts and screws and class 4.6, 4.8, and 5.8 studs need-not be heat treated. C
crews shall be stress relieved if necessary to assurethe’soundness of the head t
cified by the purchaser, class 5.8 bolts and screws Shall be stress relieved at a
erature of 470 °C. Where higher temperatures arénecessary to relieve stresses

chanical requirements shall be agreed upon by manufacturer and purchaser.

And 9.8 bolts, screws, and studs shall be heat treated, quenched in oil or water-b3
of the manufacturer, and tempered at'@ minimum tempering temperature of 425
C for class 9.8. For class 9.8 screw and washer assemblies (sems), quenchants
t is water shall NOT be used, and\tempering temperature shall be no less than 3

arbon alloy steel class 10.9 bolts, screws, and studs shall be heat treated, oi
at a minimum tempering temperature of 425 °C. Low-carbon martensite steel
nd studs shall be-heat treated, quenched in oil or water-base quenchant at t
rer, and tempered-at a minimum tempering temperature of 340 °C. See also 4.4.

circumstances should heat treatment or carbon restoration be accomplished in
bmpoungds, such as carbonitriding or cyaniding.

Temperature Audit Test (for checking whether products have been tempe

0 inclusive, and
s of all sizes of
bver M20 and/or

Threads of all

ass 4.8 and 5.8
b shank junction.
minimum stress
n severely upset

se quenchant at
°C for class 8.8
whose principal
0 °C. See also

quenched, and
class 10.9 bolts,
ne option of the
b.

the presence of

ed at specified

temperatu

ey —Conducthardnesstest(SAEIt216; paragraptr-3-Homronmeormorebotts;screws, or studs;

retemper the product(s) at a temperature 10 °C less than the specified minimum tempering temperature for

30 min; repeat product hardness test.

retempering) shall be no greater than 2 points Rockwell C (approximately 20 Vicker points).

Mechanical

and Physical Properties

The difference between the mean hardnesses (before and after

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.

Decarburization—Unless otherwise specified, class 8.8 and 9.8 products shall conform to decarburization
class 1/2H and Class 10.9 products shall conform to decarburization class 2/3H as specified in SAE J121.
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5.3 Surface Dis

continuities

inclusive, shall not have surface discontinuities exceeding the limits specified in SAE J1061.

Bolts, screws, and studs of classes 8.8, 9.8, and 10.9 in sizes up to M24 inclusive, and lengths up to 150 mm

Surface discontinuities for sizes and lengths of products not covered in the scope of SAE J1061 shall be

s specified by purchaser.

When the engineering requirements of the application necessitate that surface discontinuities must be more

closely controlled, 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.

5.3.1
within limit:
5.3.2
6. Methods of
6.1 General—P
for the appl
applicable tqg
7. Marking
7.1 Boltsand S
smaller thari
permanently
be as given
located on t
manufacture

Property cla
Metric bolts
7.2 Studs—All s
The symbols
may be rais

markings sh
class symbg

Test

focedures for conducting the tests to determine the mechanical propertiesas sp¢
cable product, property class, size, and length are given in SAE J1216. Tablg
st method to be followed when determining each mechanical propetty.

crews—Slotted and cross-recessed screws of all sizés and other screws an
M5 need not be marked. All other bolts and screws)of sizes M5 and larger
and clearly to identify the property class and the mahufacturer. The property clal
n Table 6; the symbol for the manufacturer’s identification shall be at his option. N
he top of the head of bolts and screws, and may be either raised or depressed
r. Alternatively, for hex head products, the markings may be indented on the side

5s marking shall conform to Table 7.
And screws shall not be marked, with radial line symbols.

tuds of sizes M5 and larger shall be marked permanently and clearly to identify th

used shall be as given in Table 6. markings shall be located on the extreme end
bd or depressed at the\option of the manufacturer. For studs with an interferen
all be located at the.nut end. Studs of sizes smaller than M12 may be marked u
Is given in Table 6:

pcified in Table 3
3 specifies the

d bolts of sizes
shall be marked
5s symbols shall
flarkings shall be
at option of the
of the head.

E property class.
of the stud, and
ce fit thread, the
ing the property
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TABLE 3A—MECHANICAL TESTING REQUIREMENTS FOR BOLTS, SCREWS, AND STUDS

Specified Tests Tests
Min Tests Conducted Conducted
Tensile Conducted Using Full Using Full
Strength Using Full Size Products Size Products
of Product Product Product Surface Size Products Wedge Axial
Property (See Table 5) Length of Hardness  Hardness Hardness Proof Tensile Tensile
Product Class kN Product(® Max @ Min@ @) Load® Strenglh(2)(4) Strength(z)
Short bolts and screws all all less than 2-1/4D . . . — — —
Special head bolts and all all all . . . — — —
screws®
Hex bolts and screws(® (™ all 450 and less  2-1/4D to 8D or 200 mm, . — . ° . —
whichever is greater
all 450 and less  Over 8 D or 200 mm, . — . ° . —
whichever is greater thru
and incl 300 mm
all 450 and less  over 300 mm . — . ° A -
all over 450 2-1/4D and longer . — o ° A _
All other bolts and screws all 450 and less  2-1/4D to 8D or 200 mm, . — . ° — .
whichever is greater
all 450 and less  over 8D or 200 mm, . — . ° — A
whichever is greater
all over 450 2-1/4D and longer . — . ° — A
Short studs all all less than 2-1/4D . . . — — —
All other studs all 450 and less  2-1/4D to 8D or 200 mm, . — - ° . —
whichever is greater
all 450 and less  over 8D or 200 mm, . — . ° A —
whichever is greater
all over 450 2-1/4D and longer . . . ° A —
See SAE See SAE See SAE See SAE Sep SAE See SAE
Tests to be conducted in J1216 J1216 Ji216 Ji216 Jp216 Ji216
accordance with paragraph 3.1 3.1 3.2 3.3 3.6 3.5

1. D equals nominal diam

point products shall be
2. e+ denotes a mandatoryl
(which apply to machin|
required in the original
Surface hardness and
Tensile test wedge ang
Special head bolts and|
Includes flange, washe]
Includes class 9.8 sem
of sems is the distance

Noo,sw

eter of product. For purposes of Table 3 requirements, “length of product” is the nominal length including point chamfer as defined in A
Imeasured from the bearing surface to the crest of the last completé-thread form.
test. For each product, all mandatory tests (+) shall be performed_In addition, either all tests denoted A (which apply to full size produd
Bd test specimens) shall be performed; except optional B tests.are not applicable to products M24 and smaller. ° denotes tests to be pe
nquiry and purchase order. In case arbitration is necessary, both A tests and ° tests shall be performed. Dashes (—) indicate tests wh
Hecarburization requirements apply only to property classes’8.8, 9.8, and 10.9.
es are specified in Table 4.
screws are those with special configurations or, wjth drilled heads which are weaker than the threaded section.
, and other hex head configurations which are\net'weaker than the threaded section.
E and 9.8 products manufactured same as sems except without washer (sizes M1.6 thru M12). For purposes of determining applicabilit
measured from the underside of bearing plane’of the unflattened washer to the last full thread of the screw.

ME B18.2.1, and all special
s) or all tests denoted B

‘ormed when specifically
ch are not required.

of tensile testing, length
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TABLE 3B—MECHANICAL TESTING REQUIREMENTS FOR BOLTS, SCREWS, AND STUDS

Specified
Min
Tensile Tests Conducted
Strength Tests Conducted Tests Conducted Tests Conducted Using Machined
of Product Using Machined Using Machined Using Machined Test Specimens Decarburization
Property (See Table 5) Length of Test Specimens Test Specimens Test Specimens Reduction in Threaded
Product Class kN Product® Yield Strength®  Tensile Strength®@ Elongation® of Area® Section@®)
Short bolts and screws all all less than 2-1/4D — — — — °
Special head bolts and all all all — — — — °
screws™
Hex bolts and all 450 and less  2-1/4D to 8D or 200 mm, — — — — °
screws®)®) whichever is greater
Il 450 and less  Over 8D or 200 mm, — — — — °
whichever is greater thru
and incl 300 mm
Il 450 and less  over 300 mm B B B B °
Il over 450 2-1/4D and longer B B B °
All other bolts and Il 450 and less  2-1/4D to 8D or 200 mm, — — — — °
screws whichever is greater
Il 450 and less  over 8D or 200 mm, B B B B| °
whichever is greater
Il over 450 2-1/4D and longer B B B B| °
Short studs Il all less than 2-1/4D — — — — °
All other studs Il 450 and less  2-1/4D to 8D or 200 mm, — — — — °
whichever is greater
Il 450 and less  over 8D or 200 mm, B B B B| °
whichever is greater
Il over 450 2-1/4D and longer B B B B| °
Tests to be conducted See SAE J1216 See-SAE J1216 See SAE J1216 See SAHJ1216 See SAE J121
in
accordance with 3.7 3.7 3.7 3. See SAE J121
paragraph
1. D equals nominal dianjeter of product. For purposes of Table 3 requirements, “length of pfeduct” is the nominal length including point chamfer as defined in ASME B18.2.1, and all special

2.

oghw

point products shall be]
« denotes a mandator
(which apply to machil
required in the original
Surface hardness and
Special head bolts an
Includes flange, wash
Includes class 9.8 sen]
of sems is the distanc

measured from the bearing surface to the crest of the last completé thread form.
test. For each product, all mandatory tests (*) shall be performed. In addition, either all tests denoted A (which apply to full size produc
led test specimens) shall be performed; except optional B tests are not applicable to products M24 and smaller. ° denotes tests to be perf
inquiry and purchase order. In case arbitration is necessary, both A tests and ° tests shall be performed. Dashes (—) indicate tests wh
decarburization requirements apply only to property ¢classes 8.8, 9.8, and 10.9.
screws are those with special configurations or with drilled heads which are weaker than the threaded section.
r, and other hex head configurations which aré\fiet-weaker than the threaded section.
s and 9.8 products manufactured same as sems except without washer (sizes M1.6 thru M12). For purposes of determining applicability}
measured from the underside of bearing plan€ of the unflattened washer to the last full thread of the screw.

TABLE 4—TENSILE TEST WEDGE ANGLES

s) or all tests denoted B
ormed when specifically
ch are not required.

of tensile testing, length

Property Wedge Anglg
Product Class Nominal Dia. Deg
He¢x and hex washer head machine 4.8,9.8 thru M10 6
scfews
Hex holis and screws threaded 1D and 8 R’ Q R’ 109 thru M20 [}
closer to underside of head
over M20 to M36 4
Hex flange and hex washer head bolts 4.6, 4.8, 5.8, 8.8, 9.8,  thru M36 6
and screws 10.9
All other hex bolts and screws 4.6,4.8,5.8, 8.8,9.8, thru M24 10
10.9
over M24 to M36 6
Studs all thru M20 6
over M20 to M36 4
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